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ENERGY ANALYSIS PROGRAM

INTRODUCTION: THE CASE FOR ENERGY ANALYSIS
W. Siri

Is energy analysis basic research or even a
discipline? As perceived by the practitioners of’
the established disciplines, perhaps not. As a
struggling juvenile in the world of intellectual
pursuits, it may appear only a somewhat capricious
application to practical problems of bits and pieces
from physics, chemistry, biology, economics, mathe-
matics and a host of other fields., Energy analysis
has not yet, in the short span of its life, acquired
the trappings and body of sophisticated doctrine
that gives identity and prestige to the mature dis-
ciplines. It has not even acquired a proper name.

In this context, however, one is reminded that
physics, chemistry, biology, mathematics and econom-
ics had humble beginnings in theology and practical
problems of agriculture and commerce. Their evolu-
tion is familiar and one need not dwell on the con-—
tribution of cannons to thermodynamics, or of a bed
of flowers to biology, or the troubled intellectual
histories of all disciplines to achieve maturity,
originally also without names to identify them.

The assertion that all scientific disciplines-
or at least most of them--had humble beginnings in
mundane matters does not prove that energy analysis
is destined for distinction as a recognized disci-
pline with its own adult name. It says only that
the path along which it stumbles to adulthood is
well trod by others. It does, however, lead to
another perspective; one that may seem presumptive,
and for which we ask the reader's indulgence.

The established disciplines, with the possible
exceptions of theology and pure mathematics, are
ruled by the energetics of the system for which
each discipline has established its territorial
imperative. TFor the "hard" sciences, this would
seem self evident. In essence they explain, in
diverse tongues, how energy drives and structures
their chosen segments of the universe, from quarks
to galaxies. This would include biology, which
implicitly, if not always explicitly, addresses
the energetics of complex, integrated, reproducing
systems; chemistry which treats the energetics of
aggregates of atoms; and physics, the science of
matter's elementary constituents and energy ground
rules. One can, for example, argue that evolution
is in essence an energy problem. Does "survival
of the fittest" simply mean that a species produced
by random gene mutation--itself an energy induced
process--can survive only if it can acquire, trans-
form, and use energy to sustain itself, however
preposterous its form?

But what about the soft sciences? While eco-
nomics, for example, speaks of goods, and rents,
of transactions, and capital, and intricate move-
ments of money and credit, is it possible these
derive from more fundamental processes of energy
flows and uses? Witness the close relation of GNP

to energy use, granted there are differences in
energy efficiency among nations. One can add many
of the other social sciences. Eskimo and Tahitian
cultures differ in detail, but do the significant
differences -simply reflect the nature of their
energy inputs? Both operated on solar energy, but
coconuts and high solar insolation are bound to
produce a different "system" from one functioning
on blubber and low insolation. And neither culture
could form appreciable capital and launch a techno-
logical culture. The needed energy was inaccesible,
a situation that still represses much of the world's
population today. But what of the oil-rich but
underdeveloped nations? Until recently, their oil
stores were to them only potential energy; others
used it and grew prosperous.

Thus it can be argued, -just short of tongue-
in~cheek, that nearly all established research dis-
ciplines may be regarded as subdivisions of energy
analysis, each tailored to the system, and more
often, an aspect of the system it explores. Is
there a gap in the spectrum of systems from quarks
to galaxies not fully covered by an established
discipline? The answer is the integrated analysis
of energy in human society. The system, moreover,
is unique. Human society is the only system that
manipulates at will the flows, conversions and uses
of energy, subject, of course, to physical law.
This feature is not shared by the systems analyzed
by physics, chemistry, biology, and astronomy in
which energy flows unmodified by intervention of
cognitive brain and opposable thumb.

Energy analysis in this context attempts to
understand the volitional choices of energy use and
supply available to human society, and the multi
faceted consequences—-the good and the bad--of
choosing any one of them. To be more specific, it
examines the purpose and manner of energy use—-—
efficiency and conservation are now major intellec-
tual attractions—-—-as well as the sources, resources,
and technology options to serve the chosen uses
of energy. - On the consequences side, this effort
becomes more complex and diffuse. It must attempt
to integrate the interacting elements of environ-
mental, economic, social, institutional, legal,
political and health impacts. To complete the
field's scope, all this needs to be done spacially
from the local to the global level, and temporally
for a span of two decades or more, the minimum time
for significant technological and institutional
change.

Finally, having pleaded for a place in the
sun for the juvenile field of energy analysis, how
has Lawrence Berkeley Laboratory nurtured its
growth? The answer lies imbedded in the short
reports that follow. A substantial part of the
analysis program focuses on the myriad impacts of
energy technologies and fuels and the regional



implications of national energy policy. The means
to mitigate constraints on deployment of tech-

nologies and implementation of policy that emerge
from such studies particularly interest decision
makers. On the supply side, individual techn-
ologies, but more importantly, integrated assem-
blies of fuel cycles must be devised and evaluated.
As an example, a study of Hawaii's energy options
to reduce dependence on imported oil holds special
fascination. It is a well-defined study area with
high potential for developing its rich renewable
energy resources. Lt is an analyst's demonstration

‘piece with the promise that the analytical structure

is applicable elsewhere.

Other studies analyze and develop criteria
for building and appliance efficiency, and explore
potentials for energy conservation. Still others
concentrate on special envirommental, economic,
and technical issues. And all the studies in
varying degrees advance the grasp of underlying
concepts and the art of analysis. 1In all this
activity, it may be noted, University of California
(Berkeley) faculty members and graduate students
play important roles.

ECONOMIC IMPACTS OF TWO ENERGY PROJECTIONS
J. Sathaye, H. Ruderman, P. Chan, and H. Estrada

INTRODUCTION

Over the past few decades the U.S. has enjoyed
abundant and relatively inexpensive energy supplies
--in some instances even with declining fuel prices.
However, future energy supplies are likely to come
from inhospitable domestic or insecure foreign
environments. The price of oil and gas has risen
several fold during the past few years, reflecting
the impact of these two factors. The increased
prices will provide some incentive to further ex-
ploration and extraction of oil and gas as well as
other competitive substitutes from inhospitable
domestic reserves. The marginal costs of extrac~
tion, production and conversion of all these fuels
will be much higher because of more complicated and
exotic technologies required to supply these fuels.
The capital costs and labor requirements for energy
industries will therefore assume more importance as
a fraction of the total investment and employment
in the economy., The capital requirements would
also impose a larger burden on secondary support
industries supplying materials and services for the
construction of energy development facilities,

MODELS AND DATA

In order to capture these economic impacts due
to development of new energy supplies, two inter-
linked models were used (Fig. 1). The first model,
a modified version of the Energy Supply Planning
Model (ESPM)!, is used to estimate the direct im-
pacts. The ESPM takes the fuel supplies in the
scenario and sets up an annual schedule of facility
construction and operation needed to provide these
supplies. Based on construction and operation data
for each facility, the model calculates the annual
requirements for 140 types of materials and man-
power skills. The construction and operating data
used in estimating the capital and manpower require-
ments relate to facilities as they would have been
designed in 1974. The data are in constant 1978
dollars, with factors such as land costs and other
owner's costs included along with the manpower,
materials and equipment costs.

OUTPUT METHODOLOGY

Energy supply
scenario

Y

Energy supply
planning model

Construction and
operation/ maintenance

requirements
e Capital
®Manpower \ Construction
X Final
®Materials demand
- ® Capital
® Part of
manpower
income
y
1972 U.S.
input - output
model
Gross
output
Indirect value added -

Indirect employment

Fig. 1, Analytical methodology. (XBL 801-125)

The regional fuel demands and supplies for
1985, 1990 and 1995 are taken from the regionally
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disaggregated C-high and C-low scenarios. Histori-
cal fuel and electricity consumption data for 1975
provide a baseline. The locations of announced
power plants in 1975, 1985 and 1990 are based on
the Generating Unit Reference File provided by ORNL.
Energy demand for intermediate years is estimated
by interpolation. Energy demand is also extrapo-
lated to the year 2000 to include the construction
requirements for facilities coming on line after
1995.

The estimates of expenditures on direct man-
power and materials for construction are the start-—
ing point for calculating the indirect impacts.

The calculation is performed using a 368 sector
input—output (I-0) model of the U.S. economy for
1972. The results of the ESPM calculations are
disaggregated to form incremental final demand vec-—
tors for the I-0 model. The model calculates the
change in gross output which, in turn, is used to
calculate the change in income and employment.

DIRECT IMPACTS

Annual capital investment in the energy

"industries increases from roughly $34 billion in

1975 to $56 billion and $52 billion in the C-high
and C~low scenarios respectively. The cumulative
requirements over the twenty year period from 1975
to 1995 are not very different for the two
scenarios. TFor the C~low scenario the capital
investment amounts to $899 billion, whereas for
the C-high scenario it amounts to $990 billion,

a difference of 10 percent. Almost 80 percent of
this $91 billion dollars of additional investment
is required between 1980 and 1990 with $33 billion
required in the first five-year period and $40
billion in the second five-year period. The addi-
tional investment occurs due to expanded development
of coal supplies, conventional and shale oil and
electricity generation facilities in the C-high
scenario. At the same time, the high price of oil
reduces the projected oil consumption and thus
decreases the refining requirements in the C-high
scenario.

In addition to the capital required for new
construction, the energy facilities require substan-
tial expenditures for operation and maintenance.
Excluding fuel costs, the annual O&M expenditures
grow steadily from $84 billion in 1976-80 to $131
billion in 1991-95 in the GC-high scenario and to
$120 billion in the C-low scenario.

Manpower requirements follow the same temporal
pattern exhibited by capital costs. Five year cumu-—
lative requirements are about the same for the first
(1976-80) and the last (1990-95) periods for the
two scenarios. 1In the first period they are 341
and 362 thousand man-years, while in the last period
they are 428 and 442 thousand man-years for the
C~low and C~high scenarios respectively (Table 1).

Requirements for the C-high scenario are 20
percent higher during the decade from 1981 to 1990.
The majority of this increase is due to the increas-
ed requirements for comstructing new coal facilities,
with smaller increases due to increased shale oil
production and electricity distribution and trans-
mission activities.

Most of the demand for occupational skills
increases at about the same rate as do total man-
power requirements. However, demand for two speci-
fic skill categories, pipefitters and carpenters,
almost doubles in the fifteen years from the first
to the last period primarily due to construction of
solar power plants and active solar heating unmits.

Manpower engaged in O&M of all facilities
jincreases from 1.3 million to 1.9 and 1.8 million
man-years respectively in the C-high and C-low
scenarios.

INDIRECT IMPACTS

The indirect economic impacts of constructing
energy facilities result from direct payments to
construction labor and to the suppliers of materials
and equipment. These payments are used to purchase
goods and services from all sectors of the economy
giving rise to additional employment and income.

The indirect or secondary impacts show gener-
ally the same trends as the direct impacts. For
the C-low scenario they increase with time.
Employment in industries stimulated by energy ac-
tivities increases from 1.2 million to 1.35 million
man-years between the first and last period (Table
1). 1In the C-high scenario secondary employment
decreases more rapidly than does direct employment
between the last two periods primarily due to
decreased expenditure on equipment. Direct and
indirect employment associated with C-high scenario
is at its maximum in the last period. This 3.5
million man-years of employment represents &4 percent
of the estimated 1978 employment (93.2 million).

There is no significant difference between
the various time periods as regards the indirect
employment per dollar of investment in both C-high
and C-low scenarios. The ratio of indirect employ-
ment to direct employment does decrease slightly
from 4.7 to 4.2 indicating a shift from capital in-
tensive to more labor intensive energy construction
activities.

The indirect employment per dollar of expendi-
ture by labor (manpower) is higher than the expendi-
ture on materials and equipment category. There-
fore, a dollar spent on materials and equipment
generates less indirect employment than a dollar
spent by labor.

The estimates made of the secondary impacts
are based on linear models and average values for
coefficients; these impacts, however, are marginal.
Since it is expected that marginal increases in
employment and income are less than their average
values, these results may overestimate the direct
impacts. For example, construction workers in gen-
eral have above average incomes and thus are likely
to have a lower marginal propensity to consume.
However, these employment coefficients have been
corrected for increases in productivity as forecast
by BLS. Overall, it is estimated that results could
be 10-15 percent too high by 1990.

It should be pointed out that these indirect
impacts may not represent a net increase in employ-
ment and income for the economy as a whole. If the
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Table 1. Comparison of direct and indirect impacts, annual averages.
1981-85 1986-90 1991-95
C-High C-Low C-High C-Low C-High C-Low
Capital Investment
(109 1978 $)
Manpower 12.7 11.0 15.0 13.1 14.3 13.7
Materials 8.6 7.6 9.7 8.3 9.3 8.4
Equipment 13.8 12.0 16.0 13.9 14.9 l4.4
Other 15.2 13.1 17.7 15.2 17.2 15.6
Total 50.3 43,7 58.4 50.5 55.7 52.1
Employment
(103 man-years)

‘ Direct Construction 388.4 334.2 465.3  406.0 441.7 428.3
Direct Operation 1325.9 1305.0 1619,9 1517.6 1943.2 1770.8
Indirecta 1405.4 1211.2 1485.8 1293.3 1393.3 1346.1
Total 3119.7 2850.4 3571.0 3216.9 3778.2  3545.2

Indirect Employment per Million Dollars of Capital Investment
Manpower 42.9 42.9 39.3 39.3 39.3 39.3
Materials, Equipment
& Other 34.4 32.7 31.4 31.4 31.3 31.6
Employment per Million Dollars of Capital Investment
Direct Construction 7.7 7.6 8.0 8.0 7.9 8.2
Indirect 36.5 33.6 33.4 33.4 33.4 33.6
Indirect/Direct 4.7 4.4 4.2 4.2 4.2 4.1

8Indirect employment includes the portion of direct operating required to satisfy the

incremental construction requirements.
the actual impact by a small margin.

ecbnomy were at full employment, the energy sectors
would have to compete against other industries for
employees. Only if there were unemployment in the
required skill categories would there be a net
increase in employment. The results, therefore,
should be interpreted as the amount of employment
and income attributable to energy facility comstruc-
tion.

CONCLUSIONS

In conclusion, it should be noted that most
of the larger impacts of the C-high scenario as
compared to C-low scenario occur during the ten
years between 1980 to 1990, These larger impacts
stem from construction of more coal power plants,
development of shale oil and increased electricity

The total employment therefore overestimates

transmission and distribution. Demand for occupa-
tional skills, except for pipefitters and carpenters
which doubles, grows at the same rate as overall
capital investment requirement,

Indirect impacts amount to roughly five times
the direct impacts. Again the overall impacts are
small although as much as ten percent of the employ-
ment in gectors such as metal products would be
devoted to producing goods for energy facility
construction.

REFERENCES

1. Bechtel Corporation, The Energy Supply Planning
Model, Volumes I and II, NSF-C867, San Francisco
(August 1975).
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the nation and for Region 9.

ASSESSMENTS OF REGIONAL ISSUES AND
IMPACTS ASSOCIATED WITH NATIONAL ENERGY SCENARIOS*

R. Sextro, P. Chan, P. Deibler,’ M. El-Gasseir, P. Gleick, K. Haven,
M. Henriquez, J. Ho/dren,T Y. Ladson, M. Messenger, R. Ritschard,
H. Ruderman, J. Sathaye, W. Siri, S. Smith,'ﬂt K. Tsao, and T. Usibelli

INTRODUCTION

This study is part of a continuing effort to
evaluate the regional environmental and socioeco-
nomic impacts of future energy development. The
Regional Issue Identification and Assessment pro-
gram is conducted by the Regional Assessments
Division, Office of Technology Impacts for the
Assistant Secretary for Environment, Department of
Energy. This study is an analysis of one of a num-
ber of national energy scenarios developed by DOE.

ACCOMPLISHMENTS DURING 1979

Scenario Discussion

‘As a basis for this study, the Series C energy
scenario developed by the Energy Information Admin-
istrationl was used for the projected emergy devel-
opment pattern for the nation and the region. It is
a projection based upon the continuation of energy
policies in effect at the beginning of 1978. The
main assumptions are:

e constant world oil prlces of $15.32/bbl
in 1978 dollars,

© increasing reliance on oil imports through
1990,

e continued decline in domestic natural gas
production (lower forty-eight states),

e slight increase in domestic oil production
due to Alaskan and OCS development, and

e continued growth in the use of coal and -
nuclear energy.

Energy supply and use projections based on
this scenario are summarized in Table 1 for both
The regional energy
mix changes little over the next 15 years, with
the largest changes occurring due to increased 'use
of coal, nuclear and geothermal energy sources.
Overall, the change to 1990 represents an annual
growth rate of 1,87 per year, compared with a
projected 2.9% per year for the nation as a whole.
For electrical energy, the. regional growth rate
is 2% per year, contrasted with a 4.67 annual rate
for the total nation. The resulting emergy use,
on a per captia basis, is shown in Fig. 1.

The issues and impacts discussed in this report
are for the states in Federal Region 9, consisting
of California, Arizona, Nevada and Hawaii. A de-

tailed energy facility siting pattern was formulated,

based upon_the forecasted energy use by fuel type,
and upon the present development plans of energy
supply industries in the region, Figure 2 illus~

trates changes in electrical generating capacity by

state. Production and processing of fossil fuels
is expected to take place at existing sites or in-
stallations, with the exception of an additional
amount of OCS oil and gas activity off the Calif-
ornia coast.

Regional Assessment Results

The assessment of impacts and issues arising
from this national energy scenario was done for
several study areas--air quality, water quality and
availability, ecology, land use, solid waste, local
socioeconomic, and institutional and political
issues. This section summarizes the results by
issue area. Air quality, water, regional economic

-and institutional and political issues are also

discussed in individual ‘reports elsewhere in this

Annual Report,

Changes in air quality were estimated from
long-range transport of particulates and sulfur
oxides and from localized changes in emissions in
each county. Based upon present and projected
energy and process facilities, sulfur oxide concen-
trations are projected to increase by 1990 in the
agricultural regions of California from emissions
in the San Francisco Bay area, and in the South
Coast Basin. Violations of the Prevention of Sig-
nificant Deterioration (PSD) standards for sulfur
oxides are possible for Class I areas in southern
California due to emissions in the South Coast Air
basin. Major emission sources in Nevada and
Arizona, both power plants and process sources
such as smélters, contribute to sulfur oxide
problems in adjoining states of New Mexico and Utah.

Based upon the scenario projections of fuel use
and new generating capacity requirements, emissions
estimates from both stationary and mobile sources
were -used to predict changes in air quality for
each Air Quality Control Region (AQCR). Continued
violation of ambient air quality standards is ex—
pec ted for most of the urban basins in the region.
In addition, siting in specific rural areas may be
constrained by continued non-~attainment problems
for certain pollutants for which no local emissions
offsets are available. Figure 3 shows the results
of the local air quality calculations for each AQCR
for oxides of nitrogen. Other pollutants show
similar results.

Water Quality and Availability

Overall, regional water quality impacts do not
appear to be significant as long as the present per~
mitting processes and regulatory enforcement poli-
cies continue in the future. Point sources should
not, therefore, constitute major sources of water
pollutants; however, possible site specific concerns



Table 1. National and regional energy consumption based on the Series C scenario.

National energy consumption (1015 BTU per year)
1975 1985 1990
imports¥* imports™ imports®
oil 32.8 .27 43.9 .38 48.5 43
natural gas 20.0 .05 19.1 .10 19.3 .13
coal 12.8  (.14) 21.2 (.09) 25.4 (.08)
nuclear 1.8 0.0 6.2 0.0 10.3 0.0
hydro + geothermal 3.2 0.0 4.2 0.0 5.0 0.0
TOTAL 72.6 96.9 110.9
Regional energy consumption (1012 BTU per year)
oil 3665 .57 4263 .49 4554 .53
natural gas 2213 .85 1945 .79 2100 .78
coal 247 .36 397 .34 409 .34
nuclear 65 1.0 359 1.0 611 1.0
hydro + geothermal 510 0.0 773 0.0 822 0.0
TOTAL 6700 7738 8507
Consumption by end-use sector
‘ i 15 . 12
National (10"~ BTU) Regional (10~ ° BTU)
1975 1985 1990 1975 1985 1990
residential 10.0 12.1 12.8 928 805 816
commercial 7.3 7.8 8.2 671 600 611
industrial 18.1 26.9 32.3 1127 1610 1901
transportation 18.6 21.4 23.3 2382 2831 3063
TOTAL 54.0 68.2 76.6 5108 5846 6391
*

fraction).

Fraction of fuel supplied by foreign or out-of-region imports (indicates net export

9-1
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area in attainment

no data by Air Quality Control Region

Fig. 3. Projected air quality status for 1990 by
air quality control region (nitrogen oxides).
(XBL 797-10564)

have been identified. Water quality impacts may
result in areas with new or expanded geothermal
energy development.

Water availability issues in this region focus
primarily on the future uses of fresh water and the
competition among many potential users. The lack
of available water in certain parts of the region
may constrain energy development in those areas
unless sources of reusable water, such as municipal
wastewater, are made available. The use of such
water raises the secondary issue of the effect of
cooling tower drift and blowdown on surrounding
land uses.

Ecology

Although ecological impacts are generally site-
specific, broader problems such as impacts upon
sulfur-oxide sensitive crops will also be important
if fuel burning increases as projected. Parts of
California have large acreages of sulfur-oxide
sensitive crops, as shown in Fig. &4, which total to
nearly 2 billion dollars in value. Another impor-
tant aspect of energy facility siting, especially in
California, is the possible conflict with endangered
species habitat. 1In Arizona, much of the land dis-
turbed by strip mining has not been reclaimed,
creating additional pressures upon rare and endan-
gered species in that area.

Land Use

The major scenario-related land use issues in
the region involve. those projected facility sites
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Fig. 4. Value of sulfur-oxide sensitive crops.

(XBL 797-10571)

which conflict with other high-priority land uses,
particularly in the coastal zone and in agricultural
areas. Increases in refinery capacity, necessitated
by the projected increase in the use of oil in the
region, will conflict with, and in some cases be
constrained by, existing coastal land use regula-
tions and plans. Energy development in or near
agricultural areas presents possible land use con-
flicts because of the increases in air emissions

and conflicting demands for fresh water.

Solid Waste

Solid waste residuals resulting from increased
energy activity in the region are not expected to
be a serious regional problem, although this assess-
ment presupposes that waste materials will be dis—
posed of in a way that will not affect water quality.

Local Socioeconomics

At a regional level, the scenario presents no
major socioeconomic issues. However, local issues
will be very important, especially in those cases
where the energy development is very site specific
such as geothermal energy development. Local
employment and population impacts appear to be small
or moderate except in those rural coastal counties
where new off-shore oil and gas production will
induce on-shore development impacts. Other socio-
logical factors may be important in those rural
areas where increased energy development is expected.

" Energy Plan (NEP-2).2

Among the most important of these are potential con-
flicts with Indian tribal cultures in Arizona due

to increased coal mining activity, and the poten-
tial changes in community infrastructures resulting
from geothermal development activities in predomin~
ately rural areas in California.

Institutional and Political

While each state in the region has a unique
set of institutions, there appear to be a number of
issues common to all. Public awareness and debate
over environmental and energy issues in the region
have resulted in the establishment of local and
statewide institutions charged with resolving these
problems. These institutions, along with other
political factors, may constrain certain types of
energy development in the region. The use of natur-
al gas in new power plants, as proposed by the scen-
ario, appears to be infeasible due to federal and
state regulatory actions that have given a low
priority for such uses. Large portions of Nevada,
Arizona, and parts of California are under direct
federal control, and siting of facilities or trans-
mission lines will require federal approvals.

Finally, the economics of various energy
supply sources influence both private and public
institutional decision making., Some of the provi-
sions of the scenario appear economically less
viable than alternatives such as conservation and
improved end-use efficiencies, and as such, may
not be implemented.

PLANNED ACTIVITIES FOR 1980

A ‘second regional assessment study has been
initiated, based upon the most recent National
This plan incorporates a
number of new DOE energy policies, and is based
upon a more up-to-date set of energy resource prices
and constraints. The analysis will extend to the
year 2000, and will cover a broader range of energy
supply technologies than the previous study.

FOOTNOTES AND REFERENCES

%*

Condensed from Lawrence Berkeley Laboratory report
LBL-9609.
$Energy and Resources Group, UC Berkeley

Present address: California Energy Commission,
Sacramento, CA 95825

1. U.S. Department of Energy, Energy Information
Administration, Annual Report to Congress;
Vol. II, 1977, DOE/EIA-0036/2, April 1978, and
Vol.)II Appendix, DOE/EIA-0036/2 App. (Sept.
1978).

2. U.S. Department of Energy, ''National Energy
Plan II" (May 1979).
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EVALUATING AIR QUALITY ASSOCIATED WITH
FUTURE ENERGY PROJECTIONS

R. Sextro and M. Messenger

INTRODUCTION

Air quality considerations are a key issue in
the assessment of future energy projections for both
energy production and use. Given a set of assump-
tions regarding choices of sites and technologies,
changes in air quality due to a given energy scen-
ario can be tested against present and future air °
quality standards and emissions regulations as a
way of examining possible constraints to energy
development and use.

ACCOMPLISHMENTS DURING 1979

As part of the analysis of regional impacts
associated with the national energy scenario des-
cribed in this Annual Report,* changes in air
quality were estimated both as a result of local
emission sources and effects due to long-range
transport of pollutants. The resulting projections
of air quality were compared with state and federal
air quality standards and with regulations governing
Prevention of Significant Deterioration (PSD) incre-
ments. Possible degradation of visibility in Class
I air areas was also assessed,

Analysis Procedure

The six national laboratories involved in the
assessment project developed a common set of analy-
tical procedures for the study. Local air quality
projections were made using a roll-back technique
which assumes that the ratio of future emissions
and the resulting air quality remains the same as
the ratio of present emissions to present air
quality. The use of this technique implies a number
of assumptions, among them are that meteorological
conditions in the present or base year will remain
the same in future years and the spatial distribu-
tion of emission sources will be approximately the
same in the future as in the base year. In those
areas where the emissions increments were large
compared with existing sources, a separate procedure
was used to estimate the contribution to local air
quality from the large incremental sources. For
Region 9 the detailed siting pattern based upon
the scenario did not result in the siting of large
emitting facilities in areas where existing sources
are small.

In addition to the mesoscale effects estimated
using the roll-back technique, long range transport
of sulfur oxides and particulates was calculated.
For the Western states, including Region 9, Pacific
Northwest Laboratory (PNL) was responsible for these
calculations (see Ref. 2 for model details), while
Brookhaven National Laboratory (BNL) had a similar
responsibility for the Eastern U.S. The resulting
estimates of air concentrations for 809, S04, and
particulates were compared with PSD Class I regula-
tions. These estimates were also used as input

parameters to the Los Alamos Scientific Laboratory
(LASL) visibility computations. This model3 was
used to evaluate visibility impairment for Class I
air areas.

Siting and Emissions Inventories

The siting of new energy consuming facilities
such as industrial or utility boilers involves a
number of complicated steps. The first main ele-
ment of the siting process is that the energy scen-
ario, which specifies energy use by end use and by
fuel type at the federal region level, is disaggre-
gated into the state and Bureau of Economic Analysis
(BEA) region level. The fuel use projections at the
BEA level are then used for industrial fuel consump-
tion patterns at the county level, based upon the
1974 geographic distribution of industrial facili-
ties or major fuel burning installations (MFBI).
No specific facilities were associated with these
county-level projections of industrial fuel use;
however, the existing (1974) MFBI combustor size
distributions were used, along with information on
State Implementation Plan (SIP) requirements for
different facility sizes and fuels to derive emis-
sions resulting from industrial fuel use.

Siting of present and proposed utility facili-
ties was obtained from the FERC power plant site
file maintained by ORNL and from individual utili-
ties in the region. This information was used to
site electrical generating facilities for future
years. Additional 'phantom" facilities were added
in order to meet the fuel specific regional energy
requirements of the scenario., The siting of these
facilities was done at the county level.

Due to the importance of mobile sources of air
pollution in this region, estimates were made for
emissions from motor vehicles, based upon the region
and sub-region disaggregation of gasoline use pro-
jections. These estimates include new car and fleet
mileage standards, and the present and new mobile
source emissions standards summarized in Table 1,

As a consequence of the gasoline demand projections,
the overall vehicle miles travelled are projected
to incease dramatically. Because the emissions
standards are based upon emissions per mile, the
mobile source emissions are expected to increase

in importance.

Emissions and air quality for the baseline
year of 1975 were taken from a number of sources,
including the NEDS emissions data base and the
SAROAD air quality data base, both maintained by
EPA. These were augmented by information from state
and local air agencies. A major portion of Califor-
nia inventories was obtained from the California Air
Resources Board.% The 1975 emissions inventories
for selected California air basins are shown in
Table 2.
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Table 1. Federal and state emissions factors and standards for light duty vehicles.

(grams/mile)
Hydrocarbons co NOx S04 Particulates

Year CA U.S. CA U.Ss. CA U.s. U.s. U.s.

1975 0.9 1.5 9 15 2.0 3.1 0.13 0.45

1976 0.9 1.5 9 15 2,0 3.1

1977 0.41 1.5 9 15 1.5 2,0

1978 0.41 1.5 9 15 1.5 2.0

1979 0.41 1.5 9 15 1.5 2.0

1980 0.41 1.5 9 15 1.5 2.0

1981 0.41 0.41 9 7 1.0 2.0 linear decrease

1982 0.41 0.41 7 3.4 1.0 1.0

1983 0.41 0.41 7 3.4 0.4 1.0

1984 0.41 0.41 7 3.4 0.4 1.0 Y Y

1985 0.41 0.41 7 3.4 0.4 1.0 0.07 0.25

1986 0.41 0.41 7 3.4 0.4 1.0 0.07 0.25

1987 0.41 0.41 7 3.4 0.4 1.0 0.07 0.25

1988 0.41 0.41 7 3.4 0.4 1.0 0.07 0.25

1989 0.41 0,41 7 3.4 0.4 1.0 0.07 0.25

1990 0.41 0.41 7 3.4 0.4 1.0 0.07 0.25

Table 2., Summary of air emissions for 1975 by air basin.
(tons/day)
South Coast SF_Bay Southeast Desert San Diego
TSP 50, NOy TSP 50, NO, TSP S0, NO, 8P S0, NOy

Petroleum refining 3.5 47.0 38. 3.0 47.0 6.0 —— -— —-— -—— -—— —
Power Plants 40.1 184 133 6.6 26.4 64.9 0.6 6.3 4,1 8.5 34.7 28.0
Industrial 8.4 14,1 75.4 6.1 15.3 102 1.4 0.3 29.4 0.6 1.9 2.7
Area Sources 97.8 0 15.3 20.2 0 2.8 81.2 0 6.0 90.5 0 0.7
Other 48,2 54,9 104.3 78.1 90.3 35.3 116.8 48.5 60.5 22.4 0 7.1
'fot:al Stationary 198 300 366 114 197 211 200 55.1 100 122 36.6 38.5
Autos 58.4 21.8 418 28.5 5.1 204 2.7 0.8 20.1 8.9 3.3 63.6
Trucks (incl. diesels) 25.5 20.0 228 13.3 8.8 119 2.0 1.4 18.3 4.5 3.6 40.4
Other 26.1 46,0 17 13.8 26.6 71 4.4 5.2 32.4 6.6 10.2 32.0
Total Mobile 110 87.8 817 55.6 40,5 394 9.1 7.4 70.8 20.0 17.2 136
TOTAL 307 388 1180 l§9.6 219.5 605 209 62,5 171 142 53.8 174

~
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Air Quality Results

Nevada
Region 9 has 44 mandatory Class I air areas
where Prevention of Significant Deterioration incre-
ments are 2 ug/m3 for 809 and 5 ug/m3 for particu-
late matter. Figure 1 shows counties in the region

with Class I areas where fuel burning in either
utility or industrial facilities is expected to
increase. The long range transport calculations
for 1990, shown in the lower half of Fig. 1, indi-
cate possible violations of the 809 standards in
the southern part of California. Visual air quality
has been identified as an important value for all
Class I air areas in this region. The visual range
calculations by LASL, based upon the 1990 scenario
conditions and resulting long-range transport of
pollutants, show no change over the 1975 background
conditions. However, plume blight due to light
scattering could have a moderate effect on the
Grand Canyon National Park because of increased
coal-fired electrical capacity in nearby counties.

California
Arizona

Hawaii C

The results of the local air quality rollback ® Class | areo
calculations are summarized below by state. Basi- B2 1990 fuel burning county with Class | areals)
cally, the present air quality picture in the region
changes little by 1990. The major urban air basins,
with the excep?ion of Honolulu, generally continue Fig. la. Counties in Region 9 with Class I areas.
to be non-attainment for one or more pollutants. i (XBL 797-10560)
Much of the improvement in the control of emissions
from stationary sources is offset by increases
in mobile source pollutant levels. The projected
air quality status for 1990 is summarized in Figs.
2 and 3 for SO9 and particulates, respectively.
Nitrogen oxide results are described in Ref. 1.

Presently 60 percent of the counties in Cali-
fornia are non-attainment for particulates, 80 per-
cent are non-attaimment for oxidants, and 40 percent
are non-attainment for carbon monoxide. This
analysis of the 30 major fuel burning counties
indicates that implementation of the scenario will
exacerbate most air quality problems. Emissions
of particulates from mobile sources increase drama-
tically which, when coupled with the 20 to 30 per-
cent increase in emissions from process sources,
leads to an overall increase in most counties of
50 to 200 percent, This overrides the 20 to 40
percent decrease expected in utility and industrial
sources. The resulting changes in air -quality are
sumnmarized in Table 3.

Sulfur oxide emissions increase somewhat in
the fuel burning counties, with increased utility
emissions replacing industrial sources. However,
none of the counties presently in attainment are
expected to change to non-attainment by 1990.

Hydrocarbon emissions in most counties do not
change significantly by 1990 as increased emissions
from process sources compensate for decreased emis-—
sions from mobile sources. While this pollutant
is an important precursor of oxidant formation,
increased hydrocarbon concentrations do not trans- = ----- 1
late directly into higher oxidant concentrations
since other chemical species also play a role in
oxidant formation. The increased emission levels R ()4
of carbon monoxide and oxides of nitrogen from
mobile sources are the major cause of air quality
degradation. CO levels increase substantially for Fig. 1lb. Projected SO7 concentrations for 1990
all counties, with an average increase of nearly from industrial and utility sources.

80 percent for industrial counties. Emissions of ) (XBL 797-104864)
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Sulfur Oxides

area non-attainment .
Air Quality Attainment
Status for 1990

part of area non-—attainment
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™
no data
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Fig. 2.
quality control region (sulfur oxides).

Projected air qﬁality status for 1990 by air

(XBL 797-10565)

Table 3.
counties from 1975 to 1990.

Particulates

area non—attainment
Air Quality Attainment

Status for 1990

part of arsa non-—attainment

area in attainment

no data by Air Quality Control Region

Fig. 3.

Projected air quality status for 1990 by
air quality control region (particulates).
(XBL 797-10563)

Changes in federal primary pollutant attainment status for California fuel burning

Remains in Attainment

From Attainment

Static® or Improved
Air Quality

Degraded
Air Quality

(1975) to
Violation (1990)

Continued
Non-Attainment

Industrial Counties (12)

Particulates 0 0
Sul fur Oxides 2 5
Hydrocarbons 0 0
Carbon Monoxide 0 2
Nitrogen Oxides 0 4
Rural Counties (18)

Particulates 5 5
Sulfur Oxides 7 11
Hydrocarbonsb 1 0
Carbon Monoxide 2 7
Nitrogen Oxides 5 10

12

12

LWWOoO OO

wWwNhNOoOO >
—
O~NH=ON

a . . R . . . st .
Static air quality is defined as total emissions within 10 percent of 1975 baseline.
No ambient oxidant data are available for six of the 18 rural counties but they are assumed

to be in attaimment in 1975.
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nitrogen oxides from stationary sources stay close
to 1975 levels.

The two major urban areas of Nevada are pres-’
ently non-attainment for particulates, hydrocarbons
and carbon monoxide, primarily from mobile source
emissions. - The high rate of gasoline consumption
projected by the scenario will aggravate these
problems unless proposed emission standards for
motor vehicles are enforced. Particulate emissions
from process sources also contribute 50 to 70
percent of total emissions in four of the six fuel
buring counties in Nevada, Sulfur dioxide emissions
are not a major problem in Nevada at present, with
the closing of the copper smelter in White Pine
county. New sources will require better emission
controls, and hence will not add substantially to
809 air quality problems.

At present, the metropolitan areas of Arizona
are non-attainment for S09 and particulates, and
based upon the scenario, no significant change is
expected. The most serious problems are due to
SOy emissions from copper smelters, and the clean-
up of these emissions by 1990 is uncertain due to

‘postponement of retrofit of control equipment.

All of the islands of Hawaii are air quality
attainment areas, and the scenario projections are
not expected to alter this status. The increased
gasoline consumption projection raises the possi-
bility of local violations of the CO standards in
downtown Honolulu.

PLANNED ACTIVITIES FOR 1980

A new set of air quality projections will be
initiated based on the analysis of a new energy
scenario. A more detailed analysis of emissions
offset policies currently in place at local and
state levels will be conducted. In additionm,
modeling for large point sources will be done for
facilities projected on sites where existing emis-
sions are small.
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INSTITUTIONAL AND POLITICAL ISSUES IN
POWER SITING IN THE STATE OF CALIFORNIA*

Y. Ladson

INTRODUCTION .

This study was conducted as part of the Region-
al Issues and Identification Assessment (RIIA) Pro-
gram, RIIA, developed to identify and assess the
environmental, social, economic and institutional
impacts of alternative scenarios defined at the
regional level, is described in more detail in the
second article of this Annual Report.

The analysis of institutional impacts peformed
for RITA focused on major legislative, organization-
al, and political factors which could either inhibit
or enhance energy development in each state within
DOE Federal Region 9 (California, Nevada, Arizona,
and Hawaii). The primary objectives of the task
are threefold:

e to identify current legislatiom, statutes,
and organizations affecting energy development;

e to ascertain major institutional factors con-
straining or promoting each type of energy
development; and

e to assess the impacts of conflicts, barriers
and promotional factors which arise from the
national energy scenario.

A case study approach was selected as the
vehicle to identify the relevant issues, The case
studies chosen in each state allowed the analysis
to focus on the actions associated with a single
facility or decision. These studies should illum-
inate the major issues which will arise for most
facilities.

ACCOMPLISHMENTS DURING 1979

In California, the controversial Sundesert
nuclear power plant proposal and the siting of an
LNG terminal were selected as possible case studies
for FY 1979 because they had drawn much attention
state-wide and involved a wide range of agencies
and interest groups. In the end, Sundesert was
chosen as the issue for the first case study.



The Case Study

The objective of the case study is twofold:
1) identification of major institutional structures,
organizations and actors affecting energy develop-
mentj and 2) illustration of institutional conflicts,
constraining factors and the political nature of
issues which arise in the decision-making process.
The DOE energy development scenario was used as a
basis for an assessment of issues arising from the
Sundesert case study effort.

Any assessment of institutional impacts of
power plant siting in California must start with a
review of the legislative authority creating the
state's siting permitting process and energy devel-
opment program. Thus the first task was to examine
the California Energy Resource Conservation and
Development Act of 1974, the most comprehensive
state energy legislation in the nation. The next
phase of the study consisted of a review of the
literature and publications concerning the Sundesert
nuclear power plant proposal and related power plant
siting and energy development program in the state
of California. An examination of the major state
"energy agencies" included agencies identified in
the Regional Energy Data Book as having a major role
in energy facility siting. A detailed critical
review of the State's Energy Resources Conservation
and Development Commission was conducted because of
its role as the central, one-stop energy facility
siting agency with exclusive state level authority
to approve and certify power plants.

A review of public hearing records identified
major actors who participated either as proponents
or opponents to the siting of the nuclear power
plant. These organizations were contacted for
further information or for clarification of issues
which developed during this controversy.,

The final phase related identified issues which
arose during the case study to the RIIA scenario.
Issues which were identified included both scenario-
specific and non-scenario-specific.

The Issues

The analytical process described above identi-
fied several key institutional issues. In summary
these include:

© Nuclear Development

The State's nuclear safety legislation pro-
hibits any new nuclear facilities until an
adequate federal nuclear waste program is
developed. Further, since the Three Mile
Island accident, concerns raised by state
government officials and environmental groups
have jeopardized the licensing and operation
of plants presently under construction.

e Jurisdictional Disputes

Jurisdictional conflicts between the State
Energy Act and other state and federal laws
constrain the power plant siting process
resulting in permit delays.

® Air Pollution Tradeoffs

Air pollution tradeoff policies must be addres-
sed on a case-by-case basis, Inter-pollutant
or inter-basin tradeoff questions must be re-
solved; this issue affects both utility and
industrial siting decisions. Major fuel
burning installations will require emission
offsets in non-attainment areas.

e Alternative Technologies and Renewable Energy
Sources

Geothermal, solar, coal gasification, wind, co-
generation and biomass are all seen as alterna-
tive energy sources. State government supports
a diversified energy mix and is strongly pursu-
ing the development of many of these optionms.

PLANNED ACTIVITIES FOR 1980

The institutional and political issues in power
plant siting in California can be categorized into
three areas: legislative and regulatory decision
framework; intra-interagency jurisdictional ques-
tions; and local political traditions. Each of
these areas will be studied in detail under RIIA II
through the development of additional case studies.

FOOTNOTES

Condensed from Lawrence Berkeley Laboratory report,
LBID-052.
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INTEGRATED ASSESSMENT FOR
ENERGY-RELATED ENVIRONMENTAL STANDARDS

J. Holdren™

INTRODUCTION

The aim of this two and a half year project
is to explore-—and to suggest improvements in—-
the assessment mechanisms available for use in the
formulation of environmental standards applied to
energy technologies. At the core of the work is
the -idea that rational standards should be based
on integrated assessment. That is, the assessment
should compare the environmental benefits sought by
regulatory action not only to the direct economic
costs and the transaction costs of the regulation
but also to the regulations's consequences in dis-
placing environmental effects from one energy source
to another, one fuel-cycle step to another, one
pollutant to another, one environmental medium to '
another, one class of victims to amother, and so on.

Background

Environmental impacts of energy technologies
arise from many stages in the flow of an energy
source from discovery to end-use (e.g., mining,
processing, combustion), propagate via disruptions
in many media (e.g., air, water, soil), and manifest
themselves as many different undesirable effects
(e.g., occupational disease, public disease, prop-
erty damage, loss of service functions performed
by ecosystems).' Attempts to control environmental
impacts have evolved in a piecemeal fashion, focus-
ing typically on one stage at a time, one medium
at a time, one effect at a time. But the pieces
are not independent, and the damages associated
with each cannot be independently minimized. As
the degree of control sought in different sectors
has increased, the nature of the troublesome link-
ages has become clearer. Controlling air quality
may impose additional burdens on water and soilj;
emissions restructions at the combustion stage may
push impacts back to the processing stage (as, e.g.,
in solvent refining or liquefaction of coal); and
reductions in public disease may be bought at the
expense of occupational health. The substantial
inability to systematically and objectively deter-
mine whether any given "trade-off" of the kind
just described leaves us better or worse off in
the aggregate——that is, the lack of an integrated
environmental assessment capability-~is emerging
as the central problem of contemporary environmental
policy.2

History of this Study

Following preliminary discussions with the
projects's sponsors in the Office of Technology
Impacts of the U.S. Department of Energy, work on
this study began in June 1978. The effort consisted,
in its inital phase, of the following two elements:

(1) 1literature review and synthesis exploring
the adequacy, for purposes of integrated
assessment, of the tools and data present-
ly available in environmental science
and environmental ecoromics;

(2) case studies illuminating the extent to
which available tools and data were
actually used in the decision-making
processes that led to major U.S. federal
environmental standards relevant to
energy technologies.

This work was carried out by the three senior in-
vestigators on the project: John P. Holdren,
Principal Investigator and Professor of Energy and
Resources, Anthony C. Fisher, Professor of Energy
and Resources and of Economics, and John Harte,
Senior Staff Scientist and Head of the Ecology
Group, Energy and Environment Division, and four
Graduate Student Research Assistants (Charles
Blanchard, Veronica Kun, Michael Simpson, and
Kathy Tonnessen). The results were described in
six papers: two critial reviews surveyed economic
valuation of environmental damages and status of
major environmental data bases and integrated en-
vironmental economic models; and four case studies
covered the Federal Water Pollution Control Act,
the EPA's New Source Performance Standards for
Fossil-Fuel Power Plants, the national emissions
standards for mobile sources of air pollution, and
the Surface Mining Control and Reclamation Act of
1977.3-8

The initial survey papers and case studies
served to identify and characterize the obstacles
that stand in the way of more systematic assessment
of the benefits and costs of alternative environ-
mental policies. With respect to the tools avail-
able in environmental science and environmental
economics, these obstacles include problems of:

1. comprehensiveness/completeness (some links
between contemplated actions and well-
being do not get identified, and for some
that are identified the information needed
to characterize the link is missing);

2. quantification/accuracy (many effects that
can be identified and characterized cannot
be quantified, and much of what has been
quantified is inaccutrate or characterized
by very large uncertainties);

3. comparability/valuation (even among effects
that have been accurately quantified, the
units of measurement are often incommensur-

. able, which frustrates comparative valua-
tion, and even where valuation is possible
the capacity to weigh alternate distribu-
tions of costs and benefits among winners
and losers is absent).

With respect to the application of available tools
in actual standard-setting decisions, important
additional obstacles revealed by the case studies
(which employed interviews with parties to the
decisions as well as use of documentary materials)
include:
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1. 1lack of awareness, on the part of decision
makers and their staffs, of the full range
of analytical tools that exist;

2. lack of confidence in available tools and
dataj

3. lack of time or money to apply tools and
data to pending decisions;

4. agency structures and division of respon-—
sibilities that discourage or frustrate
integration across media, fuel-cycle steps,
energy sources, and so onj

5. the influence of political pressures on
environmental decision makers.

(It must be noted that the last item is not neces-
sarily an obstacle to systematic assessment, but
can be a legitimate component of it.)

AGCCOMPLISHMENTS DURING 1979

Workshop

The initial activity in FY 1979 was the "Work-
shop on Integrated Assessment for Energy-Related
Environmental Standards", held at LBL November 2
and 3, 1978. A major purpose of the workshop was
to expose the results of the FY 1978 effort--
published in the papers described above--to the
scrutiny of an array of individuals who either have
studied these questions from other perspectives or
who have been participants in the kinds of standard-
setting processes under study. Accordingly, invited
discussants included people with experience in the
Congress and Executive Branch agencies with environ-
mental responsibilities, as well as people from
other national laboratories, universities, and in-
dustry. Following presentation and criticism of
the six LBL papers, roundtable discussions explored
possible characteristics of improved mechanisms
for integrated environmental assessment, obstacles
to implementing such mechanisms, and possible direc-—
tions for the continuation of the LBL project.
Proceedings of this workshop have been in prepara-
tion during FY 1979 and will be published in 1980.°

Approach for Continuing Work

The continuation of our investigation subse-
quent to the workshop has been aimed at clarifying
the possibilities and pitfalls in integrated assess-
ment relevant to standard setting for emerging
energy options. One part of this work has involved
the application of the analytical framework and
insights derived in the earlier phase of the study
to case studies of three such emerging options:
photovoltaics, biofuels, and increased end-use
efficiency in residential and commercial buildings.
(The Graduate Student Researach Assistants engaged
in these case studies are Kent Anderson, Irving
Mintzer, and Gregory Morris.) The case studies are
investigating the technological characteristics of
the relevant "fuel cycles" in sufficient detail to
be able to identify and characterize the types of
environmental effects likely to be most important.
How the integrated-assessment issues identified
earlier apply in the context of these environmental
effects can then be explored. In parallel with--

and drawing on--the case studies, a set of issue
papers is treating cross-cutting, integrated-
assessment issues identified in the previous phase
as being both important and difficult. These cross-
cutting issues are:

1. degree to which environmental damages can
be estimated using data generated by mar-

kets or simulated by market-like processes;

2. accounting for effects of stochasticity
(of environmental insults and of the
environmental systems and processes on
which they are imposed) in assessment for
standard setting;

3. distributional and equity effects of stand-
ards and of uncontrolled impacts, among
different groups and over time.

Additional Graduate Student Research Assistants
involved with issue (1) are Suzamne Scotchmer and
Nobi Yagi.

Findings of 1979 Research

The findings of the 1979 continuation outlined
above are treated in a set of seven papers submitted
in draft form to_the Office of Technology Impacts
in October 1979,10-16 These findings include the
Jfollowing.

1. There are many types of biomass resources,
many technologies for transforming these
resources into useful energy forms, and a
very wide variety of environmental effects
that may result. Potentially the most
serious of these are damages to ecosystem
function associated with biomass project
land use, water use, fertilizer use, pesti-
cide use, and other management practices.
Alteration of pre-existing processes of
soil building and conditioning, and erosion
control, are particularly worrisome in some
approaches. On the other hand, in cases
where collected biomass materials other-
wise would have posed a disposal problem,
the use of such materials as an energy
source provides an enviromental benefit.

2. The most troublesome environmental problems
potentially associated with large-scale use
of photovoltaic cells are probably the
health consequences of worker and public
exposure to toxic substances mobilized in
the production of the cells (silica dust
in the case of silicon cells, cadmium in
the case of cadmium sulfide cells, and
arsenic in the case of gallium arsenide
cells). Release of toxic cell constituents
from rooftop collectors in the event of
fire may be a significant pathway. Damage
to desert ecosystems could be an important
consequence of centralized deployment of
photovoltaic technology.

3. FEnergy conservation is equivalent at the
margin to new energy supply and should be
treated as an energy source for purposes
of comparison of environmental consequences
per unit of energy '"delivered". Use of

N
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simply models to predict the energy yield
of conservation measures in residential

and commercial buildings, combined with
preliminary assessment of the environmental
effects of these measures, suggests a more
favorable ratio of environmental cost to
economic benefit than other forms of energy
supply, in most cases. The most important
environmental problem in residential and
commercial energy conservation is probably
the effect of reduced infiltration or ven-
tilation on concentrations of indoor air
pollutants, both natural (radon) and antro-
pogenic (carbon monoxide, nirogen oxides,
tobacco smoke).

Developing quantitative measures of pollu-
tion-induced damage to economic goods and
services (e.g., damages to crops and build-
ings) is worthwhile but laden with theo-
retical and empirical pitfalls. There is
reason to believe that the net effect of
these difficulties in most studies done to
date is to understate damages.

Study of pre-existing equilibrium.relations
between property values and environmental
amenity cannot by itself predict new equi-
librium property values following a change
in environmental conditions, but it can
yield accurate estimates of the economic
benefit of small environmental improvements
and a reasonable approximation of the bene-
fit of large improvements. This approach
errs on the side of overstatement of given
damages (measured by the benefits of
removing them).

Attitude surveys and related schemes to
determine the economic value of environ-
mental damages tend to suffer from a
variety of types of strategic behavior
(i.e., consciously self-serving responses)
by respondents.

The cost of occupational hazards in energy
production can be disaggregated into the
cost of lost human capital and the cost of
pain and suffering. The former cost in
principle can be internalized through
employer-paid insurance systems, but in
actuality present Workmens' Compensation
does not capture this cost entirely. Cost
of pain and suffering can be internalized
through wage differentials, wherein a
premium is paid for riskier work. This
mechanism is compromised by restricted
mobility in labor markets, weak worker
bargaining power, and worker misperception
of risks,

Stochasticity in the natural environment
makes it difficult to predict stresses
from insults, to predict effects from
stresses, and to predict human consequen-
ces from effects. The rationality of
standard setting could be appreciably
improved by explicit incorporation into
the assessment process of the effects of
stochasticity.

9. Both economic efficiency and distributional
equity require that the full costs of
energy use be borne by those who use the
energy and choose the technologies with
which it is provided. Achieving this
desideratum requires that resistant exter-—
nalities (those resisting internalization
either because they are not monetizable
or because there is no mechanism for
gainers to compensate losers) either be
small or be distributed naturally among
users roughly in proportion to use. A
number of decentralized renewable energy
sources meet these conditions much better
than do such conventional alternatives
as coal, nuclear fission, and imported
oil.

PLANNED ACTIVITIES DURING 1980

The work in FY 1980 will refine the case
studies and issue papers developed in FY 1979, add-
ing comparisons and contrasts among the case studies
and exploring linkages between the issue papers and
the case studies., At the same time, a synthesis
will be undertaken to draw from the entire body of
work in the project a set of guidelines, criteria,
and suggestions for improvement of integrated
assessment applied to energy-related standards.

The last half of FY 1980 will be devoted largely
to the preparation of a book-length final report
describing the findings of the entire project.
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ENERGY WATER ISSUES
M. El-Gasseir

INTRODUCTION

This research is part of the Regional Issues
Identification and Assessment (RIIA) project.
Specifically, we seek to identify and assess the
water availability and quality issues resulting
from the constraints and impacts of implementing
certain energy plans, represented by 4 set of six
Department of Energy (DOE) scenarios. Until the
recent addition of Arizona, LBL's responsibility
had been limited to a region including the states
of California, Hawaii, and Nevada.

There are two long-term objectives to this
research. The first is to identify and evaluate
the water-related issues and impacts of each energy
scenario. The second objective is to establish and
update a water/energy information base, so that the
RIIA process is improved as it progresses from one
scenario to another, The lack of an adequate cen~
tralized information base and the very complex
nature of the "energy/water interface" have necessi-
tated the adoption of the second objective. The
same two factors have also forced a selective ap-
proach in the analysis of the energy-water issues.

ACCOMPLISHMENTS DURING 1979

In 1979 the energy/water research activities
involved two areas. In the first, an analysis of

one scenario was carried out. The second area in-
volved the preparation of a data base and an analy-
tic framework for a more comprehensive assessment
to be carried out in conjunction with a second
scenario.

The First—-Scenario Assessment

In the Southwest, an overriding concern is the
maintenance of a delicate balance between the supply
and demand for water. In the assessment of the
first scenario (the DOE/EIA mid-mid scenario) a de-
cision was made to concentrate efforts on the energy
issues pertaining to water availability. Since
electricity generating steam power plants are the
major energy sector consumers of water, the study
was further limited to this type of facility.

The methodology consisted of four steps.
First, the new power plants were identified whose
cooling-water requirements could not be specifically
identified. This identification was accomplished by
comparing the scenario with state and utility plans.
The results are shown in Table 1. The scenario did
not assign any new generating facilities in the
State. of Hawaii. Hence no futher analysis for
Hawaii was carried out. In the second step, the
cooling water requirements for each power plant type
were established (see Table 2). In establishing
these requirements allowance was made for technical

~
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Table 1, Steam electric—generation capacities requiring new cooling-water

sources, MWe

Plant Type and Year

Combined :
Cycle Gas Geothermal Solar

County 1985 1990 1985 1990 1985 1990 1985 1990
Californias®

Contra Costa 0 0 0 320 0 0 0 90
Humboldt 0 0 0 52 0 0 0 0
Imperial 0 0 0 46 736 876 0 0
Lake 0 0 0 0 681 731 0 0
Los Angeles 81 81 0 285 0o 0 0 0
San Bernardino 0 0 0 0 0 0 20 120
San Francisco 190 190 0 0 0 0 0 0
Sonoma 0 0 0 0 381 591 0 0
Nevada:**

Clark 0 0 0 90 0 0 0 0
Lyon .0 0 0 105 0 0 0 0
Storey 0 0 0 110 0 0 0 0

*The results for California were obtained by subtracting from the 1985 and
1990 capacities of Table 1, the 1975 capacities of the same table and the
capacities of power plants recently completed or under construction. The
latter data were obtained from Refs. 2-8,

**The Nevada results were obtained in a similar manner to California.
However, an update on recent electric-power capacity expansion activities
were obtained through personal communciations with Nevada Power Company

qfficials.

uncertainties (e.g., the method of cooling to be
implemented). The third step involved the computa-
tion of each county's total future cooling-water
requirements associated with the mid-mid scenario
(Table 3). 1In the final step, the cooling require-
ments were compared with estimates of present and
future water needs for each county's municipal and
industrial, and agricultural sectors, and total use.

There are two major findings to this study:

1. For most of the Southwest Region, the
proper identification and analysis of the water
availability issues and impacts cannot be accomp-
lished by comparing the new water requirements with
the supply of water naturally available, Three
factors prevent completion of this analysis. First,
exising demand already exceeds supply with the ex~
cess being met by groundwater overdrafts. Thus
new fresh water cooling needs will most probably
be satisfied by diverting water from other users.
Secondly, state policies exist which discourage the
use of fresh water for cooling purposes.l4 A number
of utilities have already started using reclaimed
waste water as a coolant. The competition over
water and the economics of electric power generation
will soon force a gradual phase out of freshwater
use in evaporative cooling systems. Finally, in
the Southwest there is a high degree of water regu~
lation and (physical) integration. Lowflow analyses

would be useful over very large areas comprising
one or more basins or an entire state and would
have to cover the entire economies of these areas.
The scenarios (particularly the low-growth mid-mid
scenario) are not likely to affect the outcome of
such lowflow analyses to a significant extent. For
a localized assessment (i.e., at the county level)
the best approach is to measure the new water re-
quirements against present and projected water use
rates.

2. 1In spite of being a low-growth scenario
for electrical generation, problems of water availa-
bility are expected. This is especially true in
California's Contra Costa and Imperial counties and
Nevada's Clark, Lyon, and Storey counties. In these
cases, the new requirements were found to be rela-
tively large when compared with estimates of present
and projected water use rates. It is unlikely that
the additional cooling requirements will be met by
diverting fresh water from other users. The prob-
lems of water availability can be ameliorated by
considering the use of reclaimed waste water. Ade-
quately treated municipal waste water could meet
the requirements in Contra Costa and Clark counties;
however, the public health implications of cooling-
tower drift could be a source of further obstacles.
In the remaining counties part or all of the cooling
water needs can be satisfied through the use of
reclaimed agricultural drainage water. Cost and
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Table 2. Cooling-water requirements of steam electric-generating facilities, 10-3 MGD/1MW, a,b
Thermal A

Facility Type Efficiency® Circulationd Evaporation® Blowdown f Drift8 Makeuph Consumptionl
Combined Cycle 40.3 620 7.4 4,7 0.31 12 7.7-12
Gas 38 - 830 9.9 6.2 0.41 16 10-16
Geothermal:

Geysers 15.5 1,400 46 9.1 0.70 47 0-47

Imperial 16.5-9.8 2,100/3,000 60/82 27/4.0 1.1/1.5 88/84 88/84
Solar:

Central Tower 38.5/41 440/610 5.8/8.0 3.6/5.3 0.22/0.31 9.6/14 6.0-9.6/8.3-14

Solid Wastes 25/18 2,000/3,000 24/37 15/23 0.98/1.5 40/61 25-40/38-61

%The values given are for peak or full capacity conditions. To obtain annual averages apply a capacity factor of 70Z.

bIn all cases, the cooling system is assumed to be evaporative mechanical-draft towers.

The efficiency values for the combined cycle, gas, and Geysers cases were borrowed from Ref. 10.
Imperial, central-tower, and solid-wastes facilities were obtained from Refs. 11-13 respectively.
lower and the upper values represent a binary-cycle system and a steam turbine design, respectively.

The efficiencies for the
In the Imperial case the
The solar central-tower

efficiencies represent a design similar to the planned facility at Barstow, California and a Martin Marietta design where the

plant can operate 24 hours on certain days.

dExcept for the Imperial facilities, all cases assume a 15°F condenser temperature rise.

temperature rise of 23 and 29°F,

®The evaporation rates for the combined cycle,.gas, and Geysers plants are borrowed from Ref. 10.

Ref. 11,

The Imperial designs assume condenser

The Imperial values are from

The evaporation rates for the solar plants were calculated under the assumption that 90 and 85% of the heat discharged

by the central-tower and solid-wastes facilities would be disposed of by evaporating water.

f

With the exception of the Imperial plants, these rates were calculated on the basis that blowdown from the towers would contain
2.5 times the amount of total dissolved solids in the makeup water.

The Imperial values are from Ref, l1l.

BIn all cages, drift rates are assumed to be 0.05% of the circulation rates.

hExcept for the Geysers and Imperial steam facilities, the makeup is equal to the sum of the rates of evaporation, blowdown, and

drift,
makeup rates represent the withdrawal rates.

In the Geysers and Imperial-steam designs the makeup is equal to the sum of the rates of evaporation and drift. The

“1n all cases other than the geothermal types, the lower rates of consumption assume that the blowdowns are adequately treated

before being returned to the original sources of water; these values are the sum of evaporation and drift losses.

In the

Geysers case, consumption is allowed to approach the zero value since the geothermal steam condensate is the cooling medium
and since the reinjection of water at rates equal to the rates at which geothermal steam is withdrawn may not be considered

necessary (to prevent land subsidence).

technical uncertainties cast some doubt over the
effectiveness of this alternative in the near future.

Preparing for RIIA II

Efforts have been made to establish a data base
and a methodology for making an integral assessment
of the water availability and water quality implica-
tions for upcoming DOE scenarios. Because of the
progress already made in the area of water availa-
bility the emphasis has been on water quality. The
work accomplished covers both point and nonpoint
sources of pollution. 1In the case of the point
source pollution, data on steam electric power plant
and petroleum refinery effluents have been obtained
from the various regional water quality control
boards and from the U.S. Environmental Protection
Agency. These data will permit an estimation of
the pollutant loading rates of both existing facili-
ties and of future installations.

While efforts to control the pollution from
point sources have been successful, the nonpoint
sources remain largely unchecked,16 and will soon
be the major contributors of certain pollutants.
Energy development could have profound effects on
the course of this type of pollutant and on the

efforts to control it. A search is now being con-
ducted to find ways for quantitatively linking cer-
tain types of nonpoint pollution with hypothesized
energy activities such as those pres¢ribed in a
RIIA scenario, Because of the quality of available
data and the importance of the problem itself, the
contribution of transportation fuel-end use to urban
runoff pollution has been selected for the initial
efforts.
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Table 3. Cooling water requirements

%

prift,* 1000G/D Consumption,” MGD
State and County
1985 1990 1985 1990
California
Contra Costa:
Gas 0 130 0 3.3-5.3
Solar Solid Waste 0 88-140 0 2.3-5.5
Total 0 220-270 0 5.6-11
Humboldt:
Gas 0 22 0 0.53-0.86
Imperial:
Geothermal 790-1,100 940-1,300 62-65 73-77
Gas 0 19 0 0.47~0.76
Total 790-1,100 960-1,300 62-65 74-78
Lake:
Geothermal 480 510 0-32 0-34
Los Angeles:
Combined Cycle 25 25 0.63-1.0 0.63-1.0
Gas 0 120 0 2.9-4.7
Total 25 140 0.63-1.0 3.5-5.7
San Bernardino: ) ,
Solar 4.4-6.1 26~37 0.12-0.27 0.72-1.6
San Francisco:
Combined Cycle 59 59 1.5-2.4 1.5-2.4
Sonoma:
Geothermal 270 420 0-18 0~-28
Nevada
Clark:
Gas 0 37 0 0.92-1.5
Lyon:
Gas 0 43 0 1.1-1.7
Storey:
Gas 0 45 0 1.1-1.8

*The concentration of total dissolved solids in the drift from the geothermal
power plants is assumed to be 3 and 21 times that of the intake cooling

water (Ref. 11).
gallons per day.

For the rest the concentration factor is 2.5.

G/D is

**The upper values represent the withdrawal rates. MGD is million gallons

per day.
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THE DEVELOPMENT OF NUMERICAL METHODS FOR
CHARACTERIZATION OF
AQUATIC SYSTEMS DISSOLVED OXYGEN PROFILES

M. Henriquez

INTRODUCTION

The recent passage of Public Law 92-500 has
mandated strict water quality standards for much of
the nation. As a result there has been increasing
interest on the part of the water management com—
munity in methods which can simulate the impact that
man made or natural actions will exert on aquatic
systems. In the past, techniques for forecasting
water quality phenomona have been based on predic-—
tive or deterministic methods. As a result of re-
newed interest in the field, there has been a reali-
zation that these methods, while adequate in the
past, often fail to reflect complex synergistic
relationships which increasingly characterize the
nation's waterways. Simply put, the problem has
often been the result of fitting linear models to
essentially non-linear natural systems.

Many new approaches have been developed which
take these factors into account, Often this new
school of numerical analysis is characterized by a
high degree of specificity in terms of the aquatic
system to which the approach is applied. For ex-
ample, recent efforts include one by Chandlerl who
developed a biological approach to water quality
modeling by using a modified form of the standard
diversity index calculation. Salis and Thomann2
presented a simplified approximation of a three di-
mensional time variable system. This was based on
reaction kinetics as described by non-linear theory.
An important qualification of this approach is that
it assumes steady state conditions in which a single
nutrient is limiting. Hochman et al.” have devel-
oped a stochastic pollution model which was applied
to dairy waste runoff into San Francisco Bay. It
soon became clear that the wide range of approaches

and their concurrent underlying assumptions more
often than not tended to limit the application of
a given algorith to a wide range of potential real
world impacts. General methods, on the other hand,
are useful for 'first cut' approximations but at

.the expense of reliability and precision.

ACCOMPLISHMENTS DURING 1979

Clearly there is a need for numerical methods
to possess sufficient incremental detail for appli-
cation to a range of questions, while at the same
time to provide reliable output in a form which
allows intelligent decision making by those who
may not be familiar with the intricacies of specific
calculations. Such a model has been developed by
the author during 1979. The purpose was to develop
a quantitative methodology to assess the impacts of
existing and proposed energy generating activity on
adjacent water quality. It is based on the accepted
role of dissolved oxygen (DO), and the biochemical
oxygen demand (BOD) as basic quality indicatotrs
for natural systems. The algorithm is heuristic
and reiterative. The results may be displayed as
a two dimensional representation of a 3 variable
interaction, This display option provides a useful
and realistic picture of the interaction under study.
At the same time it is compatible with newly developed
techniques for energy analysis through matrix theory
and interactive computer cartography.

The model assumes that in the base case natural
system changes in dissolved oxygen are largely the
result of photosynthetic oxygenation which is
directly proportional to algal cell concentration

~



D

- profiles are shown on Fig. 2.

1-23

within the reach. The model is reiterative and
utilizes the following procedure:

1. Calculation of maximum oxygen evolution
rate in mg/1/hr,

2. Determine respiration coefficiencies,

3. Determine rearation constants by means
of the O'Connor-Dobbins formulation,

4., Use the results of steps 1 to 3 to deter-
mine net photosynthetic oxygenation, de-
oxygenation and the appropriate reaeration
rates,

The results of step 4 are modified by inclusion

of log based velocity terms which reflect specific
reach flow characteristics. From this, one is able
to determine an accurate expression for two dimen-
sional dissolved oxygen levels. A rearrangement of
terms provides an expression for the calculated
maximum allowable BOD for which a given reach can
self correct. ]

Having obtained this "first cut" result for
oxygen parameters, it is desirable to elucidate the
manner in which these levels change with respect to
changes in the steady state. The second increment
of the model involves solving a series of six
sequential non-linear equations which provide an
expression of DO levels in two hour steps. The
terms of these equations may be altered to reflect
conservative or non-conservative reach loadings.
These might include thermal loading or chemical
addiitives such as chlorine or alum. Using the
values from the preceding steps in a modified ver-
sion of the Streeter-Pheleps equation, an expres-
sion for reach specific aquatic productivity is
obtained which reconciles the often observed
difference between 5 day BOD levels and real world
water quality for a particular reach,

Having completed these steps, the model pro-
vides an expression which relates the cost of treat-
ment with respect to plant size and degree of pol-
lutant removal. This expression is based in part
on reach specific information provided as model out-

puts and on engineering data characteristic of the- -

proposed treatment process. It allows examination
of the variation in treatment cost corresponding
with an alteration in ambient environmental quality.

The model was applied to the San Joaquin River.
It was able to produce results to within 5% of meas-
ured values obtained from the STORET computerized
environmental data base (see Fig. 1), This
information was applied in an assessment of ambient
water quality impacts resulting from the siting
of a hypothetical conventional generating plant
along a given reach. The resultant temperature
A sensitivity
analysis was carried out as part of the assessment
procedure. Outputs from the model may be displayed
as one variable in a three variable interaction
(Fig. 3), As shown, a biomass removal factor is
plotted against plant characteristics (capacity)
and cost of treatment, From this interaction the
impacts of alterations in aquatic environmental
quality may be directly expressed in terms of the
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cost of compliance with existing or proposed water
quality standards. :

PLANNED ACTIVITY FOR 1980

‘The model developed here has the advantage of
'modular' construction. One is able to use parts
of it to answer specific questions without neces-
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sarily having to apply the entire model at omnce.
The model is currently designed for application
on fresh water aquatic systems.,

The possibility of increasing model coverage
even further by a more thorough treatment of the
related engineering and economic factors is being
studied. Additionally specific subroutines to
address the flow and effects of pesticides are under
study.
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REGIONAL ENERGY ISSUES: SUMMARY OF
A WORKSHOP HELD AT LAWRENCE BERKELEY LABORATORY*

R. Ritschard and K. Haven

INTRODUCTION

The Energy Analysis Program at Lawrence
Berkeley Laboratory (LBL), under Department of
Energy (DOE) sponsorship, convened a one-day work-
shop in Berkeley on January 19, 1979. The primary
purpose of the workshop was to identify from various
perspectives the important energy-related environ-
mental issues relevant to California, Hawaii and
Nevada. It was not intended that all energy-related
issues nor all perspectives within the region would
surface in so short a time, but rather that the
issues foremost in the minds of the chosen partic-
pants would be identified and discussed. The.
participants represented the diyerse views of state

energy offices and regulatory agencies, the public
utilities commission, utility companies, local
government, several public interest groups and DOE,

The workshop was divided into four sessions.
The mid-range/mid-term energy supply scenario for
1985 and 1990 was used as a framework for the con-
ference, since the discussion of issues required
some point of departure, The energy projections
of the "mid-mid" scenario are based upon the recent
forecasts of domestic energy supply and demand by
the Energy Information Administration within DOE.
The projections were disaggregated at the county
level for Federal Region 9, which included Califor-
nia, Hawaii and Nevada. : '

\
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Following a brief presentation of the energy
supply scenario, a brain-storming session was con-
ducted to identify a list of energy-related environ-
mental issues. This initial list was discussed by
two working groups, each consisting of eight par-
ticipants plus an LBL facilitator and recorder.

The mini working groups provided a description and
definition of each issue from the perspectives of
the participants. Finally, the workshop reassembled
in a closing session to integrate and formulate the
regional perspectives in a free and open manner.
During these discussions, no opportunity was pre-
sented for the participants to modify the original
list of issues.

Eight general issues were identified at the
Regional Workshop. Some of these issues have
sub-issues either related to their geographic speci-
ficity or to the nature of the topic. The perspec—

tives of the participants on each issue are summar-

ized below. Finally, a series of multi-issue
conclusions are presented.

ISSUES

Nuclear Power in California

Substantial environmental
opposition to licensing
and operation exists.

e Diablo Canyon.

Thermal discharge questions
may delay licensing.

e San Onofre.

Several distinct perspectives were presented
on both the licensing of the two planned nuclear
expansions and on the more general issue of the
use and expansion of nuclear power in California.

The consensus was that both nuclear stations
currently under construction will be licensed. It
is less certain that they will actually go on-line
as substantial opposition still exists within
California. In either event, no additional nuclear
plants will be built in this region (California,
Nevada and Hawaii) within the foreseeable future.

Geothermal Energy Development in California

o Imperial Valley. Environmental issues may
arise as development

expands.

Subgtantial environmental
and socio—-economic oppo-
sition exists to current
geothermal expansion paths
into Lake and Mendocino
counties.

e Expansion in
Geysers Area.

Geothermal development in both the Imperial
Valley and the Geysers region will most probably
proceed at a cautious pace. All parties agree that
extensive commerically viable resources exist in
both areas., However, technical and policital con-
straints will prevent widespread expansion over
the near term.

Alternative Renewable Resource Technologies

e Less than one percent of the projected
regional enmergy supply (1990) is attributed to
renewable technologies.

Two distinct views were voiced concerning
DOE support of renewable resource technologies.
The first opinion was that DOE should greatly
accelerate support of both development and commer-—
cialization of renewable technologies. The opposing
view was that commercialization of any technology
should be a function of the market place, not
governmental policy. Neither view argues that solar
technologies should not be developed. The issue
is the rate of development and the respective roles
of DOE and the private sector. It was agreed that
the conversion of technologically feasible systems
into "on-line" energy supplies is a major obstacle
for solar technologies, and the federal government
has little understanding of how to get a decentral-
ized technology commercialized. Private and public
sector cooperation will be required and it is
unclear as to the role each should play in
expediting the process.

Use of Natural Gas

o Increased reliance on natural gas is a
reversal of past policies which shift from gas to
oil and coal.

The discussion centered on the future need
and source of California's natural gas. It was
argued by some participants that the additional
gas required to meet future needs would become
available from fuel switching, conservation and
increased domestic supplies resulting from price
deregulation. On the other hand, some participants
felt that increased use of natural gas will lead
to increased imports requiring new pipelines and
LNG terminals. Consensus was that an increased
reliance on natural gas in this region could create
substantial environmental problems if new sources
and/or delivery systems are required. The primary
issue is the siting of a LNG terminal especially
related to who controls the siting decisions and
where the facility is located.

Coal for Electricity Generation in California and
Nevada

o Projections for coal use in California and
Nevada were considered as unrealistic.

The major issue related to the use of coal in
California and Nevada was that the mid-mid scenario
did not reflect the current and future plans for
electricity generation. In addition, there were
several environmental areas perceived as possible
impediments to future development of coal including
air quality standards, transmission corridors and
endangered species,
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Energy Facilities Siting

e Conflicts exist between urban and rural
siting of major energy facilities.

e Energy Imperalism. Local entities perceive
a forced planning and siting of major energy
facilities by federal governmental agencies.

.No consensus was reached on these issues.
The rural versus urban siting conflict is a major-
regional issue but does not directly involve DOE.
The second issue includes important implications
for federal energy planning. Local and Indian
interest can influence the pattern of energy devel-
opment in this region and therefore should be con-
sidered in federal energy planning and scenario
development (bottom-up approach).

Conflict Between National Energy Plans and Regional,
State and Local Environmental Goals .

e Federal government does not always consider
regional, state and local énvironmental goals,
policies and regulations in planning national energy
policy.

A theme that was expressed during the entire
one day workshop was the need to incorporate re-
gional, state and local information into the federal
energy planning process. The "top down" planning
process creates problems and antagonism at the state
and local level with which the populace and govern-
mental jurisdictions must live,

Institutional Issues

@ Energy development is hindered by conflicts
between regulations and regulators at local,
state and federal levels.

o Energy development is delayed by the in-
creasing amount of time required for a
project to complete the regulatory process.

There was no consensus achieved on the resolu-
tion of these issues. It was agreed that additional
effort by DOE to disseminate information to local
public groups and potential intervenors and to in-
crease involvement during the initial stages of
energy planning (scenario development) will help.
This type of involvement will bring the relevant
parties, issues, and data into focus as soon as
possible and thus minimize the potential for delays
through last minute intervention.

CONCLUSIONS

By definition, an issue is a matter in dispute.
It was the purpose of this one day workshop to

identify the key issues confronting energy develop-
ment in the region (California, Hawaii and Nevada).
In addition to the issue-by-issue consensus reached
by the participants, several general, multi-issue -

trends and conclusions were noted.

e There is a pervasive resentment of federal
energy planning and intervention within
this region. It was felt that the federal
government has an obligation to support
energy research and planning but this
activity should be conducted at a state
or local level. It is not appropriate for
federal agencies to make decisions at a
local level. They lack the site-specific
data and perspectives required to produce
effective, equitable decisions.

e There is a strong desire at the regional
level to incorporate state and local plan-
ning into the federal planning process. How-
ever, there is a general lack of understand-
ing of the mechanisms and contact points
available to insert local concerns into the
federal process.

e In general, the participants placed their
emphasis on social and political solutions
to issues rather than on technical ones.

e Significant intra-regional issues exist
in addition to issues between regional and
federal actors. Intra-regional issues are
concentrated in the institutional and
facilities siting areas.

e The general trends in regional energy
development identified during the workshop
are: 1) there is a high regional interest
in solar/renewable technologies. Regional
interest appears to be substantially higher
than national in .these téchnologies; 2)
relative to other available fuels, e.g.,
fossil and nuclear, there are fewer major
regional objections to expanded coal use;
3) no new nuclear facilities will be sited
in this region in the foreseeable future;
4) expanded use of natural gas is desirable
unless its use requires the development of
new gas sources and delivery systems, e.g.,
LNG terminals, which can create substantial
environmental impacts.

FOOTNOTE

*
Condensed from Lawrence Berkeley Laboratory report,
LBID-061 (June 1979).
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NATIONAL/REGIONAL ENERGY-ENVIRONMENT MODELING CONCEPTS:
SUMMARY OF A WORKSHOP*

R. Ritschard, K. Haven, H. Ruderman, and J. Sathaye

INTRODUCTION

On May 30, 31 and June 1 Lawrence Berkeley

'Laboratory, under the sponsorship of the Office

of Technology Impacts (OTI), U.S. Department of
Energy (DOE), held a workshop at Restom, Virginia
on national and regional modeling. The workshop
entitled "National/Regional Modeling Concepts for
Energy and Environmental Analysis" brought together
35 experts from a wide range of disciplines including
energy and economic modeling and several aspects of
regional sciences.

The purpose of the workshop was to idenfity
and evaluate approaches to regional economic and
energy supply/demand forecasting that are best suit-
ed to assisting DOE in the assessment of environ-
mental impacts of national energy policies. Speci-
fically, OTI uses models to assess the impacts of
technology change, to analyze differential impacts
of various energy policies, and to provide an early
warning system of possible environmental constraints.
Currently, OTI employs both a "top down" model sys-
tem to analyze national scenarios and a "bottom up"
assessment conducted from a regional perspective.
A central theme of the workshop was addressing the
problem of how OTI should integrate the so called
"top down" and "bottom up" approaches. To aid in
resolving that problem, the workshop was structured
to examine the experience of many fields of regional
analysis.

The format of the workshop provided a flexible
structure emphasizing small working groups. The
first day of the workshop consisted of a plenary
session which began with presentations that des-
cribed the DOE/OTI policy impact assessment program
and its goals and problems. After a brief discus-
sion period, several different perspectives on ener-
gy and economic modeling were presented., The aim
of these presentations was to examine the modeling
experience in several fields of regional analysis
and to focus subsequent discussion by the subpanels.
The organization for the remaining two days, in-
cluding the composition of the working groups and
their general topic area, evolved from the presenta-
tions and discussions on the first day.

During the second session the participants
were divided into three subpanels which addressed
specific topics related to the overall objective
of the workshop. The topics of the subpanels were:
measurement issues and approaches, structure of
models, and the application of models to policy
analysis. The working group members were responsi-
ble collectively for developing a list of recommen-
dations on their assigned topic during a day-long
discussion period.

The last day was a plenary session in which
each working group presented the findings of its
discussion on the previous day. An open discussion
period followed each presentation and provided an

opportunity for further elaboration and refinement
of the specific issues and recommendations produced
by the workshop participants.

SUMMARY OF WORKSHOP FINDINGS

The goal of the workshop was to identify
approaches for integrating the top-down and bottom-—
up methodologies currently being used by DOE/OTI.
Several major problems which would limit using such
an approach in energy policy analysis, described
on the first day of the workshop, were discussed
on subsequent days by the separate working groups.
The conclusions and recommendations of each group
are presented in order to address the overall theme
of the workshop.

A need was expressed for both top-down and
bottom-up approaches so that all interactions in
energy-economic~environmental modeling systems
could be adequately represented. For the short-
term, recommendations were suggested for improving
the current OTI models, but most of the comments
were directed toward the development of a new metho-
dology. It was recommended that a core set of re-~
lated models be developed that are modular, dynamic
and consistentj that have inter-industry accounting
framework; that have inter-regional linkages; and
that have adequate documentation. Further, it was
suggested that an advisory group be formed to es-—
tablish the appropriate methodological framework
of the model system.

With regard to data used in any policy analysis
model, it was recommended that OTI develop and main-
tain an integrated system of economic, environmental
and energy accounts which is coordinated with the
statistical agencies that collect the data. It was
further suggested that an independent group be es-
tablished to oversee energy data collection, coor-
dination and verification. OTI can play a major
role in ensuring that the data it needs for policy
analysis models is collected and compiled in a
suitable way.

The basic discussion regarding the use of
models in policy analysis centered on the need for
state and regional involvement in the assessment
process. It was suggested that the state act as
the basic geographic unit. State involvement was
encouraged for use in the siting and disaggregation
processes as well as in the interpretation and
evaluation of the impacts. Further, there were
several recommendations presented to improve the
design of the assessment program. These covered
the areas of energy and economic scenarios, cost
of environmental standards, and the appropriate
time frame for conducting a given policy analysis.
Finally, it was emphasized that a closer relation-
ship should be established between the decision-
maker, the model and the modeler in order to guard
against misuse of the model results,
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In conclusion, five major themes emerged from
the individual working group recommendations. These
overall concepts seemed to dominate the discussions
and may serve as the main conclusions of the work-
shop. First, the top-down and bottom—up approaches
to policy analysis are compatible and can be used
in an integrated fashion. Second, the methodology
suggested for the integration process should consist
of a core set of linked ,basic models with other
special purpose models for specific assessments.
Third, the data and models used in this methodology
require review, verification and validation by out-—
side groups. Fourth, regional and state involvement

are necessary in any federal assessment process to
enhance credibility and to increase accuracy.
Finally, there is a need for a close relatiomship
and communication between the decision-maker, the
model and the modeler in order to maximize the
proper use of the output.

FOOTNOTE

%
Condensed from Lawrence Berkeley Laboratory report,
LBID-078, draft.

CRITIQUE OF ENERGY INFORMATION ADMINISTRATION
ENERGY SCENARIOS FOR REGION 9

J. Sathaye and A. Usibelli

INTRODUCTION

Each year the Energy Information Administration
(EIA) of the Department of Energy is required to
present a detailed Report to Congress. A large
portion of this report consists of energy supply/
demand scenarios output by EIA's Midterm Energy
Forecasting System (MEFS). These midterm scenarios,
covering the period from 1985 to 1995, are designed
to portray a range of possible energy futures based
upon variations in energy production, consumption,
price, and related parameters. Output from the
system is presented both in the form of national
level projections and as regional disaggregations.

PROJECT OVERVIEW

The purpose of our study was to undertake a
detailed examination of the MEFS output for Federal
Region 9, (Arizona, California, Hawaii, and Nevada).
The analysis is used by the Energy Information
Administration as an aid in improving the quality
of output from subsequent MEFS scenarios. LBID-
133, "Region 9 Energy Supply Analysis", examined
the supply component of MEFS in an effort to deter-
mine if the national forecasts for regional supply
were in agreement with state and regional sources.
Our analysis did not attempt to critique the
models(s) used to derive the MEFS projections, but
concentrated on the validity of the projectioms in
view of regionally available informatiom. Our work
consisted chiefly of a search of energy supply lit-
erature published by agencies such as the California
Energy Commission, the Hawaii Department of Planning
and Economic Development, and a number of other pub-
lic and private organizations. This material was
supplemented by conversations with public officials
and energy industry representatives.

Region 9 receives energy supply from a wide
range of geographic sources both in and out of the
region. Electriecity is supplied from intraregional
power plants and from imports from the Southwest
and the Pacific Northwest. O0il is provided by
indigenous California fields, Alaskan North Slope

supplies, and numerous foreign countries. Natural
gas, although produced in small quantities in
California, is transported via pipelines primarily
from the Southwest and from Canada. Coal, mined
in fields in Arizona and several Rocky Mountain
states, supplies a small fraction of total energy
demand. This diversity of supply sources will
increase in the future. The analysis concentrated
on six major energy conversion/energy supply areas:
electricity, refinery operations, new energy tech-
nologies, coal, natural gas, and oil supply. As
an example of the type of comparisons made between
MEFS and regionally derived estimates, Table 1
presents the natural gas supply projections made
by MEFS! and the California Energy Commission.2

CONCLUSIONS

The Midterm Energy Forecasting System scénarios
present a picture of increasing complexity in re-
gional energy supply; however, our analysis found
many of the specifics of MEFS scenarios in major
disagreement with regional estimates. Some general
conclusions of our report are:

e The MEFS supply projections for the region
are overly optimistic. New electric gen-
erating facilities, refinery capacity addi-
tions, centralized new energy technologies
(e.g. OTEC, STEC), crude oil from thermal
enhanced recovery, and domestic natural
gas supplies are from a few percent to many
times greater than regional estimates.

e Price projections, especially for crude
oil (a very significant parameter in the
modelg) are underestimated by one-third
or more.

e Regional supply projections are often based
on outdated or erroneous information.

e Accurate supply (and demand) scenarios re-
quire much more careful consideration of
regional level information.

N~



Table 1. MEFS C-mid scenario projections (BCF/year)

1985 1990 1995

Source
Intrastate 238 275 304
necl 1w 245 245 332
NPC 18 23 289 437
NPC 3 406 361 340
NPC 5 512 179 73
NPC 7 16 8 4
Other NPC 2, 2A, 4) 68 166 334
Canada _418 _418 25
TOTAL 1,947 1,990 2,036
CEC2 natural gas supply projections
Intrastate 117 73
El Paso (NPC 3, 5, and 7) 673 526
Transwestern (NPC 5 and 7) 106 107
Canada 348 73
Rocky Mts. (NPC 3) 37 62
PAG Interstate 9 Yy
Sub total 1,290 852
North Slope/LNG 220 365
Pan Alberta/Mexico _n _ 131
TOTAL3 1,587 1,348

INPC = National Petroleum Council Regions

2CEG = California Energy Commission

3Total for California only. Supplies to Arizona and Nevada would
increase regional projections by 10 to 15%.

FOOTNOTE AND REFERENCES 1. Energy Information Administration, Annual Report
to Congress 1978, Volume 3.

*Condensed from Lawrence Berkeley Laboratory report, 2, California Energy Commission, Natural Gas Supply
LBID~133. and Demand for California 1978-1900, p 180.
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ENERGY ANALYSIS BY MEANS OF
COMPUTER GENERATED INTERACTIVE GRAPHICS*

M. Henriquez

INTRODUCTION

In an age where resolution of complex technical
questions is characterized by the use of large data
sets, informational display in the form of interac-
tive computer graphics has become an increasingly
valuable research tool. The advantages of carto-
graphic output over alternatives such as a tabular
format for selected applications have increasingly
become clear.

The primary value of maps is their ability to
display clearly a number of different variables and
their distribution in a form which is accessible
to those who are neither familiar w1th nor involved
in the original research,

This is not to suggest that the use of maps
has totally eclipsed tabular or graphical displays.
On the contrary, for any hand manipulation of data
or in other cases where absolute values are desired,
tables are inherently superior to maps. However,
by making use of both options, a more comprehensive
picture can be presented than the use of either
option alone would allow.

GENERAL PROCESS DESCRIPTION

A collaborative effort by the Energy Analysis
Program (EAP) and the Computer Science and Applied
Mathematics Group (CSAM) at the Lawrence Berkeley
Laboratory has resulted in a method for analyzing
and displaying energy analyses. The software
necessary for implementation has been undergoing
various stages of development by CSAM over a period
of years. The author, on behalf of EAP, has used
the system extensively to accomplish his research
objective.

The heart of the system is the Socio-
Economic Environmental Demographic Information
System, or SEEDIS, an integrated system of data
manipulation and display similar to an earlier
version stored at the laboratory's computer center.
From an applications point of view, this approach
has allowed runs to be made in a fraction of the
time and cost that would have been incurred with
conventional methods. As many as 23 separate maps
of a federal region by county have been produced
during an interactive session lasting about one
hour.

It is helpful to examine the steps necessary
to produce a color map by this new system., First,
one enters the interactive SEEDIS monitor to select
the area and geographic level desired. The result
of this step is a geocode file, which. is used in
subsequent steps to extract the data automatically
and interface the selected information with
previously created base maps which reside in the -
system. Possible choices for areas include one
or more federal regions, standard metropolitan
statistical areas, census tract,; counties or water
quality control regions, among others. Population

limits on the desired area may be set at this time.
It is possible to use either packaged data already
installed on line as part of the SEEDIS monitor,

or to insert original data to map onto the related
geographic level. Examples of installed data bases
include the Housing and Home Heating Characteristics
data base developed by Brookhaven National Labora-

' tory, the Federal Energy Regulatory Commission

Electrical Generating Unit Reference File or the
Populations at Risk to Air Pollution (PARAP)

file., For example, data may be selected on the
concentrations of specific airborne pollutants for
the counties of California, along with information
on death rates due to various forms of cancer for
a given segment of the population. In some cases
it is desirable to determine the ratio of two
variables, and straightforward arithmetic
subroutines are available for this purpose.

Having assembled the desired information, the
user creates maps within SEEDIS, using the CARTE
program developed by CSAM. The graphic files thus
created are saved for additional processing, and
are recorded on tape. The maps themselves -are
drawn by a Zeta plotter which is an output peri-
pheral on the BKY system. Alternatively, the tape
may be processed in such a way as to allow for
cartographic output in the form of Dicomed trans-
parencies, These transparencies are available in
a variety of film formats and are characterized
by intense color saturation and high resolution.

PROCESS APPLICATIONS

This process has demonstrated its usefulness
in applications where a number of variables interact
in a complex or synergistic manner. One example is
in the case of certain water quality treatment prob-
lems which are usually impacted by energy technolo-
gies. Previous work's# has shown such interactions
involving the degree to which a given waste stream
can be treated, the cost of treatment, and the size
of the treatment facility, For any given treatment
system, there will be a specific number of plants
which may be located in a county to meet a given
level of treatment. In evaluating the applicability
of a given treatment technology to a county, it is
helpful to know the number of separate plants that
such a county can support. Competing factors in
the selection of plant sites include population
trends, land use patterns, and ambient environmental
quality. Cartographic displays are an ideal way
to present these diverse information files.

The relationships of cost, degree of treatment,
and size of plant may be displayed as a two-dimen-
sional representation of the relationship between
these three variables and would take the form of
Fig. l. If a three~dimensional matrix is super-—
imposed on the design envelope shown in Fig. 1, it
is possible to define equi~distant points within
the matrix through or near which descriptive curves
for any treatment system must pass. Each point may
be identified by a code specific to its location in

N
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Fig. 1. Hypothetical relationship between cost, degree of treatment and size of plant

for a photosynthetic secondary sewage treatment process.

the matrix. Each location-specific code also identi-
fies several frames of cartographic output which
were constructed using data values valid for that
point in the design space. By inputting two or

more of the desired parameters (cost, degree of
treatment, plant size) into a separate FORTRAN pro-
gram, points in the matrix corresponding to points

in the design curve are identified and the graphical
information corresponding to the number of plants

per county can be easily extrapolated.

For example, cons1der a specific treatment
technology for which a linear relationship exists
between the size of the plant and the cost of treat-
ment over the interval of interest, Such a rela-
tionship may look like the curve pictured below and
is shown in two dimensions for clarity.

B o
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q 8
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Plant Size (MGD)

By superimposing a variable matrix on the resulting
design space, three points, namely ABC, MNO and,
YZA, can be identified which are at or adjacent to
the cost/size function. Location ABC may serve as
the address for one or more frames of cartographic
output; that is, it may define a unit of physical
space on a data tape. This would show the number
of treatment plants per county which may be sited
if each of the plants operate within the extreme
low range of plant size and the high range of treat-
ment cost. The system described above may be ex~
panded for three dimensions and would take the form
shown in Fig. 2. This matrix is in the form for
superposition over a design envelope.

This technique allows up to twenty separate
frames to be stored per design point, or three
variable addresses with the option of having each
frame represent a multiple of the basic design space
units. It is interesting to note that when the

(XBL 802-315)
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Fig. 2. Arrangement of individual addresses within

a cartographic data storage matrix. (XBL 799-2867)

graphics data quantities are consistent with quanti-
ties derived from the characteristic engineering
equations identified for a given system, proportion-
ality between the engineering process and graphics
data results. Because the maps themselves may be
previously prepared, this system has applications

in instances where users are lacking sophisticated
computer skills. They need only identify system
operation points to produce an array of the relevant
cartographic data w1thout actually constructing the
maps.

PLANNED ACTIVITIES FOR 1980

Applications of the cartographic tools
described in this paper are not restricted either



to water quality or energy related applications.
Many fields can benefit from interactive graphics.
Additional applications within the field of energy
development impacts using the PARAP data base are
anticipated for inclusion in FY 1980 regional
assessment efforts.

FOOTNOTE AND REFERENCES

*Presented at the 4th International Symposium on
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Computer Assisted Cartography (Autocarte 4), Reston,
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1. M. Henriquez, "The development of numerical
methods for characterization of aquatic systems'
dissolved oxygen profiles," unpublished draft
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THE HAWAII INTEGRATED ENERGY ASSESSMENT

J. Weingart, A. Ghirardi, K. Haven, M. Merrjam, R. Ritschara,
H. Ruderman, J. Sathaye, L. Schipper, and W. Siri

INTRODUCTION

The Hawaii Integrated Energy Assessment is a
joint research activity of the Energy and Environ-
ment Division's Energy Analysis Program and the
Hawaii State Department of Planning and Economic
Development (DPED). The overall objective of the
project is to assess the opportunities for and im-
pacts of displacement of imported petroleum by use
of indigenous renewable and geothermal energy re-
sources in Hawaii over the coming quarter century.
DPED began its work on this activity in late 1978.
LBL cooperative research began late July, 1979.
This report covers work through the end of FY79
and outlines the work planned for FYS80.

BACKGROUND

Hawaii is dependent on imported petroleum for
over 90 percent of its energy needs. The remain-
der comes primarily from the combustion of bagasse
(sugar cane waste) in boilers for production of
process steam and electricity., Total oil imports
into Hawaii in 1977 were on the order of 40 million
barrels or 8 GW(th), equivalent to roughly 1.5 per~
cent of total U.S. oil imports (Table '1). Thirty-
six percent of this is for jet fuel, which is not
strictly considered a form of internal state energy
consumption. The 1973 oil embargo was strongly
felt in Hawaii and stimulated both public interest
in and political commitment to development of
Hawaii's seemingly abundant natural emergy resour

ces. A major element of Hawaii's energy policy
Table 1. Hawaii energy use, 1977.
106 bbl/y gu(th)
Jet fuel 14.3 2.88
Electricity 9.7 1.95
Other fuel 15.6 3.12
TOTAL 39.6 7.95

has been the goal of reduction of the state's ex-
treme vulnerability to disruptions in oil imports.

The indigenous energy resources include
abundant sunshine (average insolation of 250 watts
per sq. meter over much of the state), the trade
winds, biomass, ocean thermal energy gradients,
and geothermal energy, Some advocates for the use
of renewable energy systems in Hawaii have proposed
twin goals of electrical energy self-sufficiency
by the early 1990's, and complete energy self-
sufficiency by the beginning of the next centry.

It is widely agreed by analysts that the
counties of Hawaii, Kaui and Maui (islands of Maui,
Molokai and Lanai) could eventually become energy
self-sufficient. However, 80 percent of the energy
used in the state is consumed on Oahu, primarily
in Honolulu. Energy independence for Homolulu,
which in turn makes possible this goal for the en-
tire state, will require a state-wide integrated
energy system. This system would include inter-
island transport of liquid fuels derived from bio-
mass throughout the state, and possibly the elec~
trical interconnection of some of the islands using
undersea DC transmission cable., Existing cable
technology would permit, for example, interconnec-
tion of wind energy ''farms' on Molokai with Oahuj
new technology would be required to permit use of
Big Island geothermal systems as electrical sources
for Oahu.

Project Context

While the focus of our work is energy
independence for the state of Hawaii, the context
of this effort is both national and global. No
industrialized region in the world yet derives a
substantial fraction of its commercial energy needs
from renewable energy sources. This is in contrast
to the economies of the rural regions of the devel-
oping world, which are almost totally dependent
on biomass fuels, Interestingly, the urban regions
of the developing world are very similar to the
urban regions of the industrialized nations in both
their reliance on high quality chemical fuels and
electricity, and in their overall power densities.
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Hawaii could become the first industrial
region to make the transition to major or even com-—
plete reliance on a mix of renewable and geothermal
resources. If this occurs, Hawaii could serve as
a prototype for other island regions with similar
energy resources (e.g., Puerto Rico, Micronesia,
the Indonesian archipelago, etc.). We regard
Hawaii as a potential "pathfinder" for the large-
scale use of renewable energy resources for commer-
cial energy production in both industrialized and
developing tropical regions of the Pacific Basin,
the Caribbean and elsewhere.

The implications are also important for the
United States. The eventual large-scale use of
renewable energy technologies for production of
chemical fuels and electricity in the U,S. will
require integration of these technologies into
large, interconnected electrical networks and fuel
systems. Hawaii seems likely to play a major role
as a showcase and proving ground for development
and test of renewable energy technologies. The

.technologies appropriate for Hawaii include biomass

fuel production, and systems for production of
electricity from wind, OTEGC, photovoltaics, solar
thermal électric systems and geothermal energy.
Solar and geothermal energy can also be used as
sources of process heat. Domestic solar water
heating is already a well-established commercial
activity in Hawaii. In a few decades, solar ther-
mochemical and/or electrolytic production of hydro-
gen, and subsequent production of carbonaceous
liquid fuels, may be technically and economically
practical. By this route, Hawaii could eventually
produce sufficient liquid fuels for all its energy
needs, including those of jet aircraft.

Project Objectives

The objective of this joint research is to
examine dispassionately the potential opportunities
and costs associated with a transition to major or
full independence of imported petroleum for the
entire state through the use of indigenous energy
resources. In particular, we are attempting to de-
scribe the evolution of an integrated energy system
for production of electricity and chemical fuels
over the coming 25 years. Other possibilities
include importation of coal and/or coal-derived
liquid fuels from Australia, Alaska, and the U.S.
mainland. However, these are not being considered
in this study due to funding constraints.

The specific project objectives include:

1. Development of several scenarios for
demand for electricity and liquid fuels
by county, for the period 1980-2005.

2. Development of a scenario(s) for the
transition to major reliance on indige-
nous sources of liquid fuels and electri-
city. )

3. Characterization of the technical,
economic, environmental and other
aspects of a number of energy supply
technologies essential for such a
transition, including

e solar water heating
e hot water heat pumps

wind energy conversion for utility
applications

solar thermal electricity
photovoltaics

liquid fuels from biomass

ocean thermal energy conversion
geothermal electricity and process
heat

solar process heat

deep (2000m) undersea DC transmission
cables

e utility scale stationary battery
systems

4. Calculation of the impacts of the supply
scenario(s) on the labor sector, the en-
vironment and the state economy.

ACCOMPLISHMENTS DURING 1979

The initial efforts, carried out during the
three month period of July-September, 1979 were
aimed at developing a set of useful and Hawaii-
specific technology characterizations for specific
technologies, for creating a set of 25 years energy
demand forecasts, and for a preliminary set of in-
digenous energy supply scenarios.

Technology Characterizations

Technology characterizations for solar water
heating, wind energy systems, and biomass fuels
in Hawaii have been completed and documented in
a set of LBL reports now in press.l=5 Additional
characterizations for geothermal energy, OTEC,
solar thermal electricity and photovoltaics are
underway; technical reports on these will be com-
pleted in the first quarter of CY80. Additional
technologies, including advanced stationary bat-
tery systems for utility applications and deep
(2000 meter) undersea DC transmission cable tech-
nology, will be examined during CY80.

Some preliminary conclusions based on the
technology characterizations completed to date are
relevant. First, the potential role of solar water
heating appears to be limited by competition from
the hot water heat pump, which can displace similar
amounts of electricity at a third or a quarter of
the capital cost of domestic solar water heating
systems (the latter costing over. $3,000 for single
family applications, before tax credits are
applied). In any case, the ultimate displacement
of total energy by solar water heating and heat
pumps combined is only a few percent of the state's
energy demand.

Second, the only solar electric technology
available to utilities in commercial form in the
next few years is large scale (multi-MW) wind gen-
erators. At expected installed costs of $1,000
per kW(e) or less, operation in a good wind regime
(capacity factor of 0.3 to 0.5) permits displace-
ment of oil for power generation. With a fixed
charge rate of 0.15, the levelized busbar cost of
electricity from wind generation would be equiva-~
lent to displacement of oil in the range of $20
to $35 per barrel. In the event that the installed
costs of wind machines could, in mass production
(several hundred identical units per year) be re-
duced to $500 per kW(e), oil would be displaced



for an equivalent cost of $10 to $18 per barrel.
Thus, in a utility system which is completely re-
liant on imported petroleum, partial displacement
of 0il by wind appears to be an economically and
technically attractive option now, although the
need to establish technical reliability and actual
installed costs will inhibit massive installations
of such systems for several years.

Third, any fuel-free technology capable of
producing electricity from the sun at costs of un-
der $5,000 per average kW(e) must be considered
a serious contender. Such technologies include
photovoltaics, solar thermal electric plants, ocean
thermal energy plants (OTEC) and certainly geother-
mal plants, perhaps even future advanced systems
designed to harness the energy in magma.

Solar thermal electric systems are projected
to have capital costs (in current dollars) ranging
from $1,000 to $3,000 per kW(e) at a 0.5 load fac~
tor -in ideal sunny areas. With a 0.15 fixed charge
rate, this corresponds to displacement of oil in
the range of $20 to $60 per barrel. Some capacity
credit is also possible. However, the European
and American prototype STEC facilities coming on
line in the next two years will cost $10,000 to
$20,000 per kW(e).
able plants seems unlikely before the early 1990's,
and there is much less certainty than in the case
of wind that economically interesting plants can
really be produced. Nonetheless, the option ap-—
pears potentially interesting for Hawaii.

Photovoltaic systems have systems goals of
$1,000 per PEAK kW(e), equivalent to roughly $4,000
per average kW(e) in Hawaii. - This corresponds to
displacement of o0il at $40 per barrel, and some
capacity credit can also be assumed, depending on
the extent of photovoltaic implementation. The
cost goals are expected by those active in the
photovoltaic field to be reached by the mid-80's.
Again, we will not really know until the mid to
late 80's what the commercial and technical charac-
teristics of fully commercial photovoltaic power
systems will be. As with STEC, the high conversion
efficiency of the system makes photovoltaics an
attractive option for a sunny, land-constrained
region like Hawaii.

Geothermal energy is available primarily on
the Big Island of Hawaii. The potential produc-—
tion rate is estimated to be in the range of 500
MW(e) to 2,000 MW(e). More exploration is required
to determine this. Uncertainties in the lifetime
for a plant built in the Big Island rift zone and
the lack of large markets for electricity on the
Big Island will constrain both the rate and scale
of geothermal development. DC cabling to Oahu will
require new cable technology which may be available
late in this decade or early in the next.

Energy Demand Projections

An Energy Demand Forecasting Model was
developed by DPED and subsequently modified through
joint LBL/DPED efforts.
based simulation model designed to generate annual
consumption forecasts of various fuel types for
each of the four counties in Hawaii, through the
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Commercial production of afford-

This tool is an econometric-

coming 25 years.
tions that relate the demand for emergy to price,
income, and other endogenous economic and demogra-
phic variables. Using forecasted values of the
endogenous variables, the model forecasts energy
consumption under the assumption that the coeffi-
cients in the equations will not change over the
forecast period., The projected demands are then
modified to take into account conservation measures
such as anticipated improvements in appliance effi-
ciencies and automobile gas mileage.

The model operates on a data base of
historical time series data on the consumption and
price of electricity, utility gas and liquid fuels.
The data base also contains historical and projec-
ted data on demographic and economic variables such
as population and income, visitor arrivals, and
consumer prices, Prices for gasoline and imported
0il were taken from the Department of Energy's
gseries C forecasts. Electricity rates are gener-
ated internally in the model.

Such a model has its greatest utility when
the future is expected to be much like the past.
However, the unprecedented rise in oil prices and
the rapid emergence of concern for conservation
and increased energy efficiency requires modifica-
tion of the model output. We have conducted an
initial inquiry into the potential impact of in-
creased energy efficiency on projected demands for
various fuels and for electricity, whether from
imported petroleum or from harnessing indigenous
energy sources, will be much more expensive than
energy savings through increased efficiency. An
integrated energy strategy for Hawaii requires
intensive efforts at conservation and improved
efficiency coupled with development of indigenous
energy resources,

The econometric forecasts for electricity and
gasoline consumption were modified to take into
account anticipated improvements in gas mileage
and appliance efficiencies. No improvements in
airplane efficiencies were assumed, since the new
generation of widebody jets coming into service
in the 1980's (e.g. Boeing 757, 767) will not have
the range to service Hawaii. Estimates of the
national average automobile fleet fuel efficiencies
were based on the Energy Policy and Conservation
Act of 1975, The efficiency is assumed to increase
from 13.1 mpg in 1978 to 21.1 mpg in 2005, a 61
percent improvement. The gasoline consumption for
each year as forecasted by the model was modified
by a savings factor derived from the mileage esti-
mates to provide the total consumption. For elec-
tricity, demand was disaggregated and modest
egtimates for improved efficiencies (Table 2) were
used to obtain total electrical sales for the com-
ing 25 years.

Figure 1 shows the substantial reduction in
projected electricity demand due to improved effi-
ciencies. We expect that substantially greater
savings are possible with a state-wide aggressive
and cost-effective conservation program. Figure 2
demonstrates the enormous savings possible in gaso-
line with improved vehicle efficiencies. The pos-~
sibility of reducing by roughly a factor of 2 the
projected gasoline consumption at the end of the

The model comprises a set of equa-
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Table 2.

Honolulu County conservation factors.

End Use Percentages

Reduction Factors for Projected Years

1985 1995 2005

Residential Rates 100.0%

Lighting 8.0 90% 80% 80%

Heating and Cooling (see misc.)

Water Heating 40.0 80 50 25

Frost-free Refrigeration 16.0 87 71 . 57

Electric Cooking 15.0 90 80 80

Dryer -+ 8.0 20 80 75

TV-Radio . 5.0

Dishwasher 3.0 90 80 75

Miscellaneous 5.0 95 90 90
OTHER RATES

Lighting 29.7% 80% 75 70%

Miscellaneous 8.4 90 80 80

Pumping 5.2

Cooling 31.7 80 75 70

Commercial Refrigeration 8.2 :

Motors : 5.8 .

Water Heating © 3.8 80 65 65

Frost-free Refrigeration 1.6 87 71 57

Cooking 1.4 90 80 80

Dryer .8 90 80 75

Communication 2.5

Radio and TV .5

Dishwasher ' .3 90 80 75
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centruy is significant. It permits, in principle,
the entire fuel requirements for ground transport
to be provided by a biomass fuels industry in
Hawaii. The unrestricted growth in demand for gas-
oline leads to a demand level which cannot, due

to limits of available land and overall efficiency
in production of biomass fuels, be met by a local
fuels industry. Thus, conservation and improved
efficiency will change Hawaii's energy situation

in a qualitatively significant manner. Figure 3
shows projected demand for jet fuel., There is no
way in which a biomass fuels industry in Hawaii
could supply a substantial fraction of this demand.
In the absence of high efficiency fuel production
techniques (e.g. solar thermochemical or electro-
lytic production of hydrogen and liquid fuels), the
jet fuel or its precursors must come from outside
the state.

PLANNED ACTIVITIES FOR 1980

A one year continuation of the work (through
1980) has been funded by DOE for $170K, split
equally between LBL and DPED. The major effort
will be to develop a set of scenarios describing
possible indigenous integrated energy systems which
could be in place in Hawaii in 2005, and the paths
for getting from here to there. Some preliminary
assessment has been conducted during 1979. It is
not possible to predict the future course of energy
system evolution in Hawaii, availability of com-
puter-based forecasting and other tools not with-
standing. Our approach has been to identify to
the extent possible the timetable for commercial
development and the maximum rate of market pene-
tration possible under various circumstances for
the relevant energy technologies. In addition,
we have compiled much of the available data on the
extent and character of the various geophysical
and biophysical resources in Hawaii, Preliminary
scenarios have been developed for the maximum
possible rate and scale of deployment of a number
of technologies, including geothermal electricity
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on the Big Island, OTEC, wind energy systems, bio-
mass fuels and solar water heating. Details appear
in a_ forthcoming set of reports on the technolo-
giesl™d and on the project itself.6-7 The scenar-
ios are being developed through a series of
workshops in which experts from industry, state and
county agencies, the Hawaii Natural Energy Insti-
tute, the University of Hawaii, the utilities and
elsevwhere participate. Families of scenarios for
the various technologies are emerging due to the
dispersion in individual perspectives and assump-
tions, Our purpose in this process is not to
attempt a forced convergence, but rather to display
the range of possible futures over which informed
individuals disagree, Making explicit this disper-
sion is an essential step in providing an informed
basis for decision~making in Hawaii, and emphasizes
the risk associated with premature foreclosure of
options of large energy supply potential. '

In addition, energy demand forecasts will be
reviged to take into account improved energy effi-
ciency and conservation in a more detailed way than
possible during the initial studies. Institutional

.issues associated with inhibition of stimulation of

the large-scale use of indigenous energy resources
in Hawaii will be examined, and the results of the
entire research program presented to both special-
ists and the general public through an "outreach"
program.

REFERENCES

1. M. Merriam, "Solar water heating in Hawaii,"
to be published (1980).

2. M, Merriam, "Wind energy studies for Hawaii
- a concise review," to be published (1980).

3. M. Merriam, '"Wind electric generation equipment
- the present situation," to be published
(1980).

4. M. Merriam, "Potential role of wind energy
systems in Hawaii," to be published (1980).

5. A, Ghirardi and R. L. Ritschard, "Liquid fuels
from biomass in Hawaii," Lawrence Berkeley
Laboratory Report, LBL-10328 (1980).

6. J. Weingart et al, "The Hawaii integrated
energy assessment - Phase I progress report,"
Energy and Environment Division, Lawrence
Berkeley Laboratory, Berkeley, CA (1980).

7. J. Muller, "The Hawaii integrated energy
assessment," Department of Planning and
Economic Development, Honolulu (1980),

Note: References l-4 will be published as LBL
reports in conjunction with the Hawaii Integrated
Energy Assessment. Additional technical reports
will be published by members of the HIEA team dur-
ing the course of 1980.
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ASSESSMENT OF SOLAR ENERGY WITHIN A COMMUNITY:
SYNPOSIS OF THREE COMMUNITY-LEVEL STUDIES*

R. Ritschard

INTRODUCTION

"The Office of the Assistant Secretary for

Environment of the Department of Energy through

its Division of Technology Assessments initiated

a comprehensive project in mid FY 1978 relating

to the extensive use of solar energy technologies.
The project, entitled "Technology Assessment of
Solar Energy Systems" (TASE), will determine the
long-range environmental and socioeconomic impacts
of solar energy systems. Since local or community
impacts (e.g. land use, institutional requirements,
etc.) may be greater than state, regional or
national impacts with regard to solar technologies,
a series of community level studies were initiated.

The overall purpose of the community level
studies is to investigate the range of impacts of
various solar-based energy systems on community
environment, both physical and social. The studies
also identify issues and constraits to local and
regional deployment of decentralized solar technolo-
gies., The community level studies are divided into
three task areas:

1. community impact analysis,
2. threshold impact analysis, and
3. solar city and state analysis.

The major findings of each study are presented in
the subsequent sections followed by the general con-
clusions that emerge from the individual community-
level studies.

COMMUNITY IMPACT ANALYSIsl

This study examines potential impacts of de-
centralized solar technologies on the physical
structure of a community, that is, on its physical,
spatial and land use characteristics. Land use
types representative of those found in most U.S.
cities were analyzed for the residential, commercial
and industrical sectors according to the high solar
use scenario, 14.2 quads of energy in the year 2000.
Six different solar energy supply systems were ex-—
amined, including thermal collectors of today's
design and output with both short—~term and long-
term storage, thermal collectors with a 33 percent
increase in efficiency using reflectors for both
short—term and long-term storage, and cogenerating
photovoltaic arrays with short-term and long-term
storage.

Specifically, the analysis examines:
e the maximum on-site collector area for each
land use type in the residential, commercial

and industrial sectors;

e the land-use impacts likely to occur when
achieving the scenario goalj

e characteristics of the natural and man-made
environment which would effect the ability

of the community to rely on decentralized
solar energy technologies; and

e the percentage of each parcel's total on-
site energy demand that could be provided
by each solar technology.

The study team concluded that the high solar
use scenario for the year 2000 is achievable with-
out significant physical impacts. The decentralized
technologies can, in many cases, produce substan-
tially greater amounts of on-site energy supply than
projected.

Only one land-use type, the commercial central
business district, could not achieve solar goals on-
site. The deficits, however, can be offset by the
ability of other land-use types to supply increments
of solar energy in excess of the levels projected.
The team also concluded that low density single-
family development (i.e., urban sprawl) is not
required to meet the high solar scenario, but that
industrial users in the central city would need to
use cogeneration and biomass resources in addition
to direct solar technologies to meet the high solar
use projections.

The following activities were discussed as
achieving a solar supply greater than that projected:

e use of long-term storage and cogenerating
systems;

e use of shared energy systems including com-
bined storage;

e transfer of surplus thermal and electrical
energy to land-use types deficient in on-
site solar potential;

e control of land development patterns elimin~
ating characteristics that comstrain on-
site collectingj and

e the removal of 15 to 35 percent of the tree
canopy in residential areas using on-site
thermal collectors.

THRESHOLD IMPACT ANALYSISZ

The second community study examines potential
community-level institutional impediments to the
implementation of the dispersed solar technologies
by the year 2000. The SRI team formulated a proto-
typical city of 100,000 population and projected
a high solar use scenario to meet residential, com-
merical and industrial solar heat and electrical
loads for the city. The team identified the insti-
tutions most likely to be involved with solar in-
stallations (utilities, financial institutionms,
community planning groups, construction industries,
environmental protection organizations, special
consumer groups, and legal and insurance interests)
and described the complex ways they must interrelate



to achieve the high solar use scenario by the year
2000. Also described was an array of institutional
problems which can be expected to develop, in dif-
ferent degrees in different parts of the country,
when solar technologies are implemented. This study
provides background information from which national
level policies can be formulated to achieve national
solar energy goals.

Study findings are described in terms of two
formats. The first uses three time frames to des-—
cribe delays caused by the inherent difficulties a
national energy policy would encounter in changing
the ways in which community institutions respond to
decentralized solar technologies. The second
approach describes community-level difficulties
associated with implementing each solar technology.

Three groups of institutional barriers were
defined. Those barriers potentially causing 10

or more years delay concern:

e the rae of adoption of solar technologies
by residential and commercial building
industries;

e the rate of public and local government
acceptance of new aesthetic standards;

e resolution of the legal issues of solar
access easements, and the use of public
funds for solar technology installations.

Other institutional barriers specified as more

amenable to policy influence than those noted above,
are in the 6 to 8 year impediment category and
concerns

e financing;

e utility involvement with residential solar
technology;

e cooperative neighborhood-scale installations;
and
e the application of cogeneration technology.
Finally, in the 3 to 5 year delay category
are barriers to solar technology development which

are the most amenable to resolution including:

e performance warranties for complete solar
installations;

o liability insurance for solar architects
and engineers;

" @ solar technology standards;

e interfaces between solar technology owners
and utilities;

e retrofit markets for homeowners;

e utility developments to accommodate solar
owners for back-up service;

e small-scale distribution grids for coopera-
tives or neighborhoods;

e building performance applications as alter-
natives to building codes and specified
insulation ratings;

e innovative planning at the community level;
e life style changes; and
e maintenance of a viable solar industry.

The second format describes the difficulties
associated with the implementation of each solar
technology. These include the complexity of in-
stalling approximately a million new solar space
and hot water units and a million solar retrofits
a year to reach the high solar use goal, and the
extent to which utilities will be willing and per-
mitted to participate in the installation, mainten-
ance and control of solar equipment. The institu-
tional impediments and problems of implemenation
for larger scale technologies such as wind energy
conversion, biomass conversion, photovoltaics and
solar thermal were also briefly described and are
similar to those found for solar heating and cooling.
Included are problems of financing, siting, environ=-
mental hazards, legal and regulatory issues, and
gaining the cooperation of planning agencies and
local utilities, The SRI study team used all of
these findings to emphasize the need for a strong
federal policy on energy and solar technology to
implement a strong national energy plan.

END STATE ANALYSIS3

The third community study investigates the
structure of a typical community as it would appear
in the year 2025 under varying solar growth scen-
arios, and examines the potential impacts on the
physical form, environmental quality, socioeconomic
structure and quality of life.

The UCLA team analyzed a hypothetical city
of 100,000 after a period of growth based on three
different energy scenarios:

e TFuture 1 specifies that 6 percent of the
city's energy needs are met by solar tech-
nologies}

o Future 2 is based on 25 percent of the
city's energy being supplied by solar tech-
nologies, where the city is dependent upon
imported electricity;

e Future 3 represents a hypothetical city
that is built to maximize the use of solar
energy technologies.

All three scenarios are identical in terms of
population and land use, goods and services pro-
duced, and energy demand and consumption, The hypo-
thetical city was designed to reflect the median
characteristics of existing U.S. cities, including
prototypical building types in the three sectors,
residential, commercial and industrial. Transporta-
tion energy use was excluded from consideration.

The energy supply scenarios identified the energy
supplied by each solar technology and the end-use
demand for ech building type.
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The study concluded the following:

e TFor all three solar futures, there would
be potentially no significant increase in
environmental impacts.

e The major noticeable aesthetic impact
would be considerable increase in the amount
of roof space covered with solar collectors.

e In Futures 1 and 2, all on-site energy re-
quirements for the residential, commercial
and industrial sectors could be met.

e In Future 3, the commercial sector would
require the doubling of photovoltaic arrays
and an additiomal 650 acres of land to be
energy self-sufficient.

e In Future 3, the industrial sector could
collect 18 percent of its energy needs on-
site, but would require an additional 2800
acres of land to meet all of its energy
needs.

e In Future 3, if the land area of the city
were increased 34.5 percent, all three sec-
tors of the hypothetical city could be
energy self-sufficient. The resulting
energy self-sufficient city of 13,450 acres
would still be less than the median area
(14,780 acres) of 23 existing U.S. cities
of approximately the same populations.

CONCLUSIONS

Several general conclusions emerge from the
individual community-level studies. Even though
each task area used a different study methodology
and format, the results provide some generalized
trends that should enrich the overall TASE analysis.
The conclusions are related to the scenario and
study assumptions and should be viewed as illustra-
tions of potential opportunities and impacts and
not as projections of a likely urban future.

Land Use Impacts

The first general conclusion is that a com—
munity can meet the on-site energy demands assumed
by the scenario in all but the most dense land-use
sectors (e.g. central business district). In the
residential sector, however, this may require
removal of 15 to 35 percent of the tree canopy.
Further, it may be required that greater than 80
percent of the total area in the industrial sector
and about 50 percent of the available commercial
parking area be covered with solar collectors.

Community Expansion

Secondly, decentralized solar technologies can
produce substantially greater amounts of on-site
energy supply than was prescribed by the scenario.
Greater solar development can be realized by using
"shared neighborhood systems" and by employing pas-
sive design in all new buildings. As evidenced in
the hypothetical "solar city" (Future 3), a com—
munity may become self-sufficient if the commerical
sector is allowed to expand by 65 percent and the
industrial sector by over 400 péercent.

Institutional Impacts

A third conclusion is that various institu-
tional impediments produce time delays in achieving
acceptance of solar technologies within the struc-
ture. Most important among those barriers are the
acceptance and adoption of solar by residential and
commercial building industries, the legal issues of
solar access, easements and use of public lands for
solar installations, and the aesthetic concerns of
the public and planning agencies. In order to meet
the levels of on-site solar collection that are
prescribed in this study, these impediments must
be removed.

Building and Urban Design

A fourth general conclusion is that passively
designed buildings in future residential, commer-
cial and industrial sectors need not look different
from existing versions that consume up to 25 times
more energy. However, the overall appearance of
a community with a high level of solar development
resulting in large collector areas, tree removal,
and -community expansion may be quite different based
on current urban design and aesthetic criteria,

Community-Level Planning

There are great opportunities for implementing
decentralized solar technologies within a community.
This implementation will require the integration
of urban and energy planning at the local level in
order to avoid potential aesthetic, institutional
and land use impacts. '

Federal-Level Planning

Although decentralized solar technologies can
be implemented within a community with few environ-
mental impacts, a new set of issues are created at
the local level which federal policy makers are
not accustomed to addressing. These issues may be
quite diffeent than those raised by the utilization
of more conventional centralized types. Therefore
DOE should recognize that different approaches may
be necessary when dealing with decentralized and
centralized energy systems.

FOOTNOTE AND REFERENCES

*Condensed from R. Ritschard, "Assessment of Solar
Energy Within a Community: . Summary of Three
Community-Level Studies,'" US DOE, OTI, October 1979.

1. A synopsis of "Community level impacts of de-
centralized solar technologies," University
of California, Berkeley, Robert Twiss, Princi-~
pal Investigator (1979).

2. Synopsis of "Community impediments to implemen—
tation of solar energy," SRI, International,
Marilyn Duffey-Armstrong and Joe Armstrong
(1979).

3. Synopsis of "Three solar urban futures: Charac-
terization of a future community under three
energy supply scenarios," Urban Innovations
Group, University of California, Los Angeles,
Murray Milne, Marvin Adelson, and Ruthann
Corwin (1979).



UTILITY SOLAR FINANCE: ECONOMIC AND INSTITUTIONAL ANALYSIS
E. Kahn

ACCOMPLISHMENTS DURING 1979

One generic approach to accelerating the
widespread adoption of residential solar technology
is the use of public utilities as financial inter-
mediaries. Although substantial tax credits
currently exist which might induce consumers to
invest in solar technology, their effect has been
limited. Tax credits have more value to upper
income groups than to other classes of consumers
as evidence shows that credits have been utilized
to a greater extent by this group than by the
population as a whole. Public utilities, on the
other hand, offer a number of advantages as a
vehicle for the widespread commercialization of
solar technology in the residential sector. These
include access to high-volume, long-term capitalj
an existing collection mechanismj an incentive to
minimize long run marginal costs; and credibility
in the energy marketplace.

Analysis of the role public utilities might
play in the commercialization of solar technology
has normative and positive aspects. The normative
question is: should regulated utilities be allowed
a role in the solar market? What are the dangers
to society of such policies? The positive aspects
center on the institutional arrangements and imple-
menting mechanisms necessary to implant the desired
utility role. The residential solar market does
not exhibit the economies of scale that normally
justify regulated monopoly., Moreover, there is the
perception in some quarters that utilities would
distort the solar market by their disproportionate
influence. The anticipated dangers range from a
tendency to over-price the technology to the oppo-
site fear that they will subsidize it excessively
from other operations.

Various regulatory arrangements are possible
to limit the dangers of utility involvement in the
solar market. Most of these dangers center around
how the role of "ownership" for solar technology
is different from that of central station power
plants. Efficient use of residential solar
technology depends on adaptation to localized,
site-specific conditions, Utility investment in
conventional plant and equipment benefits from
standardization. Ordinary utility investment
procedures may lead to inefficient solar installa-
tions. This kind of potential distortion can be
remedied by limiting the utility role to financial
mediation with a local solar contractor industry.
Such a limitation also would tend to reduce
upjustified cross-subsidization from other utility
operations. ’ '

Constructing a solar finance program for a
particular utility will require explicit considera-
tion of local conditions. This can be seen most
¢learly when the question of utility subsidies for
solar finance is considered. Because many residen-—
tial solar applications are less expensive than
their conventional alternatives, it is reasonable
to allow some of these savings to be passed along

~criterion.

to the solar user. One widely accepted criterion
that can be used to evaluate the appropriate size
of utility subsidy is the marginal cost minus the
average cost limit. This criterion will protect
the interests of utility customers who do not
participate in a solar finance program. Accepting
this for the moment, it becomes clear that each
utility will have a different situation with regard
to marginal costs, average costs, and their dif-
ference, Other local conditions must also be
considered. These include economic factors affect-
ing solar costs (local wage rates, utility tax
policies, etc.) and climatological factors affecting
solar performance and the durability of equipment.

The regulatory specification of a utility
solar finance program is further complicated by
demographic mobility. Most solar systems require
at least ten, and more commonly, twenty years
amortization to be cost—effective. Yet the average
family changes place of residence every five or
ten years. How should a finance program be struc—
tured to account for this fact? This is not a
problem under ordinary utility capitalization.

The cost of the solar system would be part of the
rate-base, to be paid for by all rate-payers,

 regardless of whether the occupant of a given

dwelling with solar changed or not, If the new
occupant did not want a solar system for some
reason, he need not move in to such a dwelling.
Accepting the solar system as part of the dwelling
would impose no cost on the occupant other than
what he already bears as a rate-payer. Since
ordinary utility capitalization of residential
solar systems may be excluded for normative reasons,
we must consider how a financing program might deal
with demographic mobility.

Conventional finance involves the specification
of an interest rate and an amortization period.
It might be possible in particular circumstances
to justify a subsidy to utility sponsored loans
that would reduce the amortization period to the
average turnover time of housing occupancy. If
this is not possible, some arrangement must be made
to liquidate the loan at the time of turnover or
to provide for the new occupant to assume the unpaid
balance. Since the latter alternative would place
significant barriers on the transfer of property,
it is likely to be opposed by the real estate indus-
try if not the market at large. A particularly
imaginative solution to this problem is embodied
in the residential weatherization program adopted
by the Pacific Power & Light Co. (PP&L). This
program provides zero-interest loans to single-
family homeowners for weatherization investment.
The carrying costs of this capital investment are
borne by the rate-payers as a whole. This subsidy
passes the marginal cost minus the average cost
When such dwellings change hands, the
original owner liquidates the loan, and that amount
is removed from the utility company rate base.

The PP&L plan was designed for conservation
investment. Since the economic advantages of solar
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applications are typically less compelling, there
is a question concerning the feasibility of such
programs for utility solar finance. To investigate
this question, a case study was made of the Pacific
Gas and Electric Company. The results of that
investigation showed that while solar hot water
heating could be expected to be less expensive than
the marginal cost of electric water heating, the
appropriate subsidy criterion could not be met for
a zero-interest loan program. By comparison,
utility finance of weatherization for electrically
heated houses passes the test easily. The result
for solar hot water heating does not bar a utility
finance program. One method for retaining the

features of a PP&L-type program is to average solar
hot water in with conservation. Such a program
meets the appropriate subsidy test.

PLANNED ACTIVITIES FOR 1980

Future work on utility solar finance will
assess the impact of such programs on the financial
position of participating utilities.

FOOTNOTE

*
Condensed from Lawrence Berkeley Laboratory Report
LBL-9959

LOCAL POPULATION IMPACTS OF GEOTHERMAL ENERGY
DEVELOPMENT IN THE GEYSERS-CALISTOGA KGRA*

K. Haven, V. Berg, and Y. Ladson

REGIONAL BACKGROUND

The Geysers region is a subregion of northern
California which contains large amounts of commer-—
cially attractive geothermal resource and the only
vapor dominated geothermal field in the United
States. The subregion includes the Geysers-
Calistoga, Lovelady Ridge, Knoxville, Little Horse
Mountain and Witter Springs KGRA's (Known Geothermal
Resource Areas) and is located in portions of
Colusa, Lake, Mendocino, Napa, Sonoma and Yolo
counties about 75 miles north of San Francisco.

The five KGRA's include roughly 420,000 acres with
close to 380,000 in the Geysers-Calistoga KGRA
alone. The bulk of the region lies in Lake County
but most of the development to date has occurred

in Sonoma County, including over 600 MWe in 13 units
operated by the Pacific Gas and Electric Company.

INTRODUCTION

A majority of the previous studies which have
addressed geothermal development in the Geysers
area have focused on the characteristics of the
resource and its potential for generating electric
power, A second series of studies (principally
EIR/EIS's) have addressed in detail the environ-
mental and socio-economic impacts of the construc-
tion and operation of a single plant., However,
little effort has been put forth to assess the
potential effects associated with enactment of a
long term development scenario.

A major study program with this objective was
developed by DOE. The program has been conducted
through the regional DOE office (the San Francisco
Regional Office) and through Lawrence Livermore
Laboratory (LLL), the lead laboratory for geothermal
energy assessments, and has included an initial
overview program and a series of follow-on assess-—
ments., :

An umbrella research plan for socio-economic
impacts was developed by LLL to provide a compre-

hensive response to the issues identified by the
overview program conducted during FY 78. This
multi~year umbrella study plan identified research
tasks in all areas of socioeconomic concern and

is built on collaborative LLL/LBL efforts.

LBL undertook one element of this program
during FY 79. The central goal was to assess
county level population impacts resulting from
probable future (1979-2000) geothermal energy
development paths. LBL task efforts included
the development of electric and non-electric
geothermal scenarios, the evaluation of existing
county population growth trends, and the estimation
of geothermal impacts on those growth trends.

GEOTHERMAL DEVELOPMENT SCENARIOS

Electrical Energy Production

The electrical scenarios developed for this
study were conceived in a top down manner. Regional
electrical production goals were forecasted based
upon previous analyses and a set of scenario
assumptions. Resulting totals were apportioned to
counties as a function of KGRA potential.ls2 and
of existing development and drilling patterns.
Assumptions were made concerning the future split
of steam flash hot water and binary hot water
systems. Steam plants were limited to the existing
steam field. System cost differentials were used
to phase binary and flash systems into production
as the steam field approached capacity. All
scenarios recognized ongoing development activities
and forecasted development-as a function of a series
of variables including energy price, water avail-
ability, activity in other geothermal areas, and
ultimate capacity of the steam.field, among others,

Two scenarios were selected for analysis:
one describing a rapid geothermal growth rate,
and one describing a slow growth rate. On line
capacities for these scenarios are shown in Figs.
1 and 2. From the total capacities shown on these
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figures, annual capacity additions, individual

plant additions, and associated plant construction
schedules and field development schedules were
calculated. Data were obtained to describe industry
employment patterns,3! and total annual employment
rates for the geothermal industry were calculated.

Sector multipliers calculated by PG&E for
Lake County3 were used to estimate indirect, or
induced employment within the regional economy

1-42

associated with geothermal development. Total
employment (direct plus induced) was calculated

for the region (see Fig. 3) and for the individual
counties, The number of new jobs available each

year was calcilated and the portion of these avail-
able for non-residents (in-migrants) was estimated.
Thus annual in-migrant workers and total in-migration
rates were calculated for each scenario for use in
population impact assessment.

Non-Electric Energy Development

Direct (non-electrical) applications of
geothermal energy were investigated for the Geysers
region. Successful operations in other areas have
shown some potential for creating new jobs in geo-
thermal resource areas. Direct uses were investi-
gated from the viewpoint of the demographic impacts
which might result from new employment opportunities.
Direct-heat applications of geothermal energy which
have the greatest potential for use in the Geysers
area, including geothermally-heated greenhouses,
crop drying, refrigeration systems and space heating
were investigated.

While the opportunities for extensive direct
use of geothermal resources in the Geysers region
exist, direct-use applications have several charac-~
teristics which may result in a slow rate of market
penetration. The most important of these is the
requirement that the user be located at or very
near the geothermal well site. Transportation and
market location thus become important issues for
the relatively remote geothermal resource areas.
Other barriers to-direct uses include the high
capital cost of the systems, the depth of the
local geothermal reservoir, the hard volcanic rock
in the Geysers region, and a need for technology
transfer to potential users.
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Fig. 3. Regional direct and induced employment
for the high growth scemario.
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From the viewpoint of this study, an important
characteristic of most direct uses is that they are
capital-intensive and not labor-intensive. The
result is that from 2 to 20 people may be employed
for a few months to install the equipment, but very
few, if any, permanent employees will be needed
to operate and maintain the equipment.

In a probable development scenario, the first
major uses of geo-heat in the Geysers region will
be the retrofitting of existing public and private
activities to use geothermal energy. In these
cases, no additional (induced) jobs are likely to
be created from the use of geothermal heat. A
second stage of development will be the relocation
of businesses into the Geysers region to take
advantage of the geothermal resource. With the
sole exception of greenhouse crop production,
most businesses which could economically relocate
to the rather remote geothermal area are small scale
employers,

Under this scenario, both direct and induced
employment opportunities created by direct use in
the Geysers region are expected to be limited. A
net increase in the order of 30 full~time employees
in any one of the counties may be expected within
the 1990-2000 time frame.

POPULATION IMPACTS

Net inmigration figures (direct and indirect
employment plus dependents) associated with the

high and low growth rate geothermal development
scenarios are shown in Table 1. These inmigration
figures were added to forecasted county inmigration
rates for a "no geothermal activity" case and used
to drive the State of California Department of
Finance (DOF) population forecasting model.” This
model is a county level cohort-survival model and
is used for all state population projections.

Five runs were made on the DOF model for each
county within the region: a '"no geothermal" rum,
runs including only direct geothermally related
inmigration for both the high and low scenario,
and runs including both direct and indirect inmigra-
tion for both the high and low scenario.

The overriding general conclusion of the study
is that geothermal energy development will not
create major county level population impacts.,

Major specific conclusions of the study include:

o The course of geothermal development over
the next five years appears to be relatively
fixed and is not significantly affected
by the major variables used in this study.

e The development of new employment opportun-
ities within the geothermal industry occurs
primarily when development first begins in
a county. Subsequent capacity expansions
tend to draw from the same labor pool with
few expansions of the total in-county
direct labor force,

Table 1. County level net inmigration caused by projected geothermal development,
Low Growth Scenario High Growth Scenario

Year Lake Sonoma Mendocino Napa Lake Sonoma Mendocino Napa
79 522 744 0 0 524 743 0 0
80 520 558 0 0 697 858 0 0
81 225 -111 0 0 337 =125 0 0
82 159 =44 0 0 230 -68 0 0
83 103 -41 0 0 182 -16 0 0
84 -17 -9 0 0 326 o 21 0 0
85 ~-28 28 0 0 182 229 51 0
86 -38 -82 0 0 328 142 313 0
87 =57 -59 0 0 255 101 109 0
88 43 -96 0 0 139 33 57 0
89 49 ~78 0 0 103 -53 57 0
90 =52 39 0 0 50 -77 10 25
91 ~94 83 0 0 -76 -16 -32 271
92 +10 49 0 0 ~9 -13 82 187
93 -28 -58 0 0 24 39 82 -58
94 80 -41 19 0 -62 155 , 44 -91
95 -18 ~b44 198 0 4 102 258 -32
96 -1 0 109 0 117 -18 161 153
97 -2 -8 -76 0 -36 -28 128 187
98 -69 0 =44 0 -23 31 64 -57
99 -11 0 -34 0 -133 -76 -124 ~-88

2000 -135 0 -16 0 -322 -230 -245 =51
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e ‘After the initial surge of inmigrants is
over, geothermal construction activity
fluctuations are likely to produce a net
Out—mlgratlon in a county in any given year
as it is to cause a net inmigration.

e While both are small, the indirect labor
force expansion and associated in-migration
is substantially larger than that of the
direct labor force.

e Direct use of geothermal energy may cause
a few key industries to expand but the
overall direct and indirect population
impacts will be very small.

e The county appears to be an inappropriate
scale for the identification of demographic
impacts. from geothermal development. Sub-
county geographic units (e.g., Cobb Valley)
or individual communities appear to be the
scale on which impacts may be felt.

e Any inmigration impacts from geothermal
development have already occurred in Sonoma
County, are nearly complete in Lake county,

will probably occur in the late 1980's in
Mendocino County, and will occur after 2000
if at all in Napa County.

FOOTNOTE AND REFERENCES

*Condensed from Lawrence Berkeley Laboratory report
LBL-10150 (draft)

1, USGS, "Assessment of Geothermal Resources of
the United States," United States Geological
Survey, Circular 790 (1978).

2. F. E, Goff, J. M. Donnelly, J. M. Thompson and
B. C. Hearn, "Geothermal prospecting in the
Geysers—Clear Lake area, Northern California,"
Geology, 5, No. 8, (August 1977).

3. L. Vollintine, L. Kunin and J. Sathaye, "The
Lake County economy: Potential socio-economic
impacts of geothermal development," Lawrence
Berkeley Laboratory, LBL-5944 (1977).

4, D. Hill, California Energy Commission,
unpublished data provided through personal
communication, June 1, 1979.

CONSERVATION STRATEGIES FOR COMMUNITY COLLEGES
B. Krieg and C. York

INTRODUCTION

In FY 1978 a pilot project to develop strategies
for energy conservation was carried out with five
Community Colleges in Northern California. The
strategy was based on a program, called TEEM, which
had been used by PG&E in K-12 schools in the Fresno
area.

In the Total Educational Energy Management
(TEEM) system of energy conservation and management,
each campus building and activity is considered
as a unique system which uses energy to fulfill
the specific needs of educational programs. The
TEEM system, flexible by design, provides a frame-
work within which the campus community can systema-
tically consider and implement a great number of
effective energy-saving. practices.

The TEEM system has two basic objectives:
1. Reducing campus energy requirements, and

2. Meeting those reduced energy requirements
without adversely affecting the quality
of educational programs.

Initially the TEEM system is a labor-intensive
approach which required the commitment and participa-
tion of all segments of the campus community. The
faculty, student body, administration, staff and
governing board must be organized into an effective
team to analyze and implement energy-saving measures.

The TEEM approach provides this essential organiza-
tion of the campus community.

To begin the process, the president of the
college must adopt the concept of an energy manage-
ment program. Once the president is willing to
commit his institution to such a management program,
he must take two actions. First, he must request
his governing board to declare, as a matter of
policy, that energy conservation on campus will
be a high priority. Second, he must appoint an
"Energy Conservation Task Force", which is represen-
tative of all segments of the campus, to develop
and carry out a program for conserving energy on
the campus.

Following this simple start, the pilot project
was able to demonstrate a "cost avoidance" of
$300,000 in the utility bills of the five campuses
involved. Table 1 shows the detailed savings for
each school. DOE asked LBL to establish a national
program in FY '79 and '80 to attempt to achieve
similar results across the country.

ACCOMPLISHMENTS DURING 1979

1f the results of the five college pilot
projects could be equaled by all 1230 two year
colleges in the U.S., then an annual savings of
about 1/30 of a Quad, or 33 x 1012 BTU per year
could be anticipated, To achieve this, LBL was
asked to launch its national effort at a special
workshop of the National Education Business and
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Table 1. Program Summary: Energy and dollar savings.
From: Budget year April 1976 - March 1977
To: March 1977 - April 1978
College Diablo Valley Indian Valley College Santa Rosa Sierra
Community Colleges of Junior Community
Fuel Type College Marin College College
Electricity
Savings 1.083 1.300 0.776 0.317 1.382
(kwH x 106) '
Use '77-'78 9.604 2.611 5.986 4.489 4,333
Savings
(BTU x 109) 11.10 13.31 7.9 3.25 14.16
Thermal Fossil
Fuel Equivalent
Gas .
Savings 6.850 -19.88 193.3 87.95 131.6
(Therms x 103)
Use '77-'78 52.65 82.80 468.0 356.0 227.4
Savings
(31U x 109) 0.685 -1.988 19.33 8.79 13.16
Total Cost $47, 140 $57,550 $75,790 $32,830 $97,400
Avoidance
Fuel Cost $414,580 $141,600 $371,700 $273,140 $260,890
'77-'78
Percentage of
Total Fuel Cost 11.4% 40.6% 20.4% 12.0% 37.3%

Labor Conference on Energy~Related Vocational and
Technical Training, Employment and Public Awareness,
which was held in Washington in January 1979. The
plan was to collaborate with one of the national
organizations of the community colleges. The work

" was to be divided by having this organization serve

as the contact with the colleges and LBL would
provide data analysis and similar technical support
functions. The League for Innovations in the Commu-
nity Colleges in Los Angeles was chosen as the
organization and in March of 1979 contacted all

1230 two year colleges to invite them to join in

the project. 304 cglleges from all over the country
have agreed to participate. In October of 1979
these participants are to submit data on their
utility bills from the previous years, 1978-79, and

the first six month period of the operation of their .
TEEM program of energy conservation. 128 colleges
have actually submitted this data.

PLANNED ACTIVITIES FOR 1980

The first six months of data will be analyzed
and reported to the participating colleges.
Computer programs to calculate energy savings and
cost avoidance from the submitted data have been
written and are in operation. In March 1980 the
colleges will submit their utility bill data to
determine the effectiveness of their campus
programs. We hope to publish the results of these
analyses in the Summer of 1980.



1-46

INTERNATIONAL RESIDENTIAL ENERGY CONSERVATION
L. Schipper

INTRODUCTION

The Lawrence Berkeley Laboratory has begun to
collect and analyze data on residential energy use
for seven countries (Canada, France, West Germany,
Italy, Japan, Sweden and the United Kingdom) as part
of a project sponsored by the Energy Information
Administration. The purpose of the project is to
improve our knowledge of future energy demand and
conservation opportunities in other countries, as
part of our effort to understand the dynamics of
the demand for internationally traded fuels, like
0il (see Ref. 1 for related analyses).

The first paper in this project, "International
Analysis of Residential Energy Use and Conservation,"
(LBL-9383), was prepared as a preliminary discus-
sion of work done through the summer of 1979. The
paper is published in the proceedings of the Second
International Conference on Energy Use Management
(Pergamon Press, 1979). The paper describes the
general problem of analyzing residential energy
use in different countries.

PROJECT OVERVIEW

Residential energy use is analyzed in terms
of both a vector of end use activities (e.g.,
cooking, space heating or cooling, etc.), each of
which is measured in physical terms, and of energy
intensities that express the energy requirements
at the point of use for each unit or activity
(Table 1). Additionally, the analyses are segre-
gated where possible by fuel type, though an aggre-
gation will be made at the end of the project.
In addition to gathering data on specific energy
uses, the first two work tasks included the collec-
tion of basic economic and demographic data.
Economic data, such as personal disposable income
or consumer expenditures, are important for under-
standing the economic forces that have driven the
demand for residential energy use. Demographic
information on housing (particularly the size and
structure of the housing stock) and population
characteristics are very important for quantifying
the demand for space conditioning. Thus far we
have assembled details of the housing stock,
including the size of typical multiple and single
family dwellings for many years throughout the study
period.

By examining changes in both the structural
factors and in energy intensities, the role of each
kind of factor in contributing to changes in energy
use can be quantified. Additionally the potential
for conservation through reductions in energy
intensity can be evaluated, and energy uses can
be projected based upon a very disaggregated model
of demand that takes saturation, conservation, and
the effect of energy prices and policies into
account. Finally, the relative importance of all
the factors that shape energy demand in various
countries can be compared. Table 1 lists some of
the major energy demands that are being investi-
gated, and gives both measures of intensity sought,

and the structural components relating to economic

" activity and, where appropriate, to lifestyle or

behavior.

Some of the factors that are more easy to
quantify include a measure of heating degree days
(though conventions vary from country to country),
income, house size, indoor temperature (as inferred
or measured saturation of appliance stock, and
energy prices. Some of the more difficult factors
to quantify, or factors for which data is difficult
to obtain, include appliance utilization, appli-
ance prices and actual sizes, and the actual split
between heating and non-heating uses of fuels.

Indeed, the quantification of each end use
has specific problems. When calculating space
heating requirements, it is desirable to know the
contribution of non-heating appliances (people,
the sun, other appliances, and hot water) to the
heat balance of the house since extremely well
built houses replace most of their heat losses from
these sources., In a related project,4 the factors
that account for space heating and conventions for
measuring them are discussed. Even though cooking
now represents a relatively small energy end use,
it is desirable to know the relative intensities
of electric and gas stoves, the number of meals
eaten in the home, and the nature of a country's
cuisine in order to really understand this use of
energy. Hot water, however, usually ranks second
to space heating for total energy consumption but
is relatively poorly understood. In some cases,
estimates were found of hot water consumption (in
liters/year) and temperature, enabling a careful
estimate of energy intensity to be made. In most
cases, however, we had to settle for a measure of
the average amount of fuel used per device, and
the number of devices of each kind in each home
as a measure of hot water energy use.

Appliances have been a growing end user of
energy with the rise of personal incomes in the
study countries between 1960 and 1975. Though there
is important evidence of saturation in the ownership
of some major appliances (e.g., refrigerators,
televisions and clothes washers) in the near future,
others (freezers, clothes dryers and dishwashers)
are still relatively unsaturated. Utilities have
kept relatively detailed statistics on appliance
ownership, and some information on appliance size
is available. Furthermore, in every country, esti-
mates of unit consumption for each kind of machine
are available., Typically these estimates can
account for 90 percent of the residential electric-
ity use.

PLANNED ACTIVITIES FOR 1980

The project has completed the tasks of gather-
ing and submitting economic and demographic data,
though some holes in the information still remain.
Present activity centers on analyzing the time
series of consumption data, on comparing different
estimates of end use consumption, and on making
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Table 1.

Characterizing residential energy use.

Range of
Residential D E
Activity Use Structure Behavior or Lifestyle Intensity
Space Heat: 40%-80% House 8ize, Type Indoor Temperature,
House Fraction of House Heated Q/mZ - DD
Space Cooling ~5%(Japan, US) House Size, Type Indoor Temperature, Q/m? - DD
~30%(warm US) ’ Number of rooms cooled
Space Heating Saturation of Qdelivered "Pirst Law
Systenm Central Heat by Qconsumed Efficiency"
Fuel
Space Cooling System Room or Central (Qoue/Qelectric)jy EER
System
Hot Water 5%-30% " Type of Equipment, (Liters/yr) .
Saturation, by fuel OQutlet temperature Q/(1) x (AT)
Cooking 3i-61 Equipment Meals cooked/yr. Q/yr Presence of other fuel
Saturation, by fuel or electric cooking
devices
ELECTRIC USES ONLY
Refrigeration, 3%-6% Saturation Size, Options Q/yr
Freezing
Televigion <2% Saturation Size, Options, Hrs/yr 6 watts
Dishwasher ~2% + Hz0 Saturation 8ize, Options, Hrs/yr Q/load Source of hot water?
Clotheswasher ~2% + H0 Saturation Size, KG/yr Q/KG Source of hot water?
Dryer ~2% Saturation Size, KG/yr Q/KG Use of sun
NOTE: Q measures energy m? - dwelling floor area KG KG - weight of clothes
Q measures power (energy time) L - H20 consumption, refrigerator volume AT - temperature difference

DD - degree days

estimates of actual consumption of each form of
energy for several years (1960 or '62, '65, '68,
'70, '72 and '73-'77). We have been aided by the
publication of several important studies in Italy,
the United Kingdom and France since the commencement
of our work, and intend to make several more in-
depth contacts with correspondents in Europe and
Japan before submitting final energy use data.

Once data have been accepted, we will compare
energy use in each country from before and after
the 1973 oil embargo, relating energy use changes
to changes in prices and conservation policies.

We will attempt to make judgemental forecasts of
residential energy use in anticipation of a later
effort directed at building a set of residential
energy use scenarios for the year 2000. This task
will be undertaken in cooperation with a group at

the Institute Economique et Juridique d'Energie at
the University of Grenoble, France, which is making
a similar effort to analyze residential energy use
in the Common Market countries.

FOOTNOTE AND REFERENCES

*GCondensed from Lawrence Berkeley Laboratory report
LBL-9383.

1. Data for the years 1960-79 is collected from
Japan, Canada, Sweden, the United Kingdom,
Italy, France and West Germany.

2. " A. Rosenfeld et al., "Building energy compila-
tion and analysis," Lawrence Berkeley Laboratory
Report LBL-8912 (1979).
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OVERCOMING SOCIAL AND
INSTITUTIONAL BARRIERS TO ENERGY CONSERVATION*

C. Blumstein, B. Krieg, L. Schipper, and C. York

INTRODUCTION

Energy conservation is becoming an increasingly
important response to the continuing energy supply
crisis, A persuasive case can be made that conserv-
ing energy by increasing the efficiency energy using
devices and practices is less expensive than finding
additional new supplies of energy. Many energy con-
serving actions can, in fact, tend to maximize well-
being and minimize sacrifice and social cost.

Although they are economically rational re-
sponses to the energy crisis, energy conservation
actions may be hindered by social and institutional
barriers. In the research reported here we explored
the nature of these barriers and examined some of
the strategies that could be employed to overcome
barriers. A more complete description of the
results of our research can be found in a Lawrence
Berkeley Laboratory technical report.2

THE NATURE OF BARRIERS

Although barriers to energy conservation are
not an altogether new topic for policy analysts,3
previous studies have devoted very little effort
to systematic study of the problem. Therefore, we
began our effort by defining and classifying various
types of social and institutional barriers to energy
conservation., 8ix classes of barriers that occur
regularly were identifieds

Misplaced Incentives. The economic benefits
of energy conservation do not always accrue to the
person who is trying to conserve. For example, if
an apartment tenant pays the utility bill, the
landlord has little incentive to make energy con-
serving improvements.

Lack of Information. The efficient working of
the market depends on the parties to transactions
having adequate information. If a consumer is un-
aware of the cost effectiveness of a conservation
measure, he is unlikely to adopt the measure.

Regulation. If a cost-effective conservation
measure conflicts with existing codes or standards,
its implementation will be difficult or impossible.

Market Structure. Even though a conservation
measure or device is cost effective, it may not be
on the market.

Financing. Energy conservation measures often
require an initial investment; thus the unavaila-
bility of financing may be a barrier to some cost-—
effective measures.

Custom. If a cost-effective conservation
measure requires some alteration in the habits of
the consumer or seems contrary to some accepted
value, such as being considered something that only
" people of low social status do, -it may be rejected.

To gain further insight into the nature of
barriers to energy conservation we conducted a
series of interviews with people in the building
sector: landlords and managers of residential
property, managers, owners, and operators of com-
mercial property; and other people connected with
the buildings sector such as realtors, representa-
tives of trade associations, and contractors. The
interviews (reported in detail in Ref. 2) révealed
a variety of views and perspectives. However, some
common themes did emerge. A concern with costs
was coupled with a lack of information on what the
costs are and what the effects of conservation might
be. The problem of misplaced incentives recurred
in many forms.

STRATEGIES FOR OVERCOMING BARRIERS

While our study of the nature of barriers did
not provide a complete picture of the complex issues
involved, we felt that it did provide a starting
point for examining possible strategies for over-
coming barriers. We identified six types of
strategies:

Informing. Where lack of information is a
barrier to energy conservation, actions can be taken
to provide information in several ways. New infor-
mation can be produced by sponsoring research; the

flow of existing information can be facilitated
- by supporting libraries and indexing services; and

information can be communicated directly to users
by providing education and training.

Leading. Energy conserving behavior can be
encouraged by leadership. This can be done by ex-—
ample such as the President turning down the White
House thermostat, or by persuasion such as the
familiar "Don't be Fuelish" advertisements.

Market-Making. A number of actions can be
taken to create markets for energy-conserving prod-
ducts or services. Government purchasing policies
can be directed toward encouraging the production
of energy-efficient products. The government can
also create markets in the role of entrepreneur,
undertaking development and demonstration projects.

Rule Making. Regulations can be used to en-
courage or compel energy-conserving actions. For
example, rules can require that all residential
property be insulated before it is rented or sold.

Pricing. Government policies can influence
the incentives to consume or conserve by changing
the net price of energy or of energy consuming and
conserving commodities. This may be done directly
as a seller (of enriched uranium, for example) and
by price controls, or indirectly through taxes and
subsidies.

Rationing. In principle, the goverament can
use rationing to conserve scarce resources by limit-
ing consumption to some predetermined "correct"
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value. However, in practice, rationing is usually
used to allocate scarcity: when some commodity
becomes scarce, and particularly when the scarcity
is dramatic and sudden as in times of war, society
may choose to ration the commodity in preference
to allowing the price to rise.

In addition to identifying and describing
strategies, we developed some criteria for evaluat-

ing them. These criteria were divided into two
classes: those that relate to the efficiency of a

strategy in achieving the goal of energy conserva-
tion, and those that relate to the impacts of a
strategy on other (possible competing) economic

and social goals. In the former class we included
such factors as .direct costs and benefits, political
feasibility, ease of implementation, and leverage.
In the latter class we included impacts on economic
growth, income distribution, employment, land-use
patterns, lifestyle, and individual freedoms.

RECOMMENDATIONS

We concluded our work with three recommenda-
tions for action directed at overcoming barriers
to energy conservation:

Information Programs. We believe that lack
of information is a serious and pervasive barrier
to energy conservation and that enchanced informa-
tion programs are one way to attack this problem.
One area in need of increased support is the Energy
Extension Service.

Demonstration Projects. Many of the possible
actions which could be taken to overcome barriers
to conservation have a high risk of failure. We
believe that before such actions are taken on a
national scale, they should be tested in local
demonstration projects. The Federal government
should assist such projects by providing financia
support. :

Futher Research. The nature of barriers is
still incompletely understood and sound systematic
methods for evaluating strategies are not well
developed., - Further research is needed to provide
greater understanding and improved methods.

FOOTNOTE AND REFERENCES

*Research supported by the President's Council on
Environmental Quality

1. L. Schiﬁper and J. Darmstadter, "The logic of
energy conservaton," Technology Review, 79,
pp. 41-50 (1978). )

2. C. Blumstein, B. Krieg, L. Schipper, and
C. York, "Overcoming social and institutional
barriers to energy conservation," Lawrence
Berkeley Laboratory report, LBL-8299 (1979).

3. B. Krieg, "Bibliography on institutional
barriers to energy conservation," Lawrence
Berkeley Laboratory report, LBL-7885 (1978).

ENERGY POLICY DECISIONS AND CONSUMER DECISION-MAKING:
APPLICATION TO RESIDENTIAL ENERGY CONSERVATION

J. Corfee, M. Levine, and G. Pruitt*

INTRODUCTION

The National Energy Conservation Policy Act
(NECPA) mandates that Appliance Energy Efficiency
Standards be prescribed by October of 1980.l1 The
law requires that the Standards be designed to
achieve the "maximum improvement in energy effici-
ency" that is "technologically feasible and economi-
cally justified." Determination of the economic
justification must be based on: the savings in
operating costs over the average life of the appli-
ance compared to the increase in the initial pur-
chase price or maintenence costs likely to result
from the imposition of the standard; the economic
impact of the standard on the manufacturers and the
consumers of the appliances; the total projected
energy savings likely to result directly from the
imposition of the standards; and other relevant fac-
tors. Clearly, it is mecessary to develop appliance
standards that achieve minimum life cycle costs and
to evaluate the total impact on residential demand
resulting from the implementation of the standards.

The Appliance Efficiency Performance Standards
(AEPS) project at LBL will analyze residential ener-

gy demand in support of the appliance standards as
outlined in NECPA. The primary tool of the demand
analysis will be the ORNL Engineering-Economic
Model of Residential Energy Use,“ which provides
detail on the energy use of eight major end-uses by
each of four fuel types in the residential sector.
Primary in the model are the consumer decision
making algorithms determining the saturation of new
technology and ultimately the energy use of the
appliance stock. Unfortunately, it is the consumer
decision algorithms that are considered a major
weakness and the least empirically validated com-
ponents of the model. As a result, a specific
research task of the AEPS project has been to im-
prove the consumer decision algorithms of the ORNL
model, '

ACCOMPLISHMENTS DURING 1979

This paper describes the consumer decision
research task. Specifically, two methods for
improving the ORNL model are described, followed
by a summary of preliminary analysis of the
refrigerator market in the United States.
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Methods of Improving the ORNL Consumer Decision
Algorithms .

As previously noted, the consumer decision
algorithms are a critical weakness of the ORNL model,
Two methods of improving or creating new algorithms
are detailed here. The first approach represents
an attempt to discover the average effective dis~
count rate used by consumers in their appliance pur-
chases. Ultimately, changes in the average effec-
tive discount rate over time indicate the response
of consumer decision making to changes in fuel
prices. The second approach is an attempt to
determine econometrically a meaningful consumer
decision algorithm. Both methods focus on the im-
portance of operating costs versus the purchase
price in consumers' decisions to buy an appliance.

Method 1

The first method of digcovering consumers'
average discount rate is a straightforward life
cycle cost calculation. However, there is an
assumption that the purchse price of the appliance
is a function of the product energy efficiency.

It is precisely this assumption to which the refrig-
erator analysis, described in the next section of
the report, is devoted.

A simple form of the life cycle cost equation
is:

N
LCC = FCiZ L1+ £)/C1 + x)]"+ By * Pe
. i=1

(Eq. 1l.a)
where: FC = £(Ey) for FC.

Substituting £(E,) for FC,

N
LCC = £(By) + 3 [(1 + £)/(1 + )" + By * 2
£
* (Eq. 1.b)

Finally the derivative of each side with respect
to E, is taken in Equation l.c.

N
BLCC = 9E(Ey)/ By + A(Y (1 + £)/(L + 0 T
i=1
* Ey * Pe)/OEy, (Eq. l.c)
LCC = life cycle cost,
FC = first cost,
N = average lifetime of appliance,
fo = fuel price escalation rate,
r = consumer discount rate,
Eu = average annual energy use of applicance, and

Pe = price of energy.

The minimum of the life cycle cost curve occurs
when LCC/ E, is equal to zero. Therefore, the dis-
count rate is determined by setting the right side
of Eq. l.c equal to zero and solving for the only
unknown variable, r.

Method 2

The econometric model, illustrated in Eq. 2,
attempts to sort out the relative impact of purchase
price (the coefficient B9) and energy use (repre-
sented by the coefficient Bj) on the consumer choice
of buying a certain type of appliance.

EMS/TMS = o + By (PVFS) + By (Pe/Pji) (Eq. 2)

EMS = the number of efficient models of the
aplicance purchased each year,

TMS = the total number of models of appliances

purchased each year,

PVFS = present value of fuel savings (an average
calculation of the fuel savings resulting
from the purchase of the more efficient
appliance),

P = average price of the efficient models, and
Pi = average price of the inefficient models.

The model uses ratios for the independent
variable and one dependent variable so that any
strange fluctuation in the market for a given year
would affect both the efficient and inefficient.
Furthermore, the model is flexible. That is, with
additional data, more dependent variables could be
included, such as advertising budgets, attribute
vectors, and manufacturer reputation. The more
complete the data, the more precise one can be in
explaining consumer decision-making.

There are some shortcomings to this particular
model. First, the approach requires an arbitrary
definition of what is an efficient and inefficient
approach, Second, there could be a major problem
of multicollinearity. According to engineering
research, the two independent variables should be
negatively correlated in an exponential function
(i.e., purchase increasing as' energy use goes
down).3s4 If this relationship also exists in the
market place, then the research must deal with the
problems involved with multicollinearity. However,
it is not at all clear how energy efficiency and
purchase price are related.

Refrigerator Analysis

Preliminary analysis indicates that the con-
sumer is not provided with adequate information to
make life cycle cost decisions. As this section
will reveal, prices and operating costs of refriger-
ators are only slightly related if at all. In order
to postulate that consumers consciously trade off
first costs and operating costs (quantitatively
represented by a discount rate), we must first
demonstrate that consumers are aware of each set of
costs and that their choices represent a consistent
preference. Ideally, the consumer decision algo-
rithm will capture the dynamics of appliance pur-—
chase decisions and the value or lack of value
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placed on future energy costs with discount rate
that changes over time.

The analysis of regrigertor sales was the
logical precedent to an empirical testing of the
methods described in the preceding section. Engi-
neering~economic curves of the price versus operat-
ing cost alwags exhibit the trade-off in a negative
relationship. »4  Thus, the objective of the refrig-
erator analysis was to test the theoretical rela-
tionship, which is the foundation of the methods
devised to improve the ORNL consumer decision
algorithms.

Refrigerators were selected because adequate
data were available and because they represent a
major energy end use with little variation in con-
sumption attributable to usage. In addition, con-
sumers generally select their own refrigerator as
opposed to buying it "built in" to the house.
Finally, main sources of data on refrigeratorssv
were relatively complete and reliable. Specifi-
cally, lists of the retail prices, energy use and
models available in the years 1975 and 1977 were
used, The statistical analysis included bivariate
and multiple regression analysis of purchase price
plotted against energy use and/or volume of the
refrigerators.

Initially the analysis was intended to demon-
strate the relationship between purchase price and
efficiency. Both variables were normalized for
size of the appliance with kWh per month/total
refrigerated ft2 on the x-axis and purchase price/
total refrigerated £t3 on the y-axis. Refrigerators
were separated by 4 types (single door manual de-
frost, top freezer partial defrost, top freezer
automatic defrost and side by side automatic de-~
frost) and each year was run as a separate regres-—
sion (1975 and 1977).

The bivariate regressions of kWh consumption
per month versus purchase price should have re-
flected the strong negative corrélation plotted.
This was not the case. The regression revealed
a low correlation between energy-consumption and
purchase price of refrigerators. In fact, in some
cases the correlation exhibited the reverse of the
expected relationship, a positive correlation. The
proportion of the total variation in the dependent
variable (purchase price/total refrigerated volume)
explained by the independent variable (kWh per
month/total refrigerated volume), which is repre-
sented statistically by R%, was so low that little
can be said about the relationship between the two
variables.,

The results indicated that the hypothesized

‘simple trade-off of efficiency and purchase price

of refrigerators did not exist in the market place
of 1975 and 1977. There are three reasons why the
regression might not have shown a strong relation-
ship between price and efficiency. Manufacturers
are constantly developing energy consuming and price
inflating gadgets to build into refrigerators.
Because no consistent source of data exists on the
specific features of refrigerators, they are likely
to confound a statistical analysis of the market.
Second, freezer volume might influence the effici-
ency of refrigerators more than total volume.
Third, refrigerators have economies of scale. That

is, by increasing volume by 10%, the kWh usage
would increase by a lesser percentage, everything
else being equal. Thus, when we normalized energy
use and purchase price by dividing them by total
refrigerated volume, many other variables could
have masked the true relationship.

To test for the influence of freezer volume
and economies of scale, various other regressions
were run to provide a clearer understanding of the
relationship between efficiency and purchase price
of refrigerators. Specifically, purchase price
was regressed against energy use (normalized by
fresh food and freezer volumes), and the three
categories of volume (total refrigerated, fresh
food and freezer). Thus the following five regres-
sions were run for the 4 types of refrigerators:

1) x: kWh/freezer ft3
y: §/freezer 3

2) x: kWh/fresh food ft3
y: §$/fresh food £t 3
3) x: total ft3
y: §
4) x: freezer ft3
y: §
5) x: fresh food ft3
y: §

(Note: kWh = kWh consumed per month; § = purchase
price in current dollarsj total, freezer and fresh
ft? = refrigerated volumes)

The results indicated that volumes are better
estimators of price, especially with the best sell-
ing types of refrigerators, top-freezer automatics
and side-by-side automatics. With some notable
exceptions, purchase price was influenced more by
freezer volumes than by total and fresh food volumes.
However, when the kWh/price regression was normal-
ized by freezer volume (see 1 above), there were
no negative correlations. Furthermore, the RZ of
these bivariate regressions were low for all types
of refrigerators. It must be concluded that freezer
volumes do not influence the regression of effici-
ency and price, although they do appear to be good
predictors of purchase price.

In order to sort out the relative importance
of refrigerator volume and energy use on purchase
price, the following multiple regression equation
was developed: ‘

purchase price =g + B total £e3 + B2 kWh/month
(Eq. 3)

The regression equation supplied interesting results
vhen run with the refrigerator data. For example,

the regression equations for top-freezer automatics
were estimated to be:

1975: Y = 97.5 + 32.9X] + .0874X,
t-ratios: ~-.77 7.13 .11

RZ = 71.6%
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1977: Y = 173 + 36.2%] + 2.05X

t-ratios: 1.48 7.92 -2.20

R2 = 72.0%
(Y = first costsj Xj = total £t3; X2 = kWh/month)

The t-ratios (parameter estimates over their
standard deviations) indicate which variables are
statistically significant. A useful generalization
is that a t-ratio with an absolute value of 2 or
more indicates a parameter estimate that is signifi-
cant at the 95% level.” It is clear that total ft3
(X1) is a highly significant predictor of the pur-

. chase price of a refrigerator. The estimate also
has the correct signj as the total volume of a
refrigerator goes up so does its price. For the
1975 regression, the energy use parameter estimate
is insignificant; however, the 1977 regression re-
veals a reverse trend. In 1977, the t-ratio of the
energy use parameter is significant at a confidence
level of 95% and the sign is correct «(negative).

In other words, as energy use of a refrigerator
increases, the purchase price decreases and vice
versa. Note also that the R2 for each regression

is similar to the other and that they are relatively
high.

Because it was shown earlier that for some
classes of refrigerators the two independent vari-
ables (volume and energy use) are correlated, prob-
lems of multicollinearity must be considered. In
this case, a rule of thumb says that intercorrela-
tion of variables is not necessarily a problem
unless it is high relative to the overall degree
of multiple correlation.® Therefore, with the weak
relationship between the two independent variables
(fresh food volume and energy use), the problem
of multicollinearity is discounted,

The observed trend of energy efficiency influ-
encing purchase price of refrigerators is similar
to the theoretical engineering literature discussed
earlier in the paper. However, there still exists
no clear cut function that explains the trade-off
between energy use and purchase price, In fact,
it is clear that little or no value has been placed
by the purchasing consumer on the future operating
costs of major appliances. The lack of sophisti-
cation of consumer decisions appears to be a result
of the poor information available in the market;
specifically, purchase prices rarely indicate the
energy efficiency of appliances, thus serving to
mask the traditional market relationship between
quality and price.

PLANNED ACTIVITIES FOR 1980

The primary problem with market analysis of
consumer decisions is the lack of data. A new and
comprehensive data set collected by DOE from the
manufacturers” should be made available by the end
of 1979. The future of the consumer decision
research within the AEPS project will depend partly
on the availability and the quality of the manu-
facturer data. The research will be extended along
the same statistical paths outlined in the refriger-
ator case for other appliances and for more years.

Ideally, the relationships between purchase price
and operating costs will be defined through the
application of the methods outlined in this paper,
even if they exhibit extremely high effective dis-
count rates.

At the present, all consumer decision analysis
is focused on the improvement of the ORNL residen-—
tial demand model. Through application of the model
to current practice and AEPS scenarios, the impacts
of the standards on residential demand in the United
States can be estimated. As a major flow in the
ORNL model, the consumer decision algorithms could
heavily bias the estimated demand in each scenario.
Therefore, it will be necessary to develop new algo-
rithms based on the statistical relationships estab-
lished. The end result should be an improved ver-—
sion of the ORNL model and consequently, increased
accuracy in the AEPS demand analysis.
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THE USE OF DOE-2 TO EVALUATE ADVANCED
ENERGY CONSERVATION OPTIONS FOR SINGLE-FAMILY RESIDENCES

D. Goldstein, J. Mass, and M. Levine

INTRODUCTION

The DOE-2 building energy analysis modells2
has been used as the basis for deriving life-cycle
cost curves for conservation measures in houses.
Buildings were modeled under various conditions
of insulation and glazing, and the difference in
energy use between two conservation options was
calculated from DOE-2 runs, Life-cycle costing
procedures were used to compare the energy cost
savings predicted with the estimated cost of the
conservation measure.

The cost curves were derived for use by the
U.S. Department of Energy (DOE) as the basis for
the residential Building Energy Performance Stan-
dards. The economics of many 'conventional'
conservation measures were evaluated. It was found
that the cost-minimizing houses went considerably
beyond current practice in most regions of the
countrz, and saved about 407 of current energy
use.”?

Further conservation measures involving
advanced technologies (e.g., residential air-to-
air heat exchangers) produced an additional savings
of 40% or more. However, these measures are sub-
ject to controversy concerning their feasibility
of implementation. Thus the use of further conser-
vation measures beyond those currently in use
somwhere in the U.S. were excluded from analysis.

As the standards are updated it will be
important to study the use of such "advanced"
conservation measures —~ those which are not
currently in common use. Analysis of the effect
of advanced measures may also be of great interest
to builders who want to go beyond the standards
and approach minimum life-cycle costs more closely,
and to those who wish to find some large energy-
saver to trade off against a desired energy-wasting
feature (e.g., north-facing view windows or 12-foot
ceilings).

ACCOMPLISHMENTS DURING 1979

Preliminary analysis has been undertaken on
two of the many possible (and potentially cost-
effective) advanced technologies for houses. At
present, the most encouraging such technology
appears to be the reduction in infiltration or
accidental air leakage into the house combined with
the provision of forced ventilation through a heat
exchanger. This technology is most effective in
the cold regions. For example, in Minneapolis,
Minn., the low infiltration/heat recuperator measure
cuts heating loads in half, and saves over $2500
in life cycle fuel bills, at a cost of about $500.
In a warmer area, such as Fresno, Ca., the savings
are a small fraction of total heating energy, and
a much smaller absolute amount of energy. Costs
and benefits for a gas-heated house are approxi-
mately equal for Fresno.

.sets of weighting factors.,

To analyze this measure, changes were made
in the DOE-2 program to allow the calculation of
hourly infiltration loads using a Coblentz-Achenbach
formula.” Formulas appropriate for present "medium"
infiltration levels and projected tighter houses
were devised and inserted into DOE-2 formulas.

Passive solar techniques are another possible
"advanced" technology which can reduce energy use.
The effectiveness of passive techniques in saving
energy has been established in many demonstration
houses. However, their effectiveness in lowering
design energy budgets (which are calculated under
tightly prescribed conditions of behavior) must
be tested for the application of a performance
standard,

Passive solar houses depend heavily for their
performance on the ability of the structure of the
house to store solar heat collected during the day
until a period (night or subsequent day) when heat-
ing loads would occur. This heat storage is modeled
in DOE-2 using "weighting factors", which were
derived for a "typical" room of three different
weight ranges. The use of weighting factor tech-
niques will not lead to any serious errors in the
analysis, but the present procedure of representing
all possible rooms by only 3 sets of weighting
factors may lead to problems.

We have analyzed the effectiveness of increas-
ing south-facing "direct gain" windows in houses
in a wide range of climates, using both the present
DOE-2 weighting factors and a new set of weighting
factors derived by Consultants Computation Bureaus
for specific geometry and construction of our
prototype house. We have found surprisingly small
differences between the results using the different
Heating energy savings
from passive solar appear to range from 15% in the
colder regions to over 707 in the milder regionms.

PLANNED ACTIVITIES FOR 1980

Further research on the two advanced technol-
ogies already described is necessary to document
the expected energy savings and cost effectiveness
estimates. Better analysis of latent heat in the
study of heat recuperators and of the sizing of
the heat exchanger and its fan is needed.

Passive solar analysis will center on the study
of heat storage, and the extent to which this can
be modeled using the weighting factors. The study
will involve the comparison of DOE-2 results with
those of other programs and technologies.

In both cases, we hope to study the effect
of ventilation assumptions on the savings potential
for cooling loads. Present analysis indicate that
passive solar buildings begin to show larger cooling
loads as south-facing window area increases (even
with extensive shading) and that heat exchangers
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save very little cooling energy in most climates.
Both of these effects may be artifacts of the
ventilation algorithm used; we expect to explore
this possibility.

Other advanced technologies in which DOE has
interest include underground buildings, advanced
climate~control systems, and improved window sys-
tems. The ability to model these on DOE-2 may
depend on the availability of sufficient data to
specify the performance of the technology as a
function of the relevant variables (e.g., part-load
fraction, temperatures or temperature histories,
etec,).

REFERENCES

1. Metin Lokmanhekim, et al:, "DOE-1: (Formerly
Cal-ERDA), A new state-of-the-art computer
program for the energy utilization analysis
of buildings," Lawrence Berkeley Laboratory,
LBL-8974, Presented at the Thirdc(International
Symposium on the use of Computers for Environ-
mental Engineering Related to' Buildings, Banff,
Alberta, Canada, May 10-12, 1978.

2. Metin Lokmanhekim, et al., "DOE-~2: A New
. State-of-the-Art Computer Program for the Energy

Utilization Analysis of Buildings.' Presented
at the Second International CIB Symposium on
Energy Conservation in the Built Environment,
Copenhagen, Denmark, May 28-June 1, 1979.

3. ‘M. D. Levine, D. B. Goldstein, M. Lokmanhekim,
A, H. Rosenfeld, "Evaluating Building Energy
Performance Standards." Presented at the
ASHRAE/DOE conference on Thermal Performance
of the Exterior Envelopes of Buildings, Orlando,
Florida, December 3-5, 1979,

4, "Economic analysis of proposed building energy
performance standards," Battelle Pacific North-
west Laboratory, PNL-3044 (1979).

5. P. R. Achenbach and C. W. Coblentz, "Field
measurements of air infiltration in ten elec-

trically heated houses," Ashrae Transactions
69, 358-65 (1963).

6. W. A. Schurcliff, Solar Heated Buildings,
A Brief Survey, 12th Edition (Shurcliff,
Cambridge, Mass., 1976).

7. Computation procedures for weighting factors
are discussed in Z. O. Cumali, Interim Report
for Contract EM-78-C-01-5221, Dept. of Energy
(1979).

APPLICATION OF THE ORNL RESIDENTIAL ENERGY DEMAND
MODEL TO THE EVALUATION OF
RESIDENTIAL ENERGY PERFORMANCE STANDARDS

J. McMahon and M. Levine

INTRODUCTION

The Oak Ridge National Laboratory (ORNL)
Residential Energy Demand Model (REDM) was developed
to simulate energy use in the residential sector
from 1970 to 2000.152 This model can be used as
a tool to evaluate the effects of residential energy
performance standards and other possible government
policies. Application of this model can yield a
comparison of a base case (without standards) with
the case including implementation of standards.
Particular attention will be paid to effects on
fuel consumption, fuel costs, and capital costs
for new equipment.

The major capabilities of the REDM are that it:

e shows energy demand over time, disaggregated
according to fuel type,.housing type, and
end use;

e considers changes due to economic factors
affecting market shares, usage, and techno-
logical improvements of appliances;

e distinguishes new equipment energy perfor-
mance from average energy performance of
the total stock;

e calculates economic trade offs between
operating cost and capital costj; and

o includes retrofit of existing houses when
economically justified.

Effective analysis of proposed standards
requires that 1) the REDM simulates energy use
reasonably well; and 2) the input data must be the
best available, with regard to both accuracy and
level of detail. The range of values for inputs
should be specified, and the sensitivity of results
to various input assumptions must be tested to
define the range of values for key effects.

ACCOMPLISHMENTS DURING 1979

The model has been obtained from ORNL and
installed in an LBL research computer. The input
data have similarly been imported and used to verify
the integrity of the transferred model.

The results of applying the ORNL model to
buildings energy performance standards (BEPS) have
been duplicated. Sensitivity of the results to
key input economic assumptions are being tested,
in order to gain further familiarity with the
detailed inner workings of this model.
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The methodology programmed into the model (and
‘described in existing documentationls2)3) has been
examined in detail. Several aspects of the model
are receiving close scrutiny with the intent of
replacing some parts with improved formulations
based on more recent empirical data.

The new approaches to be implemented are
described separately., Of particular interest are:
modeling of consumer decision making, and considera-
tion of electricity peak load (not previously in-
cluded).

A few complete sets of input have been prepared
at different geographic levels (national, federal
region, and utility service area). The overall
effects of appliance standards will be analyzed
at the national level, but modeling of peak load
requires attention to a utility service area.
Inputs include stocks of occupied housing, new
construction, equipment ownership (market shares),
new equipment installation, annual equipment fuel
use, equipment prices, fuel prices, income, new
equipment standards, thermal performance standards
for new buildings and for retrofit programs, and
characteristics of new technologies.

PLANNED ACTIVITIES FOR 1980

The ORNL model will be modified to include
the most current formulation for consumer decision~
making, retirement rates of appliances, and elec~
tricity peak loads. Other possible improvements
include explicit treatment of solar as a fuel type,
and provision for down-sizing of appliances as
operating costs increase.

The Residential Energy Demand Model will be
applied to proposed national design standards for
residential appliances. Comparing the results of
two runs of the model (one a base case (without
standards), the other the standards case) will

provide detailed information about the effects of
standards, Since the two runs share the same
economic and demographic assumptions, the difference
in key outputs can be attributed to implementation
of the standards.

The outputs of particular concern will be fuel
use (use by fuel type, end-use function, and housing
type), annual fuel costs (total cost and cost by
fuel type), annual expenditures for new equipment
and for thermal integrity improvements, and total
fuel use and expenditures over the period 1980 to
2000.

The net present value - that is, the discounted
value over the period of time considered - of fuel
costs, equipment costs, and structure improvement
costs will be calculated by the model for the two
cases, The difference in net present value between
the two case yields both fuel costs saved due to
standards, and change in equipment costs due to
standards. The net economic benefit to society
(excluding the cost of government programs) is the
difference between fuel costs saved and change in
equipment costs.
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ENERGY INFORMATION VALIDATION
M. Horovitz

PROJECT ACTIVITY

The Energy Information Administration (EIA)
of the U.S. Department of Energy (DOE) is responsi-
ble for conducting a comprehensive energy data and
information program. EIA operates over one hundred
information systems, numerous models and forecasting
procedures, and is required to assess the validity
of these systems and the information generated -
through their use. Such validation studies require
investigation of the accuracy, utility and effici-
ency of the information system,

An Energy Information Validation Project was
gtarted at LBL in January 1978 and grew rapidly in
scope and size., Validation studies of five energy
information systems were carried outj the broader

objectives of the program were to use the experience
gained during these first five studies to create
methods for efficient validation of the many infor-
mation systems for which EIA is responsible.

Interim reportsl"5 on validation studies of
five information systems were delivered to EIA in
December 1978. In January 1979, EIA decided to
terminate the LBL Energy Information Validation
Project as quickly as possible. The project was
closed down by the end of February 1979. During
February 1979 it was decided that a small core of
the project staff should carry out a review of
lessons learned during the previous year's work
and document certain findings and knowledge gained.
This review was completed in July 1979 with produc-
tion of four additional reports.®=9 A study of the



history of oil and gas reserve estimation was also
conducted, through a subcontract in FY 1979. The
draft/’report10 on this study was completed at the
close of FY 1979. A report on the techniques
developed at LBL for validation of the information
systems is being prepared for completion during

FY 1980; this constitutes the final item to be
produced by the project.

A related but separate study was begun in June
1979 to assess the validity of DOE's energy demand
forecasting methods. EIA currently uses the ORNL
Engineering Economic Model of Residential Energy
Use (Hirst~Carney model) developed at Oak Ridge
National Laboratory, to forecast energy demand in
the residential sector, to the year 2000. Previ-
ously, EIA had carried out this task by using the
RDFOR model which was part of the Project Independ-
ence Evaluation System (PIES).

A preliminary review of the RDFOR model was
carried out at LBL and U.C. Berkeley dur1n§ the
summer of 1979 and drafts of three reports;
were produced and submitted for review at the end
of FY 1979. A report on prelimiriary studies of
the Hirst-Carney model is planned for completion
during the first half of FY 1980, During FY 1980,
this study will be transferred from LBL to the
U.C., Berkeley Statistics Department, where it is
scheduled for completion during FY 1981.

This first LBL energy information validation
project carried out pioneering studies covering a
broad range of topics related to the validity of
information about energy and created an approach
to validation of information systems. Three out
of five information systems and one of the models
studied were found to have defects which seriously
impaired the credibility of information generated
through use of these systems.
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ENERGY EFFICIENT BUILDINGS PROGRAM

INTRODUCTION
A. H. Rosenfeld, C. D. Hollowell, S. Berman, and T. Edlin

The Energy Efficient Buildings (EEB) program
conducts both theoretical and experimental
research on various aspects of buillding technol-
ogy. . An important goal of the program is to
identify, assess and recommend solutions to
problems that interfere with national goals of
conserving energy consumed by the buildings sec~-
tor. Buildings account for approximately 387 of
the total energy consumed in the United States,
in contrast to automobiles, which consume
approximately 18%.

One focus of our investigations during the
past several years has been on Building Perfor-
mance. Bullding performance is assessed by.
regarding the building as a system; in this
framework, performance is tested in terms of air
infiltration rates, thermal characteristics of
building components and the behavior of the |
joinder interface between dissimilar materials.
The program devises cost-effective solutions to
reduce infiltration and thermal losses, both by
retrofitting existing buildings and gathering
data on which revised standards for new build-
ings can be promulgated. This research on air
infiltration and thermal performance of the
building and its components is conducted in the
field, in ‘the laboratory, in our research house
and on computer models.

Another major area for the EEB program is
Ventilation and Indoor Alr Quality (VIAQ). The
VIAQ group is identifying, characterizing and
monitoring indoor levels of various pollutants
in conventional and energy-efficient buildings
with specific attention to their impact on
indoor air quality. Reducing air infiltration,
the most obvious means of improving a building’s
energy efficiency, can "seal in" indoor air con-
taminants and have mild to severe repercussions
on the health and comfort of building occupants.
This group is concomitantly investigating means
of preventing and controlling indoor air pollu-
tion without compromising energy conservation
goals. In this connection, it has tested vari-
ous ventilation systems with air-to-air heat
exchangers at a number of locations throughout
the country.

The Windows and Lighting section of the EEB
program is emphasizing ways to encourage indus-
try to develop and promote energy—~efficient pro-
ducts at cost-effective prices. A primary con-

sideration in the Windows group is to assure
that daylight is provided to the building‘s
interior with minimum thermal loss in cool
weather and minimum thermal gain in hot weather.
To this end, considerable research activity has
centered on developing and testing optical coat-
ings for windows as well as evaluating a number
of window treatments now available commercially
or to be made available in the near future.

The Lighting program is concentrating on
developing energy-efficient lighting systems
(lamps, ballasts, fixtures and controls) to pro-
vide lighting designers with an array of design
options to meet occupant needs. One recent
development currently being field-tested in
several buildings is high-frequency, energy-
efficient solid-state ballast for fluorescent
lights that effects a 25% savings over conven-
tional core ballasts.

The Building Energy Analysis Group is
responsible for developing, improving and docu-
menting the computer program, DOE~2, which has
been designated as the national program for cal-
culating building energy performance standards.
DOE-2 can also be used by architects/engineers
as a means of quickly and effectively optimizing
building design to improve its energy efficiency
and minimize life~cycle costs. DOE-2 will be
systematically updated to incorporate the latest
energy—conserving design features (passive and
active solar, thermal storage, natural ventila-
tion, daylighting, and evaporative cooling).

DOE has commissioned LBL to develop
parametric profiles to quantify the energy
requirements of residential buildings, including
heating and -cooling systems. This work, being
accomplished by the BEPS/AEPS Group uses the
DOE-2 modeling program to evaluate a wide:
variety of conservation measures for different
house designs and climates in terms of life=-
cycle costs of implementation.

The reader who is interested in the national
energy savings that might be effected as a
result of our research is referred to the Sum-
mary Section of this chapter which presents data
on the potential impact of a national retrofit
program and the adoption of energy-efficient
building performance standards.

The work described in this entire chapter was funded by the Office of Buildings and Community Systems,
Assistant Secretary for Conservation and Solar Energy of the U.S. Department of Energy under contract

number W-7405-ENG-48.
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BUILDING ENVELOPES PROGRAM

R. C. Sonderegger, R. T. Beerman, A. K. Blomsterberg, W. L. Carroll, J. A. Casey,
P. E. Condon, R. C. Diamond, D. T. Grimsrud, D. L. Krinkel, C. W. Ma, M. P. Modera,
“A. H. Rosenfeld, M. H. Sherman, and B. V. Smith

INTRODUCTION

Residential and commercial buildings account
for one-third of the total energy use in the
United States today. Approximately 60% of the
energy consumption in these sTctors is for space
heating and air conditioning.™ Conductive losses
through the windows, walls, and roof of the
structure account for 2/3 to 3/4 of the 60%,
while air infiltration through cracks in the
walls, around doors, windows, fireplaces, or any
other opening in the building envelope accounts
for 1/4 to 1/3 of the 60%.

The Building Envelopes Program was initiated
in April 1977 as part of Lawrence Berkeley
Laboratory”s broad-based study of energy conser—
vation in buildings. The main objective of the
program is to provide fundamental information on
the thermal performance of a building so that
appropriate energy-conserving guldelines and
standards governing the design and construction
of new buildings as well as retrofit strategies
for existing buildings can be recommended or
prescribed. A comprehensive research undertak-
ing in this area requires not only systematic
study of individual components within the build-
ing envelope, but also a careful examination of
the energy performance of the building as a
whole.

Work carried out during FY 1978 centered
around four principal experiments undertaken at
LBL"s research house in Walnut Creek:

o Tracer gas techniques to measure air
infiltration.

® Pressurization tests for air leakage.
o Investigations of heat loss through walls.

e Electric co-heating runs to measure
fireplace efficiencies.

The research house is a typical wood-frame,
three~bedroom, suburban ranch house built in
1964 (see Fig. 1), After developing the
experimental procedures at the research house,
we surveyed several houses in the Bay Area to
determine the applicability of these procedures
to other houses.

ACCOMPLISHMENTS DURING 1979

Four projects are currently underway: the
first three are continuations of past work on
air infiltration, thermal performance of walls,
and fireplace testing; the fourth is a new
effort to provide an audit procedure for energy
conservation in residences.

Research House in Walnut Creek,
(CBB 7811-14961)

Fig. 1.
California.

Air Infiltration Studies

Air infiltration rates are one of the large
unknowns in any analysis of building energy use
because they involve variable pressures caused
by both wind and indoor/outdoor temperature
differences, as well as construction features
and occupant behavior. Our studies in this area
are largely concerned with measuring, modeling,
and reducing air infiltration. Considerable
attention has been given to correlating air-
leakage measurements obtained through fan pres-
surization of a house with the infiltration
rates occurring naturally. An important goal of
our research program is to facilitate the
development 0f standards regulating air leakage
in residential construction. Several critical
issues dealing with air infiltration are dis-
cussed in LBL reports concerning Building Energy
Performance Standa§d§ (BEPS) and Construction
Quality Standards.

Two general strategies are possible to save
dollars and energy lost through air infiltra-
tion. The first is to tighten the envelope of
existing buildings (by caulking, weatherstrip-—
ping, etc.) until the infiltration rate is
brought down to approximately 0.5 air changes
per hour (ach) under typical weather conditions.
The second strategy requires careful attention
during the construction of new buildings to
ensure the integrity of the thermal envelope. In
houses where infiltration rates are signifi-
cantly reduced in order to make them more energy
efficient, indoor air quality can deteriorate
unless adequate ventilation is provided. Mechan-~
ical ventilation systems with heat exchangers
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provide sufficient fresh alr without excessive
heat loss. Research on various aspects of
indoor air quality and on residential heat-
recovery devices constitute a major part of the
Energy Efficient Buildings program and is
described elsewhere in this report.

ACCOMPLISHMENTS DURING 1979

Air leakage, surface pressures and air
infiltration were measured in several conven-
tional and energy- efficient Eggses located
throughout the United States. Among the
houses tested were the Minimum Energy Dwelling
(MED I) in Southern California, three energy-
efficient houses in the Midwest (two privately
built, one a test house at lowa State Univer-
sity) a group of active-solar houses in Davis,
California, and a number of conventional houses
in the San Francisco Bay Area. Alr-leakage
values for these houses are shown in Fig. 2.

Alr infiltration measurements taken during
the survey were compared with infiltration rates
predicted by a simple model combining air— leak-
age values taken from fan pressurization and
measured surface pressures. The comparison
between measured and predicted values 1s shown
in Fig. 3.
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Two new models were develgpgd to correlate
air leakage and infiltration.’®” In addition, a
technique that examines the low- pressure leak-
age function of a residence by means of an
oscillating pressure source was developed and
tested. The advantage of this method is that it
simulates the low-pressure range where natural
infiltration occurs, and is independent of
weather interactions.” Such information is
essential in constructing a predictive model of
infiltration.

The Envelopes group was also responsible for
developing instrumentation for other EEB groups
conducting related research. An automated
tracer-gas system was designed and built for the
EEB mobile trailer and for the Passive Solar
Group for their measurements of air infiltra-

~tion.

A final effort this year has been to estab-
1ish a U.S. Data Center for infiltration
research coordinated with the International
Energy Agency Center at BSRIA, England. The data
center will hold bibliographical and numerical
data for North American research in air infil-
tration and related studies. The computer
software for the data base was completed, and
data entries have begun.

PLANNED. ACTIVITIES FOR 1980

Work will continue on the infiltration-—
pressurization correlations, instrumentation
development, and the updating and maintaining of
the infiltration data center. New work will
focus on designing simplified models of infil-
tration to be used in the LBL Residential Energy
Audit and detailed infiltration models to be
used in the DOE-2 infiltration algorithm.

To verify these models, a new laboratory is
being designed, the Mobile Infiltration Test
Unit (MITU), which will allow us to conduct
long—~term measurements of surface-pressure dis-—
tribution under different weather conditions and
terrains, and with different structural leakage
characteristics. Results from these tests will
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yleld improved confidence limits on
infiltration- pressurization correlations.

An important activity begun in FY 1979 and
to continue in FY 1980 is the cooperative work
with builders, utilities, and other researchers
in the building industries. The following pro-—
jects are already underway: a Johns-
Manville/EPRI air~leakage study in Denver, a
collaboration with Rochester Gas and Electric
and New York State Energy Research and Develop—
ment Authority on air leakage in new homes, work
with Bonneville Power Administration on retro~’
fitting a group of existing houses in Washington
state, and work with Pacific Gas and Electric
Company 1n a cooperative program with builders
and contractors to reduce air leakage in exist-
ing homes.

Thermal Performance of Walls

The actual thermal performance characteris=-
tics of building walls are largely unknown.
Available information is based on theoretical
analysis and laboratory tests. Even though a
wall may be well designed, diffetrences in con-
struction methods and aging of materials can
produce substantial variations in thermal per-
formance. Where actual measurements have been
made in buildings, the thermal resistance of the
walls is often 20% to 30% less than that
predicted by laboratory measurements and stan-
dard calculations. Ultimately, recommendations
for energy conservation standards should be
based on accurate measurements of building
walls, rather than on largely unverified infer-
ences from laboratory measurements and computer
models. The purpose of this research is to
develop techniques for field (or in-situ) meas-—
urement of the thermal performance of walls.
The improvements being developed fall into two
broad categories: better equipment for collect-
ing raw data, and better methods of data reduc—
tion using computers.

ACCOMPLISHMENTS DURING 1979

In order to measure the thermal resistance
and the dynamic thermal response of building
" walls, a new device, the Envelope Thermal Test
Unit (ETTU) was designed and built this year.
The prototype ETTU is based on an analysis of
complex thermal admittance, and uses a micropro-
cessor for sophisticated on-line computer con-
trol and data analysis.

A second, simpler ETTU (ETTU-11) was
invented this year. Error analysis for ETTU has
shown that the form of the controlled drive sig-
nal is not a critical design parameter. Instead
of controlling the heat flows through the wall
boundaries, as is done in ETTU, the new design
uses newly developed heat flow sensors to meas—
ure the naturally occurring heat flows. These
sensors will measure heat flows and average tem—
peiatures across large wall areas (20 to 30

)

Fig. 4. Envelope Thermal Test Unit
(sandwiched between vertical plywood panels)
during calibration check at laboratory.

(XBB 790-16280)

PLANNED ACTIVITIES FOR 1980

We have several goals for the coming year.
One project will focus on the use of ETTU as a
portable field~testing apparatus to investigate
any change in thermal performance with age in a
representative sample of actual house walls.
Another project is to develop the large heat-
flux sensor for the passive system, ETTU-II. The
sensQr will have a sensitive region of about 1 x
1.5m" (37 x 5°) and thermal resis&ance of less
than about .002°C m?/ W (.01°F £t hr/Btu). The
technique uses thin film resistors on two sides
of a plastic sheet. The temperature difference
across the sheet is measured by using the tem—
perature dependence of the electric resistance.
Both ETTU systems will be validated by using
standard reference materials calibrated in con—
ventional laboratory test facilities. Other
projects include the continued collaboration
with the ASTM Cl16 committee on thermal and cryo-
genic insulating materials in defining appropri-
ate parameters for characterizing thermal wall
performance, and the dissemination of the data
collection/reduction system developed for ETTU.

Fireplace Testing

With the recent surge of interest in heating
houses with wood, and the appearance on the
market of hundreds of accessories for improving
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the efficiency of fireplaces, LBL initiated the
development. and subsequent testing of a
standardized procedure for measuring fireplace
efficiency. ' .

In this procedure, called electric co-
heating, several electric heaters are distri-
buted throughout the house. Temperature sensors
located in each room ensure that a constant tem—
perature is maintained by the heaters. When the
fire is burning, there is a reduction in the
heat output of the electric heaters; by measur—
ing the amount of this reduction, we.can ?fter—
mine the net efficiency of the fireplace. ™ The
advantage of .using electric co-heating to meas~
ure fireplace efficiency is that it is an in-
situ measurement that takes into account the
combined effect of the radiant heat gain from
the fire and the heat loss from additional air
infiltration caused by the chimney draft.

ACCOMPLISHMENTS DURING 1979

Using the co~heating technique, we measured

the efficiency of the fireplace, furnace, and
air-conditioning unit in the Walnut Creek
research house, where we also tested seven fire-
place accessories, ranging from simple convec—
tive grates to combination units with blowers
and glass doors. The tests were later repeated
at a mountain test site where the climate was
more severe.

The results from a 9-hour test are shown in
Fig. 5. The run is divided into three periods:
before, during, and after fireplace operation.
The top line is the total electric consumption
needed to maintain a constant temperature
throughout the house. The lower lines designate
the electricity consumption for the heaters in
the living room/kitchen (where the fireplace is
located) and for the bedrooms. Air infiltration
increases significantly while the fire is burn-
ing. This increase in air infiltration cools the
bedrooms, which are not receiving the radiant
energy from the fire. The graph shows this
effect as an increase in electrical consumption
by the bedroom heaters.

1
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Fig. 5. Efficiency test of fireplace.
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Results of our tests showed that a common
masonry fireplace is only about 5% efficient,
and that this efficlency decreases in colder
weather. The best of the fireplace accessories
was 30% efficient, still far below the 70% effi-
cienciefzachieved by airtight woodburning
stoves. “ With the cost of wood at $100 per
cord, useful heat from a fireplace at 20% effi-
ciency costs $21 per million Btu. By compari-
son, heating with fuel oil at 60% efficiency
costs $9 per million Btu, and heating with
natural gas at 70% efficiency costs $3 per mil-
lion Btu.

PLANNED ACTIVITIES FOR 1980
No new testing is planned. Follow-up activi-
ties will be the publication of a technical

report on our experiments and a consumer bro-
chure on fireplaces and fireplace accessories.

Residential Conservation Service Audit

The Residential Conservation Service (RCS)
was established by the 1978 National Energy Con-
servation Policy Act, which requires that major
public utility companies and fuel- oil dealers
provide a house energy audit to customers who
request it. States have two options in comply-
ing: either they submit a plan for DOE approval,
or DOE will mandate its own energy audit
(currently being developed by ORNL and SERI). In
accordance with RCS regulation, this audit will
be site- and house-specific, will consider both
conservation and renewable resources (solar and
wind) in its recommendations, and will give the
homeowner a cost-benefit analysis of the recom—
mended measures.

Because of time/cost restrictions inherent
in the basic audit, DOE commissioned LBL to
develop an expanded residential energy audit.
The novel features of this audit are the inclu-
sion of a portable microcomputer for evaluating
appropriate retrofits based on input collected
during the audit, and the undertaking of several
simple retrofits at the time of the visit. (Our
current experience in retrofitting at the time
of the audit shows a 15-20% reduction in air
leakage by caulking and sealing cracks).

The expanded audit will require an initial
screening of utility bills and weather data to
obtain an “"energy signature" for the house. The
auditor and assistant then make a three hour
visit to the house where they record window
types and dimensions, test the envelope for
leakage with a blower door that pressurizes or
depressurizes the house, identify leaks, plug-
ging the easy ones as they go and noting the '
more difficult ones to repalr later. While the
auditor measures furnace efficiency, checks
water and alr-temperature settings, and esti-
mates envelope R-values, the assistant continues
to fix leaks, installs water-heater insulation,
changes the air filter in the furnace, cali-
brates the thermostat and, with the permission
of the homeowner, installs a low-flow showerhead
and resets the water-heater thermostat.
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At the conclusion of the physical inspec-—
tion, all necessary data are collected and fed
to the microcomputer. The auditor then confers
with the homeowner on a suitable retrofit pack-
age. The computer will scan a master list of
possible retrofits stored on a disc that con-
tains conservation measures such as insulation,
storm and double-pane windows, insulating
shutters, caulking and weatherstripping, and
active~ and passive- solar retrofits for space
and water heating.

The computer will give retrofit packages for
several budgets, along with costs and savings of
the entire package. Retrofits can be taillored
to the preferences of the homeowner with a very.
short turnaround time. All cost estimates take
into account the possibility that the homeowners
may provide the labor for doing the retrofits
themselves. At the conclusion of the visit, the
auditor leaves detailed information on the sug-
gested retrofits with the homeowner.

ACOMPLISHMENTS DURING 1979

LBL began work on the energy audit at the
end of FY 1979, and will make it a major effort
in FY 1980. Several features have already been
incorporated that distinguish it from the basic
audit and other residential energy audits used
by utilities and private businesses:

® The cost-benefit calculations rely
heavily on actual data of the thermal
characteristics of the house as measured
on-site at the time of the audit, and on
past fuel consumption data obtained from
utility or fuel-dealer records. Past
fuel bills will be analyzed to determine
marginal heating consumption per addi-
tional degree-day, and "free" heat pro-
vided by appliances. Both quantities are
important for estimating the cost-
effectiveness of retrofits and, later,
for evaluating the success of the con~
servation measures adopted.

e The audit is user-oriented, i.e., it
allows homeowner preferences for partic-—
ular retrofits and homeowner plans for
house additions to be integrated in the
calculations.

e The audit uses state—of-the-art analyti-
cal techniques including a simplified
calculation of thermal storage effects
for estimating energy savings due to
heat-loss reduction, solar-gain enhance-
ment and heating efficiency improvements
as well as energy savings due to sensi-
ble, latent and radiative heat-gain
reductions and cooling-system efficiency
improvements. (Most audits rely on sim-
plified steady-state load calculations,
often without adequate treatment of
solar~heat gain and air infiltration).

e The audit will calculate life-cycle
costs and savings resulting from instal-
lation, operation and replacement of
installed retrofits.

-~
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PLANNED ACTIVITIES FOR 1980

Work for FY 1980 will involve the completion
of the audit procedure and the validation of
this approach-with actuval measurements on
several houses.
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BUILDING VENTILATION AND INDOOR AIR QUALITY PROGRAM

INTRODUCTION
C. D. Hollowell

The Building Ventilation and Indoor Air
Quality (VIAQ) Program is a major component of
Lawrence Berkeley Laboratory”s (LBL) Energy
Efficient Buildings Program (EEB). Funded by
the Department of Energy (DOE), Office of Build-
ings and Community Systems (BCS) and the Office

of Health and Environmental Research (OHER), the °

VIAQ Program is part of a coordinated effort to
respond to the need for conserving the nation”s

energy while maintaining the health and comfort
of occupants of the built environment. The
overall objective of the Ventilation Program is
to conduct in~depth research and development on
existing and proposed ventilation requirements
and mechanical ventilation systems in order to
provide recommendations for the establishment of
energy~efficient ventilation standards and ven-~
tilation designs for residential, institutional,



and commercial buildings. LBL is also providing
both technical and management support to DOE
headquarters for other related ventilation pro-
jects.

VIAQ Program activities for FY 1979
represent a continuation of the following tasks:

1) field monitoring of indoor air quality;

2) laboratory. studies of building materi-
als emissions, and health risk assess-—
ment studies;

3) demonstration and assessment of mechan-
ical ventilation systems utilizing
air-to-air heat exchangers;

4) continuation of subcontract activities
consisting of:

e assessment of ventilation require-
ments for odor control in build-
ings;

é assessment of hospital ventilation
standards;

o study of automatic variable venti-
lation control systems based on
air quality detection in institu-
tional and commercial buildings.

5) completion and implementation of a
ventilation-indoor air quality data
base.

Residential, institutional, and commercial
buildings account for approximately one~third of
the energy consumed annually in the United
States, (see Fig. 1). More than half of this
energy is used to maintain human comfort condi-
tions through the heating, cooling, and ven-
tilating of buildings. Significant savings in
the energy used to heat and cool buildings can
be realized in at least two ways: 1) by changing
the thermal properties of the structure; and 2)
by reducing the natural and mechanical ventila-~
tion rates. The VIAQ Program is concerned pri~
marily with the latter method.

Air changes in buildings take place through
the random introduction of outdoor air by infil-
tration or its regulated introduction by natural
ventilation or mechanical ventilation., In the
United States, the latter mechanism is essen—
tially limited to non-residential buildings.
Ventilation, in general, 1s required in order
to:

e Establish a satisfactory balance
between the metabolic gases (oxygen and
carbon dioxide) in the occupied
environment.

@ Dilute human and nonhuman odors to lev-
els below olfactory threshold.

o Remove contaminants produced in the
ventilated space by heating, cooking,
construction materials, etc.

industriol
41.3%

Commercial

14.5 %

Residential
19.6 %

Transportation
24.6%

’l’ﬂ tﬂl]ﬂﬂ

Water
Heating

Heating
55,0
%

Fig. 1. Primary energy_useI U.S., 1970:

(a) All sectors (~67 x 10 Btu)i5

(b) Residential sector.(~13 x 10 “Btu).
[Source: S,H. Dole, Rand Corporation,
Energy Use and Comservation in the
Residential Sector: A Regional Analysis,
Santa Monica, Calif., June 1975, p. Vi.]

(XBL 7911-12660)

® Remove excess heat and moisture from
internal sources.

Ventilation requirements, currently set by
state and local governments, vary from one jur-
isdiction to another. Most of the existing
building codes, which contain references to ven-
tilation requirements, are based on rather vague
health and safety considerations and, in gen-
eral, ignore energy conservation.

~ "Through Public Law 94~385, Congress has man-
dated that Building Energy Performance Standards
(BEPS) for new construction be promulgated by
1980 for adoption by state and local government
jurisdictions having authority to regulate
building construction through building codes and
other mechanisms. The Department of Energy
(DOE) 1s developing these standard and it is
expected that results of VIAQ Program studies on
ventilation requirements will be incorporated in
future building energy performance standards.

Because heating or cooling outside air as it
is introduced into a buillding requires a signi~
ficant amount of energy, energy savings can be
achieved simply by minimizing the use of fresh
ventilation air. Table 1 illustrates the magni-
tude of the savings. If ventilation require-~
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Table 1. Potential energy savings+ with energy efficient
ventilation systems and lowered infiltration.

Total U.S. energy consumption

Total U.S. energy consumption
for buildings

50% of building energy used to
condition air (includes
mechanical ventilation
systems)

75 x 1015 BTU/yr
29 x 1015 BTU/yr

14.5 x 1015 BTU/yr

"~ Assume ventilation requirements can be
relaxed and infiltration lowered
to give a 15% savings in energy used
" to condition air

o - e e e - et o . . — -

Potential energy savings

2.5% of national energy budget
(7.5% of building energy budget)

At present prices of $30/barrel

B S ]

2.2 x 1015 BrU/yr
1.0 x 106 barrels of oil/day

Savings of $30 million/day ‘

1'1976 energy use estimates from Energy Research and Development
Administration, Office of Conservation, "Buildings and Community

Systéms, Five Year Program Plan."l

ments were relaxed and infiltration reduced to
save 12.5% of the energy currently used to con-
dition indoor air, oil consumption could be
reduced by one million barrels per day (2 quads
per year). The potential national impact, an
annual savings of nearly $5 billion, is signifi-
cant. In 1976, the United States imported 7.3
million barrels of oil per_ day at a cost of
approximately $30 billion.” Specifically, this
energy savings could be achieved by reducing
infiltration by a factor of about two, in
approximately two-thirds of existing residential
buildings, and decreasing outside air require~
ments by a factor of two in approximately two-~
thirds of non-residential buildings.

The introduction of energy-saving measures
in buildings, however, may adversely affect
indoor air quality. The U.S., unlike some Euro~
pean countries, has not developed mandatory air
quality standards specifically for the indoor
environment. Nevertheless, we know that low air
change rates may contribute to:

o the growth of mold on walls due to high
internal humidity:

*One quad equals 1013 Btu.

e the feeling of stuffiness arising from
“stale" or polluted air; and

e the buildup of chemical contaminants
emitted from building materials and
other indoor sources.

It is anticipated that all of the projects
in this program will produce data on energy con~
servation and indoor air quality that will be of

‘important practical use not only to scientists

and engineers, but also to building contractors,
architects and related building trades people,
as well as to the public at large. One of the
principal means that will be used to disseminate
this information is the LBL ventilation-indoor
air quality data base. The main objective of
the data base project is to collect research
data and other pertinent information on building
ventilation and to convert it into a form which
allows users easy access through a computerized
data management system.
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GAS STOVE EMISSIONS
G. W. Traynor

INTRODUCTION

Field and laboratory measurements carried
out thus far have indicated clearly that
combustion~generated indoor air pollution may
have a significant impact on human health. We
have demonstrated that levels of gaseous ailr
pollutants (CO, NO, NO, and aldehydes) and
respirable particulate carbon and sulfur com-
pounds are elevated in indoor environments where
gas appliances are used--in the case of CO, NO2
and aldehydes, approaching or exceeding promul-
gated and proposed ambient air-quality standards
and in the case of respirable and particulate
mass, comparable to those present on & very
smoggy day.1'21§ Such high levels are unaccept=-
able in terms of human health, safety and com-
fort, and must be taken into account particu-
larly in energy-efficient structures where the
reduction of infiltration may have serious ram-
ifications on indoor alr quality. -Tables 1 and
2 summarize some of our findings with regard to
~ gas stove oven and gas stove burner emissions,
respectively, and present comparative values
reported by others.

The work reported here represents the most
recent accomplishments of our ongoing laboratory
and field studies systematically examining gase-
ous and particulate air pollutants in residen-
tial buildings. The measurement techniques used
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in the field and laboratorz experiments have
been previously described.<:~

ACCOMPLISHMENTS DURING 1979

In our earlier laboratory studies, we quan-
tified emission rates for a wide range of pollu-
tants emitted by gas stoves, now ldentified as a
significant source of pollution in the indoor
environment. Tests were made with an environ-
mental chamber about the size of a kitchen.
Because the results obtained are not directly
applicable to residences without enclosed
kitchens, we initiated a project to equip an
uncccupied experimental house with a gas stove
and air-monitoring instrumentation to study 1)
typical simulated exposures to pollutants gen-
erated by gas stoves, 2) the pollutant disper=-
sion throughout the house, and 3) the role of
infiltration and mechanical ventilation on
indoor pollution levels.

A schematic of the Energy Efficient Build-
ings (EEB) research house used for these studies
is given in Fig. l. Only minor modifications
were made to the house in order to reduce
natural infiltration rates, e.g., sealing the
unused ducts and fireplace. The house contains
two mechanical ventilation systems. One is sim-
ply a fan-operated range hood installed directly
over the gas stove (spot ventilation). The

Table 1. Gas stove oven emission rates (ug/kcal)

The Research  British American’
Lawrence Corporation Gas Gas
Polutant Berkeley . of New Corp. Assn.
Laboratory England (TRC)? Standard
Oven at 180°C (350°F) Old New
Oven Oven

Oven . Oven

Gaseous Emissions

co 950(650-1500)°®  [6]° 530 1620 ' 645
€O, 200,000{195,000-205,000) [6] '

NO 29 (14-50) (11 914 778 85

NO, 62 (44-74) [11] 731 504

S0, 0.8(0.5-1.0) (11 ‘

HCN © 18 [

HCHO 114 (9.914.2) {51

Particulate Emissions (< 2.6 um)

Carbon 0.13 (0.05-0.24) 8]
Sulfur (as S047) {<0.01) [9]
keal/hr 2000 2200 2200

a. Steady-state emission rate
b. Range of emission rates in parentheses
¢. Number of experimental runs in brackets
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Table 2. Gas stove burner emission rates (Hg/kcal)?
L,
. ) American
Lawrence British Gas
Pollutant Berkeley Gas Association
Laboratory Corporation  Standard
Gaseous Emissions el
o) co 890(720-1090)° [41¢ 645
: ) €Oy 205,000(196,000-217,000) {3]
NO 31(2147) 4 136
. NO, 85(69-100) 14
50, 0.8(0.6:0.9) (4]
HCN 0.07 [1]
HCHO 7.1 (3.6-10-8) 2]
»
Particulate Emissions (< 2.5 umj
Carbon 0.90(0.86-0.96) (4]
Sulfur (a8 80,7) 0.05 {0.01-0.08) [4)
Total Respirable Mass 1.7 {1.0-2.6) 3]
kcal/hr. burner 2500 2500
) -
a. Operated with water-filled and cooking pots
b. Range of emission rates.in parentheses
c. Number of experimental runs in brackets
*
)
, other is a heat-exchanging ventilation system
) 0 . L3 which contains a cross-flow air-to-air heat
m exchanger;4 the latter provides whole~house ven-
N tilation, as does infiltration. Alr is
" exhausted out of the house from the kitchen and
Garage both bathrooms; outside air is injected into the
living room and all three bedrooms.
) Air quality was monitored from the kitchen,
= — the living room, a bedroom, and one outdoor
4 location. Gaseous pollutants (carbon monoxide,
o ® '?'cﬁn 6as carbon dioxide, nitrogen oxide, nitrogen diox-
Bedroom ! ,/;mve ide, and formaldehyde) were measured by drawing
. l [ R] O air from all monitoring sites to our array of
Furnace instruments in the Mobile Atmospheric Research
) Laboratory (MARL).” The respirable fractions of
- o ® Qo particulates were also collected at each moni-
Bedroom Bedroom B toring site and analyzed for total carbon, the
Living room primary element of particulate emissions from
o o = D. gas stoves. Temperature and dew point measure-

® = Air quolity sampling points
©® = Heot exchanger exhaust sites
@ = Heat exchanger inlet sites

® = Range hood

Fig. 1. Energy Efficient Buildings research
(XBL 7910-4489)

D house

ments were also made at each location.

With the ald of a study conducted by the
American Gas Association in 1974,6 we devised a
typical gas stove consumption pattern to simu-
late actual cooking. These calculations yielded
gas consumption values of 0.170 m3 (6 ft3) for
both the breakfast and lunch meals and 0.425 m°
(15 ££3) for the dinner meal. Table 2 shows the
results of the experiment for NO2 and CO. No
mechanical ventilation was used during the



Table 3. NOz and CO concentrations in EEB
research house.
NO, CcO
(ppm) (Ppm)
Peak 1-hour average ' » :
Kitchen 0.452 24.2
Living Room 0.396 21.0
Bedroom 0.235 15.56
Outside ~0.07 0.4
24-hour average
Kitchen 0.074 5.1
Living Room 0.073 5.1
Bedroom 0.045 4.1
Outside 0.035 04

Air exchange rates (air changes per hour-ach)

morning 043
mid-day 0.33
0.34

evening

experiment and natural infiltration varied
between 0.33 and 0.43 air changes per hour
(ach). As expected, the peak one-hour average
pollutant concentration occurred during the
dinner meal. The one-hour NO2 air-quality stan-
dard proposed by the Environmental Protection
Agency (EPA) is 0.25 ppm. A4s shown, NO, levels
in both the kitchen and living room exceed this
standard and in the bedroom, NO, levels are just
under this limit. The one-hour EPA standard for
CO is 35 ppm, and this limitation was not
exceeded anywhere in the house.

Because of increasing concern about short-
term exposure to elevated levels of NO,, we
tested various ventilation strategies based on
our simulation of air-quality conditions during
the dinner meal. Figure 2 shows the results of
our first set of experiments. -The dotted lines
represent data points obtained under whole-house
ventilation conditions. Although only one set
of data. is shown for spot ventilation, the
advantage of such ventilation can be readily
seen. For example, if we were to increase the
whole~house ventilation rate to 1.2 ach, we
would expect a peak one~hour average N02 concen-

tration of about 0.20 ppm in the kitchenj; how- -

ever, by incorporating spot ventilation at the
same rate, the peak one-~hour average N02 concen-~
tration was reduced to 0.07 ppm.

These results suggest that an effective
energy~conserving strategy for ventilating high
levels of gaseous pollutants from a point source
(e.g., the gas stove) would be to increase the
rate of spot ventilation at the pollutant emis-
sion source rather than to increase whole-house
ventilation, which can be costly.

Pollutant dispersion throughout the house
was also measured under air-quality conditions
simulated for the dinner meal. As shown in
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Fig. 2. NO, concentration vs. ventilation.
(XBL 7910-4476)

Table 4, NO, levels in the bedroom are one~half
the kitchen levels, while CO levels in the bed~-
room are two~thirds the kitchen levels. The
difference between the two ratios can be
explained by the greater reactivity of NO, in
the indoor environment.

PLANNED ACTIVITIES FOR 1980

Our research plans for FY 1980 are to com~
plete the analysis of the data collected at the
EEB research house, and to then concentrate omn
three additional areas: First, we will attempt
to use data already collected at the EEB
research house for testing, evaluating, and
improving various models of indoor ailr quality
in residences. Several models have been pub-
lished but were either not tested or yielded
inadequate predictions of indoor air. Second,
we intend to further characterize particulate
emissions from the gas stove focusing on the
chemical form of carbon--the primary element

Table 4. Pollutant dispersion in EEB research

house.

(Peak 1-hour exposures averaged over 8 experiments)

_NO._ _Co
Kitchen* 100 100 -
Living Room 77 82
Bedroom 53 68

*Indexed to equal 100

N~

e



emitted--and the composition of the remaining
particulate emissions. Third, we will attempt
to develop a comprehensive passive-monitoring
package to determine one-week average pollution
levels in various building types. Such a system
would allow us to conduct extensive field stu~
dies at minimal costs for instrumentation and
personnel. Field studies would have the dual
goals of testing a wide variety of building
types (using different ventilation schemes) and
determining actual pollutant levels to which
occupants are exposed in the various indoor
environments.
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ORGANIC CONTAMINANTS

R. R. Miksch, D. W. Anthon, M. Barnes, L. Z. Fanning,

J. Glanville, H. Schmidt, and M. Tashima

INTRODUCTION

The Organic Contaminants Project of the Ven-
tilation Program is currently investigating the
pollution of the indoor environment by organic
vapors. Research is being actively conducted in
several areas; principally: (1) development of
laboratory techniques for analyzing formaldehyde
levels; (2) development of general methodologies
for identifying and characterizing a wide
variety of organic contaminants; and (3)
development and implementation of a field moni-
toring program for measuring organic contam-—
inants in indoor environments.

Studies by 18L! and others?~% clearly show
that the levels of organic contaminants in
indoor environments often exceed those encoun-
tered outdoors. Organic contaminants derive
from a variety of sources: formaldehyde can be
emitted from common building materials such as
plywood, particle board and foam insulation (all
of which contain urea-formaldehyde resins), and
a wide range of organic contaminants are emitted
from such materials as paints or adhesives as
well as from combustion processes associated
with occupant behavior.

It is generally accepted that the build-up
of organic compounds in indoor environments can
have adverse effects on the health of building
occupants. Organic compounds such as aromatic
and chlorinated hydrocarbons that we have
encountered in field tests are capable of induc~-
ing acute toxic effects when present in high
concentrations and, at lower levels of exposure,
have been implicated in the etiology of cancer.
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In addition, we have detected indoor levels of
formaldehyde that exceed European standards for
safe exposure limits.

Although methodologies exist for sampling
outdoor air or occupational indoor air and for
performing subsequent analysis in the labora-
tory, present capabilitles are somewhat limited
with respect to sensitivity and the range of
compounds that can be identified. At low con-
centration levels, numerous contaminants are
difficult to measure quantitatively with any
precision, and instruments for continuous moni-
toring of organic contaminants in indoor
environments do not exist.

A major objective of the Organics Project
has been to develop an overall methodology that
will encompass both field sampling and labora-
tory analyses, and be readily transmissable to
all those involved in studying or monitoring
indoor air quality.

ACCOMPLISHMENTS DURING 1979

Development of Methods of Analysis

During 1979, the laboratory capabilities of
the Organics Contaminants Project were expanded.
A second Varian 3700 gas chromatograph and two
Nutech thermal desorption devices were pur-
chased. Laboratory space, which had been con-
stricted, was expanded with the acquisition of a
new room. Several personnel were added to the



project. These improvements have greatly facil-
itated the accomplishment of the project tasks
- discussed below.

Several improvements have been effected in
the design of field-sampling instruments for
formaldehyde measurements. Air is now drawn
through bubblers constructed from straight
teflon tubing impingers and polypropylene cen-—
trifuge tube bodies. Not only are we now
observing lower and more uniform pressure drops
across these bubblers but accurate flow control
is more easily obtained now that sintered glass
frit impingers are not used. In addition, we
have found that pooling the contents of two bub—
blers in series for each sampling line insures a
higher and more uniform collection efficiency.

The bubblers have been placed in refrigera—
tors where constant collection efficiency is
better maintained and the stability of the sam~
ples and of reagents, such as MBTH, are
enhanced. Field monitoring work also has been
facilitated by these procedures, for not only
can we now avoid such mishaps as bubblers going
dry under low humidity conditions, but we can
store samples for later analysis in the labora-
tory.

The two formaldehyde field samplers used by
the EEB Mobile Laboratory continue to employ the
very accurate air flow control system developed
at LBL last year. Four other field samplers
used for this work utilize critical orifices for
flow control. By reducing the size and com=-
plexity of these samplers, we have been able to
construct them as stand—alone units, i.e., not
requiring the support of the EEB Mobile Labora-
tory. These design features also permit us to
use samplers in a wider variety of sampling
applications. Details of construction on both
kinds of samplers are given in Fig. 1.

The Organics Contaminants Project staff has
continued its comparison of various wet chemis—
try techniques for measuring formaldehyde and
total aliphatic aldehydes. A major step forward
has been our discovery that the health hazards
associated with the pararosaniline technique can
be greatly reduced by eliminating the toxic mer-
cury reagent. Coupled with optimization work
accomplished to increase the sensitivity of the
pararosaniline technique, this method appears to
LBL personnel to be superior to the chromotropic
acid method given by the National Institute of
Occupational Safety and Hgalth (NIOSH) for
determining formaldehyde.

Having successfully perfected field-sampling
instruments and methods of analysis, the Organ-
ics Project is now investigating further ways to
improve our ability to measure and analyze for-
maldehyde levels in indoor environments. Two
possibilities are being considered: the use of
passive monitors with an appropriate collection
medium, and the direct determination of formal-
dehyde by gas chromatography using an appropri-
ately chosen detector. These two techniques
would complement each other for extensive field
studies. Significant formaldehyde levels iden-
tified through surveys conducted with passive
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Fig. 1. Schematics of formaldehyde field
samplers. Portion inside box labeled
SAMPLING TRAIN 1 is contained in refrigerator.
(XBL 7910-4484A)

monitors could be quickly validated using the
gas chromatograph.

Another aspect of our work this year has
been the continued investigation of a sampling
and analysis methodology for organic contam-
inants based on the use of the porous polymer
adsorbent, Tenax GC. In this method, field sam~
ples are taken by passing air through a glass
tube containing Tenax GC. The tube is placed in
a screw-top culture tube that is shipped to the
laboratory where the sample is analyzed using a
Nutech thermal desorption device in conjunction
with a Varian 3700 gas chromatograph. The
Nutech apparatus contains an oven which is used
to thermally desorb organic contaminants from
the Tenax GC contained in the glass tube into a
cryogenic trap that reconcentrates the organic
contaminants. The cryogenlc trap is subse~
quently heated and the organic contaminants are
introduced on to the gas chromatograph for
separation and quantitative analysis. Figures 2
and 3 show representative gas chromatographs for
outdoor and indoor air sampled at an LBL office
trailer.
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Fig. 2. Representative gas chromatograph
showing number and concentration of organic
contaminants collected from an outdoor air
sample on the porous polymer Tenax GC.

The size of the air sample is identical to
that in Fig. 3. (XBL 7910-4474)

The Nutech thermal desorption device has the
advantage of being easily detachable, making it
possible to reattach it to a Finnigan 4023 GC/MS
available at LBL. The Finningan mass spectrome-
ter allows us to positively identify many of the
organic contaminants contained in a field sam~
ple. Once identified, contaminants can be quan—
tified by means of gas chromatography to produce
a detailed profile of the organic contaminants
present in indoor environments.

A field sampling program using Tenax GC does
have limitations, especially for analyzing low
molecular weight compounds. We are currently
working on alternate approaches such as merely
taking a representative grab sample of air in an
appropriate container. The use of alternative
adsorbents and the possiblility of bubbling air
through organic solvent are being explored.

Field Monitoring of Organic Contaminants

As a continuing part of the Ventilation
Program”s field monitoring project, formaldehyde
and total aliphatic aldehydes ware measured this
year at the Fairmoor School in Columbus, Ohio,
at the NAHB energy Research House in Carrol
County, Maryland, and at a Mirimum Energy Dwel-
ling (MED II) in Mission Viejo, California.
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Fig. 3. Representative gas chromatograph
showing number and concentration of organic
contaminants collected from an indoor air
sample on the porous polymer Tenax GC.

. The size of the air sample is identical to
that in Fig. 2. (XBL 7910-4473)

The data from the Fairmoor School is
presented in Fig. 4 in the form of a histogram.
As a 20-year old structure, it is not surprising
that the indoor concentration of formaldehyde
did not vary significantly from ambient outdoor
levels, even when air exchange rates were varied
from about 2.5 ach (air changes per hour) down
to 0.3 ach.

Measurements performed at the NAHB house in
Maryland, as shown in Fig. 5, are considerably
more interesting. This unoccupied, low ventila-
tion (0.2 ach) house had indoor formaldehyde
levels averaging about 80 ppb. The ambient air
exposure level recommended in the United States
is 100 ppb and an indoor air exposure level of
100 ppb has been recommended or promulgated in
several European countries. It is interesting
to note that total aliphatic aldehydes in the
Maryland house, as determined by means of the
MBTH method, averaged somewhat greater than 100
ppb. Outdoor concentrations were less than 10
prb in both cases, clearly characterizing for-
maldehyde as an indoor pollutant.

Data taken at the MED-II house in Mission
Viejo (see Table 1) are the most interesting of
all because they clearly show that furniture and
human occupants can be significant sources of
indoor formaldehyde. When the house did not
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Concentration (p pb) contain furniture, formaldehyde levels were
0 10 20 30 40 below the standard exposure level of 100 ppb;
33g <—0utdoor HCHO when furniture was added, formaldehyde levels
!
[

Indgor HCHO rose to almost twice the 100 ppb level. A
further increase was noted when the house was
occupied, very likely because of such activities
as cooking with gas. When occupants opened win-
dows to increase ventilation, the formaldehyde
L. level dropped substantially. Under all of the
1 7] conditions noted above, indoor formaldehyde lev-—
els were considerably in excess of ambient out-
! door levels, which averaged less than 10 ppb.

—\X

-~
Indoor Aldehydes 1

_ Preliminary sampling of organic contaminants

using Tenax GC was also performed at two sites,
4 an LBL office trailer (90G) and a new San Fran—

: 2&L;ﬁks cisco office building. As the Nutech thermal

desorption devices were not avallable at the

; J time, samples were prepared for gas

1/// chromatography/mass spectrometry (GC/MS)

— analysis by thermal desorption into a small
quantity of organic solvent. The solvent was
injected by syringe into the GC/MS in order to
identify organic contaminants. The results of
these tests are displayed in Table 2. The com-
pounds identified fell into three broad
categories: (1) aliphatic hydrocarbons; (2)
alkylated aromatics; and (3) chlorinated hydro-
carbons. Several of these compounds have been
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Fig. 4. Histogram of indoor and outdoor identified by the Envirommental Protection
formaldehyde and total aliphatic aldehyde ) Agency as "priority pollutants.” A smaller
concentrations measured in a classroom of number are suspected carcinogens (e.g., ben—
Fairmoor School, a 20-year old structure zene)., Estimates of concentrations, while
in Columbus, Ohio, during January and February, necessarily tentative at this stage, invariably
1979. The air exchange rates of the classroom showed high indoor-to-outdoor ratios. While
were varied from about 2.5 down to 0.3 ach - preliminary, these findings highlight the
during these measurements. The concentration urgency of fully assessing the scope and magni-
of HCHO did not vary significantly with air tude of organic contaminants in indoor environ-
exchange rate. (XBL 796-1748) ments.
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aldehyde concentrations measured at an energy research house in Maryland
during March and April, 1979. The air exchange rate of the house is
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Table 1. Indoor/outdoor formaldehyde and aliphatic aldehyde
concentrations measured at the Med-II residence, August 1979

Number of Sampling  Formaldehyde Aliphatic
Condition Measurements Time (ppb)® Aldehydes (ppb)b
Unoccupied,
without furniture 3 12 66+ 9% 74 £ 16%
Unoccupied,
with furniture 3 24 183+ 7% 241+ 4%
Occupied,
day® 9 12 214+ 10% 227 + 15%
Occupied,
nightd 9 12 116 + 31% 146 + 29%

a Determined using pararosaniline method {100 ppb = 120 ug/ms). All outside concentrations
<10 ppb.

b Determined using MBTH method, expressed as equivalents of formaldehyde. All outside
concentrations < 20 ppb.

¢ Air exchange rate 2 0.4 ach.

d Windows open part of time; air exchange rate significantly greater than 0.4 ach and variable.

Table 2. Organic compounds identified in indoo\r air.®

Agency Identifying
Compound Approximate Ratio Approximate Compound as
[indoor] / [Outdoor] _Concentration (ppb)  Potential Health Hazard

Hydrocarbons:
n-heptane 10 20.
n-octane 80 300
n-nonane 100 160
cyclohexane
hexane

many other
branched aliphatics

Aromatics:
benzene 5 25 EPA, NIOSH, OSHA
toluene 5 75
xylenes 15 . 150

trimethylbenzene
ethylbenzene
ethylmethylbenzene

Halogenated Compounds:

tetrachloroethylene large EPA
trichloroethylene small EPA, NIOSH
1,1,1 trichloroethane smatil EPA, NIOSH

8Compounds identified were present in air sampled at an LBL office trailer (30G) and/or a San Francisco
office building. Numerical data is for the San Francisco office building only.



PLANNED ACTIVITIES FOR 1980

The experimental studies planned for FY 1980
are contained in the various projects already
mentioned. With sampling and analytic tech-
niques for formaldehyde determination perfected,
our emphasis will turn to examining wholly new
approaches for radically increasing sensitivity,
decreasing sampling time or increasing sampling
capability. The organic sampling methodology
based on Tenax GC will continue to be developed,
with particular focus on techniques of calibra-
tion and field sampling. Alternative techniques,
e.g., grab sampling, will be explored.

We will continue to work with the EEB Mobile
Laboratory for field monitoring studies of
energy efficient buildings throughout the coun-~
try. Several sites will be added to those
currently under investigation, and efforts will
be made to correlate specific construction
details (e.g. building materials used) and the
use of air-to—air heat exchangers with organic
contaminant levels.

Finally, we intend to examine explicitly the
outgassing of organic contaminants from building
materials. Using the methods of analysis
developed for field samples, we will identify
and quantify the organic contaminants in the
headspace vapor over selected building materials

RADON MEASUREMENTS AND EMANATION
STUDIES :

J. V. Berk, M. L. Boegel, J. G. Ingersoll,
W. W. Nazaroff, B. D. Stitt, and G. H. Zapalac

The main objective of the Radon Project is
to determine the extent to which radon is a con-
taminant of indoor air in residential buildings.
To this end, the program has undertaken three
distinct areas of activities:

1. Monitoring conventional and energy-
efficient residential buildings for
radon levels;

2. Measurement of emanation rates of radon
from building materials;

3. Development of appropriate monitors for
detecting radon and radon daughters.

Radon—-222, an inert gas, is part of the
uranium-238 decay chain and, consequently,
occurs naturally in the environment. The health
hazards associated with radon result from its
four short-lived radon daughters, RaA, RaB, RaC
and RaC”, all of which have half-1lives of less
than 30 minutes_and two of which (RaA, RaC”) are
alpha-emitters.” Airborne radon daughters, when
inhaled, can be deposited in the lower respira-
tory tract. It is known that prolonged exposure
to elevated levels of radon daughters %s related
to increased incidence of lung cancer.
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and correlate these findings with field—sampling
measurements.
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Because radon outgasses from soil and build-
ing materials, the concentration of radon and
radon daughters may build up in indoor spaces.
Other possible radon sources within a building
are tap water and natural gas. The potential
for radon gas emission from these sources
depends to a great extent on the content of
radium-226 in the medium (soil, building materi-
als) or on the initial proximity of the medium
(water, natural gas) to radium-226-bearing depo—
sits, since radium—226 is the immediate precur—
sor of radon—-222 in the uranium decay chain.

When energy-conserving features designed to
reduce infiltration of outside air are applied
to residential buildings, radon levels as well
as levels of other indoor air pollutants may
increase. If, as is often presumed in risk~
assessment studies, the incidence of cancer from
radiation exposure_is directly proportional to
the dose received,” then such-an increase in
radon levels would result in a higher incidence
of lung cancer. The recognition that radon
poses a health hazard, generally, and that
energy~conservation measures adopted in residen-
tial buildings may exacerbate the health risks
to building occupants has made indoor air-
quality studies a research priority.
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For reference purposes, typical levels of
radon in outdoor as well as indoor air at
representative geographical sites are shown in
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Fig. 2). If the radon source-term were the same
for all houses, one would expect all the points
to fall on a straight line with a 45° slope in a

9 Fig. 1. Guidelines for remedial action due to log-log plot. Obviously, this is not the case.
‘ industrial contamination that have been adopZed
by the Atomic Energy Control Board of Canada I 11 4 i d b
and guidelines recommended by the U.S. Environ- c n a coro 1ary i;u T yebmg?dtore a ngm gr
mental Protection Agency’ fall within a jange of gragzgzzgt;:;aAr::sfrsitzég s: thinghige; e san
bi ter (nCi . ugu u -
1 to 4 manoCuries per cublc meter (nCi/m”) tember, 1979, in order to compare findings with
those obtained in energy-efficient buildings.
(f ACCOMPLISHMENTS DURING 1979 These measurements were also taken under "worst
case" conditions, as previously described. The
results of this preliminary survey are shown in
. Monitoring of Resident%al Buildings Fig. 3, which shows that the majority of the
houses monitored had low infiltration rates.
a The principal focus of this part of the pro What is striking in these results, however, is
| gram has been the measurement of radon levels in
that even in cases where the infiltration rate
: both energy-efficient and conventional houses.
was low, radon levels were low, an indication of
O We employed three types of measurements to monl- low radon source strength. It is possible that
tor buildings for radon levéls: grab—sampling of the very slight indoor?o ;door temp rature
air, accompanied by measurement of ventilation y 8 u peratu
differences characteristic of Bay Area summers
rates; real—-time measurement of radon, radon
or the lack of winds might be responsible for
daughters and ventilation rates; and integrated the low infiltration rat In an ce. these
measurement of radon. Occasionally, we used . ates. y case,
findings should be taken as typical only for
more than one type of measurement at the same :
! site in order to cross-check the results conventional houses in the San Francisco Bay
L : ' Area during the summer.
Since the beginning of spring, 1979, we have
been monitoring energy-efficient houses across The National Association of Home Builders
the country for radon concentrations versus (NAHB) house at Mt. Airy, Maryland, was selected
air-change rates and other building characteris— for more extensive monitoring because, out of
tics that may affect indoor air quality. Of the all the houses we measured, it showed the
‘ 16 energy-efficient houses, nine (all located in highest radon levels (see Fig. 2). A heat
P the New Mexico area) are solar houses. Measure- exchanger was installed in that house so that we
ments of radon levels were taken under "worst could vary the ventilation rate and measure
| case"” conditions, i.e., closing up the building corresponding variations in radon levels con—
| for several hours prior to the measurement (see tinuously for two weeks (see Fig. 4). Similar
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Measurement of Emanation Rates from Building Materials

A second major objective of the radon pro-
gram is to measure radon emanation rates from
building material samples from major population
centers of the country and, from these data, to
compile a listing of frequently used building
materials in the U.S., estimating the relative
significance of each as an indoor radon source.
Concrete was the first building material con-
sldered. ’

A system for measuring radon emanation rates
was under development in 1978 and was operative
at the end of summer, 1979. The system is
schematically shown in Figs. 5 and 6. The sam~
ple to be measured is allowed to remain for 24

in conventional houses (San Francisco Bay
Area). (XBL 799~7120)

hours in a sealed chamber, which is a modified
paint can. The chamber is then flushed with
helium (He) for one hour and the radon is col-
lected by adsorption on glass wool at liquid
nitrogen (Nj) temperature (-196°C). The glass
wool trap 1s evacuated of non-condensed gases
while kept at this temperature. It is then left
to reach room temperature, at which the radon
desorbs from the glass wool surface. Subse-~
quently, the radon is transferred from the trap
to a Lucas cell using He as a carrier gas. The
emanation rate of the sample is determined by
counting the alpha-decay rate of radon and its
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Fig. 4.

Indoor radon concentration vs. ventilatlon rate controlled

by a heat exchanger in the NAHB house over a two week period.

(XBL 790-4440)
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RADON COLLECTION SYSTEM

He

N’

Helium gas Sample in
Radon chamber

{Radon carrier)

l Rotometer
[}

Glasswool trap
for
Radon Collection

—809C -1960C
Cold Bath Cold Bath

Fig. 5. Radon emanation and collection system.

daughters in the Lucas cell. For calibration,
standard radium solutions supplied by the
National Bureau of Standards provide radon
sources of known strength.

The uncertainty in the emanation measurement
ranges from 5% to 15%, depending on the sample.
This system, of course, is designed to handle
any building material sample. To date, we have
built eight radon chambers so that several sam—
ples can be measured simultaneously. The con-
crete samples’ we have been using are standard
American Socilety for Testing and Materials
(ASTM) cylinders (6" in diameter, 12" in height)
provided to us by various concrete testing
laboratories. ' Beétween 6 and 12 cylinders are
received from each: site.

Each cylinder is cut into 1" and 10" pieces
and both pieces are measured for radon. The 10"
piece emanates approximately (within 5% td 10%)

ten times as much as the 1" piece. This feature

enables us to ‘estimate the amount of radon
expected to emanate from building walls or slabs
made out of the same material. Samples from the
San Francisco Bay Area, California; Kansas City,
Missouri; Salt Lake City, Utah; Albuquerque, New
Mexico; Philadelphia, Pennsylvania; and ‘-New York
City, New York have been measured already.
Measured emanation rates per mass have been in
the range of 0.5 to 2.0 pCi/kg.hr.

RADON TRANSFER SYSTEM

Glasswool Trap

To To Pressure
Vacuum Vacuum Gauge

Room Temp,

Peristaltic
Pump

—-800C
Cold Bath

Fig. 6. Radon transfer system. (XBL 793-8604)

(XBL 793-859A)

Once the emanation rate of radon from con-
crete has been determined, it is straightforward
to calculate the indoor radon levels that can be
expected from concrete alone in a typical
residential bgilding. As an example, in a house
with 1800 ft.“ floor area, 8 ft. height, a sub-
structure consisting of a heavy concrete slab 8"
thick, and a ventilation rate of 0.5 ach, the
previous gmanation rates would -contribute 0.1 to
0.4 nCi/m’ to the indoor radon level. Based on
these laboratory measurements of emanation *
rates, we would conclude that the emanation of
radon from the concrete is negligible compared
with that measured in most houses. :

Development of Monitors

Work on passive radon monitors has continued
over from 1978, and active radon and radon -
daughter monitors were developed during 1979.

The 25 Passive EnYironmental Radon Monitors
(PERMs) built in 1978~ were extensively tested
in our calibration box. A number of
performance~hampering defects in construction
were discovered and corrected, reducing their
reproducibility error to less than 20%, includ-
ing the error in the lithium fluoride TLD chip
reading, which was of the order of 13%. :
Dysporsium—doped, calcium fluoride TLD chips
have also been tested in an effort to increase
the sensitivity of the instrument. The 25 PERMs
are currently used routinely for conducting
integrated measurements of radon in residential
buildings, as described earlier. Plans for the
fabrication of 50 additional PERMs, incorporat-—
ing several new operational and engineering
features deemed necessary from our past experi-
ence, are now underway.

For our work on active monitors, we have
developed a radon monitor and a radon daughter
monitor and have built -a continuous monitgr
based on a prototype developed by others.- The
continuous radon monitor is shown schematically
in Fig. 7. Pre-filtered air, i.e., freed of all
radon daughters, is continuously drawn into a
two-port 170 ml scintillation flask (Lucas cell)
at a rate of 2 liters per minute (lpm). A pho-
tomultiplier tube system is used to count the
alpha—-decays from the radon and the two alpha-
emitting radon daughters in the cell. A printer
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Fig. 7. Radon daughter monitor.
(XBL 799-7119)

is interfaced with the system so that total
counts can be printed out over a pre—set time
interval. (We have been using a time interval

of 36.4 minutes.) A prototype of this instrument

was built in August and has been used since then
for field and laboratory measurements of radon
concentrations.

The radon daughter monitor, shown in Fig. 8,
was developed by members of the radon group.
Radon daughters are collected on a teflon filter
by drawing air through the filter at a rate of
10 to 15 1lpm. After ten minutes of collection
time, the filter is placed inside a chamber
opposite a solid-state .surface barrier detector
and the chamber is evacuwated to 5" of Hg, abso—
lute. A single-channel analyzer discriminates
and separately counts pulses from the two dif-
ferent alpha energies, 6,00 MeV and 7.69 MeV, of
the alpha—emitting daughters, RaA and RaC”,
respectively. In order to determine the nuclide
ratio of the three daughters, RaA:RaB:RaC
(RaC:RaC”=]1 because of the extremely short
‘half-l1ife of RaC”) and from that the correspond-
ing Working Level (WL), two consecutive measure-
ments of their alpha activity are necessary. At
present, we take the first of the two consecu~
tive measurements between 1l and 33 minutes from
the beginning of the 10-minute collection time
and the second between 35 and 50 minutes. These
time intervals were determined by computer
analysis to be optimal for assuring maximum
instrument sensitivity as long as the total sam—
pling and counting time does not exceed one
hour. Within this time constraint, the radon
daughter monitor can measure as low as 0.0025 WL
with an error of 10%. The uncertainty in the
measuremegt of each of the daughters is 207 at
1,0 nCi/m”. A prototype of this monitor, also
built in August, was used for the radon daughter
studies conducted at the NAHB house in Maryland
in September, 1979.

PLANNED ACTIVITIES FOR 1980

In 1980, the radon program will continue the
field monitoring of energy-efficient houses
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CONTINUQUS RADON MONITOR
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Fig. 8. Continuous radon daughter monitor.
(¥BL 799-7118)

across the country, including solar houses in
New Mexico and possibly California. We will
also continue monitoring conventional houses in
the San Francisco Bay Area as well as elsewhere
in the U.S. -.In all cases, field monitoring will
involve measuring both radon and radon
daughters,

We plan to complete our measurements of
radon emanation rates from concrete samples
representative of all major metropolitan areas
of the country. Later on, other building
materials (bricks, gypsum) may be measured for
radon emanation rates.

In: the area of instrumentation, we wiil con—
tinue to work on improving active and passive
monitors for radon and radon daughters.

Finally, we plan.to examine some active and
passive radon control strategies.
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INDOOR RADON HEALTH RISKS
A. V. Nero

INTRODUCTION

Radon-222 and its daughters, members of the
uranium-238 decay chain present throughout the
earth”s crust, have long been recognized as sig-
nificant contributors to natural background
radiation. Exposure of the general population
to radon and daughters occurs primarily indoors,
where concentrations are usually higher than
outdoors. While not all energy efficient or
retrofitted buildings have low air-exchange
rates, a reduction in ventilation rate may
result in an increase of indoor radon levels.
The purpose of this project is (1) to evaluate
the health impact of radon and its daughters as
indoor air pollutants and (2) to examine the
significance of indoor radon in energy—efficient
buildings that are designed (or retrofitted) to
reduce infiltration or ventilation. This pro-
ject is being carried out in close collaboration
with the Energy Efficient Buildings Radon Pro-
gram, which is performing indoor radon measure-
ments and developing monitoring instrumentation.

A basic aspect of assessing health risks of
a substance is to determine the dose—~response
relationship between exposure and increased
incidence of disease or pathology. In the case
of radon and its daughters, findings that the
incidence of cancer is greater among uranium and
other miners than among the general population
has been correlated with the prolonged exposure
of these miners to high radon levels.™ If the
dose-response factor is extrapolated from data
on miners and applied to populations exposed to
lower radon levels, we can estimate that con-
tinuous exposure to 1l picocurie per liter
(1pCi/l) of radon and a typical amount of asso-
ciated daughters would contribute a lung cancer
incidence of as much as 100 per million per
year, a significant fractign of the current
incidence from all causes.” This estimate is
highly uncertain, since it is based on an extra-
polation from high to low doses as well as on
other assumptions (e.g., exposure conditions—-
mines vs residences). However, judging from
limited data available on indoor radon concen=-
trations, the estimate of 1 pCi/l is probably
within a factor of two of the average value for
residences in the United States. Moreover, on
the basis of existing data, it appears that a
significant portion of conventional residences
in areas of the United States that are naturally
high in radium have considerably higher radon
concentrations than 1 pCi/l. When air-exchange
rates are reduced, as occurs in energy-saving
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phate Lands,” U.S. Environmental Protection
Agency, EPA 520/4~78-013, February 1979.

6.  J.W. Thomas, "A System for Continuous Radon
Determination,” Health and Safety Labora-
tory, U.S. Energy and Development Adminis-—
tration, HASL-37, New York, July 1977.

retrofits, indoor radon levels would be even
more elevated. Reducing air exchange rates in
such houses, or building energy—-efficient houses
in such areas, may subject occupants to unac-
ceptably high individual risks.

There are, thus, two important aspects to
limiting radon and radon daughter levels. One
is to limit individual risk by setting numerical
limits on indoor radon or daughter concentra-
tions. The second is to develop broad radon
control strategies, including a spectrum of con-
trol measures for energy-efficient buildings,
that would constrain the average increase (if
any) in radon exposure to an acceptable level.

PLANNED ACTIVITIES FOR 1980

We have considered these two viewpoints in
examining the Impact of increased radon levels
for the Residential Conservation Service (RCS)
program, which plans to provide low—-interest
loans nationwide for retrofitting existing
homes. The RCS program, to be implemented in
1980, is not expected to have substantial impact
on the average air—-exchange rate in the nation”s
homes. This is fortunate since sufficient
information is not available to undertake the
comprehensive risk-benefit analysis necessary to
determine "acceptable" increases in radon expo-
sure. However, it is also clear that in a small
percentage of homes affected, radon levels are
already unacceptably high. We have therefore
recommended that the RCS program include a
screening procedure capable of identifying areas
with unusually high radon.levels so that
infiltration-reducing measures would not be
recommended in such cases —- at least not
without detailed consideration of the impact of
retrofits on radon levels and the suggestion of
adequate control measures. (For geographical
areas where radon levels are particularly high,
we would anticipate that remedial measures would
be implemented regardless of any RCS program
measures affecting air-exchange rates.)

In order to assess the impact of energy-
conservation programs on indoor air quality with
respect to radon health risks, we will continue
to work closely with the Building Energy
Conservation Program on three general goals: 1)
to assess, on the basis of available informa-
tion, the health risks from indoor radon levels
in existing, new, and retrofitted housing; 2)
to indicate how to improve the available infor-
mation so that it serves as a more adequate



basis for risk assessment, and 3) to evaluate
options for controlling the increased risk that
may be associated with energy conservation meas-—
ures and programs.
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In order to establish criteria for setting
energy-efficient ventilation standards, the Ven-
tilation Program staff is conducting a
comprehensive assessment of indoor air quality
in different types of buildings under a variety
of ventilation conditions. Table 1 lists
several indoor contaminants that have been iden~
tified as potential health hazards, and their
sources. The Ventilation Program at LBL is
measuring a number of these pollutants and
developing techniques for sampling and measuring
others.

As part of our ongoing field monitoring of
indoor air quality, we have been measuring pol-
lutant levels in prototype energy-efficient
residential homes. We are also studying educa-
"tional facilities and hospitals before and after
energy-conserving retrofits are implemented.

Table 1. In&oor air pollutants in residential
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Some of the specific parameters being measured
by the Ventilation Program staff and LBL subcon-
tractors are:

e temperatures and relative humidity

e odors

e toxic chemicals (gases and particulates)

v

e microbial burden

EEB Mobile Laboratory

Insulation

Fire Retardant
Adhesives
Paint

Building Contents

Heating and cooking
combustion appliances

Furnishings

Water service; natural gas

Human Occupants

Metabolic activity

Human Activities

Tobacco smoke

" Aerosol spray devices
Cleaning and cooking products
Hobbies and crafts

buildings.
SOURCES POLLUTANT TYPES
OUTDOOR
Ambient Air S02, NO, NO2, 03, Hydro-
carbons, CO, Particulates
Motor Vehicles CO, Pb
INDOOR
Building Construction Materials
Concrete, stone Radon
Particleboard, Plywood Formaldehyde

Formaldehyde, Fiberglass
Asbestos

Organics

Mercury, Organics

CO, NO, NOZ, Formaldehyde,

Particulates
Organics
Radon

H20, CO2, NH3, Odors

€0, NO3, Organics,
Particulates, Odors
Fluorocarbons, Vinyl Chloride
Organics, NH3, Odors
Organics

The Energy Efficient Buildings (EEB) Mobile
1aboratory1 was completed in 1978 to facilitate
field studies of indoor air quality and energy
utilization in buildings. The EEB Mobile
Laboratory contains sampling, calibrating and
monitoring systems that allow us to measure
various contaminants of indoor air (see Table
2).

Air-exchange raEes have been measured using
a tracer gas system“ developed at LBL in which
nitrous oxide is injected and monitored continu-
ously under controlled conditions at the sam—
pling sites. A similar system using ethane as a
tracer gas has recently been installed. Alr
exchange rates and the other continuously moni-
tore parameters are recorded on a
microprocessor-controlled floppy disk. The
recorded information is transmitted back to LBL
by telephone or by sending the floppy disks back
to LBL where they may be read into our computer
system.

The EEB Mobile Laboratory, shown in Exhibit
1, is positioned outside the building to be stu-
died. Air from three different locations within
the structure and from the outside is drawm
through teflon sampling lines into the trailer
for analysis. By sequentially sampling these
lines, the indoor and outdoor air quality are
monitored.

For pollutants whose concentrations are too
low for direct measurement, such as particu-
lates, formaldehyde, and radon, grab sampling
techniques are used. The particulate matter in



Table 2,
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ventilation requirements system.

Instrumentatlon for Lawrence Berkeley Laboratory

Parameter

Field

Continuous Monitoring Instruments:

Infiltration

N, O or C,Hg (Tracer gas)

Indoor Temperature and Moisture

Dry-Bulb Temperature
) Relative Humidity
b Outdoor Meteorology
Dry-Bulb Temperature
“ Relative Humidity
Wind Speed
Wind Direction
Solar Radiation
D) Metric Rain Gauge
Gases
S0,
NO, NO,
03
cO

®) )
a Radon
Particulate Matter
Size Distribution
Radon Progeny

Sample Collectors
Gases

¢ > Formaldehyde
b Total Aldehydes

Selected Organic Compounds

Particulate Matter

Aerosols (Respirable/
Non-respirable)

D) Bacterial Content

Data Acquisition System
Microprocessor
Multiplexer A/D Converter

Floppy Disk Drive
Modem

Principle of Operation

IR

Thermistor
Lithium Chloride Hygrometer

Thermistor

Lithium Chloride Hygrometer
Generator

Potentiometer

Spectral Pyranometer
Tipping Bucket

UV Fluorescence
Chemiluminescence
UV Absorption
NDIR

NDIR
Alpha Dosimetry

Optical Scattering
Under Development

Chemical Reaction/Absorption
(Gas Bubblers)

Adsorption (Tenax GC
Adsorption Tubes) for GC
Analysis

Virtual Impaction/Filtration

Inertial Impaction

Manufacturer/Model

LBL

Yellow Springs 701
Yellow Springs 91 HC

Meteorology Research 915-2
MRI 915-2

MRI 1074-2

MRI 1074-2

Eppley PSP

MRI 382

Thermo Electron 43
Thermo Electron 14D
Dasibi 1003-AH

Mine Safety Appliances-
Lira 2028

M.S.A. Lira 303
LBL

Royco Particle Counter 225 -
LBL

LBL

LBL

LBL

Modified Anderson Sampler

Intel System 80/20-4

Burr Brown Micromux Receiver
MM6016 AA
Remote MM6401

ICOM FD3712-56/20-19
Vadic VA-317S

O

Exhibit 1.

The EEB Mobile Laboratory.
2 (CBB 790-16251)

~

filters.,

the sampled air is geasured by automatic dicho-
tomous air samplers
separate aerosols into respirable and non-
respirable fractions (below and above 2.5 micron
size, respectively).
controlled virtual impaction system which
deposits the particulate matter on teflon

The particulates collected on the
filters are analyzed by others at LBL using
beta-ray attenuation to measure mass concentra-
tion, and X-ray fluorescence to determine chemi-
cal composition.
aldehydes, and bacteria must be collected by
means of gas bubblers and other sampling tech-

developed at LBL to

This device uses a flow-

Radon, formaldehyde, total

niques and also require subsequent laboratory

analysis.



ACCOMPLISHMENTS DURING 1979

During 1979, the mobile trailer was used to
monitor indoor air quality at four field sites:
the Falrmoor Elementary School in Columbus, Ohio
(selected by the American Association of School
Administrators as a target school for energy-
conserving retrofits), "ERHM," (an energy
research house in Carroll County, Maryland),
MED-~II (a production model minimum-energy dwel=-
ling in Mission Viejo, California) and Oakland
Gardens Elementary School in Bayside, New York.
Additional field monitoring, performed by sub-
contractors, is described later in this section.

Fairmoor School

The ventilation system at the Fairmoor
School consists of a single-unit ventilator in
the exterior wall of each classroom. Two gas-
fired boilers in the school deliver hot water or
steam to the unit ventilator in each classroom.
The unit ventilator has a thermostatically con-
trolled damper that determines the relative
quantities of outdoor and recirculated air to be
supplied to the room. Excess room air is vented
into the corridor and discharged. For our pur-
poses, manual override switches and a pneumatic
control system were installed to control the
ventilation rates in two classrooms and one
large, multi-purpose room. With outside air
supply rates adjusted down from approximately
6.5 cfm per occupant to.l.5 cfm per occupant,
indoor air quality was monitored in these class~—
rooms. For comparative purposes, outdoor air
was simultaneously monitored.

Ventilation Rates and Chemical Indoor Airxr Quality

Carbon dioxide was the only pollutant found
to exhibit significantly high concentrations
inside the school, and the primary sources were
the occupants themselves. Fig. 1 shows the fre-
quency distributlon of CO, concentrations at
various ventilation rates in one of the class-
rooms. Data points sorted into bins along the
horizontal axis represent ten~minute samples
taken every forty minutes during regular school
hours. Although CO, concentrations did increase
inside the classrooms when ventilation rates
were reduced, at no time did they exceed 4000
ppm, and only occasionally did they exceed 3000
ppm. (Occupational standards for CO, have been
set at 5000 ppm and 10,000 ppm4'5' and refer to
time-weighted average concentrations for up to
10~hour workshifts in a 40-hour work week; stu-~
dies indicate that workers may be exposed to
these concentrations day after day without
adverse health effects.4)

Ventilation Rate and Sensory Perception of
Indoor Air Quality (The Research Corporation
of New England)

The Fairmoor School was the first site
visited by The Research Corporation of New Eng-
land (TRC) as part of its field monitoring pro-
gram to determine ventilation requirements for
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Fig. 1. Frequency distributions of COZ
concentrations at Falrmoor Elementary School
measured at 3 ventilation rates. The graphs
represent data for school days only between
8:00 a.m. and 3:00 pem. (XBL 7910-~4429)

odor control in buildings. Under contract to
LBL, TRC and its subcontractors performed two
types of studies. 1In three buildings (one
school, one hospital and ome office buildipg),
the sensory perception of odors, odor accepta-
bility and the chemical composition of indoor
alr was studied for a two-week period at both
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existing and reduced ventilation rates. For
twelve other builldings (six schools and six hos=~
pitals), the sensory perception of odors and the
chemical composition of indoor air were surveyed
(for one day) at existing ventilation rates
only.

All odor perception measurements were car-
ried out in a mobile laboratory brought to the
building site. Odor panelists were recruited
from people in the area who are not regular
occupants of the building. Air samples within
the building are collected in 100~liter Tedlar
bags and brought to the mobile trailer.

At all sites, the sensory perception of
odors was measured in two ways. The first method
employs a forced-choice triangle olfactometer
(Exhibit 2) to determine the number of dilutions
necessary to bring an odorous air sample to a
level where 507 of the members of an odor panel
no longer detect it (EDSO).7 The olfactometer is
equipped with five stations, four of which
present dilution ratios of 81, 27, 9 and 3 ahd
the fifth station, the undiluted odor. One
glass sniffing port supplies the given dilution
level progressing from weakest to strongest
(undiluted) concentrations while the other two
sniffing ports supply filtered outside air. For
each of the five levels of concentration, the
odor panelist indicates which of the three ports
he or she believes delivers odorous air. Fol-
lowing this process, odor judges are presented
with the undiluted odor and using a device
called a butanol olfactometer (Exhibit 3) are
asked to compare it with progressively increas-—
ing concentrations of butanol until a match is
made between the intensity of butanol (in gpm)
and the intensity of the undiluted sample.

In addition to the procedures described
above, both the odor panelists and building
occupants filled out a questionnaire (Exhibit 4)
twice daily on various "elements" of the room

e ;Mz ' ii e

Exhibit 2. Subject using forced-choice triangle

olfactometer. Une of the three nozzles emits

a diluted stream of air taken from the ventila-

tion chamber. The other two nozzles emit pure

air. The subject seeks to decide, by smell,

which nozzle emits air from the chamber. .
(XBB 802~2681)
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Exhibit 3. Subject using the butanol binary
dilution olfactometer to find a level of
butanol that matches the perceived intensity
of the "occupancy odor" of an occupied
ventilation test chamber. (XBB 802-2680)

enviromment, including odor level, all of which
are rated on a nipne-point scale. Each aspect of
the environment is also rated for "acceptabil-
ity".

Another aspect of the TRC study at these
sites involved collecting air samples on porous
polymers which were packed within tubes to
facilitate later laboratory analysis for odorant
composition. The chemical analyses were carried
out by gas chromatographic and mass spectros-
copic techniques.

Table 3 summarizes average odor dilution and
odor intensity results for the three test rooms
at the Fairmoor school at normal and reduced
ventilation rates. The odor dilution ratio
(ED50) under normal ventilation conditions was
close to the EDgqy for outside air. At reduced
ventilation rates, the EDg doubled in the two
classrooms and increased s?ightly in the gym~
nasium. The odor intensity, as measured by the
butanol olfactometer, exhibited no statistically
significant change when the ventilation rate was
reduced. The occupants of these rooms found the
odor level acceptable at all times; however, the
acceptability as perceived by visitors to these
rooms (odor panel) decreased in Room 12 under
reduced ventilation rates and to a lesser
degree in Room 20, where the ventilation rate
reduction was somewhat less than in Room 12. The
ASHRAE standard 62-73 for odor acceptability of
outdoor air calls for agreement of at least 60%
of a panel of no fewer than 10 untrained
observers that the air is free of objectionable
odors. If the present standard were applied to
indoor air, the odor levels in the two class-
roons where ventilation rates were reduced would
have been classified as unacceptable. 7The out-
side air ventilation rate under sealed condi-~
tions, however, was below the minimum (5
cfrm/person) established in ASERAE Standard 62-
73. Criteria for indoor air quality with
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Day Number Date Time Room Number

EVALUATION SHEET

Rating of Individual Elgméncs of the Room Envifonmenc Acceptable UnucceEt;ble
Cold. ____: s s . o+ o+ o+ i i Hot (] (W]
Hunﬁd i s s :_ Dry O [
Drafty _ : & ottt & i Stuffy () 0O
Scale ¢ & i+ i i :___:___ Fresh 0O O
Noodor & i i i .i it Strong odor a O
Loud. noise - RS H : t : : s No noise (] (]

Acceptable : ] A H H : : Unacceptable
1. Do you have a cold today? 2a. If you are a smoker, about how many
hours ago today did you have your
Yes [] No D . last smoke?
hours ago

2b. If you are not a smoker or if you
gid not ‘smoke today, check this
OX . v v e e e e e e e e e e

Exhibit 4. Questionnaire on indoor air quality.

Table 3. Summary of odor and ventilation data from Fairmoor Elementary School.

Odor dilution Odor intensity Average acceptability (%)
ratio (EDgq)" Butanol scale (ppm) A
Normal Reduced Normal Reduced Normal Reduced
vent. vent. vent. vent. vent. vent.
Room 12
asme 4 13 57 T 42
peme 8 9 30 43 o
Average 6 11 43 43 76+5 55
Room 20
a.me 6 14 50 46
_Peme 6 10 ° 43 . 55 : — S
Average 6 12 47 .50 . 67.6 T 5643
Multipurpose Room
a«ms 9 9 44 32
pem. 6 9 40 35
Average 7 9 42 33 94 92

N~
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respect to odor levels are now being developed
by ASHRAE.

The gas chromatographic mass spectroscopic
(GS/MS) results indicate that the odorants col-
lected in these classrooms derive from cleaning
compounds, polishes and, perhaps, automotive
exhaust, but not body odor; however, odorant
concentrations were too low to allow positive
identification by gas chromatographic odorogram
analysis.

In summary, odorant concentrations are low
at both normal and reduced ventilation rates;
the occupants of the building find the odor
level acceptable under both ventilation condi~
tions; and visitors to the classroom sometimes
find the odor level unacceptable at reduced ven-
tilation rates (if acceptability 1s based on
odor criteria for outdoor airs)

Ventilation Rates and Microbial Burden

The Naval Biosciences Laboratory was subcon-
tracted by LBL to provide scientific and techni-
cal support to the ventilation group on sam-
pling, assay, and data analysis of airborne bac-
terial content in educational facilities and
hospitals where related field monitoring studies
are being conducted. NBL was to determine
whether energy~conserving changes in ventilation
practices would lead to unacceptable levels of
airborne microbes; to this end, data was to be
analyzed both before and after retrofit.

During FY 1979, NBL performed measurements
on airborne microbes at three sites: Fairmoor
School, Long Beach Naval Hospital, and a San
Francisco office building. (Data from the San
Francisco office building are yet to be
analyzed.) In addition, they conducted experi~
mental aerosol studies to test filter effective-
ness for microbial removal.

At Fairmoor School, instruments that measure
airborne microbes? in six size ranges were

.
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placed in two classrooms and in a combination
auditorium-gymnasium. Samples of airborne
microbes were taken by NBL at 8:00 and 10:00
a.m. and at 1:00 and 3:00 p.m. The average
number of colony-forming particles/cubic meter
of air for all samples are shown in Table 4. A
computerized search of the raw data was made to
determine whether any parameter(s) showed a sig-
nificant difference in any room, and it was
found that in one instance only -- room 12, 1:00
p.m. sample, respirable colony~forming parti-
cles (CFP) -- was there a significant increase
caused by reduced ventilation. When each room
was examined, individually, for a similar
effect, no statistical difference was found
among rooms; lience, the effect was not a general
one and may have been incidental to ventilation
conditions within that particular room. Delet-
ing the data collected from the auditorium did
not reveal any new correlations of statistical
significance.

Table 5 shows how the mean values of the
number of CFP vary with sampling time and follow
a repetitive daily patterh corresponding to
classroom activity periods.

Table 6 lists mean values of CFP/m3 found in
a number of locations over a two-year period and
1s representative of a general level of bio-
burden at these sites. A comparison between
Carondelet High School and Fairmoor under exist-
ing conditiops indicates that the number of
CFP/m3 at Fairmoor was double that at Caron-
delet. In looking at classrooms only, we find
twice as many CFP/m3 at Fairmoor (269) than at
Carondelet (134) under existing conditions. At
Fairmoor, the number of CFP/m3 increased from
269 to 360 when ventilation was decreased from
existing to sealed conditions. A microbial bur-
den in this range 1s not unusual, as supported
by data taken from other buildings.

The number of airborne CFP in the
auditorium~gymnasium varied more than in any
other room tested at any site. This variation,

Table 4. Mean numbers of CFP/m3 in two classrooms at Fairmoor Elementary School,

excluding 8:00 a.m. sample.

Mode of Total particles Respirable particles Non-Respirable particles
ventilation

Mean Stand. dev.® Mean Stand. dev. Mean Stand. dev.
Normal ) 269 166 104 68 165 110
Damper closed 253 188 116 74 - 141 126
Reduced 360 206 182 118 177 99

Note: Because of the large standard deviations, there are no significant differences
between any of these means. However, in each case, a consistent increase is evident
when the operating mode was changed from normal to reduced.

*standard deviation.



2-30

Table 5. Mean values okaFP/mg in classrooms at Fairmoor Elementary School,
calculated as a function of time

Damper
Time Normal Closed Reduced
8:00 a.m. 13 32 | 19
10: 00 a«m. 243 148 305
1:00 peme. 256% 323 403%
3:00 peme 291 280 370

Note the difference between these two starred values, Since the vents were
sealed, we could not have been observing an infiltration of air containing
numerous CFP; the explanation could be that rather clean, infiltrating air
was acting as a diluent under the normal condition in the rooms.

Table 6. Mean values (no. per cubic meter) of numbers of
airborne colony-forming particles (CFP) at various
sites.

Fairmoor Elementary School
Ventilation: . Automatic Dampers Closed Sealed
269 283 360
(Auditorium - Gymnasium bhad Peak Value of 1200)
Carondelet High School (Class in session)

Ventilation Rate

(cfm/occupant) Room 1 Room 2
13.5 160 107
2.5 115 75
Peralta Hospital (Eye Operatory) 40
Sports Arena . 200
NBL Conference Room 180
NBL Men's Rest Room : 132
Veterans' Administration Hospital (Martinez)
Cast Room 333
Research House, Walnut Creek
Sealed and Vacant 17
Blower On and Vacant 550

Long Beach Naval Hospital

Cast Room 523
Patient Room 900
Proctology 62
Obstetrics 125

Pediatrics 183

~
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from as low as 12/m> to as high as 1200/m3, is
not unexpected since occupant use of this area
is highly variable. Although this ractor
prevented any analysis of the data in that room
with respect to ventilation changes, it does
indicate that .higher levels of airborne CFP can
be tolerated by humans without evident harm. -

The following observations were made by NBL
from the data amassed: It seems that humans live
in air with "bioburdens" of from 20 CFP/m° to
over 700 without apparent ill effects. There is
no evidence that any retrofit situation examined
caused an increase in airborne microflora above
that present in other usual and common situa-
tions. Hence, the probability of infection from
aerosols of human origin under normal and usual
conditions (excluding the presence of "carriers"
or "shedders", which is not really a part of the
ventilation evaluation problem) seems vanish-
ingly low. If that very small probability were
increased ten-fold as a result of a ten-~fold
increase in bioburden then a very low probabil-
ity of infection would still remain. '

Data collection from the Qakland Gardens
Elementary School 1s still in progress; data
collected from the Fairmoor School and Caron-
delet High Schooll0 indicate that ventilation
rates of 2.5 cfm/occupant are compatible with
acceptable indoor air quality.

Energy Efficient Houses

The Maryland house was occupied by our field
personnel during the month that this house was
studied. The house had electric appliances and
incorporated numerous construction features
designed to reduce air leakage and energy con-
sumption. Fig. 2 summarizes the air exchange
rates, measured on a continuous basis. The
average air exchange rate was approximately 0.15
ach, with shifts in weather conditions and rou~
tine door openings causing rates to vary from
less than .05 to almost 0.3 ach. Levels of for-

Flow of outdoor air (cfh)
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Fig. 2. Frequency distribution of air
exchange rates at ERHM. (XBL 7910-4298)
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maldehyde and radon in this house were fre-
quently found to exceed existing health stan-
dards.

The MED-II minimum energy dwelling in south-
ern California was occupiled by a family at the
time of monitoring by the EEB Mobile Laboratory.
This house was equipped with gas-fired kitchen
appliances, which are known to be sources of
indoor pollution.11 Air-exchange rates were
found to average approximately 0.4 ach. Pollu-
tants measured in this house and in other build-
ings tend to fall into three categories: those
whose primary sources are indoors (e.g., COy and
aldehydes), those whose primary sources are out-
doors (es.ge, 05 and 807), and those which have
both indocor ani outdoor sources (e.g., NO, N02,
CO and particulates). Those belonging to the
first group are generally present in higher con-
centration indoors than outdoors, and tend to
show even higher levels as air-exchange rates
are lowered. On the other hand, as buildings
are tightened, occupants are shielded from pol-
lutants in the second group, particularly from
reactive substances such as 0, and 80y Sub-
stances in the third group may exhibit higher
indpor concentrations as air exchange rates are
reduced , depending upon the relative indoor and
outdoor source strengths.

Fig. 3 shows the frequency distribution of
carbon dioxlde concentrations at the MED-II
house. Although indoor concentrations obviously
exceed those outdoors, they do not approach the
occupational standard of 5000 ppm. Fige. 4 shows
indoor and outdoor ozone concentrations for the
same period. This pollutant, a major component
of photochemical smog in the Los Angeles area,
1s highly reactive and, as evidenced from the
figure, indoor levels are significantly lower
than outdoor levels. Fig. 5 shows the indoor
and outdoor concentrations of nitrogen dioxide.
Nitrogen oxides are produced from combustion
processes, whether outdoors (power plants, auto-
mobile exhaust) or indoors (natural gas combus-
tion). As can be seen from the figure, indoor
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CO, concentration (ppm)

Fig. 3. Frequency distribution of C0q
concentrations at MED-II house.
(XBL 7910-4356)
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NOy levels are sometimes higher than those out-
doors and these increases have been correlated
with cooking activities. The proposed EPA stan-
dard for ambient air is 470 pg/m , which was
occasionally exceeded in this house. Analysis
of the particulate data from the MED-II house
indicates that although the outdoor particulate
concentrations usually exceed those indoors,
again, cooking activities are capable of revers-
ing this situation.
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Fig. 5. Frequency distribution of NO,
concentrations at MED-II house. The graph
represents data collected between 8:00 a.m.
and midnight during occupancy.

(XBL 7910-4361)
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Preliminary data collected on energy-
efficient residences indicates that a minimum
air-change rate of approximately 0.5 ach may be
necessary to prevent the indoor concentrations
of some pollutants from exceeding existing or
recommended U.S. standards for ambient air and
standards promulgated by other countries. Air-
to-alr heat exchangers are effective in main-
taining good indoor air quality without sacrif=-
icing energy conservation goals. For confined
indoor sources of pollutants, such as gas
stoves, spot ventilation may be an appropriate
solution. These alternatives are documented in
more detail elsewhere in this report.

Additional Field Monitoring (Subcontractors)

As noted previously, in addition to Fairmoor
School, TRC has performed measurements of odor
perception, odor acceptability and odorant com-
position under variable ventilation conditions
at the University of Comnecticut Medical Center
and at a San Francisco office building. The San
Francisco office building data was taken during
the last two weeks of September and has not yet
been fully analyzed.

University of Connecticut Medical Center (TRC)

Odor and ventilation rates were measured at
the University of Connecticut Medical Center
(Hartford, Connecticut) during the month of May.
Results of these measurements are presented in
Table 7 for three areas of the hospital. As can .
be seen, only minor elevations in ED50 and odor
intensity values (butanol scale) occurred when
ventilation rates were reduced. In admissions
and in the nurses’ area, ventilation rates were
reduced by a factor of more than two (to approx-—
imately 2.75 ach) which is still higher than the
minimum recommendation set forth by Hill Burton
or ASHRAE standards. Thus, it is not surprising
that we see no significant increase in odor lev-
els at "reduced" ventilation rates. Measure~
ments of acceptability indicated that employees
always found the odor level less acceptable than
the visiting odor panelists. This finding was
unexpected and contrary to usual assumptions.
When ventilation was reduced, however, neither
group noted a change in odor acceptability.

As with the Fairmoor School classrooms,
odorant concentrations were too low to allow
positive identification by gas chromatographic
odorogram analysis. In general, the nurses’ and
patients’ areas had more organic material in
the air than the admissions area, with the
nurses’ area showing the most. In all areas,
reducing the ventilation caused the amount of
organic material to approximately double, a
finding which correlates well with the fact
that, in most cases, fresh air was decreased
50% in the reduced mode. Major compounds iden-
tified by GC/MS for the nurses’ area were:
ethanol, butene, methyl propane, acetone,
isopropanol, 2-methyl-l, 3-butadiene, benzene,
ethyl benzene, 1, 1, l-trichloroethane, toluene
and xylene.
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Table 7. Summary of odor and ventilation data, University of

Connecticut Hospital.

Odor Dilution
Ratio (EDs5q)

Odor’ Intensity
Butanol Scale (ppm).

Ventilation Rate
(cfm) per person (ach)

Normal educed Normal Reduced Normal Reduged

Admissions

AM 1.1 9.2 183 134

PM 8.0 14.5 173 176
Mean 9.5 11.8 177 155 164 (6ach) 75 (2.8ach)
Nurses' Area

AM 6.4 5.2 148 141

PM 8.1 6.3 156 174
Mean 7.3 5.9 152 158 65 (6.5ach) 27 (2.7ach)
Patient Room

AM 8.9 5.9 173 116

PM 7.6 7.8 154 184 )
Mean 8.2 6.9 162 150 lOi (5.2ach) 79 (4,lach)

East Coast Schools and Hospitals: One-day
surve YS

Thus far, one-day survey data on odor and
ventilation rates have been analyzed for four
schools and two hospitals on the East Coaste.
Table 8 summarizes the results of these surveys.
The four schools sampled were founa to be free
of odor problems. Both the odor dilution ratios
and odor intensity levels were low with one
exception, Room 15 in the W. H. Grammar School,
where the odor intensity level was much higher
than would be expected from the odor dilution
ratio. In general, the schools were found to be

over-ventilated with ventilation rates in class-

rooms ranging from a high of 41.6 cfm per person
to a low of 4.6 cfm per person, for an average
of 23.5 cfm per person. This compares to the
ASHRAE standard for classroom ventilation rates
of 10 cfm per person minimum and 10 - 15 cfm/per
person recommended .

The two hospitals sampled were also found to
be over~ventilated except for the ward room in
the Hartford Hospital. Again, there was no
existing odor problem in either of these hospi-
tals; EDgy values and odor intensity were low in
all cases except for the outpatient lounge in
Hartford Hospital.

Experimental Aerosol Studies (NBL)

The purpose of these experiments was to
study the effects of particulate filters (0 to
80% efficiency) and varying fresh~to-
recirculating air ratios on the removal rate of
microbes in hospital spaces.

A 2000 ft3 experimental chamber was built.
The chamber was supplied with facilities for air
recirculation, cleaning, and treatment (condi-
tioning) as if it were to be used as a habitat,
except that the intake of fresh air (%), recir-
culation rate, and filter efficiency could be
easily varied. Samplers for airborne bacteria
and for inert particles, and a spinning-disk
aerosol generator, were placed in the room.

Using controlled conditions, a one-minute
"burst" of aerosol containing a "tracer" bac-
terial species was dispersed into the chamber
and then sampled at intervals for a period of
sixty minutes. The number median diameter (WMD)
of the aerosol was 5.5 pm.

The following variables that might influence
the removal rate of the aerosol were examined:
(a) filters of "zero", 20, 60, and 80% effi-
clency; (b) air exchange ratio of 6 and 12 air
changes per hour (67% recirculated air), and (c)
33% or no fresh air intake (100% recirculation).

By comparing observed clearance rates during
the first 1/2 hour to the removal rates that
prevajl when the space is ventilated with 100%
fresh air, NBL concluded that it should be pos-
sible to reduce fresh~air intake in commercial
buildings and, by using combinations of recircu-
lating air, filters, air exchange rates, and
recirculation percentages, provide air of essen-
tially the same particulate cleanliness as found
in 100% clean fresh air. ‘These studies are
described in detail in NBL’s April 1979 report
to LBL.? :
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Table 8. Odor and ventilation data, six East Coast schools and hospitals.
Odor Gdor Air
Dilution  Intensity Room ‘Changes -Ventilation
‘Ratio Butanol Volume Actual Per Rate
SITE (EDg) gcale/(ppm)  (Ft3) Occupancy  Hour  cfm/Occupant
U.C. Dental School (3/20)
Room L1003 2.0 2.8/60 7455 22 5.5 31.2
Room BMO31 5.2 2.4/47 9086 55 15,1 41.6
Blue Auditorium 5.2 3.3/86 53360 110 3.0 25.1
S.D. Junior HS (3/21)
Room 102 8,1 2.3/52 5832 16 2.8 17
Room 109 7.5 3,0/77 5832 22 5.9 26
Gym 8.5 2.8/70 119784 20 1.3 128,
E.W, Grammar School (3/22)
Room 3 4.4 3.0/83 8125 22 2.6 16.
Room 10 3.6 1.5/32 9315 24 0.7 4.6
Art Room 7.9 2.9 14702 20 1.2 14.3
U.C. Medical Glinic (3/23)
Patient Room - 2116 10.8 3.0/77 2330 2 6.7 131.0
Nurse's Area - 2nd F1, 5.9 3.4/107 4770 8 9.4 93.7
Admissions 9.0 . 3.9/139 16120 10 7.2 193.0
W.H, Grammar School (6/7)
Room 15 13.0 4.8/264 10008 21 2.5 10.9
Room 16 8.3 3.2/99 10100 20 3.7 31.1
Art Room 15.6 3.2/99 16165 16 2.0 33.7
Hartford Hospital (7/23)
Outpatient Lounge 46.9 5.3/460 4414 15 6.3 31.0
Ward 522 15.6 3,6/146 2667 6 0.2 1.5
Cafeteria 6.8 3.9/173 95737 200 5.9 47.1
Outside Air Samples
3/20 30.1% 2.8/60
3/21 3.4 1.9/40
3/22 5.2 2.4/52
3/23 7.9 2.6/58
* Sample probably contaminated by Chemistry Lab exhaust.

To reduce energy use in conditioning air
without creating a severe increase in the
bioburden, NBL suggested the following remedies:

l. Use medium to low efficiency filters.

2. Reduce total volumetric flow rates.

3. Use particulate filters with efficiency
approximating "0" to 80% efficiency (ASERAE
Test) in air-recirculating Systems.

PLANNED ACTIVITIES FOR 1980
The following sites will be included in the

field monitoring studies 6f indoor air quality

during FY 1980:

® Oakland Gardens Elementary School, Bayside,
New York

e TFridley Jr. High School, Minneapolis, Min~
nesota

[ Two energy. efficient research houses, North-
field, Minnesota

® Underground research house, Minneapolis,
Minnesota.

TRC will complete its analysis of field data
from the San Francisco office builaing and the
six other odor-monitoring sites in FY 1980. One
more intensive field-monitoring study will be
conducted at Oakland Gardens Elementary School
in New York City. When all the data have been
analyzed, TRC in consultation with John Pierce
Foundation (see Subcontracts section) will
recommend ventilation rates for odor control in
schools and hospitals.
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MECHANICAL VENTILATION SYSTEMS USING
AIR-TO-AIR HEAT EXCHANGERS

G. D. Roseme

INTRODUCTION

Many homes in the United States and in
Europe have conserved energy by reducing infil-
tration. When a house is thus "tightened", how-
ever, various indoor air contaminants are sealed
in and tend to build up, e.g., odors from human
activity, chemical contaminants from cooking and
other combustion activity in the household,
moisture, formaldehyde emitted from building
materials and furnishings, and radon gas from
soil, water and building materials. With the
broad aim of assuring acceptable indoor air
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quality in "airtight" houses without sacrificing
the energy efficiency of the house, the Ventila-
tion Program initiated a research project in
October, 1978 designed to investigate the use of
mechanical ventilation systems incorporating
air-to~air heat exchangers.

A heat exchanger or heat recovery device
installed directly in the mechanical ventilation
system brings the incoming and exhaust air
streams into close proximity so that heat can be
exchanged between the two air streams (see Figs.
1 and 2). When such devices are installed in an

Fresh air intake
Incoming air duct
Heat exchanger
Acoustic dampaener
Distribution ducts
Air diffuser
Exhaust vent
-Oven exhaust hood
Exhaust ducts
Roof exhaust stack

COPNINSIWN =

-

Fig. 1. Residential heat exchanger system. (CBB 791-509)
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‘ Exhaust fan Exhaust air filter
U ’ Inlet fan Warm exhaust
Heat exchanger air '
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Cold incoming air

inlet filter

Fig. 2. Principle of operation of heat exchanger,

energy-efficient house, the concentration of
indoor-generated contaminants are reduced
without compromising energy-conservation.

The Ventilation Program Staff developed four
study areas for this project:

1) Analysis and experimental evaluation of
air-to-ailr heat exchangers;

2) Testing of a mechanical ventilation
system utilizing an air~to-air heat
exchanger in the EEB Walnut Creek
house ;

3) A cost-benefit analysis of these sys~
tems operating in different climate
zones of the United States.

4) Installation and testing of a number of
systems in occupied homes.

ACCOMPLISHMENTS DURING 1979

A heat exchanger test facility has been con-
structed at the Richmond Field Station of the
University of California at Berkeley (see Fig.
3). This facility is capable of measuring the
effectiveness, pressure drop, and cross-
contamination of residential-sized air-to-air
heat exchangers, and can simulate outdoor condi-
tions from Q°F up to 100°F with high relative

Drip - type

Cold supply Hot supply humidiflyg'
V7
Heat
exchanger
g =
Cold return Hot return
2 kW heating coils 3 kW Steam
heating coils  humidifier
Cold section Hot section

Fig. 3. Heat exchanger test facility.
(XBL 7910-4480)

(CBB 791-507)

humidity levels. Actual testing of air-to-air
heat exchangers will begin early in FY 1980.
S

During 1979, heat exchanger systems were
installed in two unoccupiled research houses.
One house, belonging to the National Association
of Home Builders and located in Mt. Airy, Mary-
land, was already determined by our Energy Effi-
cient Buildings (EEB) Mobile Laboratory to have
high moisture, radon and formaldehyde levels.
Under a subcontract to LBL, the National Associ~
ation of Home Buillders Research Foundatlon Inc.
installed two mechanical ventilation systems and
are currently measuring indoor ailr-quality
parameters in the Mt. Airy house as a function
of ventilation rate. These parameters include
indoor and outdoor dry bulb temperature, rela-
tive humidity, formaldehyde concentration and
radon concentration. '

The second house i1s an unoccupied house in
Walnut Creek, Ca. where we are studying methods
of controlling combustion~generated pollutants
from gas stoves. We have installed a mechanical
ventilation system with an air-to-alr heat
exchanger and are investigating various ventila-
tion strategies, including spot ventilation to
improve indoor air quality in the house.

PLANNED ACTIVITIES FOR 1980

Under subcontract to Lawrence Berkeley
Laboratory, the Department of Mechanical
Engineering of University of California Berke-
ley, since October 1978, has aided in the design
of the Richmond Field Station Heat Exchanger
test facility, and has provided us with an
analysis of both permeable and non-permeable
wall exchangers operating in dry (noncondensing)
conditions. Beginning in October, 1979, they
will be developing calculation methods for
determining heat-exchanger effectiveness as a
function of flow rate, for both porous and non-
porous wall materials and for exchangers operat-
ing with and without condensation and with
freezing on the heat-transfer surface. Using
these analyses, they will compare their theoret-
ical predictions with experimental performance
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as measured at our Richmond Field Station test
facility and with manufacturers’ specifications.

During the winter of FY 1980, the EEB Mobile
Laboratory will measure indoor air-pollutant
concentrations in two energy-efficient homes in
Northfield, Minnesota. Both of these homes are
quite airtight (measured natural infiltration
rates of less than 0.2 air changes/hour under
windy conditions). One of these houses has a
mechanical ventilation system that uses a U.S.
manufactured heat-pipe heat exchanger to recover
the waste heat from the exhausted air. We are
currently negotiating to install a ventilation
system with an air-to-air heat exchanger in the
second house before -the mobile lab arrives.

SUBCONTRACT ACTIVITIES

I. Turiel

INTRODUCTION

In addition to activities conducted by the
Naval Biosciences Laboratory (NBL) and The
Research Corporation of New England (TRC), dis-
cussed under "Field Monitoring", and work being
performed by the University of Minnesota,
described under the Hospitals Program, the Ven-
tilation Program has been directing two other
major subcontracts:

o Assessment of ventilation requirements
for odor control (John Pierce Founda-
tion, New Haven, CT)

o Development of automatic variable venti-
lation control systems (Honmeywell, Inc.,
Minneapolis, MN) )

ACCOMPLISHMENTS DURING 1979

Odor Control (John Pierce Foundation)

In order to carry out experiments on venti~
lation requirements for odor control, it is
necessary to have a test room where the environ-
ment can be regulated at will. The John Pierce
Foundation completed construction of a 1,200 fe3
test chamber in June 1679 at their laboratory in
New Haven, Connecticute. The environment in the
all~alluminum chamber can be controlled for tem-
perature, humidity and ventilation rate. The
objectives of these laboratory experiments are
to:

l. Determine how odor magnitude, odor
acceptability, and odor detectability
vary with the rate and type of contam-
inant generation, rate of ventilation,
temperature and humidity.

2. Compare air acceptability as perceived
by occupants in an experimental chamber
with that perceived by visitors to the
chauwber.
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Contract negotiations are underway with the
New York State Energy Research and Development
Authority, Rochester Gas and Electric Company,
and The Rochester Institute of Technology for a
collaborative program to examine the airtight~
ness of approximately 60 homes in the Rochester,
New York area. The airtightness of these homes
will be measured with a blower door unit sup-
plied by LBL. A number of indoor ailr~quality.
parameters will be measured in selected homes.
If indoor air-quality problems are found,
mechanical ventilation systems with air-to-air
heat exchangers will be installed and energy
efficiency, operating problems, and indoor air
pollution in these houses will be monitored over
a period of two years.

3. Assess the efficiency of solid granular
media for controlling odors under condi-
tions of reduced ventilation.

In all experiments planned, the primary
independent variables are:

a. type of contaminant
b. rate of contaminant generation
c. rate of ventilation

d. presence/absence and type of filter
media and

e« environmental conditions

One experiment on body odor serves as a typ-
ical example: Variables c, d, and e above are
predetermined for each experiment. Occupants
enter to serve as odor generators. Persons are
stationed at a sniffing port outside the chamber
(where air from the chamber is exhausted) to act
as odor judges. At periodic intervals, judges
record odor detectability, intensity, and accep-
tability. (The same type of olfactometers are
used as in the TRC odors field work described in
the Field Monitoring section.)

Figure 1 presents results on body odor
experiments at ventilation rates of 3.3, 5.0 and
10 cfm per occupant, three temperature settings,
and two humidity conditions. Although the air
space per person (100 £t3) is quite low compared
with typical occupied spaces in buildings, the
air was found to be generally acceptable. As
indicated on the figure, an odor-intensity read-
ing of 4 or less means that 80% of the judges
found the air odor acceptable, When the tempera-
ture is kept below 25.5°C and the relative humi-
dity below 70%, a ventilation rate of 5
cfm/person appears adequate to maintain accept-
able odor level even under such crowded occu-
pancy conditions. This finding is in contrast
with earlier results reported by Yaglou, et al.
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Fig. 1. Odor intensity as a function of
temperature and relative humidity.
(XBL 801-72)

which specified that 25 cfm/person was required
to produce an acceptable odor level under the
above occupancy conditions. These results from
the John Pierce Foundation are only preliminary,
however.

Continuing experiments in this area will
test other odorous substances. From these find-
ings, it will be possible to comstruct "fami-
lies" of psychophysical functions relating per-
ceived odor magnitude in steady-state or quasi
steady-state conditions to levels of concentra-
tion of an odorous contaminant, number of occu-
pants, rate of ventilation, etc,

Corollary work undertaken by the John Pierce
Foundation -- a review of existing regulations
for odor control in buildings and their underly-
ing data base .-~ together with a discussion of
odor-measurement techniques and air-treatment
systems for odor control in buildings, has been
completed and published as an LBL report, Venti-
lation and Odor Control: Prospects for Energy

Efficiency.
PLANNED ACTIVITIES FOR 1980

In FY 1980, the John Pierce Foundation will
continue experiments on ventilation requirements
for control of body and tobacco odors with the
objective of establishing ventilation rate
recommendations under various conditions of
occupancy and thermal envirommernt. The ability
of several solid materials to adsorp odors under
various conditions will also be assessed.
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Variable Ventilation Control Based on Air Qual-
ity Detection

Honeywell, Inc. was subcontracted to develop
and demonstrate an automatic variable ventila-
tion control system based on air-quality detec-
tion for various institutional and commercial ~
building types. The alr-quality detector was to
be sensitive to changes in the number of occu-
pants and activity loads. Field work in schools
and office buildings has indicated that CO, con~
centration and occupancy are closely related.

At the end of FY 1979, Honeywell installed a
variable ventilation control system in the music
wing of Fridley Junior High School, located in
the greater Minneapolis area.

Occupancy/activity levels are sensed by fluctua-
tions in COZ concentration, and the detector
output signal controls the outside air damper.
The HVAC system was modified to allow measure-
ment of air velocities, temperature, and rela-
tive humidity in several return and supply ailr
ducts, and also to measure the energy consumed
by the hot water reheat coils.

For space heating, the HVAC system can be
operated in three modes. The first mode, the
"BEFORE" mode, supplies air at 55°F to the
reheat coils which reheat the air to maintain
space conditions; the second mode is an ENERGY
EFFICIENT mode where the air temperature sup~
plied to the reheat coils is reset so that it is
no colder than required to keep the warmest
reheat zone from over-heating; the third mode,
also an ENERGY EFFICIENT mode, is the automatic
variable ventilation mode where the amount of
outdoor ailr introduced will be the minimum
amount required to prevent the G0y level in the
occupied zones from rising above tne control
level for Coz, or the amount of outdoor air )
required to prevent overheating while the HVAC
system 1s operating on the "free" outside air
cooling cycle. When operating in this last
mode, ventilation air is introduced through an
outside alr~damper section (Fig. 2) and an air
measurement device. This damper section, as
well as the thermal outside air damper and the
exhaust air damper, are of a "low leakage"
design to minimize the introduction of unwanted
outside air. Two small exhaust fans in the HVAC
system were disabled and sealed off so that the
only exhaust capability of the tested area will
be that of the central return-exhaust fans.

PLANNED ACTIVITIES FOR 1980

During 1980, the control system will be
tested for its reliability in maintaining ade~-
quate indoor air quality with maximum energy
conservation. Energy consumption data from
these three modes of operation will be normal-
ized for weather variance and compared with each
other to evaluate the benefits derived from ven-
tilation control systems based on C0, detection.
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Fig. 2. Control modifications to heating,
ventilation and air conditioning system
at Fridley Junior High School.
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A similar evaluation will be conducted for the
"peak" cooling period of operation. The 'peak"
cooling period occurs during those occupied
times when the outdoor air has a higher enthalpy
(more heat) than the return air. The control
modes will again be "BEFORE," "ENERGY EFFICIENT"
and an ENERGY EFFICIENT mode where the amount of
outside air is minimal and controlled to main~
tain interior air quality as measured by CO,

VENTILATION - INDOOR AIR QUALITY DATA BASE

R. Langenborg

INTRODUCTION

The Ventilation Indoor Air Quality (VIAQ)
data base is a computerized information service
developed by the Ventilation Program, a major
component of the Lawrence Berkeley Laboratory
Energy Efficient Buildings Program. This program
is part of a coordinated effort to respond to
the need for national energy conservation, while
concurrently ensuring satisfactory indoor air
quality for building occupants. To this end,
Lawrence Berkeley Laboratory (LBL) is conducting
research and development on existing and pro-
posed ventilation requirements and mechanical
ventilation systems. The program will produce
recommendations for energy-efficlent ventilation
standards and designs for residential, institu-
tional and commercial buildings.

Various segments of the professional commun-
ity have expressed a growing interest in energy
conservation as applied to the built environ—
ment. A partial listing of those concerned
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content in the occupied spaces. The occupants
of the music wing will be asked to complete a
questionnaire daily, as a means of assessing
their perception of the indoor air quality under
various ventilation conditions.

As indicated under "Field Monitoring," the
LBL EEB Mobile Lab will be brought to Fridley
Junior High School during the month of February
to determine the effectiveness of the ventila-
tion control system in maintaining acceptable
indoor air-quality. In addition, Honeywell will
proceed with the following tasks: =

e Determine the cost-effectiveness of
variable ventilation control systems and
estimate expected national energy sav-

ings.

e Assess commercialization potential of
variable ventilation control systems.

REFERENCES

l. C.P. Yaglou and W.N. Witheridge, "Ventila-
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include: architects, building contractors,
design engineers, legislators/administrators,
mechanical engineers, professors/educators, pub-
lic health officials, researchers and scien—
tists.

In an effort to meet the needs of these
specific groups, as well as the commercial sec—
tor and the general public, LBL is in the pro-
cess of establishing an information clearing-
house for ventilation indoor air quality
research (VIAQ). The basic objective of the VIAQ
Data Base project 1s to consolidate existing
information with current research developments
and to make this information directly accessible
to user groups throughout the country.

Access to the data base will occur via an
interactive session between the user and VIAQ.
Communication (data links) may be established
through commercial telephone lines, or high-
speed computer networks. User equipment require-
ments are minimal--a telephone, a computer ter-



minal, and an acoustic coupler. Once the con-
nection has been achieved, the typical user will
be interactively guided through selected
resource modules. :

When the VIAQ data base is fully opera-
tional, it will include information on the fol-
lowing items:

1, Air Quality Resources

2. Bibliography

3. News

4. Seminars, Workshops and Conferences

5. Who”s Who

6. Ventilation-Research and Development
Projects

7. Ventilation-Business and Finance

8. Ventilation—Standards and Guideiines
9. Models

10. Analysis Programs

11. User Alert Service

12. Hard-Copy Output
13. Utility Routines

1l4. Help

In the prototype version, LBL 1s preparing to
bring on—line the following modules:

Module 1: A current listing of data base
resources to inform users of existing
search facilties.

Module 2: The bibliographic resource
including bibliographic references,
abstracts, and thesaurus, covers subject
areas such as indoor air quality, airborne
contaminant control, hospital ventilation
and energy conservation, infiltration, win-
dows and lighting, and radon. Each biblio-
graphic entry includes source reference
information including: author name and
affiliation, publication type, language of
the original article, abstract and key-
words. Abstracts are maintained on—line to
ald the user in determining whether he/she
wishes to obtain the complete document.
Original author-prepared abstracts are
utilized wherever possible; however, LBL
has supported abstracting activities to
ensure adequate subject coverage. The
indexing process, a vital part of biblio-
graphic control, employs a consistent voca—
bulary (thesaurus) of keywords to describe
the content of each document. The VIAQ
on—-line thesaurus conceptually structures
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keywords into broad, narrow and/or related
terms, which will be used in the retrieval
process.

Module 3: Current information and
announcements, including data base updates,
are obtainable in News. :

Module 5: Who“s Who is a listing of names,
affiliations, and interest areas for
researchers and officials working in build-
ing ventilation/indoor air-quality activi-
ties. The module may be used to generate
specialized mailing lists or to link with
the bibliographic module to immediately
provide addresses and telephone numbers for
authors of interest.

Module 12: When a session is terminated,
final results may be printed on a hard copy
peripheral to the user, or hard copy may be
requested from LBL.

Module 14: Should the user have difficulty
during a session, he/she may summon "help"”
at virtually any phase in the dialog, and
instructions will be issued suggesting an
appropriate remedy.

WHO”S WHO IN VENTILATION DATA BASE RESOURCE

Data collection is currently underway for

module 5, the "Who’s Who" resource module of
VIAG. This listing will facilitate contact
among individuals by providing the user with

pertinent information regarding other research-
ers who are involved in the ventilation/indoor
alr quality field. Searchable fields for this

resource are name, affiliation and area(s) of
interest.

Typical interest areas are as follows:

1. Airborne Microbes

2, Administration/Management
3. Building Envelope

4. Computer Analysis

5. Energy Conservation

6. Energy Efficient.Buildings
7. Epidemiology

8. Field Studies

9. Formaldehyde

10. Heat Exchangers

11. Indoor Air Quality

12. Infiltration

13, Instruments/Instrumentation

14. Mathematical Models
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15. Odors

16. Organics

17. Radon

18. Standards/Guidelines
ACCOMPLISHMENTS DURING 1979

Information analysis activities in FY 1979
centered on-the following bibliographics:

2-41

\

In the area of ailr quality and energy con—
servation in hospitals, emphasis is placed on
the patient environment, with respect to heat-
ing, ventilating, and air conditioning parame-
ters. Topics include 1) general air hygiene,
hnspital-acquired infections, 2) characteriza-
tion of gaseous chemical contaminants detected
in the hospitals, 3) hospital-specific contam-
inant control procedures, and 4) variables
affecting patient comfort, such as temperature,
humidity and odor level.

The survey of literature by the Infiltration
Group includes studies of single-family struc-

Area Source - Processing
Organic Chemistry* LBL data entry
Radon LBL validation,
data entry
Odors John B. Plerce data entry
Foundation
Contamination LBL validation
Control
Hospitals University of validation
Minnesota
Infiltration LBL coordination
between infil-
tration and
VIAQ group
Windows and Lighting Coordination
between Win-
dows and Light=
ing Group and
VIAQ.

The radon literature survey contains studies
relating to the physical properties of radon and
its daughters, instrumentation for their meas~
urement, health effects, air—concentration sur~
veys, and regulatory measures.

Literature surveyed by the John Pierce Foun-
dation is an extension of the LBL contamination
control survey. It encompasses existing and
proposed ventilation requirements for odor con—
trol in buildings; odor measurement techniques,
both analytical and subjective; and alr treat-
ment systems for odor control in institutional
and commercial buildings.

In the area of contamination control, the
literature survey is restricted to contaminant
control theory and application in residential,
commercial and public buildings. Areas of
emphasis are toxic gas control, general odor
control, and non-viable particulaté control.

tures as well as high- and low-rise commercial
buildings. Measurement techniques used include
tracer gas, pressurization, and wind tunnel
investigations. Influences due to wind, tem—
perature, humidity, and terrain are also
covered.

The Windows and Lighting Group is gathering
bibliographic citations, patents, and standards
on energy conservation as it relates to windows,
and lighting.

A single hierarchical thesaurus of approxi-
mately 2,000 main terms has been established for
keywording and searching the above bibliograph-
ics. The thesaurus contains synonyms and scope
notes, and supports the standard binary rela-
tions between main terms (broader term, narrower
term, related term). Data entry formats for
technical bibliographic material (books, seri-
als, analytics, "other") were established and
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underwent testing. A table—driven data entry
program (UNIX software) was developed to accept
these formats as record definitions, producing
an interactive program that prompts the key
operator for the appropriate information, vali-
dates when possible, and formats the output
according to the requirements of a specific
data—base management system.

The viability of modular design was demon-
strated by bringing up various portions of the
data safe on a PDP 11/70, utilizing UNIX and the
Ingres data management system. By mid-July
1979, it became clear that VIAQ recuired a more
production-oriented computer system, and the
application was moved to an IBM 3033 housed at
Stanford University. Existing data structures
(primarily bibliographic records) were
redesigned and programmed as file definitions in
SPIRES, the general purpose data management sys=—
tem running on the IBM 3033.

PLANNED ACTIVITIES FOR 1980

The move to SPIRES delayed opening of the
prototype data safe beyond FY 1979. It is
currently scheduled for late January, 1980 and
includes modules 1, 2, 3, 5, 12 and 14. Hard
copy documentation of VIAQ modules will be gen-
erated in the 279 and 4th quarters of FY 1980.

Task 2: Expand the data base to include

information consolidation and dissemina-
tion tasks of other components of the
EEB Program, e.g., Windows and Lighting
Group, Infiltration. Generalized data
storage structures have been esta-
blished, and custom-user interface
software will be provided to specific
EEB user groups.

The full text and reduced data of EEB
publications (e.g., "Windows") will be
entered into the data base, allowing
convenient editing, searching, and
recall. High-quality hard—copy output of
reports will be quickly available for
widespread circulation.

Task 3: Begin software development to

automatically monitor public use of the
data base. Heavy-demand modules will be
improved in terms of execution effi-
clency and user sophistication, while
lower—demand modules may be reduced or
eliminated. :

Task 4: Coordinate efforts with related

data base elsewhere. Export Ventilation
Data Base to IEA Data Management Center.

In its final form, VIAQ will offer a

leading—edge information service specializing in

energy conservation and air quality in the built

Tasks for FY 1980 are as follows:

enviromnment. In addition to the core subject

matter, distinguishing features include wide

Task 1: Continue to add program modules 3,
4, 6, 7, 8, 9, 10 and 11 to prototype
version.

public access, thoroughly indexed information,
and direct user—to-data interface in a friendly
computer environment.

DOE-2 COMPUTER PROGRAM FOR BUILDING ENERGY ANALYSIS

W. F. Buhl, R. B. Curtis, S. D. Gates, J. J. Hirsch, S. P. Jaeger, M. Lokmanhekim,
A. H. Rosenfeld, J. V. Rudy, and F. C. Winkelmann

INTRODUCTION

For the past three years, LBL has been
developing a comprehensive computer program for
predicting energy use in buildings. Collaborat-
ing in this effort are LBL and Los Alamos Scien-
tific Laboratory (LASL). LBL performs the role
of lead laboratory. This program was formerly
called Cal-ERDA and DOE-1l. :

The DOE~2 computer program is a tool that
architects, engineers, and others can use to
design new energy-efficient buildings and to
analyze existing buildings for cost-effective
energy-saving modifications.

The program has four main sub-programs:
1. LOADS-~Computes hourly heéting and cool-

ing loads for each space in the build-
ing. The program differentiates loads

2.

due to infiltration, heat conduction,
solar gain through windows, and internal
galns generated by people, lights,
appliances, and other equipment. =

SYSTEMS~-Simulates the operation of the
HVAC distribution systems that heat and
cool each space in the building and (in
large buildings) distribute fresh condi-
tioned air. '

PLANT--Simulates the operation of the
building’s primary heating, cooling, and
electrical plant, and calculates the
hourly, monthly, and yearly energy
requirements for the building.

ECONOMICS~~Calculates the life-cycle
cost of the building’s mechanical system
and energy-related features, including
capital costs as well as maintenance,

e
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operating and energy costs. This sub-
program also performs a cost-benefit
analysis; i.e., the user can input dif-
ferent design options which will be
ranked on the basis of cost and/or
energy use.

DOE-2 differs from its predecessor programs in
two major respects:

1. It executes faster in the computer than
other programs with similar purposes,
and it is approximately five times
cheaper to run. These features permit
more alternative design options to be
considered by the user as a basis for
determining those most acceptable from a
cost and energy-consumption point of
view.

2. Where earlier programs read data cards
filled with numbers punched in fixed
format from forms filled in by the user,
DOE-2 reads a "Buillding Description
Language" (BDL), designed to increase
speed, flexibility, and reliability of
input. Special commands and keywords
permit the user to specify building pro~
perties and parameters such as geometry,
construction materials, schedules, HVAC
systems, fuel costs, etc. Environmental
data are provided via standard meteoro~
logical tapes of hourly weather condi-
tions.

The overall logic and energy-flow
diagram for primary HVAC systems of commer-
cial buildings under DOE-2.1 are given in
Fig. 1 and Fig. 2, respectively.
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ACCOMPLISHMENTS DURING 1979

During 1979, two updates, DOE-2 and DOE-
2.0A, were completed. Work is substantially
underway on DOE-2.1l, an expanded program
selected by the Department of Energy as the
benchmark for certifying compliance with the
Building Energy Performance Standards (BEPS) to
go into effect in 1980. This version of the
program will include residential and packaged
system simulation routines and will give the
user the choice of (1) ASHRAE Weighting Factors
and (2) Customized Weighting Factors as a basis
for calculating heating and cooling loads for a
given building.

Documentation was completed for the DOE-1,
DOE-2, and DOE-2.0A programs. A new site manual
for "Using DOE~2 at Lawrence Berkeley Labora-
tory" was completed by a sub-contractor (Jewson
Enterprises).

DOE-2 is currently running at 47 sites,
including: £five national laboratories; ten
universities; eight computer service bureaus;
seven foreign sites; and two state energy com-
missions. These users, as well as others
knowledgeable in building energy analysis, have
been surveyed for advice on future developments
of DOE-2. The DOE-2 User Coordination Office at
LBL responded to nearly 400 telephone inquiries
and/or requests for assistance in running DOE-1
and DOE-2.

The three~year verification project,
assigned to LASL in 1978 by the Department of
Energy, involves: (1) laboratory measurements of
HVAC system components and comparison with DOE-2
simulations; (2) comparison of DOE-2 results

< BUILDING' DESCRIPTION LANGUAGE PROGRAM : BDL
BDLCTL
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Fig. 1.DOE-2.1 simulation program for predicting energy use:

overall logic.
(XBL 7910-43534)



GAS TURBINE EXHAUST HEAT
e +
‘ <~ —| ELECTRIC GENERATOR
' .

BUILOING
soLar SPACE
ENERGY. HEATING
F—- _:l FURNACE - }—
* BUILDING
: PROCESS
DOMESTIC s
"7 TR 5] HOT WATER HEATER l — >
. L BUILDING
) SPACE
! EXHAUST HEAT P CHILLED WATER COOLING
DIESEL ENGINE okeT e  vear N DOUBLE BUNDLE w;s::;s;;—-’- —_ T —— e G
bt - -| ELECTRIC GENERATOR | LUBE OIL HEAT \ RECOVERY / - CHILLER SIp AT, H
'

' I
i .
' Y
" CHILLED WATER !,
e I & L
- “éﬁul'? WASTE HEAT
B > '1 COLDWATER [,

HOT WATER 1
STORAGE Y | STORAGE
l I
i CHILLED WAT
H o COMPRESSION il e
BLOW.DOWN HEAT CHILLER wasTeneRT L1
FOSSIL FUEL MAXE-UP HEAT SYEAM’TURNNE [ I |
] -~ BOILER ELECTRIC GENERATOR . i
! STEAMOR
COOLING TQWER
. ROT WA’
";"EL,'\LV . o wATER STEAM OR HOT WATER i Al:rg/oofm -4
i . ' CONDENSER
T ELECTRIC STEAM OR HOT WATER '
T BOILER +
urury H
CHILLED
WATER _]
A e e e et et e e e e = P+ e+ e e & b e b e e e e e e s e+
ek ] s,
ESCTHICITV ------------ [ . - TSSO g v Ly >.-..--.--—--------.---;;‘r
FoSSIL Bui
GAS/OIL
e S,
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with standard manual calculations; and (3) com-
parison of DOE-2 results with the actual energy
consumption of six different commercial build-
ings. ’

In 1979, International Energy Agency (IEA)
activities continued to perform: (1) energy use
analysis of the Avonbank building, located in
Bristol, England; (2) parametric studies on the
energy use of the Avonbank building; and (3)
comparisons of the energy use of the Avonbank
building calculated by using different types of
ASHRAE and Custom Weighting factors. The
results of Task 1 were presented at the meeting
of the International Energy Agency Executive
Committee on Buildings and Community Systems -in
Copenhagen, Denmark (May, 1979). The results of
Tasks 2 and 3 were presented at the meeting of
the International Energy Agency Executive Com-
mittee on Buildings and Community Systems in
Zurich, Switzerland (December, 1979).

Sample Energy Conservation Study with DOE-2

Significant energy and financial savings can
be achieved by using DOE-2 for studying HVAC
systems. Fig. 3 shows the results of 7 of the
10 different SYSTEMS and PLANT runs of a 31~
story office building from the DOE-2 Sample Run
Book 1. (Three of the runs are not shown
because the buildings were simulated with uncon-
ventional primary HVAC systems.) Each run
employed the same hourly LOADS file which was
generated using Chicago TRY weather data.
Results of other studies have been also incor-
porated in Fig. 3 in order to aid comparison.

(XBL 7910-43544)

The building typified 1974 construction, which
did not quite conform to ASHRAE Standard 90-75.
Details on Figure 3
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Fig. 3. Energy use in office builldings:

fuel for space heating vs. site electricity
(Leeey 1 kWhe counted as 3600 kJ =
3414 Btu). (XBL 793-891)
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Each combination of a primary and secondary
HVAC system is designated by a horizontal bar
labeled ‘by the run (system) number. The height
of the bar indicates the amount of fuel consumed
for space heating. Electricity consumed by the
lights, outlets and miscellaneous building-wide
operations is identical for all rums, and indi-
cated by the dot on the bar labeled L. Electri-
city used by the fans, cooling tower and chiller
is indicated by the dots labeled F, T and C,
respectively; point C also indicates the cumula-
tive total electrical consumption of the build-
ing.

The line at the top labeled "A.D, Little
Study of Omaha 1970 Office Building"
corresponds to the calculated energy use of a
1970-style office building, built and operated
energy-intensively. Energy use of the building
was then recalculated to conform with ASHRAE
Standard 90-75 and replotted. The line labeled
"$0" connects the results of the two calcula-
tions and indicates that redesign led to no
increase in first cost, despite reductions in
site electricity use from 90 to 55 KBtu per ft
and in fuel use for space heating from 184 to 46
KBtu per ft“.

The four Y’s indicate energy used in large
New York City office buildings constructed dur-
ing 5-year intervals between 1950 and 1970.
These buildings are equipped with absorption
chillers in order to use cheap urban steam.
Presumably, as demonstrated in the ADL studyz,
use of steam power in large office buildings
will decrease in new construction.

The three points plotted as $ represent
French, Swedish and U.S. national energy con-
sumption which is less than the non-cooling part
of the U.S. average. The energy consumption in
Sweden, with a cold climate and expensive oil,
is slightly less than the French average.

Table 1.

Two other Swedish points are also plotted:
Swedish Building Norm 1975 (SBN~75) and Farsta-
Folksam 5. SBN-75 represents redesign of an
office building, typically triple-glazed, with
25 cm of rockwool insulation, and heat recovery
for fresh air, ylelding an annual ROI of 12%.
Farsta-Folksam represents a new suburban Stock-
holm building which stores heat by circulating
air through hollow cores in the concrete
roof /floor slab at no increase in first cost.
In this design, total annual site energy con-
sumption has been reduced to 45,000 BTu per ftz;
however, in the most economical DOE~2 run of a
31-story office building, consumption was calcu-
lated to be 70,000 Btu per ft“ and average con-
sumption for U.S. stock is 130,000 Btu per £e2,
These comparisons demonstrate that by careful
study of alternative HVAC systems, and by stor-
ing heat and coolth, energy consumption in a
typical U.S. office building can be reduced by
1/2 to 2/3 with little or no increase in first
coste

The 25~year life-cycle cost (LCC), calcu-
lated by using first costs of the HVAC systems
plus present values of fuel, electricity and
maintenance costs, are tabulated for the seven
systems in Table 1. '

Annual resource energy consumption for each sys-
tem is also shown in the table. As can be seen,
LCC’s for constant alr volume systems (CAV) 1,3
and 8 range from $21 to $36 per f£t“, while LCC’s
for variable alr volume systems (VAV) 2, 4, 5
and 6 range from $25 to $27 per ft“. Since the
least expensive system, at $21 per ft“, is also
the least attractive from the point of view of
comfort, system 5 repesents the most economical
investment with new construction. CAV systems 1
and 3, popular when energy costs were negligi-
ble, waste more energy at a correspondingly high
expense. Remarkable annual returns on invest-
ment (ROI) can be achieved by retrofitting CAV

Annual resource energy consumption and Life Cycle Costs for a
3l-story office building with conventional primary (boiler,

chiller

and cooling tower) and different secondary HVAC systems.

Annual Resource Life Cycle
System Secondary HVAC System Energy Consumption Cost
No.
kpTu/fe? | wkwn/m? | s/£c? | s/m?
1 DD - CAV 238 752 . 29 312
2 DD - VAV (50%) 181 572 27 291
3 SD - CAV - Reheat 262 828 36 387
4 SD - VAV (50%) - Reheat? 184 581 26 280
5 SD -~ VAV (30%) - Reheat? 170 537 25 269
Interior Exterior
6 SD - VAV (10%) | Baseboard® 192 607 26 280
8 DD - CAV Two-Pipe 168 531 21 226
Fan Coil
DD = Double Duct, SD = Single Duct
CAV = Constant air volume, VAV = Variable air volume
a. Reheat systems are controlled by space thermostats.
b. Baseboard systems are controlled by outside thermostats.




systems with VAV systems, i.e., converting from
system 1 to system 2, or from system 3 to system
4. A retrofit from 1 to 2 costs $30 per mixing
box, ylelding an annual ROI of 900%Z; a retrofit
from system 3 to 4 costs $350 per mixing box,
yielding an annual ROI of 100%.

PLANNED ACTIVITIES FOR 1980

After the completion of DOE-2.1 and its
documentation early in 1980, LBL’s efforts will
be directed toward improving the program in
areas recommended by a newly-formed advisory
committee and approved by the Department of
Energy. This new committee will be comprised of
two sub-committees of five members each. One
sub~committee consists of practicing building
professionals; the other, of computer program
theoreticlans. In preparing its consensus opin-~
ion on program improvement for presentation to
the Department of Energy, the committee will
consider optimum program structure, the needs of
the Department of Energy, and the needs of the
user community, as generated by thé user survey
conducted in FY~1978. The User Coordination
Office at LBL will be expanded to respond to the
needs of an enlarged user community.
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HOSPITALS PROGRAM
R. Pollack and I. Turiel

INTRODUCT ION

As energy-intensive buildings, hospitals
have been singled out for special study by
Lawrence Berkeley Laboratory”s Energy Efficient
Buildings (EEB) Program. Energy conservation in
hospitals involves a number of special con-—
siderations, not only because hospitals are
high-intensity users, especially for their HVAC
needs (heating, ventilation and air condition-
ing), but because their patient-care responsi-
bilities place unique demands on the -type and
level of energy-conserving modifications imple-
mented, or recommended, as general standards
nationwide. For example, it is believed that
hospital patients are more susceptible than the
general population to airborne infections, to
the deleterious effects of odors and chemical
contaminants, and to changes in temperature and
relative humidity. In addition, a significant
body of literature substantiates the fact that
infections whose onset is in the hospital and
which are unrelated to the patient”s condition
(nosocomia) are associated with the high-risk
environment of the hospital itself. Finally, as
institutions serving health and medical needs of
the general public, complex policy questions are
raised more sharply than in other institutional
buildings considering energy—-conservation—
related changes in design and procedures. Thus,
the ultimate objectives of the Hospitals Program
are 1) to develop energy-conservation strategies
that do not compromise the health, safety and
comfort of patients and staff, and 2) to support

DOE/HEW/LBL efforts to promote energy-efficient
ventilation and thermal standards for hospitals.

Becauge more than 50% of the energy consumed
in hospitals is accounted for by their HVAC sys—
tems, with lighting and water the next largest
consumers, the Hospitals Program has been
closely tied to LBL”s Ventilation Program. Two
subcontracts were awarded by LBL to complete,
those tasks regarded by Hospitals Program staff
as priority needs: 1) the University of Min-
nesota (School of Public Health) was charged
with reviewing current hospital ventilation and
thermal standards and recommending opportunities
for energy conservation compatible with the
health, safety and comfort of the patients and
staff; and 2) Hittman Associates, Inc. was
charged with studying energy-efficient water use
in hospitals.

UNIVERSITY OF MINNESOTA

As an outgrowth of an international working
conference presented in February, 1978, the
University of Minnesota conducted an opinion
poll of panelists to pursue some of the issues
that had remained in question and unresolved.
The poll listed various factors related to
hospital-acquired infections, thermal comfort,
odors and toxic chemicals and requested panel-
ists to rank each in térms of their relative
importance. The results tabulated thus far
indicate that in the area of nosocomial infec-
tions, airborne contaminants were rated next to

~
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the least important, and techniques related to
quality patient care were regarded as more
important than hospital ventilation design cri-
teria.

ACCOMPLISHMENTS DURING 1979

A similar poll is now being conducted among
members of the Association of Practitioners and
Infection Control, an association of 4,500
members, approximately 85% nurses and 15% doc~
tors and other professionals primarily employed
as infection control officers. Preliminary
tabulation of these returns has corroborated
findings revealed by the limited poll of confer-
ence panelists. Handwashing was consistently
viewed as the most important of the ten factors
presented in relation to nosocomial infections,
and the importance of airborne contaminants
rated 5th or 6th.

In their survey of existing ventilation
standards, the University of Minnesota reported
that national standards related to hospital ven~
tilation and thermal requirements rely essen-
tially on:

1. U.S. Department of Health, Education
and Welfare, Public Health Service,
Health Resources Administration:
Minimum Design and Construction
Requirements under the Hill-Burton Pro-
gram.

2. American Society of Heating, Refri-
gerating and Air Conditioning
Engineers, Inc.: Applicable Engineering
Standards.

w
.

National Fire Protection Association:
Life Safety Code (NFPA).

In addition, they note the following:

1. Nineteen states adopted their own stan—
dards. (ASHRAE).

2. Seventeen states and one territory
adopted the Hill-Burton standards.

3. Seven states adopted the NFPA Life
Safety Code.

4. Two states adopted an ASHRAE standard.
5. Five states do not have any standard.

Following outside review of its recommended
standards and careful analysis of written com—
ments received, the University of Minnesota has
developed the following set of principles:

1. Except for those spaces used directly
for patient care or where other unusual
health or safety hazards exist, ASHRAE
energy conservation standards can be
applied. '

2., Ventilation requirements do not need to
be based on control of airborne micro-
organisms, except for those sensitive
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areas where the patient is particularly
at risk.

3. Acute odors should be controlled at
their source, not by ventilation air.

4, An outdoor air requirement for control
of the airborne chemical contaminant
load needs to be established.

5. Humidity control need not be based on
patient comfort or .control of airborne
micro-organisms.

6. A temperature range can be specified
for patient care spaces.

These principles were incorporated in a
Draft Discussion Paper: "Modification of Hospi-
tal Ventilation and Thermal Standards for Energy
Conservation” sent to 500 knowledgeable profes-
sionals around the country. A 26% response was
received and comments from this group were
incorporated in their "Proposed Pressure Rela-
tionship, Ventilation and Thermal Requirements
of Certain Hospital Areas.”

The University of Minnesota also has com-
pleted a study of chemical contamjnants of hos-
pital air, and their final report~ is now being
reviewed by members of the Ventilation Program
staff. Briefly, their findings can be summarized
as follows:

1. The general public is misinformed about
the quality of sanitation practices in
hospitals;

2. Most hospital workers focus, justifi-
ably, on the hazards of chemical con-
taminants to employees, whose exposure
is prolonged in contrast to that of
patients whose exposure is short-term.

3. Hospital housekeeping staffs are as
much influenced by commercial advertis—
ing of chemical products as the general
public and restraint in their use is
the best answer for both groups.

4. Spot ventilation specifically designed
for hospital laboratories should be
promoted as a control measure for chem-
ical contamination.

5. Ventilation systems in hospital labora-
tories should exhaust directly outdoors
and, again, be designed according to
the heat load generated by the specific
instrumentation housed.

The University of Minnesota investigated
hospital laundry water use to determine whether
the quality of finished laundry with respect to
stailn removal, whiteness, and sanitation could
be maintained under the new (1979) DHEW minimum
hot water requirement of 160°F. From their
review of the literature, they concluded gen-
erally that a water temperature of 140°F or
150°F was adequate for removal of stains as well



as for whiteness, as long as the soaps, deter-
gents and bleaches were appropriately used. TFor
example, hospitals generally use medium-titre
soaps which dissolve at 130°F to 140°F. 1In
terms of bleaches, water temperatures below
160°F will require a slightly longer immersion
time but are otherwise acceptable for assuring
stain removal and whiteness.

The problem of transmitting diseases or
infections by means of inadequately laundered
linens appears to be a real one. Various organ—
isms (Staphylococcus, polio virus, vaccinnia
virus and Salmonella typhimurium) can persist on
fabrics for days or weeks after contamination
first occurs. Apparently, today”s standards in
this area are based on an early study of Arnold
in 1938. 1In his year-long study of 54 hospi-
tals, Arnold determined a formula that called
for 165°F water temperature and the addition of
a "sour" to the final rinse as a means of elim-
inating bacteria. Ironing fabrics also kills
most bacteria (see Table 1). A summary table of
effective wash temperatures for various organ—
isms is presented in Table 2. From these data
(a compilation of 12 reports published since
1938) it seems that a water temperature of 140°F
is effective in killing most vegetative organ—
isms and 150° is effective for the remaining.

The University of Minnesota concurs with
Hittman”s recommendations that carefully con-
trolled studies need to be initiated in a
~ University setting, with input from experts on
microbial contamination as well as from health
departments and infection control personnel.
Their program plan for such a comprehensive pro—
ject is being reviewed by LBL.

Ultimately, the findings from these forego-
ing studies must be related to broader policy
questions which DOE and HEW will need to con-
sider in meeting uniform standards for efficient
use of energy in the nation”s hospitals. For
example,

o Hospital staff and administrators must
be made aware of energy conservation
opportunities and must be given access
to the technical knowledge needed to
implement changes;

e A financial environment must be created
that effectively removes institutional
barriers to energy conservation;ﬁ

® The progress of energy management in
hospitals must be monitored to deter-
mine what additional assistance is
needed to produce effective conserva-
tion programs;

® Energy-related design and operating
standards which are unnecessarily res—
trictive must be re-evaluated and
changed, where appropriate,_to allow
energy-efficient operation.
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HITTMAN ASSOCIATES, INC.

The scope of work assigned to Hittman Asso-
clates was as follows:

1. Define water and water heating energy
use in hospitals with respect to func~
tional areas, e.g., diet kitchen,
cafeteria, laundry, etc.

2. Revlew existing and proposed energy
conservation measures for diet kitchen
and laundry hot water.

3. Survey existing and proposed methods
for energy-efficient water use with
emphasis on diet kitchen and laundry

" applications, and review standards and
regulations.

Preliminary work accomplished in these areas
by Hittman Associates i§ reported in LBL”s
Annual Report for 1978.“ The results of their
continued study of hospital use of water in
laundry and diet kitchen areas were published in
July 1979 as an LBL report, Energy Efficient
Water Use in Hospitals, Final Summary Report.
The authors note that the data reported reflect
criteria based on commercial acceptability fac-
tors, and recommend strongly that a research
program be developed based on broad—based sta-
tistical sampling, using criteria that meet
scientific standards for determining energy-
efficient use of water in prototypic hospital
settings.

Recommended for immediate implementation by
hospitals are the following, none of which
involves major expenditures:

e Comprehensive maintenance programs
e Laundry formula and equipment upgrading
e Use of 160°F water in laundries

o Use of cold water in floor and bathroom
cleaning and dishwasher prerinse

® Use of low temperature water in
dishwashers

e Reduction of water flow rate in X-ray
film processing to two gallons/minute
and/or install demand-only film proces-
s0rs

e Lowering of supply water temperature to
120°F

o Investigate the benefits of installing
a laundry water heat reclaim system.

Hittman”s investigation of federal, state
and local health codes and standards related to
hospital laundries and diet kitchens revealed
great variability, which they regard as added
reason for a comprehensive research program that
would provide universally acceptable methods for
contamination control in hospital procedures.

N



10

R

o

2-49

Table 1: Effec;iveness of drying and ironing in destroying bhacteria.

A. Drying

Organism
E. coli T3 phage

Serratia marcescens
S. aureus

. aureus

B. steardther@gphilus

M. pyogenes
(S. aureus)
D SV

M. pyogenes
(S. aureus)

S. aureus

Klebsiella pneumoniae

Undentified

Clostridium butyricum

E. coli

Pseudomonas arginosa

B. Ironing

Bacillus subtilis

B, ‘welchii

B. megatherium
oli

=
0

B. pyocyanus
Streptococcus sp,
Staphylococcus sp.
M. pyogenes

Mainly S. aureus

Unidentified

3petails not further specified,

Pputhors report no survivors.

Conditions

115%2 o
(washed at 100°F)

115%2 o
(washed at 100°F)

115°%*% "
(washed at 100°F)

185°F for 30 min,

115%*? o
{washed at 100°F)

160°F for 30 min.
151°F for ‘15 min.
(washed at 100°F)

{washed at 100°F)
180%F for 25 min.
185%F for 30 min.
185°F for 30 min,

185°F for 30 min,

a
a
twice at cotton setting

350%F

338°F for 1 min,

Log reduction

_in counts

1.69°
3847

3.23

0.78
1.78
0.70
?.36

0.59

o o o o

o o o o v o o

3.91

0.4 to 1.4

Source

Wiksell et al,,
1973

Wiksell et al.,

1973

Wiksell et al.,
1973

Spillard, 1964

Wiksell et al.,
1973

Ridenour, 1952
Ridenour, 1952

Walter § Shill-
inger, 1975

Johnston, 1958
Spillard, 1964
Spillard, 1964
Spillard, 1964

Arnold, 1938
Arnold, 1938
Arnold, 1938
Arnold, 1938
Arnold, 1938
Arnold, 1938
Arnold, 1938
Ridenour, 1952

Church § Loosli,
1953

Johnston, 1958



Table 2. Reduction in counts of microorganisms after washing at various temperatures.

Organism

Unidentified
E. coli T3 phage

Serratia marcescens

Staphylococcus aureus

Staphylococcus: aureus

Staphylococcus autreus

Staphylococcus aureus

Staphylococcus aureus

M. pyogenes var.
aureus (5. aureus)

M. Pyogenes var.
aureus (S. aureus)

coli
coli

= 1= =

stearothermophilus

=]

stearothermophilus
spores
Polio virus

Polio virus
Polio virus
Coliforms
Colifqrms

Streptococcus faecalis

Wash Temp. (°F)

Chromobacterium
prodigiosum

Klebsiella pneumoniae

165°
154°

135°

135°, ;55°
77°, 20 ppm C1
140°

140°
141°

140°
100°, 5 ppm C1
140° '

100°, 100 ppm Cld
154°

160°
130°

110°, 200 ppm C1

.129° to 140°

123°, 15 ppm C1
140°
149°

140°
120°

aAuthors report no surviving bacteria.
Counts in final rinse water.

Time not specified.

Not under actual washing conditiohs; washing E.

by removal by mechanical action alone,
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Time

27 min.

[of

5 min.

5 min.
5 min,

1 min.

15 min.
1 min.
5 min.

15 min..

10 min.

10 min,

13 min.
13 min.
5 min.

5 min.
13 min.

Log reduction
in counts

>Sa’b

4.4

5.19%

4,5
>6
6.18

>5
>5

4.27

>4
4,32
2.33
1,71

2.7

(no virus
recovered)

(no virus
recovered)

4.6

4a,b

>6a’b
>7

>7
5.28

Source

Arnold, 1938

Wiksell, et al.,
1973

Wiksell, et al.,
1973

Wiksell, et al.,
1973

cited in Foter,
© 1960

Walter & Schill-
inger, 1975

pers. comm,
Crone, 1958

Ridenour, 1952

Ridenour, 1952
Ridenour, 1952
Ridenour, 1952

Wiksell, et al,,
1973

Ridenour, 1952

Jordan, et al.,
1969

Jordan, et al.,
1969

Sidwell, et al.,
1971

» Sandiford, et él.,

1959

Sandiford, et al.,
1959

Jerram, 1958

Jerram, 1958

Walter & Shill-
inger, 1975

coli seeded swatches produced 99.99% (4 -log) reduction

s



O

N

PLANNED ACTIVITIES FOR 1980

Final recommendations for revising ventila~-
tion and thermal standards for hospitals will be
submitted in FY 1980.
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ENERGY EFFICIENT WINDOWS PROGRAM 4
S. Berman, R. Johnson, J. Klems, M. Rubin, S. Selkowitz, and R. Verderber

INTRODUCTION

Approximately 20% of the annual energy con-
sumption in the United States is used for space
conditioning of residential and commeércial
buildings, and about 25% of that figure is
required to offset heat loss and gain from win-
dows. In other words, 5% of national energy
consumption, 3.5 quads annually, or the
equivalent of 1.7 million barrels of oil per
day, is tied to the thermal performance of win-
dows.

An important aim of the Windows Program is
to develop and commercialize innovative and
effective window designs, materials and acces-
sories that support national energy conservation
goals. Of critical importance to our program is
that design professionals and the public-at-
large recognize, accept and use these products.
To that purpose, we have developed a broad-scale
program encompassing research and development
activities, field demonstrations, market studies
and an education and public information program.
While the technical management of these projects
is the responsibility of the Windows Group, cer-
tain portions of the work are subcontracted out.

ACCOMPLISHMENTS DURING 1979

The work accomplished in FY 1979 comprises
three major areas: (1) program planning and
management, (2) performance testing and
analysis, and (3) design strategies, materials,
and prototype developments. Projected activity
for 1980 is included in the detail presented
below.

Program Planning and Management

The Windows Program Plan is being developed
to outline and coordinate all DOE-supported
energy conservation activities related to win~
dows, and will interface with the DOE Thermal

Envelopes and Insulating Materials Program Plan
and the Passive Solar Program Plan. Substantial
efforts were made in 1979 to better coordinate
with the DOE Passive Solar Program to avoid }
unnecessary duplication of effort. As a result
of this activity, several joint programs are in
progress or under discussion.

In our continuing concern that research
activities have commercial potential and appli-
cability, we have looked in detail at several
subsectors of the window accessories market to
understand the relationships between product
manufacturers and the distribution and sales
networks that provide building designers and
managers as well as homeowners with product
selections. Our immediate next concern is that
technical data and non-technical information on
energy-conserving window designs be readily
transmitted to relevant professionals. To this
end, we developed a publication, "Windows for
Energy-Efficient Buildings," which reports on
latest developments, patents, new materials and
products, legislation, etc., and is circulated

" widely to architects, engineers, manufacturers,

inventors, suppliers, code officials, and
researchers. In the process of generating
material for this publication, extensive product
files, patent files, bibliographies and related
information resources have been compiled.

Performance Testing and Analysis

Thermal Performance Testing. We have set up
a Bullding Techmnology Laboratory in the College
of Environmental Design of the University of
California, Berkeley, to support our research
and development activities, to provide indepen-
dent tests and evaluations of materials and pro-
ducts submitted by subcontractors, and to permit
evaluation of new products being introduced to
the market. Testing facilities include a cali-
brated hot box (shown in Fig. 1), which is now
being used to test the thermal performance of
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Fig. 1. Section through calibrated hot box showing hot and cold

box chambers and sample window.

windows and associated energy-conserving acces-
sories. Sample results are showrn in Fig. 2.
Infiltration tests on windows can now be made in
our laboratory with the apparatus shown in Fig.
3. The heat loss and heat gain rate of windows
can be improved with the use of thin-film coat-
ings on glazing materials. We now have capabil-
ities for measuring a range of optical proper-
ties of glazing materials and coatings, and
additional measurement capabilities will be
added in 1980. A solar calorimeter for measur-
ing the solar heat-gain properties of windows is
under construction and should be completed in FY
1980.

A major goal of our program is to develop
and promote managed window systems, i.e., win-
dows whose thermal/optical properties can be
manually or automatically changed by building
occupants. The laboratory testing facilities
described above were designed primarily to con-~
duct steady—-state measurements of static materi-
als and devices. Accordingly, we are designing
a Mobile Window Thermal Test (MoWITIT) facility
to test the performance of managed window sys—
tems (see Fig. 4). As conceived, such a facil-
ity will permit the testing of net thermal per-
formance of windows (combined infiltration,
conduction/convection, radiation effects) as a
function of window orientation and changing
weather conditions throughout the day. Winter
testing will be conducted in a cold, mountainous
location and summer testing in a desert area.
The thermal properties of each of the four test
chambers in the MOWITT facility can be varied in
terms of insulation level, thermal mass, and
air-leakage rate, enabling us to simulate a wide
range of building conditions. From these exper-
imental results, we will be able to rank the
performance of various window-management stra-
tegies as well as validate our analytical

(XBL 799-2921)

models. Working drawings for the MoWITT facil-
ity are nearing completion, and construction is
scheduled for late 1980. Development of
software for its data-acquisition system is in
progress.

Analysis and Computer Modeling. A detailed
analytical model of the net heat transfer
through a window assembly composed of an array
of glazing elements and optical coatings was
also developed this year. This model will also
predict the performance of multiple-glazed win~
dows in which the airspace has been filled with
a low-conductivity gas. Additional capabilities
will be added in the coming year.

A computer model for calculating optical
constants for a variety of multilayer optical
films was also completed. We calculated the
spectral properties of varilous coatings in order
to generate optical coefficlents for analysis
of visible and solar radiation transmission
through windows, as well as thermal transfer
between glazing layers.

In order to determine the effectiveness of
window~management strategies, the performance of
the window must be assessed in the context of
the performance of the entire building. For
these studies, we have used the Building Energy
Analysis Program (DOE-2), modified to incor-
porate a variety of window management strategies
such as movable shades and shutters and to pro-
vide detailed quantitative information on the
hourly performance of windows and a more
qualitative graphic perspective of the net gains
and losses of windows on an hour-by-hour basis
over the year. The performance of a variety of
movable insulating devices for windows has been
calculated by means of this model. Figure 5
shows the annual heating loads of a house in

~—
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Ordinary double glazing (solid points)
and double glazing with aluminum foil
on inside of both glass panes (open
circles).

Double glazing with ome (triangles) or
two (inverted triangles) plastic films.

Double glazing with heat mirror coating
on plastic film, where the plastic film
is mounted on the surface of one glass
pane (squares) or suspended between
panes (diamonds).

Fig. 3. View of apparatus for measuring

air leakage of windows. (CBB 793-3731)

Minneapolis whose single- and double~glazed win~-
dows were fitted with a variety of insulating
coverings that were closed for 12 hours each
night. The effects of window orientation, win-
dow area, hours of operation and air-leakage
characteristics of the window coverings may be
just as important as the insulating value in
determining annual energy savings. The forego-~
ing studies are concerned with winter perfor-
mance; in FY 1980, we will extend this work to
include the effect of movable shading devices on
cooling loads.

Design Strategies, Materials, Prototype Developments

Daylighting. Windows and skylights provide
visible daylight in buildings, thus reducing
lighting energy and peak power requirements. In
addition, natural lighting has always been
valued by architects and building occupants for
qualitative reasons. In FY 1979, our daylight~-
ing program activities were significantly
expanded.

In order to predict annual energy savings,
data on daylight availability (including the
frequency and intensity of daylight) must be
collected. No source for such data currently
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Fig. 4. Schematic view of Mobile Window Thermal Test (MoWITT) facility.
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T T T T T T exists for most of the United States. The

L 20 Pacific Gas & Electric Company Building in San
140 R(hef1%°F/Btu) Francisco has been instrumented to collect and
o O - 130 record the amount of solar and visible radiation
120 gﬂmef available at all building surfaces. An array of
) - 120 thirteen pyranometers and photometers has been
‘%IZO - - installed to feed readings to a data-acquisition
v o /' ’ Jio & system at fifteen-minute intervals (see Fig. 6).
210 - [*] Preliminary results for the first year of moni~-
- . R2o0 X toring suggest strong linear correlations
E ////3 - 100 5 between illumination and insolation -- a finding
EIOO - o o - which encourages us to believe that daylight
= / RS, deo % availability data can be generated from existing
SS90 oRI0 _ E measurements of solar radiation, A generalized
o _,—f’g,a”f:o-- £ method for developing i1llumination availability
£ 8 w0 o - 80 g data from insolation is being developed.
S 80 -\~ — No shune_r___ e
< R g :
§ N‘\\g:‘~——oR5 470 B Accurate and efficient daylighting design
£ 70 -~ S~ GRI0 £ methods must be comnveyed to building designers
5 l 9 i1f they are to successfully incorporate day-
Z 60 |~ Window distribution - - 60 § lighting designs in buildings. Three different
—0— 25%S, 25%E, 25%W, 25%N % approaches are in progress as part of the
50 == 50%S, 20%E, 20%W, 10%N 4 s0 = overall LBL program in this area: Under subcon-
[-—-—sln le glazing tract, Renssallear Polytechnic Institute is
= "'""Idou |°?‘°an‘! | | | | :]: developing a computer program to predict day-

light illumination in interior spaces; a team at
the University of Washington is developing a

graphic design method which employs transparent
overlays for daylight predictions; and, finally,

10 20 30 40 50 60
Window fo floor ratio (%)

Fig. 5. Annual heating energy requirements an LBL project is underway to simplify design
for a house in Minneapolis based upon techniques (computational and graphic) for
various glazing and insulating shutter predicting daylight illumination from clear and

options, (XBL 796~-10097) overcast skies (Fig. 7). Activity in these
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areas will continue in 1980 and a small effort
to add daylighting analysis capabilities to a
buillding energy analysis program (DNE~2) will be
expanded. ’

Physical models are useful for studying
alternative daylighting systems. " To facilitate
these studiés, an artificial sky dome has been
designed and built on the U.C. campus (Fig. 8).
Luminance distributions for both clear and over-
cast skies will be reproduced on the underside
of the hemisphere; by measuring light levels in
a scale model building under this "artificial
sky," we will be able to predict actual values
expected in a real bullding. The addition of
the lighting control system and an associated
photometric measurement system in 1980 will make
the artificial sky fully operational.

Direct sunlight is the only natural light
source with sufficient iIntensity and collimation
to illuminate interior spaces deep in the build-
ing , and various design approaches have been
studied to exploit beam daylighting in build-
ings. Over the past two years we have examined
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Fig. 8. Exterior view of artificial sky
dome for daylighting studies. . (CBB 803-2837)

the feasibility of using reflective devices
mounted at the windows to take advantage of
direct sunlight. 1In 1979, attention turned to
using linear fresnel lenses as a possible alter-
native to mirror systems. Computer simulation
and model testing in this area will continue in
1980.

We believe that daylighting techniques would
be more widely used by architects and builders
if technically accurate information was more
accessible to them. For this reason, LBL has
taken a lead role in developing a comprehensive
educational program to £ill this gap. A draft
of our '"Daylighting Resource Package," directed
to educators and building designers and prepared
in collaboration with the Illuminating Engineer-
ing Society, several universities, and daylight-
ing experts throughout the country, will be
available in summer, 1980. Over the next two
years, the resource package will be refined,
expanded , and disseminated widely.

Heat Mirror Commercialization. A tran-
sparent heat mirror is an optical coating
applied to a glass or plastic glazing material
that transmits the full solar spectrum but
reflects long-wave infrared radiation emitted by
room temperature surfaces. By reducing the
radiative component of thermal losses, the heat
transfer coefficient of a single~ or double-
glazed window is greatly reduced.

The development of transparent heat mirror
coatings for plastic films has been successfully
undertaken by subcontractors, although abrasion
and corrosion resistance of the deposited coat-
ings remains a problem area. It is possible
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that heat mirrors may find their first use in
sealed airspaces of new windows rather than as
retrofits to single-glazed windows, as origi-
nally envisioned. For new windows, the coating
can be deposited directly on glass or on plastic
films which are then glued to the glass surface
or stretched across the double~glazed airspace.

We have examined various window configura-
tions incorporating multiple glass, plastic and
coating layers (Fig. 9). Note that the best of
the heat mirror window systems has a U-value
approaching that of a well-imsulated wall. A
number of prototype window systems incorporating
heat mirrors in different configurations were
fabricated and tested in our calibrated hot box.
The experimental results agree well with our
computational models. We are currently planning
to install prototype windows incorporating heat
mirrors in test buildings to monitor their per-
formance under field conditions. In 1980, we
expect that several firms may be ready to intro-
duce these heat-mirror windows to the market.

Convection-Suppression Window Prototypes.
Double-glazed windows frequently incorporate
venetian blinds or similar devices between the
glass panes to control light and glare as well
as to provide privacy. These devices also help
to reduce heat- loss, although they have not been
designed for that purpose. The Mechanical
Engineering Department at the State University
of New York, Stonybrook, is investigating the
design and performance of mechanisms installed
in the air space of double-glazed windows to
suppress convective heat transfer (see Fig. 10).
It appears that this modification of double-
glazed windows may yield a heat-transfer rate
approximating that of an insulated wall. Proto-
types of such devices with a thermal resistance
of R5 in an open mode and K10 in a closed mode
have been built and tested. A heat-transfer
gauge with a cross section of approximately 20
ft“ was built so that full-sized windows could
be tested. Interferometric techniques were used
to examine heat transfer in the airspaces
created by the parallel slats. Initially, ideal
airspaces, i.e., with no air leaks, were exam-
ined. When the slat-to-glass clearance was
increased to as much as 1/8 inch, the heat-
transfer rate was not seriously increased.

These results suggest that building products
with a comparable level of thermal performance
could be suecessfully manufactured.

Triple and quadruple glazing systems will
further reduce heat loss through windows
although solar gain may be sacrificed due to
surface reflection losses. Replacing window
glass with a thin plastic film coated to be
anti-reflective solves this problem effectively.
These lightweight, high-performance window sys-
tems have been studied by means of computer
simulation, and prototypes tested in our labora-
tory show good agreement with the model.
Although the performance of these systems does
not match that of multi-glazed units incorporat-
ing transparent heat mirrors, they are not as
susceptible to corrosion as units using heat
mirrors.

e
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Fig. 9. Thermal performance characteristics of various high

performance window designs.

Movable Insulation. We have calculated and
measured the thermal performance of a large
number of movable insulation systems for win-
dows. (Some results are described in the
Analysis and Computer Modeling Section.) Calcu-
lations and laboratory measurements are now
being supplemented with large-scale field test~
ing of products in buildings.

Pivot
Glass
(a)
.63em (,260n.) E
Exterlor o Interior
e I, Y
low emissivity surfaces ;
BT T e
Slat crossection [
(b) Closed
Fig. 10. Schematic cross-section of open

and closed convection suppression window
prototype. (XBL 796-1099)

(XBL 796-10098)

The Insulating Shade Company in Branford,
CT, has developed a multilayer, aluminized plas-
tic roll~up shade with a thermal resistance of
12 in its deployed mode (Fig. 11). Two hundred
such shades have been installed in a college
dormitory, and energy savings are being moni~-
tored by means of a data-~acquisition system-
designed and built at LBL. Patterns of occupant
use of these shades will be studied and attempts
may be made to motivate occupants to use the
insulating devices more effectively.

Selective~Reflectance Coatings. Reflective
and/or tinted glass is widely used in many com-
merclal bulldings to reduce solar impact and,
thus, energy requirements for air conditioning.
However, this glazing will also reduce the
amoynt of daylight illuminating interior spaces
and thus increase energy used for electrical
lighting.

Since approximately one-half of the sun’s
radiation is short-wave infrared, which contri-
butes nothing to illumination, an optical coat-
ing that selectively reflects this infrared but
transmits visible light could, ideally, reduce
cooling loads by 50% without reducing available
illumination. Under subcontract, Kinetic Coat-
ings, Inc., has used novel jion-beam sputtering
techniques to produce durable, weather-resistant
selective coatings that can be applied to the
outside of a window where they function effec-
tively in a solar-control mode. A wide range of
selective~reflectance coatings and protective
layers has been produced and tested for both
optical performance and weatherability (Fig.,
12). In 1979, Kinetic Coatings, Inc., focussed
their efforts on scaling-up the sputtering depo-
sition system to provide coating uniformity over
a larger sample size. Results to date show a
uniformity of + 5% in optical properties over a
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1.5 £t2 area. Indications are that these
methods can be further refined so that glass of
architectural size can be coated with equal or
better uniformity. '

High-Performance Sun Control Systems. Con-
ventional venetian blinds are reasonably suc-
cessful in reducing solar heat gain through win-
dows. To improve thelr performance, Stevens
Institute of Technology in Hoboken, NJ, is test~-
ing and evaluating a new class of highly reflec-
tive venetian blinds expected to transmit 507
less summer heat than conventional blinds. Test
results from this program will be compared with
existing methods of calculating the performance
of blinds.

Air-Flow Window Systems. Among the options
being studied for high-performance window sys-
tems are those designed to control heat transfer
by using air flow between multiple panes of
glazing. These systems offer thermal perfor-
mance advantages in winter (by reducing net heat
losses through the windows and collecting useful
solar gain) and in summer (by reducing cooling
loads) without sacrificing daylighting poten-
tials year-round. :

One such window system of interest to our
program is the "Clearview" solar-collector win-
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dow developed by.researchers at the Environmen-
tal Research Laboratory (ERL) at the University
of Arizona. Designed for residential applica-
tions, this window system is being analyzed in
detail by ERL for its performance capabilities,
and will be field-tested in the upcoming heating
and cooling season. ’

Another approach to designing air-flow win-
dows has been used in Europe for many years.
Windows are constructed with cavity ventilating
ports that permit air to pass between double or
triple glazing at rates controlled by HVAC sys-
tem pressures (Fig. 13). Venetian blinds in the
glazing cavity absorb the sun’s heat in the
winter and the air flow over the blinds carries
the heat throughout the building. Similarly,
the heated air can be exhausted from the
building in summer to reduce cooling loads.

This approach lends itself to many different
systen configurations that will be investigated
by the University of Utah under subcontract.

The performance of exhaust air windows and con-
ventional multiple glazed windows will be com-
pared , side-by-side, in a test building designed
to rotate so that all window orientations can be
evaluated. Test results will be used to assess
theilr marketability in the United States.
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ENERGY EFFICIENT LIGHTING PROGRAM
S. Berman, R. Clear, J. Klems, F. Rubinstein, S. Selkowitz, and R. Verderber

{

INTRODUCTION

The Energy-Efficient Lighting Program of the
Lawrence Berkeley Laboratory 1s carrylng out
comprehensive research, development, and demons-
tration activities emphasizing the commerciali-
zation of energy-efficient and cost-effective
lighting.

Lighting accounts for 25% of the electrical
energy generated in this country every year or
about 6% of total energy consumption. This
amounts to some 440 billion kilowatt-hours of
electricity, which may be broken down by end-use
as follows:

Percentage
Residences 20
Stores 19
Industry 19
Offices 10
Outdoors 8
Schools 7
Streets and highways 3
Other indoor uses 14

We estimate that approximately 507% of the
electrical energy consumed for lighting, or



about 12% of total electrical sales, could be
saved by replacing existing lighting with
energy-efficient lighting. This changeover is
timely, given the widespread concern about the
rising cost of electrical energy. Furthermore,
the rapid turnover in most lighting stocks is
conducive to the substitution of new, more effi-
cient products.

The broad objectives of our program are:

1. To foster the development of energy-
efficient lighting technologies, stra-
tegies, and design methods by helping
the lighting community (product
manufacturers, design firms, profes-
sional organizations, and government
agenciles) to achieve energy-efficient
lighting.

2. To minimize any possible adverse
social, economic, and environmental
impact connected with introducing
energy—efficient lighting technologies
and lighting~design practices.

3. To provide information so that lighting
users, designers, and purchasers can
make informed choices on lighting
effectiveness and cost/benefit.

4. To assist in removing institutional
barriers to adopting efficient light-
ing.

An important activity of the Energy-
Efficient Lighting Program is to make the public
aware of LBL”s commercialization efforts. We
provide information by distributing reports,
giving public addresses, and holding meetings,
and by maintaining contacts with private persons
and many public and professional organizations
concerned with lighting.

Among the more prominent organizations with
whom we regularly exchange Information are the
Illuminating Engineering Society, the Institute
of Electrical and Electronic Engineers, the
American Institute of Architects, the American
National Standards Institute, and the
Underwriter”s Laboratory. As for consumer
organizations, we have contacts with trade asso~
clations such as the Building Owner”s Management
Assoclation and government purchasing groups
such as the General Services Administration.
Most of our information comes from research and
development carried out by subcontractors, by
the LBL Lighting Laboratory, and by the demons-—
tration projects managed by LBL.

Prior to 1979 we worked primarily on
developing new lighting technologies for the
commercial and industrial sector. In 1979 we
extended our work to the residential sector.
The technologies belng developed are described
in the following paragraphs.
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ACCOMPLISHMENTS DURING 1979

High~frequency Solid-state Fluorescent Ballast

The two-and-a-half-year project on develop—
ing high-frequency solid-state fluorescent bal-
lasts for the two 40-watt T-12 lamps is expected
to be completed this year. The ballasts were
developed for LBL by Stevens Luminoptics and
IOTA Engineering, and have been used success—
fully for over a year and a half in a demonstra-
tion project at the Pacific Gas and Electric
Company (PG&E) headquarters office building in
San Francisco. The ballasts reduced energy con-
sumption for in situ lighting by at least 25%
and operated safely and reliably, causing no
discomfort to users. In 1980, small quantities
of these solid-state electronic ballasts will be
availlable for purchase, and stocks will be built
up rapidly in the following years. A summary
report on the demonstration data was presented
at the International Illuminating Engineering
Society meeting in Japan in August 1979. The
general lighting community concurs with LBL that
the project has been a success.

Complementary to the work of the lamp indus-
try, a test of standard fluorescent lamp life
has been carried out in the LBL Lighting Labora-
tory (located in Wurster Hall at the University
of California, Berkeley), and the positive
result has advanced the commercialization of the
electronic ballast. The fluorescent lamps
driven by the Stevens ballast are still func~
tioning properly after 12,000 hours of testing,
confirming that operation at high frequencies
will not shorten lamp life.

Efficient Fixtures

The successful work on the electronic bal-
last stimulated an attempt to develop an
energy—efficient fixture that would take advan-—
tage of the lighter—weight ballast and use coat—
ings to increase transmission and reflection
abilities.

A lighting fixture has a pronounced effect
on the overall efficiency of a lighting system
by virtue of its coefficilent of utilization.

One way of raising the coefficient is to
increase the useful light delivered by a fixture
by improving the reflectivity and transmissivity
of reflectors and lenses. The Optical Coating
Laboratory, Inc., under contract to LBL, has
applied multilayered, thin—-film coatings to
reflectors and lenses to see how the coatings
would affect fixture performance. Two types of
high-intensity—discharge (HID) fixtures have
been designed, one for outdoor and one for
indoor use. The outdoor fixture employs a
high-pressure sodium lamp and the indoor fixture
a metal halide lamp. The fixtures have been
tested for efficiency with and without the
thin-film coatings; results are given in Table 1.
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Table 1. Reflectance of Coilzak(R)specular lighting sheet with
and without optical coatings.

(Percentage)
Single reflection Multiple Reflections
Hemispherical
Total**  Specular®** | 2nd 4th
Coated 94 92 85 72
Uncoated 83 78 61 37

*Dian TR-1 Reflectometer
**Cary 14 Spectrophotometer

(R) Alcoa Trademark

For a single reflection, the reflectivity of the
coated Coilzak(R) improves by more than 10%.

For multiple reflections (very common in fix—
tures), the improvement is more than 50%.
According to Lighting Science, Inc., an indepen—
dent testing laboratory, the improved perfor—
mance increases the coefficient of utilization
as follows:

Reflector Lens

Coefficient of Utilization

)
Uncoated Uncoated 63.55
Coated (No 1lens) 79.73
Coated Coated 75.42

In further studies, we intend to determine the
cost-effectiveness of the coating procedure.

Residential Adaptive Circline Fluorescent Lamps

LBL awarded a contract to the EETech Cor-
poration to develop a solid-state ballast for
the operation of a circline fluorescent lamp.
The system will be packaged with an Edison-type
base so that it will fit standard residential
incandescent light-bulb sockets.

The ballast circuit has been designed to be
manufactured as an integrated circuit, which
will reduce the size, weight, and cost of the
ballast. The light output is equivalent to that
of a 150-watt incandescent bulb (2,200 lumens).
In addition, the ballast permits the {luorescent
lamp to be dimmed to accommodate different
lighting needs.

EETech has delivered eight ballast-lamp sys-—
tems to LBL. Table 2 compares the performance
of the EETech system using the electronic bal-
last with other circline lamps operated with
commercial core-coil ballasts and incandescent
lamps. As indicated, the EETech design is >10%
more efficient than the core~coil types.

Note: The lamp designations may be decoded as
follows: "FC" is circline fluorescent; "12,"
"6," "10," is the lamp diameter in inches;
"T10," "T9" is the diameter of the lamp tube in
one-eighth inches (i.e., 10/8 inches);

"ww" means warm white color; and "sw" means soft
white color. The second set of data (in
parentheses) for the EETech system shows its
performance when dimmed.

Figure 1 shows two photos of the adaptive cir-
cline lamp and ballast fitted into the ceiling
socket for a standard incandescent lamp. Once -
the diffuser is in place (Fig. 1b), the occupant
cannot tell whether the lamp is fluorescent or
incandescent. Compared to the incandescent
lamp, the circline fluorescent improves effi-
ciency by more than 60%.

Switching and Controls

Few buildings today have lighting—~control
systems; yet the energy savings that could be
achieved if controls were used is estimated at
over 50%. Our objective is to compare the per-—
formance and cost-effectiveness of several sys—
tems and to publicize our findings. We antici-
pate that the widespread commercialization of
control systems—-those available today as well
as those still in the research and development
stage—-will gain in importance and that demand
for these systems will increase as their useful-
ness becomes known.

LBL has organized two demonstrations to
assess the energy savings of different switching
and control strategies. Honeywell, Inc. has
supplied the lighting-control system for the
first demonstration, and we have installed it on
one floor of the San Francisco PG&E building and
are collecting data. The system controls groups
of lamps and can' dim the lamps over a continuous
range of lighting levels. General Electric will
supply the control system for the second demons-
tration, to be carried out in the World Trade
Center in New York. This system allows only
on—off control, but fixtures can be individually
controlled. The second demonstration will start
in early 1980. Both contractors have done mark—
eting studies that indicate a large potential
market, primarily for new construction. At
present, it is not cost-effective to install
these control systems in existing buildings
because of the block manner in which lighting
systems have been wired. However, wiring codes
in California vequire that the periphery light-
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Table 2. Comparative performance of circline fluorescent-lamp systems
and 100-watt incandescent lamps.

Commercial products with
core-coll ballasts

EETech system with Incandescent
electronic ballasts

Lamp FC12T10ww  FCO6T9ww
Power

(watt) 35 21
Light

( lumens) 1226 700
Efficacy

(lumens/watt) 35 33.3

FC10T9sw FC10T9sw
44 44 (19.5) 100 w
1812 2018 (790) 1750
41.2 45.8 (40.5) 17.5

ing of new buildings be independent of the inte-
rior lighting, a modification that will substan-—
tially reduce the cost of installing automatic
control systems.

The demonstration data on the two systems
will help in evaluating different control stra-
tegies, such as daylighting, group vs. single,
continuous vs. step—dimming. For instance, the
data will be used to verify the accuracy of a
computer program being developed by Smith,
Hinchman, and Grylls, under subcontract to LBL,
to predict the energy savings that can be real-
ized by using various types of lighting con-
trols, strategies, and maintenance practices.

Daylighting projects related to lighting
controls are covered in the Windows section of
this report.

Solid-state Ballasts for High—-intensity-

discharge Lamps

LBL awarded contracts to three firms for
developing a solid-state ballast for operating
high-intensity—discharge (HID) lamps. Each con-
tractor has been required to deliver six units
for testing at the LBL Lighting Laboratory. The

Fig. la. Adaptive circline fixture.
: (CBB 790-15389)

preliminary results indicate that high—
pressure-sodium (HPS) lamps are 15-20% more
efficient when operated at high frequency with
solid-state ballasts (combined ballast and lamp
efficacy).

Energy-Efficient Light Bulbs

During 1979, we also made preliminary plans
for initiating a new project to develop an
energy-efficient replacement for the standard
incandescent lamp. The project will begin in
1980 with a public competition inviting com-
panies in the lamp-development field (by a
Request for Proposal procedure)to elaborate a
cost—sharing proposal aimed at achieving
accelerated commercialization of an energy-
efficient incandescent replacement. The project
will have three phases, the first of which
should be completed in the latter part of 1980
with the delivery of a pre-manufacturable proto-
type for testing at LBL. We intend to have
several firms working on the problem so that a
number of different concepts can be evaluated.

Fig. 1b. Adaptive circline fixture with
diffuser. (CBB 790-15387)

N~
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PLANNED ACTIVITIES FOR 1980

Besides continuing the above projects, we
will begin work in two new program areas: sen—
sors and controls, and visual performance. To
study sensors-and controls we will set up two
new demonstration projects. The sensors project
will test the energy that can be saved by intro-
ducing a personnel detector that senses room
occupancy, turning lights on or off according to
the presence or absence of occupants. The
demonstration will take place in an office
building in New York City; work will be carried
out in conjunction with the New York State
Energy Research and Development Authority and
the Tishman Research Company. The controls
demonstration, which will also take place in an
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office building, will determine the appropriate
placement of photodetectors to optimize the per-
formance of control systems in daylit spaces.

The visual-performance program will analyze
the theoretical implications of previous
research and initiate simple and direct experi-
ments in cooperation with the faculty of the
University”s School of Optometry. We intend to
examine the information requirements that relate
energy efficiency in lighting to lighting stan-
dards. We will consider the impact of visibil-
ity, visual performance, and overall produc-
tivity on both the introduction of new lighting
technologies and the development of energy-
performance standards for the entire building.

CONSERVATION POTENTIALS: COMPILATION, PUBLICATION, AND
DEMONSTRATION

A. H. Rosenfeld, H. Arin, M. Maulhard, A. Meier, J. Poling, L. Schipper, L. Wall,
and J. Wright

The Building Energy Compilation and Analysis
(BECA) Group, initiated in 1976, compiles the
results of energy-conservation research per-
formed at LBL and other laboratories worldwide,
and publishes comprehensive tables of conserva-
tion options, ordered by annual return on
investment. We advise utility companies, local
governments, and the State of California on con-
servation options, and promote demonstrations
and training in retrofitting.

PUBLISHED REPORTS, DATA BASE AND OTHER ACTIVI-
TIES

Some Potentials for Energy and Peak Power Con-

servation in California.l

In this report, we analyzed known. conserva-
tion measures for buildings and appliances, and
ranked them by cost of conserved energy (in
$/barrel saved). Tables of conservation options
were presented in order of maximum return on
investment. We calculated that, if these
options were implemented over 10 years, the fol-
lowing savings would result: about 30% each in
natural gas and electric energy, and nearly 50%
in peak power, compared with 1975 consumptione.
The annual savings to the California consumer
would be about $1 billion in natural gas and $1
billion in electric bills (at 1975 prices).

This saving, if redirected from energy purchases
to more typical and labor-intensive purchases,
would create about 60,000 jobs in California.
Moreover, the $5 billion initial cost, of a 10-
year program would be more than offse% by a 12
gigawatt reduction in peak-power demand, which
would permit deferring the construction of new
plants, whose total cost would be about $10 bil-
lion.

In a similar vein, we published Energy Con-
servation through Appliance Labelling: Facts and
Fact Sheets¢ in 1978; Conservation Options in
Residential Energy y§g3 in 1977; and Saving Half
of California’s Energy and Peak Power by Long-
range Standards and Qthex Legislation4 in 1978.
We are now expanding the data base on end-use of
energy and conservation options on which these
reports were based. New projects are:

Low-Cost/No~Cost Residential Conservation
Measures. During 1979, as prices for home heat-
ing oil rose toward $1/gallon, there was revived
interest in retrofitting homes and in legisla-
tion providing new incentives for home audits
and retrofitting. Accordingly, we updated our
existing data on California and collected addi-
tional data on cities in other parts of the
country. Some of this work is reproduced in
Fig. 1 and Tables 1 and 2.

BECA: An International Comparison and Criti-
cal Review. The Review will consist of three
parts, which are to be updated and republished
regularly:

Part A: Single~Family Residences
Part B: Retrofitting of Residences
Part C: Commercial Buildings

Part A will be published for the first time
in Energy and Buildings in April 1980; it was
compiled by eleven researchers from North Amer~
ica and Western Furope.? It gives data on the
fuel energy used for space heating in single-
family residences in the U.S., Canada, and
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Fig. 1. Conservation poteﬁtial for a Northern California single
family home (1200 ft.2, 3000 heating degree days). From Maulhardt,
Meier, Newbold, Rosenfeld, and Wright, LBL-5926 (rev. 11/79),
Lawrence Berkeley Laboratory, Berkeley, CA. (XBL 7910-13101)
Western Europe. Three classes of data are plot- improvements over and above those called for in ’
ted and compared: (1) calculated data determined current practice.
by computer simulation or by simplified calcula- .
tion, (2) housing-stock data obtained from gross Topics covered briefly in Part A are: other .

consumption figures in given countries for a
given year, and (3) measured data for individual
dwellings built as (or modified into) energy-
efficient houses. The computer simulations cal-
culate the energy used to heat a residence con-
structed according to current building codes or
practice. A description of optimum construc-
tion, based on minimum life~cycle cost, is given
for the U.S., and data on the cost of moving
from one construction level to another are pro-
vided. The combined results on actual houses
show the low annual fuel requirements for space
heating that can be achieved in new houses and
by retrofitting existing ones. In most existing
houses, the space-heating requirements can be
reduced by about 50% with an investment: of
$1,500. 1In new houses, a reduction of more than
60% can be achieved by investing $1,500 in

energy-conservation designs such as passive

solar heating and insulating shutters ox shades; )
and indoor air quality in tight houses, includ-

ing radon concentrations.

Q

Figures 2, 2, and 4 are from BECA, Part A.
Storage of Heat and Coolth in_ Hollow-Core
Concrete Slabs. Swedish Experience, and Appli-

cation to Large, American-Style Buildings.® We

have collaborated with a team of Swedish

researchers to produce a report on the storage

of heat and "coolth" in hollow-core concrete

slabs. We analyzed the Folksam office building

in Farsta, near Stockholm, which has been func-

tional since December 1977, with an energy use

for direct space heating of only 60 kWh/m 5
(19,000 Btu/ft ) s half the Stockholm average for
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Table 1. Lo-cost/no cost residentlal conservation measures - Northern
California (Travis AFB). '

We assume a 1200 square foot house, with R-1l in the attic, and no night thermostat asetback in a
climate of 2400 heating degree days and 1200 cooling degree days. Before retrofit, the house used
1200 therms (or 21,200 kWh) for space heating, 3600 kWh for air conditioning, 330 therms (or 5000 kWh)
for water heating and 1200 kWh for refrigeration. The seasonal efficlency of the furnace/duct system
before retrofit was taken as 60%.

Annual Savings
Electric Natural Gas
Wh a5 g

Measure Alternative Costs
By By Homeowner

ractor |

| co 14

1. Low Temperature Laundry

warn wash/cold rinse or $0 s0 80 600 $30 35 s11
(all cold water) ($0) ($0) ($0) (1000) ($50) (50) ($15)
'

2. Reduce Hot Water Temperature )
140 deg. to 120 deg. or $0 $0 $0 350 $17 25 $8
(140 degs to 110 degs) (30) ($0) ($0) (520) (s26). - (35 (s1)

3. Shower Flow Restrictors $209 $8 $1 750 $38 35 $11

4, Blanket on Water Heater $308 $20 $5 350 $18 24 $7

5. Other Turnoffs
a. Furn. Pilot Off in Summer $0 $0 $0 - - 35 $11
b. Refrig. Anti-Sweat Switch $0 $0 $0 120Ps¢ %6 - -
¢+ Second Refrigerator $0 $0 $0 900b» ¢ $45 - -

6. Heating and Cooling Systems

a. Set Back Furnace

Fan Thermostat $158 $5. $0 - - 30 $9
b. Night Thermostat

Setback to 60 deg. $758 $60 $0 4100 $200 230 $70

7. Plug Fireplace Flue $35 $15 $5 230 511 15 $5

8. Seal Air Bypass Paths to Attic 51008 $40 510 750 $37 35 §11

9. Seal and Insulate Ducts . ‘
in Unheated Areas $175 $50 §25 550 828 30 $10

10. Caulk and Seal Build. Shell $220 $60 $15
Heating 620 $31 35 $11.
Cooling 200¢ $10 - -

IOTALS (see mote c) $670 $260 $60 1200° $60° 530° $160°

(25%) ) (35%)

a. assumes the measure was part of a contractor package job.

b. not included in total because original requirements did not include appliances.

c¢. For total savings, to avoid double counting, we assume gas used for space and water heating, elec~

tricity for cooling and refrigeration (where the gas columns show a dash).

new buildings. To this amount must be added
another 60 kWh/m? for lights, equipment, fans,
etc. New Swedish buildings are so well insu~
lated that theilr temperature rises during winter
working days. In the Folksam building, the
surplus heat from the 40 hours per week that the
building is occupied is stored in hollow-core
concrete slabs and then used to compensate for
the heat losses during the 128 remaining hours.
The energy transport and storage system neces-
sary to keep the indoor temperature comfortable,
summer and winter, is called Thermodeck; it is
described in detail in the report.

Fig. 5, taken from the report, shows how the

Thermodeck system can also eliminate the need
for daytime air conditioning.

California Policy Seminar

We received a grant from the California Pol-
icy Seminar to update the report on potentials
for conserving energy and peak power in Califor-
nial and to consider further savings that might
be realized if long-range standards for build-
ings.and appliances were adopted. We are also

2-z setback
17 oct rev.

computerizing our data base and writing several
policy papers under this grant.

Energy "Points" for Real-Estate Appraisers

In a project related to our Low~-Cost
Residential Conservation Measures, we are calcu-
lating the energy savings of applying residen-
tial conservation options in ten cities. The
results will be listed as points on & form
intended for use by real-estate appraisers.

Retrofitting Projects

In collaboration with Princeton University,
we have developed the practice of partially
retrofitting a residence as it is being audited
in accordance with the Residential Conservation
Service legislation. If we assume a situation
in which gas or oil use in a partially retrofit-
ted house is reduced by 25%, then a homeowner
who spends $250 on the retrofitting procedures
can save $100/year in energy costs, which works
out to 25¢/MBtu or $1.50/barrel.



Fuel input equivalent (MWh/100m?)

Fig. 2, U.S,, fuel for single-family residentisl space heating. (XBL 795-13964)
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Table 2. Lo-cost/no cost residential conservation measures - Chiqago/Boston

We assume a 1200 fr.2 house, with R-1l insulation in the ceiling, R-~7 in the walls, no night ther~
mostat setback, and 6000 heating degree-days per year. Before retrofit the house used 2200 therms
(32,000 kWh or 1570 gals. of oil) for space heating and 300 therme. (or 5000 kWh) for hot water. Air
conditioning in Chicago uses 2300 kWh, but we do not consider a/c savings. Gas and oil seasonal
furnace/duct system efficlency before retrofit was taken to he 50 perceat.

Measure . Alternative Cost

. Annual Savings
Work ByT By Homeowner Electric [~ Natural Gas I 011

Contr. | Deluxe | Chea Kih | @5¢7kWh [ Therms | @37¢/Th | gal | ®85¢7zal

1, Low Temperature Laundry :
warm wash/cold rinse, or $0 $0 $0 600 §30 50 $19 - -
(all cold water) $0 (50) (50)  (1000)  ($30) (55). ($20) - -
2. Reduce Hot Watér Temp. : ) :
140 deg. to 120 deg. or $0 $0 $0 330 §17 25 $9 - -
(140 deg. to 110 deg.) $0 (50) ($0) (520) (26) (35) ($13) - -
3, Shower Flow Restrictor §208 $8 $1 750 $38 35 $13 - -
4. Blanket on Water Heater $30°8 §20 $5 350 $18 24 $9 - -
5. Other Turnoffs .
a. Furn. Pilot Off In Summer $0 $0 $0 - - 30 $11 - -
b. Refrig.Anti-Sweat Switch $0 $0 50 120P $6 - - - -
c¢s Eliminate Second Refrig. $0 $0 $0 900b $45 - - - -
6. Heating and Cooling Systems
a. Set back Furn.Fan T'stat $158 $5 $0 - - 30 $11 21 $18
b. Night Thermostat :
Setback to 60 deg. §758 $60 $0 5300 275 320 §$120 230 §194
c. Furnace Tuneup $358 - - - - 220 $81 157 §133
7. Plug Fireplace Flue . $35 §15 $5 900 845 60 $22 43 $37
8. Seal Bypass Paths To Attic $100° $40 $10 1400 $70 80 ) $30 57 $48
9, Seal And Insulate Ducts
In Unheated Areas $175 $50 $25 1900 $95 130 §48 93 $79
10. Caulk And Seal Building
Shell, Woxst Places Only $220 $60 $15 1500 $75 100 $37 71 $60
TOTALS (see note d) $700 $260 $60 1100 . $410 6704 $570d
(44%) (432%)
a. assumes measure was part of a contractor package job. 4 Oct 79 Rev, 1
b. Not included in total because original requirements did not include appliances.
d. 011 savings apply for space heatirng alonej domeatic water heated by gas.
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Fig. 5. Response/relaxation curves calculated
by the BRIS~program for equal rooms with two
different slabs, each with a heat capacity of
100 Wh/m?K. The surroundings are assumed .
symmetric on all sides (as in an office in the
core of a building). 15 W/m2 of lighting

(50% radiation) is turned on for the first eight

hours of each run. The cases are as follows:

ae« 20-cm thick solid concrete slab, with rug,

insulated, suspended ceiling, and plenum.
Resistances assumed were: rug ~- 0.l
(w/mzK)'l; insulated false ceiling
~=~ 0.5; plenum -- 0.17.

b. Same as a., but slab is 20~cm thick
Thermodeck.

c. 20-cm thick concrete slab, but bare --
no rugs, suspended ceilings, plenum.

d. Same as c., but slab is 30-cm thick
Thermodeck.

(XBL 7910-13104)

To test and demonstrate the economics of
retrofitting, we are working with the Pacific
Gas and Electric Company to partially retrofit
20 homes in Walnut Creek, California, and then
to fully retrofit six of them. This activity is
part of a broader program, covering 150 homes,
that has been organized by Princeton University.

Also with Princeton, we are proposing to
carry out a demonstration project in which 1,000
homes would be retrofitted. The project would
also be used to train "house doctors" (persons
skilled in diagnosing sources of energy waste in
a house) and to give utility company personnel
experience in conducting audits and in partially
and extensively retrofitting homes.
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SUMMARY AND DISCUSSION OF POTENTIAL SAVINGS IN THE BUILDINGS

SECTOR

A. H. Rosenfeld

OVERVIEW

In 1979 the U.S. consumed about 79 quadril-
lion Btu”s of resource energy (1l quad per year =
1/2 million barrels of oil per day). Because
automobiles are so visible, many Americans first
think of energy consumption in terms of gasoline
used to fuel cars; in fact, gasoline use was
only 14 quads. The next highest energy consumer

in the minds of the public is industry, and, at
the bottom of the list, our homes and work-
places. To the surprise of most, our homes and
workplaces in 1979 used as much energy as indus-
try —— 29 quads each.

Table 1 shows a breakdown of energy consump-—
tion by sector (residential, commercial, indus-
trial, transportation) and by supply (fossil
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Comparative energy consumption by sector and resource

Resource Energy (Quads)

Table 1.
(United States, 1977)
Fossil Fuel
Buildings:
e Residential 10 (3)*
e Commercial 4 (€))
All Buildings 14 (4)
Industry 21 (21)
Transportation:
e Gasoline 14 7
e Other 7 (¢)]
All Transportation 21 4
TOTAL 56 (39)

. Electricity Total
7 3) 17 (6)
7 @ un @
14 (5) 28 9
8 (8) 29 (29)
——— —-— 14 (€2
— e 1 W
22 (13) 78 (52)

*Figures in parentheses represent estimated energy use if all homes,
buildings and appliances were replaced with new ones, optimized to
minimize life~cycle energy cost, and autos meet the 1985 standard of

27.5 mpg.

fuel vs. electricity) for 1977. Note that
residences alone use more energy than motor
cars, and that buildings and appliances use 60%
of our electricity. Figures in parentheses
reflect our estimate of energy consumption if
all homes and buildings were magically retrofit-
ted or replaced with new ones whose energy use

has been optimized to minimize life-cycle energy

costs, and if automobiles were brought up to
1985 fuel-economy standards. Based upon our
projections, we estimate potential energy sav~
ings of 19 quads in the building sector and 7
quads In the transportation sector. The result
is that the 29 quads used by the buildings sec—
tor would drop to 9, and the 21 quads used for
transportation would drop to l4.

RETROFITTING

Although it would take 50~100 years to
replace all our homes and buildings, that somber
fact does not mean that national energy conser-
vation is a utopian prospect. Results of our
research on retrofitting existing buildings sug-
gest that energy requirements for space heating
can be reduced by 50% (14 quads to 7) and elec-
tricity by approximately 35% (14 quads to 10).
It is this potentlal supply of "conserved
energy" (11 quads) that gilves rise to articles
with such exuberant titles_as "Drilling for 0il
and Gas in our Buildings."® By comparison, it is
instructive to look at the National Energy Plan
that would invest $88 billion in plants to pro-
duce annually 5 quads of synthetic fuel and
unconventional oil and gas. To this $88 billion
must be added a continuing annual cost of pri-
mary fuel inputted to the synfuel plant. Retro-
fitting existing buildings, on the other hand,
will save 11 quads of energy for a gross capital
investment of $140 billion, or, if federally-
financed, an annual carrying cost of approxi-

mately $16 billion. In other words, such a
national conservation program, for a smaller
one~time initial investment, could produce twice
what the synfuel program is projected to produce
- not only at less cost but with a shorter pay-
back time, some immediate benefits, and a higher
probability of minimizing U.S. dependence on
foreign energy sources in the near future.

Figure 1 of the article on "Conservation
Potentials” in this chapter shows 20 steps

_designed to reduce existing energy use in a typ—

ical Northern California house by 60%, thus sav-
ing 140 MBtu/year. . Assuming an average retrofit
life of twenty years and an investment of $2,500
to accomplish these retrofits, then at a 10%
discount rate the 140 MBtu/year saving would
cost S%aﬁﬂyear. The "conserved energy" cost is
thus THOMEES = $2.10/MBtu, or $12.18/barrel.

REDUCING INFILTRATION

The most novel and cost-effective retrofit
measure is to reduce natural infiltration of
outside air. In the typical U.S. house which
contains 80 1b. of air, infiltration averages 1
ach (air changes per hour). In winter, this
incoming outside air must be heated hourly, and
in summer the alr must be cooled and dried in

i regions where air conditioning exists.

To heat all infiltrating air in a typical
Boston house for one heating season adds to the
normal heating load the energy and costs tabu-
lated below:

Annual

Furnace Unit Heating
Heating System Efficiency Fuel Price Bill
Natural Gas 607% 450 therm 40¢/ea. $180

011 60% 340 gal $1/gal $340
Electric
Resistance 100% 13,000 kWh 5¢/kWh $650



A good job of air-tightening this house
could reduce infiltration by 25% to 50% and save
a corresponding amount of energy and dollars.

Increased energy prices have encouraged
builders to tighten construction in new houses
vhere, on the average, infiltration has been
reduced to about 0.6 ach. There are even exam—
ples of energy-efficient houses which have been
built with 0.1 - 0.2 ach; however, when infil-
tration is reduced, indoor pollutants such as
odors, moisture, formaldehyde, radon gas; and
combustion products from cooking with a gas
stove, all build up, and indoor air quality
becomes unacceptable. One promising solution is
to install a fan to supply fresh air and exhaust
stale air through an air-to-air heat exchanger.
The EEB program is addressing this problem (see
Ventilation Program).

NEW BUILDINGS

In addition to exploring retrofit possibili-
ties in existing houses, the EEB program is con—
" cerned with new energy~efficient designs in

buildings. Indeed, the various research pro-
grams described in this chapter have the common
aim of providing baseline data needed to estab-
lish building energy performance standards
(BEPS) which Congress has mandated for 1980.

The BEPS program 1s discussed in detail in the
following article. Figs. 2 and 3 in "Conserva-
tion Potentials” show some of the improvements
to be included in building standards for
single-family housing stock in various geograph-
ical locations, and the energy savings that can
be achieved by incorporating these energy-
conserving features. TFor a typical house in
Chicago, space heating requirements (gas) can be
reduced by 85% (from 65 MBtu = $260 to 10 MBtu =
$40) by using better windows, adding insulation,
reducing infiltration, Installing heat
exchangers, and utilizing solar gain.

REFERENCES

1. R. Williams, M. Ross, "Drilling for 0il and
Gas 1n Our Buildings," Princeton University,
Center for Energy and Environmental Studies,
Report PU/CEES 87, July 17, 1979, to be pub-
lished in Technology Review, 1980.

EVALUATION OF BUILDING ENERGY
PERFORMANCE STANDARDS FOR RESIDENTIAL BUILDINGS

M. Levine, D. Goldstein, M. Lokmanhekim, J. Mass, and A. Rosenfeld

INTRODUCTION

In August of 1976, in response to the need

Fiscal Year 1979, LBl completed the following tasks

in support of the standards development:

for encouraging greater conservation of depletable

energy resources in new buildings, Congress passed L.
the Energy Conservation Standards for New Buildings

Act of 1976. The Act mandated the development,

promulgation, implementation, and administration 2.
of energy performance standards for all new build- -

ings constructed in the United States after 1981.

Development of prototype designs for
single~family residential buildings;

Description of conservation measures
and building operating conditions for
residential dwellings;

3. Building energy simulations using a
state-of-the-art energy analysis compu-
ter program (DOE-2) of four buildings
in ten locations with approximately
twelve combinations of energy conserva-
tion measures for each building;

The importance of the Building Energy
Performance Standards (BEPS) program in the resi-
dential sector is underscored by results showing
that setting the residential standard at the mini-
mum in life-cycle costs using only traditional
energy conservation measures can:

4, Development and application of a computer

e reduce energy use for space conditioning
by about 30% - 40% from current building program to evaluate the life-cycle costs
practice (or 60% - 70% from an average of the conservation measures in the resi-
house built before the OPEC oil embargo dential buildings;
of 1973)
. 5. Analysis of the sensitivity of the life-
e produce a net savings in life-cycle costs cycle cost curves to variations or un-

of more than $1,000 to an average new
homeowner.

Lawrence Befkeley Laboratory (LBL) was assigned

primary responsibility for the support of the U.S..

Department of Energy's (DOE's) development of the
energy performance standards for single-family
residential buildings in December, 1978. During

certainties in key economic parameters
and building and climate characteristicsj

6. Preparation of a series of memos and
- issued papers on the key policy issues
resulting from the analysis of residen-
tial Building Energy Performance Stan-
dards (BEPS); and
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7. Active participation with DOE in the
preparation of the Notice of Proposed
Rulemaking for the BEPS.!

The LBL research effort during Fiscal Year
1980 will focus on: (1) key issues that need to
be resolved for the final rulemaking; (2) planning
of a research effort to increase the energy conser-
vation potential in residential buildings, in sup-
port of an update of the standards anticipated
in 1985; (3) initiation of selected research tasks
treating advanced energy conservation technologies
(discussed in an article in this volume by D. B.
Goldstein, J. Mass, and M. D. Levine); (4) support
for DOE in its efforts on commercial buildings
and mobile homes; and (5) participation in DOE's
public information program on BEPS.

METHOD OF APPROACH

The approach followed in the analysis of
residential space conditioning energy performance
standards involves the following steps:

1. Development or residential prototypes,

2. Selection of conservation measures to
be evaluated,

3. Description of standard building
operating conditions,

4., Development of economic data, projections,
and assumptions,

5. Computer simulation of building energy
requirements in different climatic
regions,

6. Analysis of life-cycle costs of energy
conservation measures,

7. Sensitivity analyses on building
characteristics, operating conditions,
conservation measures, and economic
parameters, and

8. Analysis of impacts of alternative energy
budget levels, in which the alternative
budget levels are based on steps 1
through 7.

The basis of the analysis method is the use
of life-cycle costing. The objective of achieving
a minimum in life-cycle costs is a reasonable basis
for establishing energy conservation policy because
it provides a rational framework for trading off
scarce energy resources and other resources (e.g.,
labor and capital) in achieving a particular goal
(in this case, space conditioning in residential
buildings).2 The use of an economic approach to
energy conservation--and the increasing public
awareness of how economics can help resolve
issues—-—can be greatly enhanced by a government
decision to use life-cycle costing as one of the
major elements of its energy conservation policy.

Specifics of Approach and Assumptions

The most important specific elements of the

approach to evaluating the life-cycle cost of energy
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conservation measures for single-family residential
buildings are summarized below. More detailed
information on the assumptions used .in the analysis
is found in Ref. 3. More detailed information
about the results of sensitivity analyses is found
in Chapter 4 and appendices A and I of Ref. 4.

Residential Prototypes

e Four designs selected, following
Hastings: single story ranch, two
story, townhouse, and split level
house.

e Window area taken to be 15% of floor
area for all designs.

o Windows equally distributed on all four
sides of house (two sides for townhouse).

e Sensitivities of prototypes performed:

~-window area

~~window orientation

-~-house size and orientation

--aspect ratio of house

-~-thermal mass of house

--conservation measures (see below)
~--building operating conditions (see below)

Conservation Measures

e Windows: wup to triple glazing (or double
glazing plus storm window).

e Exterior wall: up to R-25 (using 2" x 6"
studs plus insulating sheathing).

e Ceiling: up to R~38 insulation.

e Excludes: exterior wall with double studs
(two 2 x 4 or 2 x 8 studs with insulation);
‘ceiling insulation greater than R-38;
infiltration reduction (with or without
heat recuperator); any conservation measure
requiring a change in behavior; other
advanced energy conservation technologies.

Building Operating Conditions

e Thermostat set points: 70°F for heating;
780 for coolingj no night setback.

e Average air infiltration rate: 0.6 air
changes per hour.

e Average internal loads: 50,000 Btu/day,
Highest in early morning (cooking, occu-
pants, lighting) and evenings (cooking,
lighting, occupants, TV),

e Natural ventilation: windows open when
indoor temperature greater than 78°F and
outdoor temperature low enough to cool
house to 78° in less than one hour. Non-
opening windows considered as a sensiti-
vity case. ‘

Economic Data, Projections, and Assumptions

e E.I.A. average energy price projections

1
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(Series B)

-~Gas prices escalate at 2.8% per year
above inflation,

~-Electricity prices escalate at 1.5% per
year above inflation.

e Installed cost of energy conservation
measures from N.A.H.B.

o Discount rate chosen to equal cost of
borrowed capital for a new house (3% above
inflation).

o Possible future changes in assumptions:
--marginal energy prices
~~updated conservation costs

~--regional prices

Building Energy Simulations

e Use of DOE~2 computer program, checked
against TWOZONE and BLAST.

e Change in infiltration and ventilation
algorithms.

e Run for 4 prototypes, about 12 groups of
conservation measures per prototype, two
ventilation algorithms and 10 cities.

RESULTS

Gas Heated Houses

Table 1 contains the detailed results
obtained by minimizing the life-cycle costs of
energy conservation investment and a discounted
stream of payments for fuel over the lifetime of
the house mortgage, for a house with natural gas
heating (assuming a system efficiency of 70 per-
cent) and electric cooling. The first column lists
the climatic regions. The second column presents
the representative city for which the thermal analy-
sis of the residence was performed. Columns 3
and 4 show the long-term average heating and cooling
degree days for each of the cities. The heating
degree days are presented with a base of 65°F and,
in parentheses, a base of 53°F. The cooling degree
days are presented with a base of 65°F and, in
parentheses, a base of 68°F. (The 53°F base for
heating and 68CF for cooling are included because
space heating and cooling loads for a well-insula-
ted house are expected to be more nearly linear
with degree days calculated on this basis than
for the traditional base of 65°F.)

Column 5 presents the insulation levels and
column 6 the number of glazings in the grototype
house which minimized life-cycle costs.”™ These

*For regions in which a crawl space is the common
form of basement, the floor insulation levels
are noted in Table 1. For unheated full base-
ments, the assumption is made that heat losses
and gains balance. Slab on grade and basement
construction is assumed to have adequate peri-
meter insulation, as described in Ref. 1.

insulation levels would bring most houses into
compliance with the energy budgets., Of course,
many other configurations would also comply. Triple
glazing is used in climates as cold as Washington,
D.C., and in areas with very large cooling load,

and double glazing is used in all other climates
modeled, Typical insulation levels for all but

the extreme climates (coldest or mildest) are R-38
ceiling and R-19 walls. Column 7 contains the
estimated increase in investment (for an 1176

square foot house) for the conservation measures
compared with current investment in conservation

in the different climates. (The estimates of cur-—
rent conservation investment are based on a NAHB
survey, results of which are contained in Table 2.6)
Column 8 contains the energy budget at the life-
cycle cost minimum, which we have previously defined
as the Design Energy Budget of a house. We have
expressed these budgets in terms of primary energy
use and use at the building boundary.

There are numerous ways that the Design Energy
Budgets can be met in the different climates.
Table 3, taken from Refs, 1 and 7, illustrates
two or three alternative ways of achieving the
Design Energy Budgets in three climates.

Electric Resistance Heated Houses

Table 4 summarizes the life-cycle costing
results for electric resistance heating. Columns
5 and 6 show the standard insulation and glazing
levels that will meet the designed energy budgets
of the nominal case: R-38 ceiling and triple
glazing insulation is used in all climates except
the most mild (Burbank); R-25 wall insulation is
used in all climates as cold as or colder than
Washington, D. C. and R~19 wall insulation in all
other climates. Thus, in all climates except re-
gion 1 (Minneapolis), the standard conservation

Table 2, Standard energy conservation meamsures for
residential houses constructed in 1975,
based on data from the 1977 NAHB survey.

Standard Practice, 1975
City ¢ w B e

Minneapolis 22 11 -- 2

Chicago 19 1 -- 2

Portland 19 1A 7 2

Washington, D.C. 19 11 - 2

Atlanta _ 19 " 7 1

Fresno 19 11 -- 1

Burbank 19 11 - 1

Phoenix 19 11 -- 1

Houston 19 11 -- 1

Ft. Worth 19 11 -- 1

8¢ = ceiling R-value; W = wall R-value;

F = floor R-value (if applicable);
G1 = number of glazings for all windows.



3
J
J

V

Table 1. Results of the life-cycle cost analysis of energy conservation measures for single story houses heated by
natural gas and cooled by electricity.

1 2 3 4 5 6 7 8
. Insulation
Heating Cooling Levels of Nominal Glazing of Conservation - - _Natural Gas Energy Budget
Climate Representative Degree- Degree- . Case (R-Value) Nominal Investment, Primary Energy, Building Boundary,
Region City Days@ Days@ Ceiling Wall Floor Case $1978 MBtu/sq. ft./yr MBtu/sq. ft./yr
1 Minneapolis 8310 530 38 25 -- 3 $1,160 66.1 54.5
(5260) { 370)
Chicago 6130 930 38 19 - 3 $ 900 42.9 35.0
(3540) { 620)
3 Portland 4790 300 38 19 19 3 $1,050 30.9 25.9
(1840) { 150)
3 Washington, 4210 1420 38 19 -- 3 $ 900 33.7 22.4
D.C. (1980) {1010) ' :
4 Atlanta 3100 1590 38 19 11 2 $ 900 28.2 18.3
(1230) (1130) i Ry
4 Fresno 2650 1670 38 19 - 2 $ 850 31.9 16.1 &
{ 770) (1220)
5 Burbank 1820 620 19 11 —_— 2 $ 380 15.7 7.2
( 170)b  (310)b
6 Phoenix® 1550 3510 38 19 - 3 $1,280 35.8 12.0
{ 320) {2960)
6 Houston 1430 2890 30 11 -- 2 $ 520 34.4 15.1
( 360) (2240)
7 Ft. WorthC 2830 2590 38 19 -- 3 - $1,280 32.3 15.2

{ 810) (2030)

3Heating and cooling degree-days base 650F presented; heating degree-days base 539F in parentheses; cooling degree-days base

- 680F in parentheses. :

bDegree—days for Los Angeles reported.

CUnder the EIA Medium Price Projections (December 17, 1978) both Phoenix and Ft. Worth would have used double glazing at a
conservation investment of $850. Primary energy use was 40.1 and 36.8 MBtu/sq. ft./yr for Phoenix and Ft. Worth, respectively.

U



Table 3. Illustrative ways of meeting the design energy budgets for single family residences in three locations:
gas heated homes.

Location

~Sets of Options

Chicago, IL

Atianta, GA

Houston, TX

. Average window area and distribution;® triple g]azing;b R-38 ceiling and R-19 wall insulation.

. Windows redistributed so that south facing window area increased by 75% and east, west, and

north facing window area decreased by 25%; double glazing; R-38 ceiling and R-9 wall insulation.

. Active solar domestic water heating system;d double glazing; R-38 ceiling and R-11 wall insulation.

. Average window area and distribution;? double glazing; R-38 ceiling, R-19 wall, and R-11 floor®

insulation.

. Windows redistributed so that south facing window area increased by 75% and east, west and

north facing window area decreased by 25%; double glazing; R-30 ceiling, R-11 wall and
R-11 floor insulation.

. Active solar domestic water heating’system;d‘double glazing; R-19 ceiling,

R-11 wall and R-7 floor insulation.

. Average window area and distribution;?® double glazing; R-30 ceiling and R-11 wall insulation.
. Active solar domestic water heating;d R-19 ceiling and R-11 wall insulataon.

. Other alternatives, such as passive solar design and redistribution of windows,

not evaluated for Houston.

The average window area is 15% of total floor area. The windows are distributed equally among

the exterior walls.

bDoub]e glazing plus storm windows can substitute for triple glazing with 1ittle change in
the Design Energy Consumption of the house.

®Floor insulation is noted in Atlanta, Georgia, and all other afeas where crawl-space basements are used.

dThe active solar domestic water heating is assumed to be sized at 60% of the water heating load in
a 1500 square foot house for the purpose of this illustration.

N
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Table 4. Results of the 1ife-cycle cost analysis of energy conservation measures for single storv houses
heated and cooled by electric heating (other than heat pumps).

1 : 2 3 4 5 6 7 8
Insulation
Heating Cooling Levels of Nominal Glazing of Conservation Electrical Energy Budget
Climate Representative Degree- Degree- Case (R-Value) Nominal Investment, Primary Energy, Building Boundary,
Region City Days?@ Days?d Ceiling Wall Floor Case $1978 MBtu/sg. ft./yr  MBtu/sg. ft./yr
1 Minneapolis 8310 530 38 25 - 3 $1,160 132.2 38.9
(5260) ( 370)
2 Chicago 6130 930 38 25 -- 3 $1,190 80.0 23.5
(3540) ( 620)
3 Portland 4790 300 38 25 19 3 $1,350 58.5 17.2
(1840) (1010)
3 Washington, 4210 1420 38 25 -- 3 $1,190 53.7 15.8
D.C. (1980) (1010) : o
4 AtlantaC 3100 1590 38 19 19 3 $1,433 39.6 11.6 J,
(1230) (1130) v
4 Fresno 2650 1670 38 19 - 3 $1,280 38.6 11.4
( 770) (1220)
5 Burbank 1820 620 30 19 -- 2 $§ 760 15.1 4.4
( 170)b  (310)b
6 Phoenix 1550 3510 38 - 19 -- 3 $1,280 . 38.5 11.3
( 320) (2960)
6 Houston ] 1430 2890 38 19 -- 3 $1,280 33.6 9.9
( 360) (2240)
7 Ft. Worth 2830 2590 38 19 -- 3 $1,280 43.0 12.6

( 810)  (2030)

3Heating and cooling degree-days base 650F presented; heating degree-days base 53°F in parentheses; cooling degree-days base

680F in parentheses.

Degree-days for Los Angeles reported.
CUnder the EIA Medium Price Projections (December 17, 1978) Atlanta used R-11 floor insulation for a conservation investment cost
of $1,330 and a primary energy budget of 40.7 MBtu/sq. ft./yr.

ol
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measures for houses using electric resistance heat-
ing are stricter than those for natural gas-heated
houses. The investment in energy conservation

for the electric resistance heated houses reflects
the use of tighter measures for all climates except
Minneapolis. The increased investment in energy
conservation (beyond estimated 1975 current prac-
tice) is between $1,160 and $1,433 for the 1176-
f£2 wood frame prototype house.

Houses Heated and Cooled with Heat Pumps

Table 5 summarized the life-cycle costing
results for heating and cooling with an electric
heat pump. Column 8 in Table 5 presents the
seasonal coefficients of performance (COP) of heat
pumps in the heating mode in ten climates. These
COPs are based on the simulation of available
efficient heat pumps in ten climates by the Oak
Ridge National Laboratory.8 The COP for a heat
pump is reported as 10%Z lower than can presently
be achieved by commercial models to account for
heat losses in the ductwork associated with the
heat pump.

Comparison of the Design Energy Budgets for
the electric heat pump (column 9 in Table 5) with
electric resistance heating (column 8 in Table 4)
reveals that the heat pump budget is lower than
the electric resistance budget in almost all cases.
The heat pump budget is significantly lower in
cool and cold climates. An economic evaluation
of electric heating using heat pumps and using
resistance heating indicates that the heat pump
system has lower life-cycle costs than resistance
heating in cool and cold climates, in spite of
the higher first costs of the heat pump.

Table 6 illustrates alternative ways of meeting
the Design Energy Budgets that were obtained for
homes heated and cooled by heat pumps in three
climates.'»

Comparison with Current and Past Energy
Conservation Construction Practice

Figure 1 presents a comparison of fuel
requirements for space heating using natural gas
for a large number of different cases. The upper
curve, labeled "U.S. stock, Dole 1970," is the
best available estimate of the fuel requirements
for space heating the 1970 stock of houses in the
United States.l0 The fourth curve from the top
labeled "Current Practice (DOE-2)," is our best
estimate of the current conmstruction practice in
houses built after the 1973 oil embargo. This
curve is based on survey data for the years 1975
and 1977 and on results of DOE-211 computer calcu-
lations performed at LBL. The fifth curve from
the top, labeled "LBL optimum medium infiltration,"
contains the results of life-cycle costing analysis
for gas heated houses. The sixth curve, labeled
"LBL optimum: low infiltration (DOE-2)," illus-
trates the energy requirements for a house with
infiltration levels reduced from 0.6 to 0.2 air
changes per hour. For this case the assumption
is made that mechanical ventilation through a heat
recuperator restores the outside air exchange rate
to 0.6 air changes per hour.
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Fig. 1. Fuel for‘single family residential space
heating (U.S.). (XBL 795-1396)

CONCLUSIONS

Figure 1 indicates that very large energy
savings can be accomplished by requiring all new
houses to use all commonly available cost effective
energy conservation measures., BEPS can result in
a substantial improvement in the thermal integrity
of new houses in the United States and at the same
time save the consumer money. The magnitude of the
energy savings is sufficiently great as to go a long
way toward reducing growth in energy demand in the
Nation. (About 35% of energy in the Nation is con-
sumed in buildings with about half of this amount
consumed in residential buildings.)

If BEPS is set at the minimum in the life-
cycle cost curves (as proposed in DOE's NOPR) !
and if all new residential buildings meet BEPS
thens

@ a reduction of 30% to 40% in the average
energy use for residential space condi-
tioning (from current building practice)
is accomplished. This is a reduction of
60% to 70% from the energy use of an aver-
age existing house, built before the OPEC
oil embargo in 1973,

o simple payback on conservation investment
occurs in 1 to 4 years for electric heat
and 3 to 10 years for gas heat;

® an increased investment of $0.50 to $1.00
per square foot for a new house is required
(i.e., an increased initial investment
of 1.5% to 3%); and

e the new home owner achieves a net savings
of $800 to $1500 over the life of the house
mortgage, in addition to a higher selling
price of the house.

If the list of conservation measures is
expanded to include just one conservation technology
(reduced air infiltration combined with mechanical

'



Table 5. Results of the life-cycle cost analysis of energy conservation measures for single story houses heated and cooled by electric heat pumps.

1 2 3 4 5 6 7 8 9

Insulation Electrical Energy Budget
Heating Cooling Levels of Nominal Conservation Primary Building
Climate Representative Degree- Degree- Case (R-Value) Glazing of Investment, Heat Pump Energy, Boundary,
Region City Days? Days?@ Ceiling Wall Floor Nominal Case $1978 Seasonal COP  MBtu/sq. ft./yr MBtu/sq. ft./yr
1 Minneapolis 8310 530 38 25 - 3 $1,160 1.38 98.3 28.9
{(5260) { 370)
2 Chicago 6130 930 38 25 - 3 $1,190 1.52 54.6 16.1
(3540) ( 620)
3 Portland 4790 300 38 19 19 3 $1,050 1.87 34.9 10.3
(1840) (1010) :
3 Washington, 4210 1420 38 19 - 3 $ 900 1.79 37.7 11.1
D.C. {1980) {1010) v
4 Atlanta 3100 1590 38 19 11 3 $1,330 1.82 27.0 7.9 3
(1230) (1130)
4 Fresno 2650 1670 38 19 - 3 $1,280 2.02 28.6 8.4
{ 770) (1220)
5 Burbank 1820 620 30 11 - 2 $ 520 2.02 4.6 4.3
( 170)b  (310)P
6 Phoenix 1550 3510 38 19 -- 3 $1,280 1.92 36.0 10.6
{ 320) (2960)
6 Houston 1430 2890 38 19 - 3 $1,280 1.83 28.5 8.4
{ 360) (2240)
7 Ft. Worth 2830 2590 38 19 - 3 $1,280 1.83 33.9 10.0

( 810) (2030)

dHeating and cooling degree-days base 650F presented; heating degree-days base 539F in parentheses; cooling degree-days base 689F in
parentheses. . .
Degree-days for Los Angeles reported.
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Table 6. ITllustrative ways of meeting the design energy budgets for single family residences in three locations:
electric heated homes.

Location

Sets of Options

Chicago, IL

Atlanta, GA

Houston, TX

. Average window area and distribution;? triple g]azing;b R-38 ceiling, R-19 wall, and R-11 Floor

. Active solar domestic water heating system;

. Average window area and distribution;a triple g]azing;b R-38 ceiling and R-25 wall insulation; |

heating supplied by a heat pump.

. Windows redistributed so that south facing window area increased by 36% and east, west, and

north facing window area decreased by 12%; triple glazing; R-38 ceiling and R-19 wall insulation;
heating supplied by heat pump.

. Active solar domestic water heating system;d double glazing; R-38 ceiling and R-25 wall insulation;

heating supplied by electric resistance.

c
insulation; heating supplied by heat pump.

. Windows redistributed so that south facing window area increased by 80% and east, west, and

north facing window area decreased by 27%; double glazing; R-38 ceiling, R-19 wall, and
R-11 floorC insulation; heating supplied by heat pump.

. Active solar domestic water heating system;d double glazing; R-30 ceiling, R-19 wall, and

R-11 floor® insulation; heating supplied by electric resistance. .

. Average window area and distribution;a triple g]azing;b R-38 ceiling and R-19 wall insulation;

heating supplied by heat pump.

d R-19 ceiling and R-11 wall insulation.

The average window area is 15% of total floor area. The windows are distributed equally
among the exterior walls.

b

Double glazing plus storm windows can substitute for triple glazing with Tittle change in the

Design Energy Consumption of the house.
®Floor insulation is noted in Atlanta, Georgia, and all other areas where crawl-space basements are used.

dThe active solar domestic water heating is assumed to be sized at 60% of the water heating load
in a 1500 square foot house for the purpose of this illustration.
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venting through a heat exchanger), then

e a reduction of 50% to 60% in average energy

P
O use for residential space conditioning
(from current building practice) can be

accomplished.

This is a reduction of 75%

to 85% from the energy use of an average

existing house;

e this requires an increéased initial
@) investment of $0.75 to $1.50 per square
foot.

the net savings is $1500 to $4000 to the

new house owner, in addition to a higher
selling price of the house.

PLANNED ACTIVITIES FOR 1980

The BEPS program at LBL has been expanded

for Fiscal Year 1980.

The following activities

are either underway or planned:

1. Analysis in support of Final Rulemaking:

o)
O °
.
O
.
°
.
°
.
)
.
)
.
D
<D

development of new prototype,

detailed assessment of the economics
and thermal performance of residen-
tial heating and cooling equipment
(including heat pumps) and water
heaters,

application of life-cycle costing to
heating and cooling equipment, water
heaters, and the building envelope,

continued analysis of the economics
and energy performance of exterior
masonry walls,

final computer curves of conservation
measures for four prototypes in 32
locations,

sensitivity studies of the effects

of changing window size and orienta-
tion, conservation measures, internal
thermal mass, and other building char-
acteristics,

continuing analysis of the impact of
uncertainty in key economic parame-~
ters on the development of the stan-
dards (see paper by P. P. Craig,

M. D, Levine, and J. Mass on this
subject in Energy, in press),

study of other key issues related to
the promulgation and implementation
of standards:

--computer program comparison and
validation,

--credits for the use of renewable
resources,

-—-assessment of how many energy
budgets are needed,

--—continued analysis of how energy
budgets for different fuels are
compared.

2. Planning of energy conservation research
to support an update of the standards
in 1985.

3. Research on selected -advanced energy
conservation measures, including infil-
tration with mechanical ventilation
through a heat exchanger, direct gain
passive solar, and advanced concepts for
energy conservation in windows.

4, Support for DOE in its analysis of
commercial buildings and mobile homes.

5. Participation in DOE's public information
program on the Building Energy Performance
Standards.
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ENERGY EFFICIENCY STANDARDS FOR
RESIDENTIAL APPLIANCES INCLUDING HEATING AND COOLING EQUIPMENT

M. Levine, S. French, J. McMahon, R. Pollack, and I. Turiel

INTRODUCTION

The National Energy Conservation Policy Act
(NECPA) mandates that Appliance Energy Efficiency
Standards be prescribed by October of 1980.. The
law requires that the standards be designed to
achieve the "maximum improvement in energy effici-
ency" that is "technologically feasible and econ-
omically justified." Determination of the economic
justification must be based on: the savings in
operating costs over the average life of the appli-
ance compared to the increase in the initial pur-
chase price or maintenance costs likely to result
from the imposition of the standard; the economic
impact of the standard on the manufacturers and
the consumers of the appliances; the total projec-
ted energy savings likely to result directly from
the imposition of the standards; and other relevant
factors. Clearly, it will be necessary to systema-
tically develop appliance standards that achieve
minimum life cycle costs and to evaluate the total
impact on residential energy demand resulting from
the implementation of the standards.

The Appliance Efficiency Performance Standards
(AEPS) program at LBL will perform analysis of
residential energy demand in support of the appli-
ance standards as outlined in NECPA. One major
tool of the demand analysis will be the Oak Ridge
National Laboratory (ORNL) Engineering-Economic
Model of Residential Energy Use, which provides
detail on the energy use of eight major end uses
by four fuel types in the residential sector.

A second important tool is the DOE-2 Model, which
analyzes the energy use of buildings. The DOE-2
Model needs to be extended to simulate the perform-
ance of residential heating and cooling equipment
for it to be used in the evaluation of energy effi-
ciency standards for this equipment. Two additional
analytic tools are under development at LBL in
support of the appliance efficiency standards:

(1) a model to assess the bases of consumer deci-
sion making in the purchase of appliances, with
particular emphasis on the factors influencing

the efficiency of consumer products purchased,

and (2) a model to assess the effects of alternative
standards for residential energy use on the peak
loads of electric utilities.

PROGRAM OVERVIEW

The purpose of the Appliance Energy Performance
Standards (AEPS) program at LBL is to provide assis-
tance to the U.S. Department of Energy (DOE) in
the formulation of energy efficiency standards
for appliances. This purpose will be achieved by
establishing base cases for energy demand with and
without appliance efficiency standards (with appro-
priate sensitivity analyses), by evaluating the
efficiencies of heating and cooling equipment in
different climates and in houses with differing
levels of conservation (by performing hourly com-
puter simulations over the course of a typical
year), by assessing the effects of appliance effi-
ciency standards on peak ioads of utilities, and
by assisting DOE in its development of an overall
methodology for evaluating alternative energy per-
formance standards.

The specific primary tasks for F.Y. 1980 are:

Task 1l: Establish base case projections of
appliance energy use using the ORNL
residential energy demand model.

Task 2: Perform preliminary assessment of
consumer decisionmaking in the pur-
chase of appliances; use results
to refine the ORNL base case projec-—
tions (in Task 1),

Task 3: Analyze the weather sensitivity of
heating and cooling systems, using
DOE-2 computer program for houses
of varying conservation levels.

Task 4: Assess the life-cycle costs of a
wide range of energy conservation
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measures for heating and cooling Table 1. Overview of LBL Appliance Performance
equipment, using the results of Standards (AEPS) Program.
Task 3 and engineering/economic data
supplied by DOE.
Task Output Infor- Feeds In-

Task 5: Assess impacts of appliance
efficiency standards on utility peak
loads, using results of Task 4 and
peak load data from selected utility
service areas.

Task 6: Assist DOE in developing ranking
methodology to assess alternative
standards; apply methodology to
establish alternative standards.

Original analysis on performance of equipment
in different climates and types of houses, specified
in Task 4, is limited to heating and cooling systems
and does not cover other appliances.

SPECIFIC DETAILS OF APPROACH

Table 1 shows the relationships among the
tasks (and subtasks) of the research effort and
indicates how the results can be used to support
the development of energy performance standards
for residential appliances.”

An explanation of the information flows in
the project, as designated by the letters A through
0, on Table 1, provides an understanding of how
the individual tasks support the establishment
of standards. The information flows in Table.l
are as follows:

A: assessment of elements of ORNL model
projection in need of improvement,

B: improvements in ORNL model; preliminary
consumer decision-making model,

C: derivation of annual heating and cooling
energy use from hourly simulations,

D: Sensitivities of annual heating and cooling
energy use to weather; building envelope
conservation measures; equipment sizej
equipment performance characteristics,

E: impact of different appliance energy
standards on peak load performance of
utilities,

F: refined data base for ORNL model (energy
use of appliances and cost of efficiency
improvements),

G: refined data for complete life-cycle cost
analysis,

*Although the approach can be applied to any
appliance, LBL's effort will place greatest empha-
sis on residential heating and cooling equipment.

No.

Title mation Flow to Tasks Program Output

Base Case Analysis A* 1-1
(no standards)

2 Improve ORNL Model B 1-1
(emphasis on consumer
decisionmaking) J 1-2
M 6 consumer decision-
making § energy growth
Analysis § policy con-
sideration
3 Extend DOE-2 Model C 4
for Residential
Heating &.Cooling D 4-1
Equipment
4 Preliminary Life-Cycle F 1-1
Cost Analysis
G 4-1
1-1  Assess Base Case --- 1-2
5 Peak Load Analysis E -—- Effects of Standards
on Peak Loads
H 4-1
4-1 Extended Life-Cycle 1 1-2
Cost Analysis X 6
K .- Life Cycle-Cost Curves;
Sensitivities
\
1-2 Assess Standards Case, L 6
Reasses Base Case N .- Residential Energy Pro-

jections with and with-
out Standards; Net Pre-
sent values; sensitivi-
ties

6 Policy Analysis of
Alternate Standards Economic Impacts of

Alternate Energy Per-

formance Standards for

Residential Appliances

*Capital letters refer to Information Flows discussed in the text.

H:™ peak power use by appliances and cost
of peak power; oil use (through use of
peak power),

I: final data base on costs of energy
conservation measures and associated energy
savings,

J: final improvements in ORNL model;
refinement of consumer decision-making
algorithm,

K: final results of life-cycle cost analysis,
including sensitivities (see C and D),

L: results of residential energy projections
with and without standards; results of
net present value analysis,

M: effects of alternative policy approach
on consumer decision-making and vice-
versa,

*This information will not be available except

in very preliminary form during F.Y, 1980.



N: final results of residential energy use
projections and net present benefit (cost)
of alternative standards,

0: final results of selected diréct economic
impacts of alternative formulations of
standards (including regional versus
national standards) and levels of stan-
dards.

FUTURE PLANS

LBL intends to continue its Appliance Energy
Performance Standards program after the final rule
is issued in F.Y. 1980. In particular, the follow~
ing four tasks will be pursued:
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o determinants of residential peak loads
and the impact of federal policies (in-
cluding energy performance standards) on
peak loads,

o elements of consumer decision-making that
affect purchase of energy efficient pro-
ducts; policy implications of consumer
decision-making,

e improvements and application of residential
energy forecasting tools (especially the
ORNL model),

e analysis in support of updating the
appliance energy performance standards.

THE IMPACT OF ENERGY PERFORMANCE STANDARDS
ON THE DEMAND FOR PEAK ELECTRICAL ENERGY

M. Levine, J. McMahon, S. French, and R. Pollack

INTRODUCTION

A major issue in the assessment of residential
energy performance standards (the subject of two
LBL programs—-residential building and appliance
standards analysis--discussed in this volume) is
the effect of standards on the peak loads of elec-
tric utilities, The importance of this issue is
twofold:

e If the standards reduce the use of peak
power more than they reduce base power
demand, then they will provide benefit
to utilities in reducing the peak to base
ratio (and thus reduce the requirement
for new generating capacity). This will
save the utilities and utility customers
money, both because of the reduced growth
of generating capacity and because of the
reduced demand for peak power (which is
generally two to four times as expensive
as baseload power).

e To the extent that an appliance consumes
peak rather than base electricity, the
economics of energy conservation should
be evaluated against the price of peak
power in evaluating the cost effective-
ness of an energy performance standard.
This will have the effect of signifi-
cantly tightening the level of the energy
performance standard for those appliances
that draw a substantial fraction of their
power during periods of peak demand for
electricity.

This project is designed to evaluate these

two issues. Many tools are available to project

the growth of average electrical demand in a utility
service area, However, the analysis of the deter-
minants of peak power is in relatively early stages
of development. As a result, this project is seen
as a multi-year effort and its primary goal is to
advance the state of the art in the understanding

of the factors influencing the growth of peak elec-
trical demand. In the near term, the results will
emphasize the qualitative and quantitative assess-
ment effects of the residential energy standards
(building and appliances) on peak power and the
effects of the peak power impacts on these stan~
dards. In the long term, the project output should
be particularly useful in two additional areas:

(1) assessing the interactions among a wide range
of federal energy policies and growth in demand

for peak power and (2) utility load management
planning to achieve a reduction in the growth in
demand for peak electrical power.

UNIQUE ASPECTS OF THE STUDY

Utility planning for installation of new
capacity requires load forecasting with particular
emphasis on annual peak demand. Utility operations
require similar forecasts of daily load curves.
Existing methods accomplish these forecasts without
an understanding of the instantaneous demand at
the end use level. This reduces the reliability
of the demand forecasts as well as severly limiting
their utility in assessing impacts of energy per-
formance standards on electric utilities and users
of electricity.

This project investigates the shape of the
load curve by starting at specific end uses and
building upwards from the household demand, to
system load. This is the opposite approach to
current analyses, which colllect data about some
aggregate load and seek correlation with averaged
data (e.g., saturation of air-conditioners).

Analysis is directed toward clarification
of coincidence of use among different appliances
in the same household in addition to the more tra-
ditional coincidence of use for the same appliance
among a population of households (diversity).
This approach, expanded to treat industrial and
commercial end uses, can explain the difference
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in time between the system peak and the residential Dé&’%)T = % COU.; (h,T,p) * (SA;) * UEC;(m)
air-conditioning peak in certain summer peaking 7 1 ’
utilities. where:

The greater level of detail achieved by UEC;(m) is the hourly energy consumption of
considering individual end uses should result in appliance i of type m (brand x);
a better understanding of causes of variability
in weather and time-~dependent demand. For example, SAi is the “saturation" (= 1 if household
present forecasting methods work well for predic- has appliance ij = § if not);
ting the average dependence of load on temperature,
while the proposed method should reduce the range COUk i
of error of such forecasts. (h,T,p) is the coefficient of use appliance

DESCRIPTION OF RESEARCH TASKS

Task l: Collection of Existing Data

Much data is currently available bearing on
time and weather demand, although only a small
subset deals with demand at the end use level re-
quired for this analysis. Accessible data include:

e LBL data bases obtained from load surveys
of residential end uses (including light-
ing);

e California Energy Commission forecasts
and background information;

e Dynamics of total energy systems (Ref. 1).

e Office of Technology Assessment Solar Study
(Ref. 2);

e Effects of weather variability on load
(Ref. 3);

e Utility load curves, including:

--Connecticut peak-load pricing experiment
data and related analysis (Refs. 4 and 5).

—-Detroit Edison Company Summer 1975 air
conditioning study (Ref. 6);

--New York State Department of Public
Service (Ref. 7); and

e U.S, Washington Center for Metropolitan
Studies aggregate data on residential energy
consumption for 1973 and 1975.

Task 2: Development of Peak Power Simulation Model

A preliminary methodology for analyzing
aggregate demand as a function of constituent end
use demands has been established, Inputs for each
end use include: (1) capacity (or maximum load)
of appliance; and (2) coefficient of use for each
consumer class as a function of time of day, temper-—
ature and policy.

Calculations performed by the model include
successive aggregation of the input data and deri-
vation of diversities and average demands where
appropriate. The general form of the calculation
of demand by the Jth household for a time perlod
(e.g., one hour) is:

i at hour h for consumer class k
given condition of policy (or price)
.p and temperature (or season)T.

Appropriate summations give the daily demand of
the household, the demand of all households of a
given consumer class, and the total demand within
a utility service area. Further calculations in-
clude coincidence of use of different appliances
in a single household as well as coincidence of
use for the same appliance among different house-
holds, and the diversified demand for the complete
set of households in a specific utility service
area.

Output from the model calculation will includes
(1) aggregated demand (several households) versus
time of day, i.e., daily load curve; (2) peak de-
mand as a function of constituent end uses; (3)
daily energy consumption per end use per household;
(4) "diversity" of use for the same appliance in
all households; and (5) "diversity" of use of dif-
ferent appliances in the same households. The
model will be run first for a case in which no
energy standards are assumed, based on the projec-
tion developed in other parts of the Appliance
Energy Performance Standards (AEPS) program using
the Oak Ridge National Laboratory (ORNL) Residen-
tial Demand Model. A second set of runs will ana-
lyze cases in which different energy standards are
implemented by the government. The difference be-
tween the first and second sets of runs will provide
a quantitative estimate of the effect of alternative
standards on the peak loads of electric utilities.

Tagk 3: Application of Results to the Setting
of the Levels of the Energy Performance Standards

The results of the model calculations will
provide a basis for estimating the following parame-
ters:

e fraction of peak power used by different
residential appliances (including heat-
ing and cooling equipment);

e the sensitivity of peak power requirements
of residential appliances to weather, con-
servation in the building shell, and appli-
ance size and performance characteristics;

e the cost of the peak power requirements
of the different appliances in different
environments and locations; and

e the amount of o0il and gas that is consumed
by appliances as a result of their use
of peak electrical power.



These data will be used directly to refine
and improve the evaluation procedure for establish-
ing the levels of the standards (see article in
this volume on the appliance energy performance
standards). Specifically, the life-cycle costing
will take into account the cost or value of elec-
tricity used by different appliances, thus increas-
ing the stringency of the standards for the appli-
ances that draw a large fraction of peak power.

Task 4: Extension of Analysis to Other Key Policy
Areas

This methodology will make possible an in-
depth analysis of various load management strate-
gies as they affect daily energy consumption and
peak demand, The existence of different consumer
classes as a function of daily activity patterns
and demographic variables allows explicit treatment
of changes in energy demand as a function of social
or behavioral change. As more data on responses
to different pricing schemes becomes available,
these elasticities can also be added.

Some strategies of interest that may be
examined with this model are:

e Direct load control by the utility.
Experiments are already under way in some
service areas where radio control of certain
devices (air conditioners, water heaters) is
initiated at high demand levels. This may
involve complete interruption, or cycling

. of service to particular end uses when a
certain demand level is exceeded (Ref. 6).

o Rate incentives to consumer. This voluntary
measure provides ecomomic incentives to
utility customers to shift part of their
demand to cheaper, off-peak times and has
been shown to have significant effects
in residential daily load curves.

e Conservation measures. As noted, the
primary focus of the F.Y. 1980 effort has
been the analysis of the effects of energy
performance standards on peak loads.
Additional research could analyze the
effects of other energy comservation poli=-
cies on peak loads: e.g., tax incentives,
government financing strategies, involve-
ment of utilities in billing for energy
consuming consumer durables.

e Dispersed energy storage. Intuition leads
to the expectation that dispersed storage
will smooth load profilesj a quantitative
estimate of those effects will be very
valuable and can contribute to a clearer
understanding of the economic trade-offs
involved between investments in storage
systems and in added generating capacity.
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e Solar space heat/cooling. A significant
penetration of solar systems into the mar-
ket for home heating and cooling can have
major effects on the shape of energy de~
mand due to the possible weather~driven
correlation of behavior of all such sys-
tems in a service area. This model pro-—
vides a useful tool for evaluating the
impacts of such a transition.

Finally, this model may be used for an
estimation of peak demand under a wide range of
conditions, but even more important than the esti-
mation of that single measure is the attendant
understanding of the components most responsible
for growth in peak demand and of possible strategies
for mitigating that growth.
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SOLAR ENERGY PROGRAM

INTRODUCTION

Solar energy has become a major alternative
for supplying a substantial fraction of the
nation's future energy needs. The Department of
Energy (DOE) supports activities ranging from the
demonstration of existing technology to research
on future possibilities; and at LBL projects are
in progress which span that range of activities.

To assess various solar applications it is
important to quantify the solar resource. In one
project, LBL is cooperating with the Pacific Gas
and Electric Company in the implementation and
operation of a solar radiation data collection net-
work in northern California. Special instruments
have been developed and are now in use to measure
the solar and circumsolar (around the sun) radia-
tion. These measurements serve to predict the
performance of solar designs which use focusing
collectors (mirrors or lenses) to concentrate the
sunlight.

Efforts are being made to assist DOE in

‘demonstrating existing solar technology. DOE's San

Francisco Operations Office (SAN) has been given
technical support for its management of commercial-
building solar demonstration projects. The instal-
lation of a solar hot water and space heating sys-
tem on an LBL building established model techniques
and procedures as part of the DOE Facilities Solar
Demonstration Program. Technical support is also
provided for SAN in a DOE small scale technology
pilot program in which grants are awarded to indi-
viduals and organizations to develop and demon-
strate solar technologies appropriate to small
scale use.

In the near future it is expected that research
will exert a substantial impact in the areas of
solar heating and cooling. An absorption air con-
ditioner is being developed that is air cooled yet
suitable for use with temperatures available from
flat plate collectors. With inexpensive but sophis-
ticated micro-electronics to control their opera-
tion, the performance of many-component solar heat-
ing and cooling systems may be improved, and work
is under way to develop such a controller and to
evaluate commercially available units.

Research is continuing on "passive" approaches
to solar heating and cooling where careful consid-
erations of architectural design, construction

materials, and the environment are used to moderate
a building's interior climate, Computer models of
passive concepts are being developed in a collabora-
tive project with Los Alamos Scientific Laboratory.
These models will be incorporated into public
domain building energy analysis computer programs
to be used in systems studies and in the design of
commercial buildings on a case study basis. The
investigation of specific passive cooling methods
is an ongoing project; for example, a process is
being studied in which heat storage material would
be cooled by radiation to the night sky, then pro-
vide "coolness" to the building.

The laboratory personnel involved in the solar
cooling, controls, and passive projects are also
providing technical support to the Solar Heating
and Cooling Research and Development Branch of DOE
in developing program plans, evaluating proposals,
and making technical reviews of projects at other
institutions and in industry.

Low grade heat is a widespread energy resource
that could make a significant contribution to
energy needs if economical methods can be developed
for converting it to useful work. Investigations
continued this year on the feasibility of using the
""shape-memory" alloy, Nitinol, as a basis for com-
structing heat engines that could operate from
energy sources such as solar heated water, indus-
trial waste heat, geothermal brines, and ocean
thermal gradients.

Several projects are investigating longer-term
possibilities for utilizing solar emergy. One
project involves the development of a new type of
solar thermal receiver that would be placed at the
focus of a central receiver system or a parabolic
dish. The conversion of the concentrated sunlight
to thermal energy would be accomplished by the
absorption of the light by a dispersion of very
small particles suspended in a gas. Work continued
this year on chemical storage processes (such as
2803 = 280 + 09) that could play an important role
in providing long~term storage for high temperature
power generation cycles. Another project is explor-
ing biological systems. The possibility is being
explored of developing a photovoltaic cell, based
on a catalyst (bacteriorhodopsin) which converts
light to electrical ion flow across the cell mem-
brane of a particular bacteria.
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ULTRAFINE PARTICLE SUSPENSIONS FOR SOLAR ENERGY COLLECTION*
A. J. Hunt

INTRODUCTION

Solar energy is being considered as a practical
source of high temperatures to operate very effi-
cient heat engines and provide industrial process
heat. Many current concepts for conversion of sun-
light to heat are based on traditional, nonsolar
technologies. This project uses a novel approach
to match the characteristics of concentrated sun-
light to the requirements of heating a gas.

The purpose of the work is to develop a new
type of solar thermal receiver that utilizes a
dispersion of very small particles suspended in
a gas to absorb the radiant energy directly from
concentrated sunlight. The Small Particle Heat
Exchange Receiver (SPHER) operates by injecting a
very small mass of fine, light-absorbing particles
into a gas stream. The air-particle mixture then
enters a transparent chamber that forms the solar
thermal receiver, Sunlight is focused through the
window of the receiver by a concentrating solar
collector (a parabolic dish or a field of helio-
stats). Suspended particles absorb the radiation
and, because of their very large surface area,
quickly transfer the heat to the surrounding gas.
The air-particle mixture heats to the desired tem-
perature until the particles vaporize or oxidize,
The gas may be heated to medium or high tempera-
tures as suitable for a variety of power or indus-
trial process heat requirements. Mechanical power
can be produced if the gas is compressed before
it is heated and subsequently expanded through a
turbine or other device such as a Brayton cycle
engine. The resulting shaft rotation can be used
to turn an electrical generator or provide mechani-
cal power for other purposes.

The most important characteristic of these
small particles is their extremely large surface
area per unit mass of absorber material. (One gram
of particles for this application has. a surface
area of the order of 100 square meters.) This
results in a high absorption coefficient for the
incoming sunlight and a high optical efficiency for
the receiver. The combination of the large surface
area and the small size of the particles insures
that the particle temperature stays to within a
fraction of a degree of the gas temperature. Thus,
the highest temperature present in the receiver is
essentially that of the working gas. This results
in considerably lower radiant temperatures in the
chamber compared to other solar receivers that
produce gas of the same temperature. Since the
chamber window inhibits infrared reradiation from
the heated particle-gas mixture, the receiver has
a high overall efficiency.

There are several other important advantages
to the use of small particles as heat exchanger
elements. SPHER eliminates the need for heavy and
complex heat exchanger elements, since its receiver
basically consists of a hollow chamber with a
window, resulting in a very lightweight structure.

Because the heat exchanger is uniformly distributed
throughout the chamber, the gas need not be pumped
through pipes or small orifices. Therefore the
amount of energy required to overcome pressure
losses is considerably reduced. Because the heat
exchanger is vaporized in the process of performing
its function, problems associated with maintenance,
failures, heat stress, or corrosion, which occur
with conventional heat exchanger elements, are
eliminated.

The basic small particle gas receiver can be
scaled to any size. Upper size limitations are
determined by window design, by the use of multiple
windows, a matrix of transparent quartz tubes, or
other modular designsy this technique is applicable
to sizes characteristic of the solar central
receiver program. The concept can also be applied
on a small scale by using a parabolic dish con-
centrator and off-~the-shelf gas turbines in the
10 kW size range.

Because there are no temperature limitations
on the heat exchanger in the usual sense, SPHER is
applicable to the field of high-temperature solar
process heat. The ultimate temperatures achievable
using SPHER are limited only by the chamber walls,
the window (if pressurized operation is desired),
and the second law of thermodynamics, It appears
that gas temperatures in excess of 2000°C are
achievable. :

Calculations performed earlier quantify the
optical and physical processes of absorption and
heating of the particles.l’ "Related considera-
tions investigated include particle production
methods, window and chamber designs, hybrid fossil-
solar compatibility, as well as environmental and
safety factors. Analyses confirm that the operat-
ing parameters are flexible and suitable to a
variety of solar thermal power applications. A
modest laboratory apparatus built earlier success-
fully demonstrated the SPHER concept.

ACCOMPLISHMENTS DURING 1979

In FY 1979 the operation of the various sub-
systems was investigated and the overall efficiency
and system parameters were determined. Theoretical
work was performed to determine the efficiency and
operating conditions of a high-temperature receiver
utilizing a transparent window. Two different win-
dow designs were evaluated, material and sealing
considerations were addressed, and window costs
were determined. A new type of heat engine util-
izing the SPHER concept was studied to determine
its thermodynamic efficiency. An experimental
program was initiated to produce and characterize
the particle suspensions. A patent application
was filed on the SPHER concept with the rights held
by DOE.4
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Windowed Receiver Studies

A study of the optical and thermodynamic
efficiencies of single- and double-windowed high-
temperature gas receivers was completed. The two-
window design utilized a cooling gas flow between
the windows, Calculation of receiver performance
is based on a detailed window energy balance that
includes the energy flows resulting from both
radiative and convective transfer to and from the
window(s). Equations governing the energy flows
were written using conservative estimates for the
quantities involved. Parameters were varied by an
iterative process until a self-consistent solution
was obtained. Once the window temperatures were
determined by this process, the total energy loss
and the receiver collection efficiency were
calculated.

The analysis is based on the assumption that
the receiver is sized to 4 MW(t) per module. In the
double window design, cooling air flowing between
the windows comes directly from the compressor and
then passes on to the recuperator. Receiver effi-
ciencies obtained for a gas temperature of 1000°C
using high silica windows spanning a 1.7-m opening
were 93.87 and 95.4% for the single~ and double-
window designs respectively. Losses due to each
mechanism are computed and their relative contribu-~
tions assessed.

It is important to consider the overall system
efficiency as well as that of the receiver alone.
Figure 1 illustrates a Brayton cycle turbine system
connected to a SPHER. In the case of a single
windowed receiver, the air from the compressor
passes directly to the recuperator that recovers
heat from the exhaust gases. In the double window
design, the compressed air first passes between
the windows to provide cooling.

Single and double window systems are compared
in overall thermodynamic efficiency (product of
the receiver and Brayton cycle efficiencies) as
a function of turbine inlet temperature in Fig. 2.
Note that the thermodynamic cycle efficiency
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Fig. 1. System diagram for a Brayton-cycle turbine
combined with a SPHER. Path A is used for the
single~window design, and Path B for the double-
window design. (XBL 809-1900)
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associated with the single window is significantly
higher than that for the two-window design. This
occurs because the cooling air for the two-window
system passes into the recuperator at a higher
temperature, reducing the amount of heat recovered
from the exhaust gases. The overall effect of this
is to make the single-window system more efficient
even though the efficiency of the double-window
receiver alone is higher.

Sensitivity studies performed by varying each
parameter from the baseline design indicate their
effects on system efficiency. Techniques used in
this analysis are not restricted to receivers of
the SPHER type but are general enough to be applied
to a number of windowed receiver designs.

Efficiency Study of New Type of Heat Engine

Early in the program, it was realized that the
basic concept of the direct absorption of sunlight
in a gas could be applied to a number of situations;
in particular, it presented possibilities for new
types of heat engines. To investigate the feasibil-
ity of reciprocating engines in which the solar
flux is deposited into the cylinder, a preliminary
investigation of the associated thermodynamic cycle
efficiencies was initiated.® The basic concept
is illustrated in Fig. 3. The cylinder induces a
charge of cool air that contains a suspension of
small heat-absorbing particles. At some point in
the cycle, an optical valve opens, allowing concen-
trated sunlight to be focused through the top of
the cylinder by a quartz window acting as a lens.
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Fig. 3. Schematic view of gsimple two-cylinder solar
engine., Cylinder on the left is near end of com-

pression stroke. At this point, solar flux is
directed into cylinder. Cylinder on right is near
the end of work stroke. Particles in this cylin-
der have oxidized. (XBL 809-1897)

The air-particle mixture absorbs the sunlight
directly and heats the gas. As the heated gas
expands, work is done on the piston providing
mechanical power. The cycle efficiency for dif-
ferent periods and phases of the heat injection
is being investigated.

The thermodynamic question can be posed as
follows: given a constant rate of heat input, and
a period equal to the reciprocal of the number of
cylinders, what is the optimum timing and the cor-
responding efficiency? Preliminary results indi-
cate that the efficiency for a two-cylinder engine
is about 50% for a compression ratio of 12 when
heat injection starts well before the top dead
center position of the piston.

Experimental Particle Production

A laboratory has been obtained, equipped, and
is in operation. Work has begun on two alterna-
tive methods of producing carbon particles suitable
for high-temperature receiver work. One method
utilizes an enclosed diffusion flame and has suc-
cessfully produced very dense particle streams.

The second method relies on a high-intensity arc

in an inert gas atmosphere. Work is under way on
the experimental chamber and a set of remotely con-
trolled electrode holders are being fabricated.

PLANNED ACTIVITIES FOR 1980

The experimental program for next year will
have three main emphases: particle production,
particle characterization, and the determination
of the performance of the particle-gas mixture as
a heat exchanger.  Work will continue on using
rich-burning flames with various feed gases and
combustion parameters. High-intensity arcs will
be used as a means of producing particles of a
variety of carbon allotropes. Once good candidates

for particle generation are obtained, measurements

will be performed to characterize the particles

and determine their operating parameters in a .
receiver. )

Opacity measurements will be performed on the
particle-gas mixture as well as on collected sam—
ples of the particles. Oxidation properties will
be determined by optical measurements on particle
samples in a high~temperature furnace. Electron
microscopy will be used to determine the size, size )
distribution, and shape of the particles.

An analytical program will be used for guid-
ance and interpretation of the laboratory work.
Computer codes to analyze the optical and thermo-
dynamic properties of the system will be written.

A chamber will be constructed to determine the )
temperature rise and energy exchange to a particle-
gas stream., It will utilize a tungsten halogen
light source to simulate the sun. The goal is to
gain enough experience to design a test receiver
to operate with a solar collector. If enough inter-
est is expressed, future plans include the fabrica-
tion of a larger SPHER and a testing program at a )
National Solar Thermal Test Facility.

FOOTNOTE AND REFERENCES

*This work has been supported by the U.S. Department
of Energy under contract no. W-7405-ENG-48. )
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SENSIBLE HEAT STORAGE FOR A SOLAR THERMAL POWER PLANT*
T. Baldwin, S. Lynn, and A. Foss

INTRODUCTION

The energy input to a solar power plant
depends on the amount of insolation reaching the
collection field. Maintenance of a constant level
of power generation through the early evening hours
or through a period when the cloud cover varies
requires integration of the heat collection and
power generation units with some type of energy
storage unit.

This work examines in detail one possible con-
figuration for a solar power plant with a sensible-
heat storage unit. The proposed flow sheet allows
thermal energy storage between the heat collection
unit and the power generation unit without a reduc-
tion in the thermodynamic availability of the
energy supplied to the power turbines. Energy is
stored by heating a checkerwork of magnesia bricks.
A gas that is circulated from the solar collector
through the storage unit and the power plant boiler
serves as the heat-transfer medium.. A standard
steam Rankine cycle is used in power generation.
The process configuration is shown in Fig. 1.
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Fig. 1. The proposed flowsheet for a solar power
plant with sensible-heat storage.
(XBL 797-2191)

1

This work was begun in 1977 to compare power
costs of a process using sensible heat storage to
those of a process using the sulfur-oxide chemical
heat storage concept.l’

ACCOMPLISHMENTS DURING 1979

A computer model was developed to predict the
behavior of the sensible~heat storage unit and to
aid in sizing the storage unit. Procedures were
developed to estimate the cost of electricity gen-
erated by the solar power plant. These procedures
illustrate the effect of changes in the energy stor-
age unit on the cost of electricity. The effects
on the storage unit and on the total plant design
of changing several process and design parameters
were then evaluated.

The proposed configuration for a solar power
plant with sensible~heat storage for nighttime
electricity generation produces electricity at a
cost of 8.7¢/kW(e)-hr. If one forgoes storage for
nighttime power generation, the cost drops to 7.6¢/
kW(e)-hr. Both of these power plants convert 32%
of the energy absorbed by the central receiver
into usable electric energy. These costs and
efficiencies are more favorable than those of the
sulfur-oxide storage system! for which the cost
was 10.7¢/kW(e)~hr at 25% efficiency, but they are
not so favorable as those of Tyson et al.3 who
estimated the cost and efficiency for a sulfur-
oxide storage system combined with a hybrid
Brayton-Rankine cycle to be 7.7¢/kW(e)-hr and 39%.

Modifications in the sensible~heat storage
process to incorporate a Brayton cycle as topping
for the steam cycle showed no advantage in power
cost.

Because power costs for plants with sensible-
heat systems are close to those of sulfur-oxide
systems and because the uncertainties in technical
aspects are less for the sensible-heat systenms,
it appears that they will serve best for short-term
storage at the present time.

PLANNED ACTIVITIES FOR 1980

This work is completed and no further work
is planned.

FOOTINOTE AND REFERENCES

*This work was funded during FY 1979 entirely by
the Department of Energy, Division of Energy
Storage Systems.
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PASSIVE SYSTEMS ANALYSIS AND DESIGN*

R. Kammerud, H. Akbari, B. Andersson, F. Bauman, C. Conner, M. B. Curtis,
M. Daneshyar, A. Gadgil, A. Mertol, W. Place, T. Webster, K. Whitley, and T. Borgers

INTRODUCTION ;

The Passive Systems Analysis and Design Group
began in response to a void in passive solar tech-
nical information and passive solar analysis tools.
Historically, the primary focus of the program has
been computer modeling. This work has been a joint
undertaking of the Solar Group at LBL and the WX-4
group at Los Alamos Scientific Laboratory, which
had responsibility for the development of the
active solar simulation capabilities in DOE-I and
DOE-IX. . Computer work is being coordinated with
the conservation group at LBL, which has primary
responsibility for the development of conventional
building analysis capabilities of DOE-II. Some

- of the passive solar analysis and design projects
are also related to work being done in the Windows
and Lighting program at LBL. We are currently
shifting the focus of our activities from the
residential to the commercial sector.

Recently the group has expanded its efforts
to include building design projects. Projects of
this nature provide a framework for development of
concepts, design tools, and technical information
directly related to commercial buildings and the
design community's needs. The Passive Solar Pro-
gram at LBL continues to provide support for
related DOE activities in the areas of national
program planning, solicitation preparation, con-
tracting, and contract technical monitoring.

ACCOMPLISHMENTS DURING 1979

Heat Transfer Analysis

Theoretical and experimental heat-transfer
studies accounting for thermocirculation, single-
zone convective heat transfer, and convective heat
transfer through doorways and other wall openings
were performed.

A detailed thermal analysis of both laminar
and turbulent flow in thermocirculation systems
was completed, documented, and successfully compared
to laboratory data found in the literature. This
detailed loop model (DIM) was used to generate
simplified algorithms capable of deriving the outlet
temperature and flow rate. Specifications were

written to include these algorithms in the public
domain computer program BLAST (Building Loads
Analysis and System Thermodynamics), extending its
capabilities to storage walls and massless vertical
collectors.

A small-scale experiment designed to measure
convective heat transfer was designed and assembled.
The apparatus was used to generate data for compari-
son with the previously cited algorithms. Explora-
tory studies of the two-zone problem were initiated
using the apparatus.,

A model designed to simulate the thermal per-
formance of roof pond systems was developed. The
model includes options, such as an evaporative
water layer over water containment bags; and
movable insulation between both the roof pond and
the environment, and between the occupied space
and the roof pond. Compared to currently available
models, this model performs a more detailed analy-
sis of the interaction of water layers and the
environment.

Other refinements and extensions of BLAST
were completed: successful comparisons were made
between BLAST and thermal data from test cells
located at LASL; algorithms describing ventilative
cooling were inserted; and BLAST specifications
were written to include movable insulation.

Building Performance Studies

Building experiments can provide detailed
data for validating thermal simulations of well-
established passive systems or can serve as a tool
for exploring the behavior of new passive concepts.
In the former category of experiments, a number of
test cells and passive residences in the U.S. have
been heavily instrumented for acquiring weather,
auxiliary consumption, and internal temperature
data. The major unknown in each of these struc-
tures is the level of infiltration. In contribu-
tion to the national program for passive system
data acquisition and thermal simulation validation
(more specifically, in support of BLAST validation),
the LBL Passive Solar Group has built an infiltra-
tion measuring apparatus modeled after a similar
device developed by the LBL Building Envelopes

~
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Group.

This device will be used on a variety of
instrumented passive structures to produce the full
complement of data required for proper validation
of building energy analysis computer programs.

In addition to these validation-related experiments,
exploratory studies were initiated on a double-
envelope, convective-loop residence in Martinez,
California.

BLAST was used extensively to study the
sensitivity of residential heating and cooling
to structural mass and thermostatic controls.

Plans were made for using BLAST in commercial
building parametric sensitivity studies. A review
of various commercial building energy consumption
studies was made in order to:

e identify the building types which account
for sizeable fractions of the national energy
consumption.

e identify the nature of the energy demand.

Based on that review, the decision was made to:

e emphasize retail-wholesale, office-public,
and “educational building types

e give balanced consideration in accounting for
space heating, space cooling, lighting and
distribution energy.

Passive Solar Building Design and Design Tools

Design and analysis assistance was given in
varying amounts to several building projects with
the aims of (1) assisting in the design of better
passive buildings, and (2) identifying design
requirements not fulfilled by commonly understood
and available tools.

At the request of the Pittsburgh Energy
Technology Center, LBL conducted extensive analy~
sis on a proposed energy conservation building to
determine the energy savings of passive design
elements compared to those of the original design,
and to assist in design refinement. Several help-
ful design tools were identified, including better
methods of displaying weather information, shade
design using sun charts and a graphic technique,
and analysis of window placement and construction.

Design assistance was given to several proj-
ects which asked for help in assessing the energy
impacts of their designs, and critiques of their
integration of architectural and energy considera-
tions. The designers of the Heavy Ion Institute
at Oak Ridge National Laboratory received advice
on the architecture, energy design, and instrumen-
tation of their underground/passive building. The
designers of a two-unit residential passive retro-
fit came to us for advice on their own passive
design. LBL involvement resulted in a much simpler,
less expensive system capable of delivering more
heat than the original design.

Members of the Passive Solar Group have worked
closely with the design team for the Colorado Moun-
tain College Classroom and Administration build-
ing(s). Several important decisions have been

made with regard to structure, glazing areas, and
mechanical systems as a result of energy analysis
by the Passive Solar Group.

All of these passive solar design activities
have been used to identify tools useful during the
design process. Participation of LBL personnel as
designers, experts in building thermal analysis
computer programs, and as observers of the design
process have highlighted the need for analysis
tools and capabilities, simpler design tools,
graphic design techniques, and simple calculations.
This information allowed the Passive Solar Group to
direct its development of BLAST toward these capa-
bilities most needed by passive solar designers,
and to encourage the development of building ther-
mal analysis programs suitable to architects' most
immediate needs.

Headquarters Support

The year's activities in the area of head-

' quarters support vary from preparation of a market-

able products solicitation to preparation and pub-
lication of a report on passive and hybrid solar
heating1 to completion by an LBL subcontractor of
a passive solar design workbook for residential-
scale buildings.

PLANNED ACTIVITIES FOR 1980

Heat Transfer Analysis

The thermosiphon DIM will be completed and
used to generate algorithms describing system
performance as a function of solar input, ambient
weather conditions, load profile, collector charac-
teristics, and heat exchanger properties. Thermo-
siphon experiments will be used to validate the
general behavior of the theoretical models and to
establish the effective heat-transfer coefficient
for use in those models.

The single-zone room convection model will
be extensively explored and sensitivity studies
performed to assess the need for more sophisticated
convection calculations in the BLAST loads program.
Results from the interzonal convective transfer ex-
periment will be used, along with data from related
experiments at LASL and NBS (National Bureau of
Standards), to generate algorithms for inclusion
in BLAST. The roof pond model will be completed
and checked, and software written for inclusion
in BLAST.

By the end of the fiscal year, the research
version of BLAST/Passive will contain the followin
new capabilities: :

e A detailed model describing the interaction
of storage roof systems with occupied space.

o A daylighting algorithm. (This project will
be performed in conjunction with the Windows
and Lighting program at LBL.)

® An algorithm describing convective heat
exchange between thermal zones.

® Analysis techniques for shaded roof aperture
systems.



e Routines for innovative glazing materials and
glazing coatings.

e Algorithms for thermocirculation systems.
A documented version of BLAST/Passive will
be made available to the design community. The
following capabilities will be included:

e Direct-gain systems with movable insulation.

e Thermocirculation systems with massive and
nonmassive absorbers.

e Direct ventilation cooling of the occupied
space.

e Direct conductive coupling between thermal
zones.

Passive Solar Building Design and Design Tools

ILBL will continue its cooperation with the
designers of the Colorado Mountain College. Two
other case study projects will be added: a small
passive solar commercial building in Santa Rosa,
CA, which will serve as both office space and
laboratory, and a large passive multistory shopping
center in Newport Beach, CA. All three projects
have received grants from DOE for their passive
solar design.

Requirements for an architect's energy analy-
sis tool will be further refined. Informative
booklets to assist with design of fixed shading
devices and selection of window orientation and
construction will be produced and distributed.
More design tools will be identified during the
case studies, and their development will be
pursued.

Building Performance Studies

Infiltration measurements will be made on a
variety of passive solar structures and BLAST
predictions will be compared to the data from
direct-gain and Trombe Wall test cells and resi-
dences. Exploratory studies will continue on the
double-envelope house; data will be collected on
weather conditions, solar radiation, interior
temperatures, convective flow rates, infiltration
ground temperatures, and auxiliary consumption.
BLAST applications for residential parametric
sensitivity studies will continue. Thermal mass
and thermostatic control studies will be extended
to more climates, glazing distributions, shading
operations, and building configurations; effects

of ventilative cooling and movable insulation
will be investigated. Simplified methods will

be devised for evaluating the thermal effects of
massive construction. Parametric studies will be
performed using the thermocirculation, room con-
vection, and roof pond models.

BLAST applications for commercial parametric
sensitivity studies will focus on: building size,
proportion and orientation; glazing area and
distribution; human, lighting and equipment loads;
zoning; movable insulationj ventilative cooling;
thermal mass; occupant use patterns; and electric
lighting control strategies. Daylighting will be
investigated for various room geometries and light-
ing control strategies using experimental models.
The output of these experiments will provide
instructions to BLAST regarding electric lighting
levels for various conditions of sunlight. In addi-
tion to energy consumption, considerable attention
will be given to the comfort/productivity implica-
tions of the factors listed above.

Headquarters Support

A diverse set of headquarters support activi-
ties are planned for 1980. These include issuance
of the marketable products solicitation written
in 1979 and completion of its concomitant proposal
review and contract writing tasks; issuance of a
basic physical studies research and development
solicitation; completion of program area plans for
commercial buildings, basic physical studies, prod—
ucts and materials, and commercial building design
tools; and completion of the design of a test
facility for evaluation of design concepts for
commercial passive solar building systems.

FOOTNOTE AND REFERENCE

*This work was supported by the Passive and Hybrid
Systems Branch, Systems Development Division, Office
of Solar Applications, U.S. Department of Energy,
under contract No. W-7405-ENG-48.

1. Draft Interim Report: "National program plan
for passive and hybrid solar heating and
cooling," prepared by Energy and Environment
Division, Lawrence Berkeley Laboratory, Uni-
versity of California; Solar Energy Research
Institute; Heating and Cooling Research and
Development Branch ~ Office of Conservation
and Solar Applications of the U.S. Department
of Energy, January, 1979. (Also Lawrence
Berkeley Laboratory report, LBL-8606 Revised,
February 1979).
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NITINOL ENGINE DEVELOPMENT*
R. Banks, W. Hubert, R. Kopa, M. H. Mohamed, and M. Wahlig

INTRODUCTION

Low-grade heat, in the form of thermal energy
at temperatures below the boiling point of water,
is a widespread energy resource that could make a
significant contribution to worldwide energy needs
if an economical technology can be developed for
converting it to useful work. The Nitinol Engine
Development project is investigating the feasi-
bility of using the thermally-activated shape
change phenomenon in certain intermetallic Shape
Memory Alloys, particularly the nickel-titanium
compound "55-Nitinol", as the basis for thermal-
to-mechanical energy conversion at temperatures
available from such sources as industrial waste
beat, low-temperature geothermal brines, solar-
heated water, or the moderate temperature differ-
ences that exist in the ocean thermal gradient.

An important advantage in using a solid rather

than a fluid working medium in such applications is
the possibility of eliminating the heat exchangers
required by closed-cycle fluid systems, which often
constitute major cost and maintenance items in
conventional low-temperature energy conversion
technologies.

A prototype Nitinol heat engine has been in
operation at the Lawrence Berkeley Laboratory since
August 1973. Since that time, several iterations
of engine design have led to an improved understand-
ing of the important practical considerations in
applying this material to energy conversion in con~-
tinuously cycling heat engines. These studies, as
well as experimental and theoretical investigation
of the material's thermodynamic and metallurgical
properties, have confirmed that Nitinol engines
for the recovery of thermal energy from low-grade
or waste heat can be constructed; however, the
question of economic feasibility is still open.

ACCOMPLISHMENTS DURING 1979

The work of the past year has been focused
on experimental investigation of cycling and
thermodynamic characteristics of Nitinol through
three parallel approaches using specialized test
instruments designed and fabricated at the Labora-
tory during this year and previously. The first
of these, an electronically controlled and instru-
mented Cycle Simulator, was used to compare the
effects of performance and lifetime of Nitinol
wires cycled under differing thermomechanical con-
ditions (e.g., heating at constant strain versus
heating under uniform load.) The Cycle Simulatox
has the flexibility to vary and control a number
of parameters that are critical to practical engine
design, particularly in the area of phasing the
shape~-memory response in the working material with
the mechanical response time of engine power take-
off components. Based on data derived from the
Cycle Simulator studies, comparative efficiencies
for the various types of cycles investigated were
derived.

A second approach to identifying optimum cycl-
ing and work output conditions for Nitinol wires
was carried out using a high resolution, laser-beam
dilatometer. This instrument, which magnifies axial
displacement in a Nitinol specimen by a factor of
200, makes possible observation of variation in the
rate of change throughout the complete thermal tran-
sition range under controlled and uniform heating
rates and stress conditions. Correlating stress
and displacement data with calculated heat input
values, comparative conversion efficiencies were
predicted for a range of thermal cycle conditions.

The third experimental instrument, a Tensile
Fatigue Test Stand, fabricated at LBL in early 1979,
has subjected Nitinol wire elements to actual
engine working conditions for more than one million
cycles, the highest limit now known for reproduci-
ble cycling of wires working in the mode of linear
(axial) strain. This machine, which appears to
have overcome many of the problems encountered in
previous engine concepts, is the first device since
the original 1973 prototype to exceed the million~
cycle limit. As in the case of the first engine,
systematic improvement in performance of the Nitinol
working elements was observed throughout the period
of the initial run.

Cycle Simulator Studies

The Cycle Simulator was used this year pri-
marily in the systematic investigation of two types
of cycling conditions: the constant strain cycle,
and the stress—limited cycle. In the constant-
strain cycle, a single Nitinol wire is heated by
immersion in a water bath while held at a constant
length. Recovery stresses developed in the wire
are allowed to come to a maximum before being
relieved by controlled relaxation of the simulator
mechanism, Stress and strain data are displayed
on a storage oscilloscope, and computation of the
area enclosed in the oscilloscope gives the work
output for that particular cycle: A typical trace
for the constant-strain cycle is shown in Fig. 1.

It was found that heating a Nitinol wire
through its thermal transformation range prior to
initiating shape recovery severely limits the per~
centage of initial strain that may be imposed on
the specimen prior to heating. This also limits
the work output per cycle that can be realized over
a large number of reproducible cycles. For a wire
lifetime expectancy of 104 cycles, a strain of 1.0%
was found to be the limit for the materials tested,
and the maximum calculated conversion efficiency
was 1.2% (approximately 6% of the Carnot maximum
for the temperatures of the experimental cycle).

“Limits imposed in heating Nitinol at constant

strain have to do with the magnitude of the
recovery stresses that develop during the trans-
formation (in excess of 100 Kpsi at 8% strain) and
which can effectively exceed the practical yield
strength of the material. In addition to being
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Fig. 1. Vided_record of a typical constant-strain
isothermal cycle. (XBB 786-7388)

an energy transducer, Nitinol is, of course, a
realistic engineering material and therefore sub-
ject .to conventional fatigue constraints like any
other metal. The relationship between maximum
recovery stress and practical yield strength in
Nitinol is closely related to the discrepancy that
exists between the calculated strength of pure
metals and their observed experimental values.

In the case of Nitinol, the recovery stresses gen—
erated internally during transformation, must not
be allowed to build up to the practical yield
strength as a result of externa1 restraining
forces, or progressive elongation leading to ulti-
mate failure of the material will result.

For the second series of tests, the Cycle
Simulator was modified slightly to apply the shape
recovery stress of the Nitinol specimen directly
to the lifting of a weight. In this constant-
stress cycle, a feasible and reproducible strain
limit of 5.0%Z was observed, with a corresponding
increase in indicated conversion efficiency of a
factor of >2. To date, these tests have been con-
ducted at a stress limit of 29 Kpsi, substantially
below the theoretical practical limit for the
material. With increase in applied stress, and
resulting increase in work output per cycle, the
conversion efficiency of the constant-stress cycle
may reasonably be expected to increase even further.

In addition to the simulated engine cycle
tests performed on the Cycle Simulator this year,
the instrument was also used to evaluate the
effects of an alternative approach to heating the
wire by controlled electric pulse rather than im-
mersion in a bath. Timed delivery of the electric
pulse was adjusted to correspond to the conditions
of normal heat delivery (by immersion), and the
cycles produced on the oscilloscope were compared.
The area of the work diagram for the electric heat-
ing technique was found to be almost identical to
that produced by continuous heat delivery in the
bath. However, in the case of heating the wire
with the electric pulse, all of the energy is ab-
sorbed by the wire while it is held at constant
strain. From this observation, it was deduced that
Nitinol wires absorb the latent heat of transforma-
tion prior to the shape recovery event, not during
the contraction part of the cycle as had been
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assumed by most prior investigators. This is an
important new piece of information in our under-
standing of the basic mechanism of the shape memory
cycle.

Laser Beam Dilatometer

The Laser Beam Dilatometer, shown in Fig. 2,
was originally fabricated in 1977 for the purpose
of precisely correlating changes in Nitinol thermal
transformation thresholds with variation of extern-
ally applied stress; it has subsequently proven
useful for a number of other applications. Because
of the sensitivity of the amplification mechanism
of this device, it is possible to isolate macro-
scopic changes in shape of a specimen due to the
shape memory effect from changes solely due to
thermal expansion and contraction. Thus it is
possible to demonstrate visually that, at the tran-
sition thresholds, changes in the thermoelastic
properties of Nitinol are essentially discontinuous
with continuous variation of stress and temperature.

Of particular interest is the observation that
during a complete thermal transformation cycle (com-
plete establishment of the low-temperature phase
on cooling, and complete reversion to the high-
temperature phase on heating), there is a sensitive
region at approximately the middle of the cycle
in which the majority of the shape recovery takes

Fig. 2. Laser-Beam Dilatometer, used to measure
small axial displacements in a Nitinol wire.
(Test specimen is mounted in a temperature-
controlled environmental chamber in the back-
ground of the photograph). (CBB 796-8367)
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place. As heating and cooling is effected (at slow
and uniform rates), this most active region is
approached by a gradual acceleration in shape-
change with respect to rise or fall in temperature,
increasing to a change-rate maximum at about the
midpoint of the thermal cycle; subsequently, there
is again a gradual deceleration in shape-change
until the target temperature is reached. This non-
uniformity in rate of change, with uniform change
in temperature, appears to be enhanced by a direc-
tionality that develops in- the microstructure of
the Nitinol wire. It is a well-known feature of
the Shape Memory Effect (SME) in Nitinol that appar-
ent ductility of the low-temperature phase is the
result of preferential growth of certain favorably
oriented crystal domains (twinned martensite) and
shrinkage of others. With repeated cycling (as

in the working element of a heat engine), certain
of these favored orientations become dominant upon
transformation, and the wire develops a "second
memory''--a shape change unassisted by externally
applied stress--on cooling, a process which has
been described as "training". Because transforma-
tion threshold temperatures are controlled in part
by applied stress, it is to be expected that all
martensites of identical orientation (with respect
to stress) will be subject to the same local stress
conditions, and will transform as a coherent group
once the threshold temperature has been exceeded,
The appearance of a sensitive thermal region where
the SME is at an optimum is therefore interpreted
as a reflection of the training process, or a prog-
ressive increase in the volume fraction of martens-
ite variants which nucleate in orientations best
favored for shape recovery on heating.

After the maximum work output for a "complete
thermal cycle was established by heating and cool-
ing a trained Nitinol specimen to temperatures
beyond which there was no observable thermally
activated shape change, a series of restricted
thermal cycles was performed to determine if work
output per cycle would decrease linearly with de-
crease in AT. This was found not to be the case.
In a series of experimental trials, the thermal ex-
trema of the cycle were reduced from ATpy, = 1200C
to AT = 30°C. For the reduced cycle, a work output
was achieved that was equal to 517 of the total
work of the larger (reference) cycle, although the
sensible heat required to produce the work was
reduced by a factor of 4. From this it was calcu-
lated that the work of the original (reference)
cycle could be reproduced by cycling twice the
volume of material in the restricted thermal range,
but with a net saving in sensible heat input on
the order of 50% for the restricted cycle., It thus
appears that the work output (and therefore the
conversion efficiency) of Nitinol does not increase
linearly with increasing AT, but that the most
favorable range for a practical engine cycle, based
on currently available materials, will be in the
order of 15°C << AT <35°C. Correlating measured
work outputs with calculated heat inputs, conver-
sion efficiencies were predicted for cycles in
which AT = 120°C, 60°C, 30°C, 20°C, and 10°C,
respectively. The absolute efficiency attained was
2.6% for the AT = 30° cycle, which corresponds to
27% of the Carnot maximum for temperatures of 25°-
55°C. The highest Carnot fraction calculated was
64% for the cycle at AT = 10°C, which had an abso-
lute efficiency of 2.0%. As a ¢orollary to this

experiment, a cycle was hypothesized in which <50%
of the sensible heat rejected on cooling could be
stored and recovered in a regenerator. This com-
ponent, which has not yet been evaluated experi-
mentally, could theoretically increase the computed
efficiency values by a factor of as much as 1l.4.

During the latter part of the year, the
dilatometer has been used to evaluate changes that
have occurred in the performance characteristics
of Nitinol wires taken from the Fatigue Test Stand
at various intervals. A specimen which had with-
stood 5 x 107 cycles in the Test Stand at 1.4%
strain was investigated, and an increase of >10%
work output per cycle was measured as a result of
its "training" during Test Stand operation.

Tensile Fatigue Test Stand

The Tensile Fatigue Test Stand was originally
constructed with the objective of providing a
facility in which the performance of Nitinol wire
elements could be observed over many working cycles.
Mechanical energy for operation of the test stand
comes from the SME recovery stress of a number of
Nitinol wires (0.5 m in diameter, 38 cm in length)
cycled in parallel between baths of hot and cold
water. As a self-powered unit, it is therefore,
in a sense, a primitive engine concept as well as
a test machine. Mechanical features of interest
include relative simplicity of design, and reduc-
tion of precision requirements for fabrication by
amplification of the modest displacement of the
Nitinol wires (approximately 5.3 mm) through a com-
pound lever system. In its present configuration,
the machine bears some resemblance to the early
steam engines of the 18th century--the walking-beam
or Newcomen engine. Heating and cooling of the
Nitinol working elements is effected by dipping of
the elements in water through front-end reciprocat-
ing oscillation of a dynamically balanced pivoting
system suspended from above, as a sort of inverted
pendulum. Because the rotational momentum of the
components carrying the working elements rapidly
decreases as soon as the wires reach the surface
of the water, parasitic losses due to mass transfer
and hydrodynamic friction (a serious limitation to
scale-up, if wires are passed continuously through
a liquid heat transer medium) are minimized.

Design~point operating parameters for the
machine (anticipated cycling rate of 60-80 cpm at
a AT of approximately 20°C, under no-load condi-
tions) were not initially achieved. For the initial
run-in (early July 1979) it was found that chilled
water was required for sustained operation, and
water from the engine was put through an ice-water
bath. At one point during the early hours of test-
ing, the supply of ice ran out, but the machine
continued to operate. It was then switched to the
in-house hot and cold tap-water supply (Ty =~ 42°C;
Tc & 219C) and a gradual acceleration from about
42 cpm to 60 cpm was observed over the first few
thousand cycles. This improvement, due in part
to refinements in timing adjustment and.mechanical
break-in, is also interpreted as an indication of
the ability of Nitinol to accommodate, to some
extent, to available operating temperatures.

The machine was subsequently installed in a
test facility where closed heating and cooling
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loops are available and tested under various
conditions for the balance of the first million
cycles. Part of this test included running under
load for 250,000 cycles, during which an electric
generator was attached to the machine, powering

a dial tachometer and conventional flashlight bulb.
When the generator was removed, a significant
increase in speed of operation (from ~80 cpm to
>90 cpm) was observed under no-load conditions
and at reduced AT(Ty =~ 38°C; T¢ &~ 20°C). One
interpretation of this improvement is that the
"training" effects of continuous cycling are
enhanced, or accelerated, by cycling under load.

The wire stock selected for fabrication of
the first power element had been recycled from
experiments in earlier phases of the project,
without any attempt to heat treat or reanneal the
material., It was known to be embrittled and, in
fact, a number of wires were fractured in assembly
of the first set before it was even installed on
the machine. The rationale for using distressed
material for the first run was the anticipation
that inadequacies in the machine design (improper
provision for the mechanical cycling of the Nitinol

* wires) would become apparent on the order of thou-

sands of cycles, rather than many millions of cycles.
As a result of this initial embrittlement, imperfec-
tions in mounting procedures, and maladjustments of
the machine during the initial experimental learn-
ing period, a substantial number of fractures were
encountered in the wires, all occurring at the ends
where the Nitinol was pressed into stainless steel
ferrules. Although undesirable, these features
were anticipated and provided valuable guidelines
for the assembly of the second working wire set.
Again, recycled and unannealed wire was used (for
the same reason as previously), but mounting pro-
edures were modified to reduce point load on the
surface of the Nitinol at the fixture end, -and to
eliminate a bending moment which inadvertently
resulted from the geometry of the first mounting
assembly. Considerable care was taken to, ensure
uniformity of length in the wires of the second
set, and it has now sustained 2,500 hand cycles,
prior to installation on the machine, without
mishap.

PLANNED ACTIVITIES FOR 1980

Activities planned for the coming year include
broadening of the three main areas of current inves-
tigation: cycle simulator studies, dilatometric
measurements and wire fatigue lifetime testing.

In addition a new research component, the need for
which has been increasingly emphasized in this past
year's work, will be included: direct experimental
measurement of the thermal properties of Nitinol
during transformation. In the past, theoretical
and experimental determinations of the values for
latent and sensible heat transfer in conventional
Nitinol materials have been in sufficiently good

agreement that they were serviceable to a first
approximation for estimates of the properties of
relatively uncharacterized commercially available
materials., Changes which take place in the per-
formance of Nitinol over the course of many thou-
sands of working cycles, however, indicate that
differences in the thermomechanical properties of
as—delivered Nitinol materials and partially stabi-
lized, "trained" materials may be sufficiently great
that measurements made on uncycled stock may be sub-
stantially invalid. As the Laboratory is now in
the unique position of having available wires which
have sustained over a million cycles in uniform
axial strain, investigation of the changes--both
structural and thermodynamic--that this cycling
history may have produced in the material appears
essential, As the thermal and mechanical proper-
ties of the material cannot be considered in isola-
tion, this task will require some ingenious modifi-
cation of standard calorimetric techniques, and
various experimental methodologies are currently
under consideration.

Cycle Simulator Studies will be continued,
especially in the area of stress-limited or con-
stant stress cycles, to identify the practical
limits for the work output per cycle that can be
realized from both new and stabilized materials.
The simulator will also be used for controlled and
automated break-in of wire working elements prior
to installation on the Fatigue Test Stand.

The Fatigue Test Stand, used this year
primarily to assign lower-limit values for the
working lifetime of Nitinol wires deformed in
axial strain, will be modified to perform direct
work-output measurements and empirical efficiency
measurements. Modification will include instrumen-
tation of the machine to facilitate direct readout
of stress levels, temperature and speed variables,
and construction of a simple regenerator chamber
to evaluate the feasibility of partial recovery
of sensible heat, now largely lost to the atmos-
phere during transfer of the working element from
bath to bath.

Preliminary studies made on the Laser Beam
Dilatometer in the past year, correlating specific
work output of Nitinol with varied thermal cycling
conditions, will be systematically pursued. Tests
made on relatively new wires will be reproduced
to fill in missing thermal data points, and the
investigation extended to include comparative
evaluation of properties of cycled wires from the
Tensile Fatigue Test Stand.

FOOTNOTE

*This work has been supported by the Division of
Fossil Fuel Utilization, Office of Energy Tech-
nology, U.S. Department of Energy, under Contract
No. W-7405-ENG-48.
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APPROPRIATE ENERGY TECHNOLOGY*
C. Case, H. Clark, J. Kay, F. Lucarelli, J. Morris, J. Rees, and S. Rizer

INTRODUCTION

In the spring of 1977, the Building and
Community Systems Division of the Energy Research
and Development Administration (ERDA), responding
to the 1977 ERDA Authorization Act, instructed its
San Francisco Operations Office (SAN) to establish
a small grants pilot program for appropriate energy
technology projects within Federal Region IX
(Arizona, California, Hawaii, Nevada, and the west-
ern Pacific). Following program guidelines, SAN
made these grants available to small businesses,
individuals, nonprofit agencies, public agencies,
and Indian tribes. The purpose of the grants was
to design, construct, and/or demonstrate small-scale
energy technologies which conserve depletable fossil
fuels or which use renewable energy resources,

With $500,000 to distribute in grants up to
$50,000, SAN accepted applications from September
to November, 1977. They received 1100 applications
requesting $21.3 million. After technical, eco-
nomic, and peer reviews by a variety of state and
university institutions and after receiving an
additional $750,000 from other DOE D1v131ons, SAN
awarded 108 grants for $1.25 million in April, 1978.

The grants covered a complete spectrum of small-
scale energy technologies including solar active
and passive systems, wind machines, biomass conver-
sion systems, energy conservation devices, recycl-
ing methods, aquacultural and agricultural systems,
hydroelectric devices, geothermal systems, and

integrated methods.

In the spring of 1979, DOE created the Office
of Small Scale Technologies, transferring the pro-
gram administration to this new office. With a
FY 1979 budget of $8.5 million, the program has
expanded into all ten federal regions. These
regions have received over 10,000 applications
requesting $200 million and are just completing
their review processes and awarding grants. Federal
Region IX received another 1100 applications during
the winter of 1979 and has distributed $500,000 in
34 additional grants.

During the late winter of 1980, DOE plans to
offer a third national program cycle. Details of
this cycle will be similar to the others, and DOE
is deciding on the amounts to be distributed for
each region.

ACCOMPLISHMENTS DURING 1979 AND PLANNED ACTIVITIES
FOR 1980

The LBL role in the Appropriate Energy
Technology Program is evolving from a technical
advisory one on a regional basis to a policy
analysis role on a national level. During 1977
and 1978, we offered technical assistance to the
SAN Office; reviewed a sizeable number of applica-~
tions for techmical/economic merit; provided tech-
nical assistance to the grantees; and monitored

\
projects in Arizona, Nevada, and the western
Pacific. The program has now become a national
one, and the Region IX jurisdictions do most of
their own reviewing and monitoring; therefore, DOE
has asked LBL to change the focus of the work to
include various policy studies for implementing
the national program. The next sections describe
our traditional role and our policy studies for
FY 1979 and FY 1980.

Technical Assistance

Since the program's inception, we have been
providing DOE with general technical support. This
support includes a wide variety of tasks ranging
from representing DOE at a Micronesian/Peace Corps
workshop in Guam and providing technical backup
support and energy efficiency data at regional
managers' meetings to designing project evaluation
forms. We gave technical advice on the proposed
Golden Gate Energy Center and outlined ways for
determining which projects have exceptional commer-
cial potential. These tasks will continue with a
more national than local perspective as the states
assume more technical responsibilities. We will
continue helping with logistical chores such as
prescreening applications from the program cycles
and reviewing applications which the states do not
have the technical expertise to evaluate.

Monitoring Projects

During FY 1979 we visited and reviewed 45 proj-
ects in Arizona, Nevada, and the western Pacific.
During these visits we checked the projects for
progress, budget and technical problems, demonstra-
tion and commercial potential, and general well-
being. In addition, we gathered data for various
reports. With encouragement from DOE and LBL, these
juridictions have now set up their own mechanisms
for monitoring during FY 1980. We will continue
to visit various projects in Region IX and other
regions in order to compile current data for
reports.

Energy Savings Studies

DOE is evaluating the grant program's effec-
tiveness. As part of this evaluation, we have
assessed the energy savings potential and cost-
effectiveness of 20 projects in Region 1x.1

The projects in our sample are representsfive
of the 108 projects funded during the first cycle.
The projects have developed a variety of energy
technologies and have end use applications in the
residential, commercial, industrial, and agricul-
tural sectors. Funding levels for the projects
vary from $1,995 to $46,874, and average $15,270.

We evaluated the projects for direct and
indirect energy savings, defining direct savings
as those from the original project and indirect
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savings as those from secondary applications of
the project. We express these savings in terms

of end use and primary energy savings. Using a
conservative approach for evaluating indirect
energy savings, our study estimates these savings
at 1.2 trillion Btu annually and 22.1 trillion Btu
over the project lifetimes. Primary energy savings
from these indirect applications are estimated at
2.9 trillion Btu annually. Over their lifetimes,
the 20 projects can save 5.7 trillion Btu of pri-
mary energy--the energy equivalent of 9.8 million
barrels of oil. :

Achieving indirect energy savings requires
that each project be cost-effective. To evaluate
cost-effectiveness, we compared the annualized cost
of producing energy from each project with the
annualized price of an equivalent amount of dis-
placed fuel. Those projects which produce energy
at a cost lower than the cost of displaced fuel
are considered cost-effective. Based on this
criterion, 13 of the 20 projects are cost-effective.
This conclusion may be overly optimistic because
most consumers and businesses do not apply life-
cyéle costing methods to energy investments.
Instead, they use a more stringent test of economic
viability, the five-year payback period. If this
more stringent criterion is applied, only eight
projects are cost-effective.

The study concludes with a discussion of ways
DOE can improve the program's effectiveness for
saving energy. Specifically, we concluded that
for the 20 projects and others to achieve their
full energy savings potential, DOE must develop
innovative programs to assist with project
commercialization and to disseminate information
on individual projects.

During FY 1980, we will expand this study to
include energy savings of projects from other
regions, including projects from the Northwest,
Southwest, and East Coast. We also plan to develop
standard methods for evaluating the energy savings
and cost-effectiveness of additional technologies
such as wind and biomass conversion.

Fact Books

We are preparing a series of six reports, or
Fact Books, synthesizing the technical and economic
data assembled so far from the 108 projects. The
purpose of these reports is to assist DOE manage-
ment in understanding the nature of the projects,
identifying constituencies served by the program,
quantifying energy impacts of the program, and
clarifying objectives for later cycles., In addi-
tion, these documents will provide Congress and
the public with easy-to-read reports acquainting
them with a few of the general and technical
accomplishments of the grants program.

We have developed a descriptive format which
will be used for Region IX and for all DOE/AET
projects nationally. To test this format, DOE,
LBL, and the California Office of Appropriate
Technology selected 18 projects for the initial
report.2 We used a two-page description for each
project, including a diagram or picture. The
description includes a simple entry for the proj-
ect title and number; applicant name, address, and

group type; project type; amount of award; project
duration, date started, and date completed. One
or two paragraphs describe the project in general
terms, and another paragraph gives brief technical
details, A final section presents project results,
including details on direct and indirect energy
savings. Also included are information on innova-
tive features, regional or national demonstration
possibilities, and aspects of the project which
can be replicated elsewhere on either a regional
or national scale.

We are issuing a second report describing
another 18 projects,3 and we plan to complete the
series, which will describe all 108 projects, by
mid FY 1980. We are also developing a loose~leaf
notebook format to be used for projects from this
and other regions.

California Biomass Potential

We are studying the resource limits and eco-
nomic feasibility of using California biomass as
a source of liquid fuels. The study assesses five
categories of biomass for annual yield, seasonal
availability, and cost of collection., These cate-
gories include municipal, forestry, agricultural
wastes, feed grains, and harvest from chaparral
and brushland.

Annual yields are estimated for 1976 with
projections to 2025. To determine the cost-
effectiveness of producing liquid fuels from bio-
mass, we have made two comparisons. The first
compares the cost of producing alcohol from bio-
mass to the cost of using biomass for producing
alternative fuels, such as low Btu gas, electricity,
and steam. The second compares the cost of produc-
ing each fuel from biomass with projected prices
of fossil fuels. Additionally, the study assesses
the environmental impacts of biomass collection
and the role that government agencies can play in
a large-scale biomass program. The study concludes
by discussing the implications for achieving a
renewable energy resource future totally reliant
on biomass for liquid fuels.

The Labor Impacts of Selected Appropriate Energy
Technology Projects

We are beginning a study assessing the labor
impacts from a sample of projects funded during
the first program cycle. The labor impacts will
include four categories: direct, indirect, induced,
and employment impacts from respending. We will
examine 20 projects, comparing their quantitative
labor effects with those of conventional energy
systems. To provide data for assessments, we will
attempt to identify and use available methods and
models. The final report will provide data to DOE
for evaluating the program and for clarifying the
complex conceptual issues in measuring labor
impacts.

Aquacultural Studies

To complement our technical assistance, proj-
ect monitoring, and policy studies, we have devel-
oped a laboratory research component for an aqua-
culture problem. During FY 1979 and FY 1980, we
are studying the laboratory mass cultivation of
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Daphnia magna, a freshwater cladoceran, as.a poten-
tial live food source for aquaculture systems.
Attributes such as ready availability, nutritional
acceptability, and parthenogenic reproduction allow-
ing for large population accrual in a relatively
short period of time, may encourage using Daphnia
magna and related gemera in small aquaculture
systems. However, users have experienced certain
problems in mass cultivation. For our research,
we performed a number of trials to determine which
medium or combination of media provides the best
growth of Daphnia magna. We then tested these com-
binations for two runs of preliminary experiments
to evaluate growth and reproduction patterns in

a variety of conditions.

Daphnia magna (Straus 1820), reared on a
defined medium in 4 liter flasks with controlled
light, temperature, and species of algae food, were
found to be tolerant to high levels of ammonia, up
to 108 uM, at high pH( > 10). Parthenogenic repro-
duction may be inhibited, though, at these high
levels. Scenedesmus quadricada and Ankistrodesmus
species were found to be satisfactory food sources.
Densities of greater than one animal per ml in cul-
ture were attained utilizing Ankistrodemus species
as a food source at.a pH of 7.7. Maintenance of pH
at about 7-8 appears to be important to successful
cultures. Therefore, during FY 1980, we plan to
undertake our experiments with controlled pH.

Library, Bibliography, and How-To-Books

During the course of our work, we have assem-
bled a library of books on small-scale technology.
The library is intensively used by others outside
of our program, and in order to facilitate catalog-
ing and browsing, we have developed a simple color-
coded system for cataloging the material. In
response to a request from DOE, we issued a bib-
liography listing the books in our library and
describing the cataloging system.

For FY 1980, we plan to issue a series of non-
technical how-to books or brochures describing how

3-15

to construct or duplicate some of the successful
projects or how to complete successfully some of
the paperwork required by the program. A few of
the potential topics include how-to build a solar
beeswax melter, how-to run a small scale energy
workshop, how-to write a how-to booklet, and how-to
complete a grants application.

FOOTNOTE AND REFERENCES
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Inventions and Small Scale Technologies within
the Buildings and Community Systems Division.
Office of Conservation and Solar Applications,
U.S. Department of Energy under Contract no.
W-7405-ENG-48.

1. F. B. Lucarelli, J. Morris, J. M. Kay,
S. Rizer, C. W. Case, and H. R. Clark, "The
Energy Savings Potential of the Region IX
Appropriate Energy Technology Grants Program:
An Assessment of Twenty Projects," Lawrence
Berkeley Laboratory report LBL-9715 (1979).

2. C. W. Case, F. B. Lucarelli, J. Morris, and
H. R. Clark, "Projects from Federal Region IX
DOE Appropriate Energy Technology Pilot Program
- Part I," Lawrence Berkeley Laboratory report
LBL-9642 (1979). ‘ :

3. C. W. Case, F. B. Lucarelli, H. R, Clark,
J. M. Kay, and S. Rizer, "Projects from Federal
Region IX Department of Energy Appropriate
Technology Pilot Program ~ Part II," Lawrence
Berkeley Laboratory report LBL-10098 (1979).

4, J. T. Rees and J. M. Oldfather, "Small Scale
Culture of Daphia Magna Straus' (in press).

5. F. B. Lucarelli, "The California Biomass and
its Energy Potential," Lawrence Berkeley
Laboratory report LBL-10058 (in press).

6. H. R. Clark, "Appropriate Energy Technology
Library Bibliography," Lawrence Berkeley
Laboratory report LBL-9391 (1979).

ENERGY CONVERSION BY HALOBACTERIA*

L. Packer, R. Mehlhorn, A. Quintanilha, C. Carmeli, P. Scherrer,-N. Kamo,
P. Sullivan, S. Tristram, J. Herz, T. Racanelli, I. Probst, and A. Pfeiffhofer

INTRODUCTION

The purple membrane found in the halophilic
bacterium Halobacterium halobium contains the
simplest biological light—to-electrical energy
converter known. The component of this organism
responsible for the light energy conversion process
is the relatively small and simple protein bacterio-
rhodopsin. Our understanding of this protein is
expanding rapidly, and we now know its complete
amino acid sequence, its electron density profile

in the membrane, the probable location of the chro-
mophore (retinal), and many details of the photo-
cycle which involves a number of distinct spectral
intermediates occurring over a seven millisecond
time span at room temperature. Much of the current
research on bacteriorhodopsin is concerned with the
molecular details of how these spectral intermedi-
ates are related to the movement of protons across
the purple membrane. Considerable added interest
in the halobacteria has been stimulated by the
recent discovery that their membranes contain a



second light-driven ion pump which accomplishes
charge movement without the obligatory participa-
tion of protons. Evidence is mounting that this
photocatalyst achieves sodium pumping, a hitherto
unsuspected biological process. ~This discovery
is of great significance for potential photocell
applications because sodium currents can provide
considerably more electrical power than protons
since the latter eventually give rise to deleteri-
ous pH changes in the course of photocurrent
production,

In previous years, our laboratory constructed
a photocell derived from bacteriorhodopsin, and
characterized the efficiency and stability of the
cell, thus paving the way for constructing similar
devices from other membrane-derived ion pumps.
We chemically modified bacteriorhodopsin and showed
that the amino acids tyrosine and tryptophan were
involved in proton translocation driven by the
photocycle, and applied spin label assays for ana-
lyzing light-dependent electrochemical potentials
on isolated purple membrane surfaces and across
sealed membrane preparations.

ACCOMPLISHMENTS DURING 1979

Energy Transduction by Bacteriorhodopsin

To clarify the process of proton translocation
by bacteriorhodopsin in purple membranes of halo-
bacteria, we have exploited specific chemical
modification of selected amino acid residues.ls»Z
The simple amino acid composition of the protein
has been a considerable asset for these studies.”»
Our attention has been focused on the ionic amino
acids, including glutamate, aspartate and arginine,
which can be protonated in the physiological pH
range, and thus are potential elements of the
proton pathway through the protein. The molecular
model of the protein revealed a high density of
these amino acids at the cytoplasmic membrane
interface.
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Carboxyl-containing amino acids were specifi-
cally modified with water soluble carbodiimides,
in reactions which caused their negative charges
to be either neutralized or become positive.d
These modifications caused slowing of the photo-
cycle during the stages corresponding to the uptake
of a proton by bacteriorhodopsin. The onset of the
photocycle which is related to proton release was
unaffected by the modifications. Partial resolu-
tion of the carboxyl groups involved in proton up-
take was achieved by means of trypsin digestion
of a polar fragment of the proteinj this treatment
has no effect on the photocycle, even though this
fragment includes five carboxyl containing amino
acids. Positively charged arginine residues were
modified with two reagents such that three to five
of the seven residues were modified. The general
effect of arginine modification was very similar
to the effect of carboxyl modification; negative
charges were either neutralized or became positive,
and slowing of the photocycle was observed during
stages corresponding to the uptake of a proton by
bacteriorhodopsin (Table 1), These results indicate
that both carboxyl groups and guanidinium groups
are essential for the proton translocation process.

Previously, we observed that proton pumping
by bacteriorhodopsin was affected by iodination of
tyrosine residues,® although the location of the
critical residues could not be ascertained.
Tyrosines are of special interest because of the
possible involvement of their phenolic hydroxyl
group in proton translocation.  In the past year,
we succeeded in iodinating tyrosines much more
specifically with the enzyme glucoseoxidase lacto-
peroxidase, whose bulk and solubility characteris-
tics should make it mainly a surface specific rea-
gent in the early stages of reaction, and a modi-
fier of hydrophobic tyrosines in the later stages.
Experiments in collaboration with Dr. Stanley
Seltzer of Brookhaven National Laboratory have
revealed that iodination of the lipid of the purple
membrane and of the retinal chromophore is insig-

Table 1. Effect of treating purple membranes with carboxyl and arginine specific reagents on photoreaction
cycle linked to proton translocation.
Modification 570 nm Chromophore 412 nm Intermediate
Absorbance Phase of Decay Photostationary
Rise Initial Second State Absorbance
(percent) (t1/2, usec) (tl/z’ msec) Relative Percent
Carboxyl Specific
Control I 100 40 5.6 - 100
EDC-Treated 85.7 40 15.0 280 527
Arginine Specific
Control 100 39.2 2.8 - 100
2-3-Butanedione-Treated 91.3 68.4 34.6 174 1922
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nificant compared to the iodine labeling on the pro-
tein. Using lactoperoxidase on normally oriented
and inverted bacteriorhodopsin molecules in sealed
vesicle systems, we have been able to show with
short reaction times that the most iodine sensitive
tyrosines are -located on the cytoplasmic membrane
surface. This supports our earlier suggestion that
proton uptake from the cytoplasm may require a
tyrosine residue.

More extensive tyrosine modification eventu-
ally causes four tyrosines to become iodinated.
Structural information from our schematic model
of bacteriorhodopsin shows that several tyrosines
are located in close proximity to the region where
the B~ionone ring may be located. Extensive iodina-
tion slows down the decay, but interestingly accel-
erates the formation of the Mz intermediate. A
group of investigators in Cambridge, England have
recently made extensive modification of tyrosine
residues with tetranitromethane,® which also
revealed that when up to 307% of the 11 tyrosine
residues were altered, an acceleration of Myj9
formation occurred. :

Raman spectroscopy is a sensitive tool for
studying the environment of the retinal chromophore.
Rapid flow techniques were used to measure Raman
spectra of both the BRgyg ground state and. the
M41o intermediate of the chromophore in the labora-
tory of Dr. R. Mathies, School of Chemistry,
University of California, Berkeley. The results
were quite different for the two states; there was
a considerable alteration in the spectrum of the
ground state in the extensively iodinated protein
while the My state was essentially identical to
that seen in the untreated protein. One interpreta-
tion of this result is that a conformational change
occurs in the protein which causes one or more of
the iodinated tyrosines to move away from the
chromophore in the excited state. Furthermore,
since this observation is seen only in extensively
modified bacteriorhodopsin, the tyrosine which
interacts with the chromophore appears to be
distinct from the tyrosine which seems to act as
a proton donor.

Surface Electrical Potential Measurements

Previously, we demonstrated that electrical
surface potential changes occurred in spinach
chloroplasts upon illumination,? by means of a new
spin probe method developed in our laboratory,
based on the partitioning of permanently charged
hydrophobic molecules between the aqueous medium
and membrane bound populations. This method en-
abled us to monitor electrical surface charges with
high sensitivity and rapid response time.*Ys

Electrical surface potential changes in purple
membranes were of interest because they might pro-
vide information about proton binding sites and
perhaps conformational changes in the protein.lls12
We used the amphipathic spin probe CATjj, an anal-
ogue of trimethyl dodecyl ammonium bromide to
estimate surface charge changes occurring during
illumination of bacteriorhodopsin. At room tem~
perature, when purple membranes are illuminated in
low ionic strength media, small surface potential
changes are observed. However, when the photocycle
is slowed, thereby increasing the amount of M;jg
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intermediate in the photostationary state, surface
potential changes also increase. When the photo-
cycle is slowed by chemical modification of tyro-
sine, arginine and carboxyl containing residues in
purple membranes or by lowering of the temperature,
larger surface charge changes are recorded. Figure
1 shows that the partitioning of the probe into
aqueous domains (narrow lines) and membrane domains
(broad lines) changes slightly under illumination
and hence the effective surface potential seen by
the probe increases. When these data are inter-
preted in terms of the Gouy Equation, which relates
interfacial charge densities to surface potentials,
the changes correspond to about one charge per Mjj9
intermediate of the photocycle. The kinetics of
the surface potential changes and of the rise and
decay of the Mj)2 are of the same order of magnitude.
The experiments with CAT(9 suggest that, at low
ionic strength and with positively charged purple
membranes, the proton leaves the membrane entirely.
It is also known that the Schiff base nitrogen
becomes deprotonated in the M,;, state, but it can-
not be ascertained if it is this proton which is
released from the purple membrane.

Hypothesis for Light Energy Transduction by
Bacteriorhodopsin

All data obtained thus far have led us to
propose a scheme for relating proton translocation
to the photocycle of bacteriorhodopsin (Fig. 2).
Based on results of others, theoretical considera-
tions, and our research, we have updated a scheme
that attempts to relate the proton translocation
by bacteriorhodopsin to its photoreaction cycle.
We hypothesize that photon absorption shifts the
electron distribution in the polyene side chain
toward the Schiff base nitrogen, resulting in a
decrease of its positive charge. This results in
a structural change of .the polyene chain and a
charge separation between the Schiff base nitrogen
and a nearby R™ group. Charge separation may be
the primary event of light energy conversion as
it is rapidly (in 30 psec) followed by proton
release from the Schiff base N and at the extra-
cellular surface of the purple membrane. Repro-
tonation occurs in a relatively slow process (3-

5 msec) from the cytoplasmic surface. No precise
quantities of absorbed photons and released H* have

19 21,9986
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Fig. 1. EPR spectrum and light induced amplitude

changes of the high field aqueous CATj3 signal,
hgs, in a purple membrane suspension.
(XBL 797-10700)
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Fig. 2. Light energy conversion by bacteriorho-
dopsin. Light inititates a chain of events which
perturb the structure of this photocatalyst such
that protons are released and taken up at differ~
ent surfaces of the purple membrane in which
bacteriorhodopsin is located. When bacteriorho-
dopsin absorbs a photon, the retinal chromophore
isomerizes. This causes a charge separation be-
tween a proton on the Schiff base nitrogen (-N*)
and a nearby negatively charged group (Rj); this
is believed to be how energy is initially con-
served. This, in turn, initiates the release
and uptake of protons from other groups in the
protein (Rj, Ry, R3, etc.); our studies indicate
that tyrosine is one of the important groups in
this process. There is evidence that aromatic
amino acids like tryptophan (trp) help to form
the proper environment for retinal.

(XBL 7911-~3903)

yet been established, and no experiments have yet
demonstrated whether it is the Schiff base (C=NH)
proton which is translocated, or whether proton
translocation occurs via another route. Neverthe-
less, our chemical modification studies reveal that
certain groups of charged amino acids are of great
importance for the reprotonation process. A pre-
cise structural arrangement of arginine and carboxyl
groups, probably in complexation with one another,
and at least one tyrosyl group near the cytoplasmic

surface, is required as are protein conformational
changes. The latter has been deduced from chemical
crosslinking studies of ¢-~amino groups of lysine
which inhibit reprotonation and Mgy decay. At
least one tyrosyl group is also important in the
immediate ‘environment of the chromophere, as per-
turbing it by two methods of chemical modification
results in acceleration of proton release. Not
enough knowledge is yet available on the tertiary
structure and the precise localization of the
groups affected to determine whether it is merely
configuration of these groups which is important
for proton movement through the protein, or whether
they participate directly in the precise transloca-
tion of protons. '

Light~Dependent Energy Conservation in Mutant
Strains of Halobacteria

Characterization of the electrochemical gradi-
ents developed by halobacteria is essential in
understanding how light energy is conserved. We
are studying two bacteriorhodopsin-deficient mutant
bacteria (red and white strains) in collaboration
with Yasuo Mukohata of Osaka University. These
strains contain a retinoprotein that results in
proton translocation in an opposite direction to
that of bacteriorhodopsin.

Critical questions being investigated in our
laboratory are: What is the nature of the primary
light energy converter in the mutant cells, and
what is the feasibility of isolating this converter
for subsequent incorporation into synthetic mem-
branes? To answer these questions, it is important

" to characterize the primary ion pump by identifying

pathways of cation movement across the membrane.
Identification of these cation pathways will also
asgist us in moving toward the construction of a
photodesalination device.

To monitor proton movements, we are using two
independent experimental approaches: (1) pH elec-
trodes which respond to proton concentrations out-
side of intact cells and cell vesicles, and
(2) spin probes which monitor intracellular and
intravesicular concentrations.l4s15 The judicious
combination of these approaches can give quite
accurate information about the salt economy of the
cell, A spin-labeled weak acid and amine were used
to measure transmembrane pH gradients in H. halobium
cell envelope vesicles during illumination. By
quenching the probe signal outside the vesicles
with the impermeable paramagnetic ion ferricyanide,
uptake of the acid and release of the amine were
observed (cf. Fig. 2 of Probst et al.l3)., The pH
gradients calculated from the data ranged from zero
at an external pH of 9.3 to 2.0 at pH 5.0.

Volume measurements are needed to calculate
accurately the pH gradients with any method. We
have developed a spin probe method which allows
simyltaneous and accurate cell volume determina-
tions to be made by measuring the intracellular
concentration of a permeable probe which equilib-
rates across the membrane independently of pH and
electrical gradients., A perdeuterated, spin—labled
ketone nitroxide, designated as 2H Tempone, which
exhibits very narrow spectral lines in aqueous
environments, has proven most useful for this
purpose.
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Membrane permeable lipophilic anions and
cations can be used for measuring electrical
gradients by developing electrodes which measure
their external concentrations.16517 Upon illumina-
tion of intact cells, a potential of about 150 to
180 mV is observed, negative inside. This poten-
tial is consistent with electrogenic proton extru-
sion from the cell which can be simultaneously
measured) with the pH electrode technique.

To increase the time resolution of the elec-
trical transmembrane potential measurements, spin-
labeled permeable cations (phenylated phosphonium
derivatives) have been developed. Probes synthe-
sized thus far exhibit considerable membrane bind-
ing in their spectra. The spin probe method has
a critical advantage over other procedures because
binding of the probe can be measured so that this
effect can be corrected for in calculations of the
membrane potential. Computer interfacing of our
EPR instrument this year has made it possible to
observe and quantify the population of probe mole-
cules that are bound to the membrane and correct
for this common source of error. Computer inter-
facing is also used to analyze kinetics of the
photoresponse, to perform data averaging or sub-
tracting, and to obtain concentrations of the probe
in different environments by double integration
of the individually resolved spectral components,
With these techniques, absolute transmembrane poten-
tials are being determined and the relationship
among these gradients elucidated.

PLANNED ACTIVITIES FOR 1980

We will continue to refine our understanding
of the molecular mechanism of light energy trans-
duction by bacteriorhodopsin by further exploring
the role of specific amino acids in proton trans—
location. Results of flash photolysis studies of
photocycle intermediates will be correlated with
measurements of the electrical surface and trans-—
membrane potentials, and direct methods for proton
production. These investigations will include more
selective chemical modification with emphasis upon
protein chemistry and the use of spin-labeled
reagents to determine the specific groups modifed;
studies on deuterated purple membranes; and the
effect of D90 on light energy conversion in purple
membranes and reconstituted proton translocation
systems. We expect that these studies will advance
to a stage at which we may be able to decide among
several alternative hypotheses for the mechanism
whereby this photocatalyst generates electrochemical
gradients.

The recent discovery of a new retinoprotein
pigment with different light energy transduction
properties, indicating that it may act as a direct
light-energy driven transmembrane device for sodium
transport, will be explored in halobacteria cells
and vesicles. These experiments will involve simul-
taneous measurements of changes in parameter of the
electro-chemical potentials, ApH, and AY by newly
developed electrode and spin-probe techniques which
will enable us to quantify the converted energy.
These studies will be made in mutant species of
halobacteria and membrane vesicles prepared from
them, in which the function of this new retino-
protein can be distinguished from that of
bacteriorhodopsin.
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A SOLAR-HEATED GAS-TURBINE PROCESS USING SULFUR OXIDES FOR
POWER PRODUCTION AND ENERGY STORAGE*
G. Tyson, S. Lynn, and A. Foss

INTRODUCTION

If any system of solar power generation is to

provide a significant fraction of the power require-

ments of a community, some means of economical
energy storage must be used. The purpose of this
study is to develop and evaluate a process config-
uration using the heat of reaction of:

2 303 <280, +0

2 2

for energy storage. The forward reaction is endo-

thermic and is used to absorb energy. The reverse

reaction is exothermic and releases the energy that
has been stored. This process uses the sulfur ox-

ides directly in a gas turbine in a hybrid Brayton-
Rankine cycle to produce electricity. Heat for the
system is supplied during sunlight hours by a field
of heliostats focused on a central solar receiver.

When sunlight is not available, the storage system

provides the heat to drive the gas turbine.

This work was begun in 1978 as a natural exten~
sion of a chemical storage system! which employed
only a steam Rankine cycle for power generation,

ACCOMPLISHMENTS DURING 1979

An efficient process configuration for this
power cycle was developed, and flow sheets for it
are given in Figs. 1 and 2, Detailed material and
energy balances were made for a base case that
represents a middle range of expected operating
conditions. Sensitivity of this process to varia-
tions in the key operating parameters was deter-
mined. Equipment sizes and costs were estimated
for the base case to determine an approximate cost
for the electricity produced by this process.
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Fig. 1. Block flow diagram of the daytime (charge)
process. (XBL 797-2228)
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Fig. 2. Block flow diagram of the nighttime
(discharge) process. (XBL 797-2229)

In the base case, the solar receiver absorbs
heat at a rate of 230 MW(t) for a period of eight
hours during the day. Daytime electricity genera-
tion is about 52.3 MW(e). Nighttime generation is
about 19.0 MW(e) for a period of 16 hours., The
overall efficiency of converting heat into electri-
city is thus about 39%2. Total capital cost for
the base case is $71.7 million, of which 69% is
for the tower and heliostat field, Average cost
of the electricity produced is estimated to be
7.7¢/kW(e)-hr.

The economics of electricity production using
the gas-turbine process developed in this work

3-21

appears to be attractive. The estimated power cost
of 7.7¢/kW(e)~hr is high compared to current fossil-
fuel-fired power sources but only by a factor of
about 2. This power cost is substantially lower
than the 10.7¢/kW(e)-hr that was projected for a
process using the same sulfur-oxide storage concept
but using only a steam Rankine cycle for power
production.

The principal reason for the improved power
cost is an increase in efficiency, 39% in the
present process compared to 26% in the earlier
process.

The primary uncertainty in the economic
estimates presented arises from the corrosiveness
of the fluids in the sulfur-oxide system at the
temperatures of the process. A developmental
program will be needed to determine whether
economically as well as technically feasible
solutions exist for the materials problems that
would be faced in an application of this process.

PLANNED ACTIVITIES FOR 1980

This project is completed, no further funding
is sought at the present time, and our activities
in this area have ceased.
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EXPERIMENTAL AND THEORETICAL EVALUATION OF CONTROL STRATEGIES
FOR ACTIVE SOLAR ENERGY SYSTEMS*

M. Warren, S. Schiller, M. Martin, M. Wabhlig, and G. Sadler

INTRODUCTION

Improved solar energy control systems will
reduce the need for using non-renewable fuel
sources for heating building spaces and domestic
hot water. The LBL solar controls program has four
principal objectives: (1) to construct a test
facility capable of experimentally evaluating the
relative performance of differént solar heating

and cooling control strategies under a variety of
input meteorological conditions and output load
demands (performance of control strategies is
measured by the ratio of useful heating by solar
divided by the auxiliary and parasitic energy
required); (2) to use the test facility to test

an electronic controller developed at LBL and to
evaluate other controllers; (3) to carry out theo-
retical studies of collector and load loop perform-



ance in support of the experimental work; and (4)

to perform technical support activities as part of
the Systems Analysis and Controls program element of
the DOE solar heating and cooling R and D program.

Experimental evaluation of the cost effective-
ness of controllers and control strategies is ex-
pected to be the primary output of this project.

ACCOMPLISHMENTS DURING FY 1979

In the past year, the test facility has been
brought to an operational status with emphasis on
refinement of system instrumentation and the devel-
opment of the necessary computer software to oper-
ate the facility and perform data analysis. The
test facility is described in detail elsewhere,ls2,3
Other work this year has included the application
of theoretical models to describe dynamic collector
operation and building temperature response. The
specific building and solar~heating system that will
be simulated have also been determined.

Instrumentation and Data Analysis System

A disk drive and operating system for the
hp-9825A microcomputer that controls and monitors
the test facility was installed this past year and
is now operational. Software requirements for data
acquisition, adjustment of the load and pseudo-
collector simulators, and intermediate data analy-
sis.are extensive, exceeding the limits of the com
puter memory. Therefore, the software has been
rewritten in an overlay mode, greatly extending the
system capability. Segments containing the main
program, subroutines for operation of the data log-
ger and output devices, experiment initiation, data
analysis, and control procedures are now stored on
different files: Various routines are loaded into
memory from the disk as they are required. Auxili-
ary gas consumption for back-up heat, and parasitic
power requirements for the pumps and fans, are now
measured electronically.

Solar Input Simulator (Pseudo-Collector)

To make comparisons between alternative con-
trol strategies, the heat input and the load con-
ditions must be reproducible. Therefore, solar
energy input to the system and building energy
requirements are simulated to allow repeated runms
under identical external conditions. .

The solar input simulator, the pseudo-
collector, is a boiler with a controlled mixing
valve that allows adjustment of the fluid input-
output temperature difference. This year the
pseudo-collector solar input simulator has been
brought under full computer control. Values of
solar insolation, ambient temperature, the boiler
inlet temperature and flow rate, along with typical
collector parameters, are used to calculate the
expected inlet-outlet temperature difference using
a steady state collector model.

Figure 1 shows the collector loop.. The high-
and low-fire gas burners of the boiler, as well as
the position of the three-way mixing valve, are
all controlled by the hp-9825A. Under no-flow
conditions in the collector loop, the value of the
collector sensor, TS-4, is set to the calculated

collector

boiler V8 _ Return
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V2 Direct heating
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Storage tank
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Fig. 1. Solar controls facility collector loop.
(XBL 794-1152)

collector stagnation temperature through an output
device. When the collector loop pump is on, the
collector output temperature is calculated from the
collector model, and the boiler output is adjusted
accordingly. The apparent collector temperature
and boiler control are updated every 60 seconds.

The PROM system controller turns on the col-
lector loop pump, Pl, when the apparent collector
temperature reaches the "on" set point, given by
the storage tank temperature plus a temperature
differential, ATy, of 11°C. The pump is turned
off if the collector temperature falls below the
"off" temperature, given by the storage tank tem-—
perature plus a temperature differential, AToff
of 2°C.

Figure 2 shows the inlet temperature and the
calculated and observed collector outlet tempera-
ture over a four hour period of increasing and
decreasing insolation. If the collector outlet
temperature under flow conditions is less than the
"off" temperature and the collector stagnation
temperature is greater than the "on" temperature,
then the collector loop pump will cycle on and off.
Such cycling is typical of solar collector systems.
The steady-state collector model does not adequately
describe this cycling, and work is continuing to
implement a dynamic collector model as part of the
solar input simulator.

R



'

5

N

N

N

T T T T T
oo F I‘ ! T [ \\
\
/ \
| \
. \
r——Stognuhon
80 \ -
? .
~ 60
[}
g .
B
@
Q.
5
¥ a0
{
ATgn=11C 1
20+ ATofﬁ 2°C ‘___‘
‘ \
{
‘l
- [ L | .
O 1 I 1
0 | 2 3 4
Time (hrs)
Fig. 2. Pseudo-collector output., Calculated tem-

perature (no f£low), calculated outlet temperature
(flow), and observed pseudo-collector outlet tem-
perature. (XBL 7912-13155)

3-23

Load Simulator

The load simulator is an air channel that
simulates a building's heating system, consisting
of a return air duct, fan, and heating and cooling
coils. The inlet air temperature is adjusted by
an electric resistance heater and an air conditioner
under the control of the hp-9825a. A schematic of
the building load loop and air channel is shown in
Fig. 3.

The building heating requirements to be satis-
fied by the solar energy system are modeled in the
microcomputer. A simple thermostat model is used
to control the heat delivery system which, as de-
termined by McBride* in experimental studies, is
on for a fixed interval of about 5 minutes. The
energy delivered to the load by the heating coil
is measured ‘and compared with the building load to
determine how often heat must be supplied and
whether auxiliary energy is required.

Energy Balance Tests

Energy balances are performed during the ex-
periment by (1) determining the energy delivered
by the pseudo-collector, (2) determining the energy
stored at the beginning and end of a period, and
deducting estimated losses from storage, (3) deter-
mining the amount of energy delivered to the load,
and (4) estimating piping heat loss.

Air inlet

T50

|. Air conditioner

FL2
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Collector Loop Energy Balance

Preliminary energy balance experiments were

- done with simulated solar heat input from the

pseudo-collector, with the apparent collector tem-
perature determined by the hp-9825a, and with the
operation of the collector and load loop determined
by the LBL electronic controller. Energy supplied
by the pseudo-collector was calculated at 60 second
intervals and the amount of energy in the storage
tank was calculated at 30 minute intervals as the
apparent solar insolation was increased from zero
to a maximum of 950 W/m? and then back to zero.

The duration of each experiment was 4 hours.

An energy balance summary for two 4 hour
experiment and for a 22 hour total of successive
experiments is shown in Table 1. The measured
change in storage tank energy, AQgtorapes Plus the
loss from storage during the period, AQjggg, gives
the total heat input to storage, Mgtorage: Heat
input from the pseudo-collector boiler is calcu-
lated using the measured flow rate and the tempera-
ture difference between inlet and outlet. Qy, the
total heat supplied to the fluid stream, is calcu-
lated using thermocouples just before and after
the boiler. Q4, the heat supplied to storage, is
calculated using thermocouples before the boiler,
and at the storage return and is slightly smaller
because of piping losses. Estimates are made for
heat losses from the system piping and from the
storage tank, which contains 11,400 kg of water.
Previous experiments indicated that the heat loss
coefficient should be approximately 25 W/°C for
the collector loop piping and 24.6 W/OC for the
storage tank. Estimated piping energy losses are
indicated in Table 1 and compared with the differ-
ences between Q7 and Q4. The differences between
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Q2 and Q4 only account for piping losses in the
return side of the collector.loop. Additional
losses are found in the supply side. Energy input
during each four hour period was repeatable as
shown in Table 1. The energy balance over a single
measurement period of 4 hours is not precise pri-
marily because of uncertainty in the storage tank
energy measurements. Even though the storage tank
energy is calculated from the weighted average of
6 thermocouples, errors of 10 MJ are produced

as stratification of the tank temperature changes.
However, over a long experimental run of 22 hours,
the energy balance is quite acceptable.

Load Loop Energy Balance

Preliminary energy balance experiments were
run with heat delivered from the storage tank to
the heating coil located in the air duct. Power
discharged in the heating coil, Qy, was measured
every thirty seconds using a differential thermo-~
couple, DT13, and the load loop flow measurement,
FL2. Power delivered to the load was typically
12 kW. The load loop experiment summarized in
Table 2 was run for a period of 18 hours, with
the building load calculated for a constant out-
door temperature of 0°C and a building loss coef-~
ficient of 500 W/OC. The overall energy balance
for the 18 hour run is quite acceptable.

Theoretical Studies to Support Experimental Program

Development of Dynamic Collector Model

The dynamic response of a solar collector was
simulated using a collector energy balance equation
which accounts for collector thermal capacitance.
The equation was numerically solved to describe the

Table 1. Collector loop energy balance summary (in megajoules).

Duration of tests 4 hr 4 hr 22 hr
Storage Tank
AQstorage 113-0 MJ 118-5 MJ 663-9 MJ
AQ1ogs 4.6 MJ 5.6 MJ 28.4 MJ
AQstorage _ 117.6 MJ 124.1 MJ 692.3 MJ
Heat Input
Q2 131.9 MJ 128.6 MJ 705.2 MJI
Q4 128.6 MJ 126.1 MJ 692.3 MJ
Estimated Piping Losses.
Q2 - Q4 3.3 MJ 2.5 MJ 12.8 MJ
Qiping 3.7 MJ 4.9 MJ 25.2 MJ
Net Energy Balance
Qstorage 117.6 MJ 124.1 MJ 692.3 MJ
-Q2 -131.9 MJ -128.6 MJ -705.2 MJ
+Qpiping 3.7 MJ 4.9 MJ 25.2 MJ
Net Balance -10.6 MJ (-9.0%) -0.4 MJ (0.3%) 12.3 MJ (1.7%)
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Table 2. Load loop energy balance summary (in

megajoules) for 18 hour period.

Storage tank energy balance

AQgtorage ~-561.4 MJ
M1oss 21.8 MJ
Piping losses (estimated) 24.3 MJ
Net delivered to load -515.3 MJ
Measured heat to load, QH -536.7 MJ

Net energy balance -21.4 MJ (4%)

circulating fluid temperature as a function of time
and space. Figure &4 shows a typical collector out-
let temperature history derived by the model.

The model is used to evaluate the performance
of proportional and on/off collector loop control
for various set points, flow rates, insolation
levels and patterns (clear and cloudy days), and
ambient temperature conditions. In proportional
control, the collector loop fluid flow rate is pro-
portional to the temperature rise across the col~
lector. With on/off control, the fluid flow is
either on ‘or off. Evaluation of control strategies
is based on the following criteria: collection
efficiency, percent of maximum steady-state effici-
ency, pump running time (parasitic power demands),
and cycling. Results of comparisons have been
presented along with methods for determining con~
troller set points.5

Typical results for collection efficiency for
a clear day are shown in Fig. 5. Results indicate
that the turn-on set point is not always a critical
factor in the collection of energy because the
collector stores energy while it is warming up and
during cycling. This energy is transferred to the
storage tank once the fluid begins to circulate.

Figure 6 shows results obtained for an over-
cast day with lower solar gain. Proportional flow
controllers provide improved energy collection only
during periods of interrupted or very low insola-
tion when the maximum possible energy collection
is relatively low. Although proportional control-
lers initiate flow at lower insolation levels than
on/off controllers, they produce lower flow rates
and higher average collector temperatures and thus
slightly lower instantaneous collection efficiencies.

Study of Building Load Dynamics

Work has also begun on development of a
residential building temperature response model to
simulate the effects of heat input on room air
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dynamics.6 The model has three nodes: the build-
ing shell, the air, and the interior walls. This
model gives the short time constant response appro-
priate for the heating of air within the structure
and the long time constant response associated with
the building structure. The model will be used in
the test facility for evaluating advanced control
strategies and controllers,

Technical Support Activities

This past year the Laboratory has been actively
involved in proposal review and contract monitoring
for the Controls Element of the DOE solar heating
and cooling R and D program. Activities have in-
cluded coordination with SERI on the controls part
of the systems plan, conducting site visits, and
reviewing the work of DOE controls contractors.

PLANNED ACTIVITIES FOR 1980

Plans for 1980 include a series of experi-
mental tests of on/off control strategies for a
variety of meteorological conditions. Experiment
modifications are underway to permit variable-flow
and proportional-flow control of the collector
loop. A series of experimental comparisons of pro-
portional and on/off collector loop strategies are
planned. The design of the necessary modifications
to test combined domestic hot water and heating
systems are also planned. Papers have been submit-
ted for presentation at several energy conferences
and for publication in solar energy journals.
Technical program support activities, in coopera-
tion with SERI, will be continued.
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COLLECTOR EFFICIENCIES FOR SEVERAL CONTROL STRATEGIES

HIGH GAIN
HIGH FLOW
CLEAR DAY

Insolation:
2292 BTU/ -dsy
7224 watthrs/m?.day
Amblent temperature:
44.4°70°F

6:89°-21.1°C
Fluid flow rate:
2 Ibm/hr-ft?
122 kg/hr-m?
Inlet tsmparatura:
65 — | Maximum 116°F
steady 46.11°C
state Collector capacitance:
afficiency .7 BTUMEF
14,31 ki/m?-°C
Collector loss cosfficient.
7 BTUMt2°F
3.97 watts/m?.°C

Collector efficiency (%)

: On/off On/off
i : n/o i
2-?/0 with timer with timer Zﬂr;:nmonal .
o tFm 2-"r/°“ A‘ur.,,, ATyn o°F Proportional
50) on O°F 21°F 5°C) ful! on
21°F {6°C) 11.7°C) 21°F
(11,7°C) (11.7°C)

65

Fig. 5. Collector efficiencies for several control strategies--clear
day, high gain cases. (XBL 796-1884)
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COLLECTOR EFFICIENCIES FOR SEVERAL CONTROL STRATEGIES

LOW GAIN
LOW FLOW 573 BTU/ft? day
25— Maximum CLOUDY DAY 1806watt-hr:lm2-day —

steady Ambient temperature:
state 32.9°-60°F
efficiency 5]-10°C
Fluid flow rate:2

16 Ibm/hr-ft
20 73.2 kg/hr-m?
inlet temperature:

Insolation:

Collector capacitance:

15 [— 7 BTUMACF —
14,31 ki/m°2.°C

Collector loss coefficien t
.7 BTU/hr-4t2-°F
3.97 watts/m?-°C

Collector efficiency (%)

Proportional Proportional
On/off full on full on
oF 21°F

O
5 [— ATgn (5°C) m7°e) | —
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5°C) AT,y
21°F
{11.7°C)

Fig. 6.. Collector efficiencies for on/off and proportional control--
cloudy day low gain cases. (XBL 796-1891)
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DEVELOPMENT OF SOLAR DRIVEN ABSORPTION AIR CONDITIONERS*
K. Dao, M. Wahlig, and E. Wali

INTRODUCTION

The objective of this project is to develop
absorption refrigeration systems for active solar
heating and cooling applications, As of the con-
clusion of the first phase of this project, it has
been experimentally demonstrated that the conven-
tional single-effect ammonia-water absorption cycle
can be used for solar cooling.l Optimum operating
temperature ranges for this kind of system are:

o heat source input temperatures:
2009F < Tg < 230°F (condenser)

® absorber cooling air temperature:
To = 95°F (chilled water)

e output temperature: 50° > Tg > 40°F,
coefficient of performance (COP) =
0.65 to 0.70

The second phase of this project explores the
commercial potential of the NH3/Hy0 single effect
abgsorption air conditioner. A completely new 3-ton,
single~effect unit was engineered and designed to
achieve high performance and low cost.2s Key com-
ponents of this new unit are tube-in-tube heat ex-
changers for high effectiveness and low cost, and a
pair of piston drivers and pumps for recuperation of
mechanical energy from the returned weak solution,
Estimated production cost of this unit is in the
range of $300-$500/ton of rated capacity, depending
on the choice of materials. The lower estimate
applies when all components are made of welded
carbon steel tubing. If stainless steel is used
for some components, the cost approaches the higher
estimate,

Success of the single-effect unit will not
obviate the need for development of more advanced
chillers with higher COP's compatible with high
temperature collectors (above 230°F). Accordingly,
the third phase of this project is the development
of advanced absorption cycles whose COP increases
with temperature, maintaining a relatively constant
fraction of the current COP over a wide range of
operating temperatures.

ACCOMPLISHMENTS DURING 1979

The fabrication and installation of the new
single-effect NH3/Hy0 absorption conditioner has
been completed. Preparation is now under way for
its performance tests.,

The development of the piston circulation
pumps has been completed. Vibrations and banging
have been reduced to an acceptable level and volu-
metric efficiency has been improved to above 90
percent. Two of these piston pumps are used to
replace the conventional electric diaphragm circu-
lation pump. One pump uses the high pressure weak
solution as a driving medium while the other
(called the make-up pump) uses high pressure vapor.

Detailed computer analysis of the new advanced
absorption cycle (called cycle 2R for double effect
regenerative absorption refrigeration cycle), com-
pleted this year, served as the basis for the
design of the components of the "2R chiller." The
configuration of the 2R chiller is shown in Fig. 1;
its operation is described below (more details on
cycle 2R can be found in Ref. 4).
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Fig. 1. Schematic diagram of cycle 2R chiller to
"be developed in phase 3 of the project.

Heat is transferred from the heating medium
to the ammonia solutions boiling at eight different
pressure stages in the boiler. At the end of each
boiling, vapor is extracted and reabsorbed in one
flow side of the generator. The heat of absorption
produced in this side of the generator boils the
solution flowing in the other side of the generator.
The NH3 vapor produced by the generator at C is
fed to the condenser through the preheater. A small
amount of this vapor is bled off to run the piston
driver P3 of the multistage pump (stages 1-8).
After condensation in the condenser, the liquid NHg
expands through a restrictor (or expansion valve)
to the evaporator where it boils and chills the
chilled water. The NH3 vapor leaving the evapora-
tor at F is absorbed in the absorber at E and in
the recuperator at B. The heat of absorption pro-
duced in the absorber is rejected to the cooling
air, Heat of absorption produced in the B side of
the recuperator boils the solution flowing in the
D channel of the recuperator. Vapor generated by
this boiling process DA is collected at A to be
subsequently condensed in the condenser. At the
outlet of the absorber, the solution rich in NHj
is pumped by pumps Pl and P2 to D through the
preheater. At D the solution is split into two
streams. The first stream (82%) boils in the
generator and the second stream (18%) boils in
the recuperator. Essentially the cycle 2R is con-
structed by adding a boiler and a recuperator to
the basic conventional single~effect cycle which
consists of the generator, the preheater, the
absorber, the condenser and the evaporator. Note
that the boiler does not directly produce any NH3

(XBL 809-1894)

vapors that can be used in the evaporator. The
function of the boiler is to transfer heat from
the heating medium to the generator and to benefit
from the high temperature of the heat source to
produce a very weak solution at B.

The amount of heat received by the boiling
solution from A to B in the boiler is transferred
essentially without losses to the generator in the
form of latent heat from the vapors generated by
the different stages of the boiler. Upon reabsorp-
tion these vapors release their latent heat to
the boiler side of the generator,

The very weak solution at B is at lowest pres-
sure and can absorb NH3 vapor from the evaporator.
Absorption of this very weak solution B rejects
heat at temperatures high enough to boil stronger
solutions in the D side of the recuperator, at
condenser pressure. The vapor produced by the
boiler solution from D to A adds up to the vapor
produced by the generator at C to increase the
cooling capacity of the cycle, thus improving the
COP. The larger the temperature spread between B
and C, the higher the COP. The single~effect cycle
part of cycle 2R is designed to operate near cut-
off conditions, independently of the heating medium
temperature; for instance, the temperature at C is
always 216°F when the temperature of the condenser
absorber is 110°F and the evaporator temperature
is 40°F,

~ In Fig. 1, all check valves' connections are
left out for clarity., With five check valves

s
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properly located, the cycle 2R also operates when
the heating medium temperature is below the cut-
off generator temperature of the single-effect
subcycle. This is possible because the boiler and
recuperator perform as a heat pump that can pump
heat from the low temperature (say 170°F) heat
source to a temperature high enough to operate the
single-effect subcycle., The design, drawing, and
fabrication of the multistage pump P3 has been com-
pleted., Performance tests will follow soon. The
design and drawing of the remaining components of
the 2R chiller is almost 50 percent completed. All
heat exchangers are of tube-in-tube configuration.

Design rated capacity is 3 tons; for an anti-
cipated net COP of 0.87, design operating tempera-
tures are:

280°F (input to the boiler);
95°F (condenser absorber
cooling air);

45°F (chilled water outlet).

heat source:
heat source:

cold source:

Net COP is defined as the COP obtained after deduc-
tion of the amount of generated vapor bled to run
the pumps P2 and P3.

Off-design performance of this 2R chiller is
summarized in Table 1 and Fig. 2.

PLANNED ACTIVITIES FOR 1980

Reports on the testing of the phase 2 single-
effect chiller will be completed in 1980.

The multistage (8 stage) pump (pump P3 in
Fig. 1) will be tested, "debugged,”" and improved
during 1980 so that it can be ready for assembly
with the cycle 2R chiller in 1981.

The design and drawings of all components of
the 2R chiller will be completed in 1980. Fabrica-
tion of some components of the 2R chiller may pro-
ceed in late 1980.
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Fig. 2. Estimated performance characteristics of

the phase 3 2R chiller as compared to those of
the phase 2 single-effect (SE) chiller,
(XBL 809-1895)

Investigations of other possible advanced
cycles (such as cycle 1R, Ref. 5), and the search
for an advanced cycle that may have better perform-
ance and lower production cost than the cycle 2R
will continue in 1980.

The search for higher-temperature refrigerant
absorbant pairs suitable for advanced cycles (par-
ticularly for cycle IR, Ref. 5) will continue in
1980. The search conmsists of subcontracting the
measurements of key properties of a number of pairs:

o heat of mixing at constant temperature:
25%c;

e vapor pressure of the pure fluids;

Table 1. Off-design performance of 2R chiller,

Temperature of solution leaving generator at C, p

160 182 210 240 270 300
Chilled water outlet temperature, oF 45 45 45 45 45 45
Cooling air temperature, °r 95 95 95 » 95 95 95
Condenser absorber temperature, °F - 101 103 106 108 110 112
Input temperature, °F 165 190 220 250 280 310
Capacity, tons - 0.9 1.5 2.1 2.5 3.0 3.3
Net COP 0.33 0.50 0.67 0.79 0.87 0.93
Cond/absorber fan power, watts 450 450 500 500 500 500




e specific heat capacity of the pure fluids,
and mixtures;

e vapor pressure of mixtures over a
temperature range.

From the key properties, approximate mixture
properties will be calculated over the whole range
of interest using appropriate thermodynamic rela-

tions. Cycle analysis using the approximate proper-

ties will determine the best pair. Properties of
the selected pair will then be measured accurately
over the whole range of interest. Other properties
such as viscosity, thermal conductivity, chemical
stability at high temperature, and compatibility
with various materials of construction will also

be determined.
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PASSIVE COOLING*
M. Martin, P. Berdahl, F. Sakkal, and M. Wahlig

INTRODUCTION

The major objective of this project is to
evaluate radiative and passive cooling systems- for
various parts of the United States. The long-range
goal is to displace electricity used for air con-
ditioning. The primary emphasis in this project
to date has been infrared radiative cooling.

Infrared radiative cooling systems are com-
posed of a radiator surface which is exposed to
the sky, an infrared-transparent windscreen to
reduce convective intrusion of heat from the air,
and a means for transporting heat from the build-
ing's interior to the radiator surface. The
current work includes measurement of atmospheric
infrared emission characteristics in order to
identify geographical regions in which selective
and nonselective radiators may be effective. Both
atmospheric radiation models and experimental sky
radiation measurements are employed in this effort.
A computer analysis of radiative cooling will model
the entire system, including the atmospheric charac-
teristics, the blackbody or selective radiating
surface, and the building load. Promising radiator
surfaces and infrared-transparent windscreens will
be experimentally evaluated at an outdoor test
facility at LBL. Finally, convective and evapora-
tive cooling systems will be integrated into the
study so that other aspects of passive cooling will
be included.

In order to predict accurately the net heat
exchange between the sky and a surface of known

infrared characteristics, it is necessary to have
a knowledge of the intensity of infrared radiation
produced by the atmosphere as a function of both
zenith angle and wavelength. Most measurements in
the literature pertaining to the spectral radiance
of the sky were obtained on one or two nights, or
were made only under clear sky conditions. It
therefore became necessary to make measurements,
day and night, over periods of months, to obtain
data on which estimates of cooling system perform-
ance can be based. During 1978, a major effort
was devoted to construction of four spectral
infrared sky radiometers and the siting of three
of these instruments at Tucson, San Antonio and
Gaithersburg. These sky spectrometers were set up
to measure the radiance of the zenith sky at half
hour intervals in 6 wavelength bands ranging from
8 to 22 microns. Auxiliary measurements performed
consisted of total infrared sky radiance (with a
pyrgeometer), air temperature, and dewpoint. Fur-
ther details of the measurement system may be found
in last year's Annual Report,1 and elsewhere.2”

ACCOMPLISHMENTS DURING 1979

A major activity in FY 1979 was the operation
and improvement of the infrared radiometer systems.
The fourth system was sited at St. Louis in June.
As data acquisition became routine, it was possible
to devote some effort to data analysis. A major
new activity this year has been the design and con-
struction of the experimental test facility for
selective radiative cooling systems. At year's
end, the facility was nearly complete,
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Spectral Radiometer Measurement Systems

During winter and spring months, efforts were
directed toward maximizing the quality and quantity
of sky radiance data to be acquired during the
summer, Several improvements were implemented.

Radiometer improvements resulted in reduced
mirror emissivity corrections. Formerly, a front-
surfaced aluminum mirror overcoated with silicon
monoxide was used. In the 8 and 9 micron spectral
regions, corrections for the mirror emissivity were
typically 10%. Although these values are deter-
mined automatically during computer processing of
the data at LBL, they are not accurately known.

New mirrors, with a reflecting surface composed
of a thin layer of bare gold, reduced typical emis-

. sivity corrections to 3%Z.

Calibration techniques were also improved.
Radiometer calibration is performed by measuring
the radiance of a black body of known temperature
as it cools from 70°C down to ambient temperature.
Formerly, this procedure was initiated manually
by personnel at the radiometer site. This function
is now under the control of the on-site microproc-
essor, making it possible to perform calibrations
daily. More frequent calibrations aid detection
of possible instrument malfunctions.

The most significant improvement implemented
was the introduction of new viewing angles. (This
extension in capability had been plamnned from the
project inception, subject to the availability of
funds.) Prior to this summer, the radiometer
viewed only the zenith. However, the hardware and
software are now modified so that the instrument
can measure the radiance at zenith angles of 0°,
20°, 409, 60°, and 80°, on an arc from the zenith
to the north horizon.

For the summer period, data sets actually
obtained range from 677 complete at San Antonio
to 887% complete at Tucson. The primary problems
which caused loss of data were:

e pyroelectric detector failure;

e rain detector failure (the system
"thought" it was raining and did not
make measurements);

e rare but recurring hardware failure of
unknown origin which interacted with

software "bug" to disable microprocessor;

e telephone line failure (data could not be
transmitted to LBL);

e broken microswitch; and
® power outages.

Although these problems were significant, they
did not substantially impair usefulness of the data.

Analysis of the Sky Radiance Data

Analysis of the sky radiance data to date
has provided rough estimates of the resource for
radiative cooling. For example, a 1007 efficient

idealized radiative cooling system with a radiator
temperature of 25°C (described in Ref. 3), located
in Tucson from August 16-31, 1978, would have re-
jected an average of 88 W/mé to the sky, 24 hr/day.3
The same system, sited at San Antonio for the last
week in September, 1978, would have rejected 69
W/m2.3 After further data analysis, estimates such
as these will be available for various types of
cooling systems, based on longer periods of data.

An important aspect of the data analysis is
the verification of the atmospheric model of sky
radiance developed at LBL, based on the public
domain computer model LOWIRAN 3B.9" Such a veri-
fication is not practical for cloudy skies because
an adequate characterization of clounds is not usu-
ally available from meteorologlcal measurements.
However, for clear skies, it is possible to use
radiosonde measurements of the atmospheric profile
of temperature and humidity. These measurements
are made at 12 hour intervals by the National
Weather Service. Incorporating typical profiles
for ozone, carbon dioxide, and aerosols, one has
enough information to produce a calculated spec—
trum of the sky radiance.  For the 8.1-13,7 micron
filter of the spectral radiometer, these calculated
radiances are plotted on the horizontal of Fig. 1.
(The spectral radiances produced by LOWTRAN have
been averaged over the 8.1-13.7 spectral interval,
using the spectral transmissivity of the radiometer
system as a weighting function in performing the
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Fig. 1. The measured spectral radiance of clear
skies in the 8.1-13.7 band, plotted versus cal-
culated radiances based on measured atmospheric
profiles of water vapor and temperature. Except
for the single measurement at Oakland, all results
are for the summer season. Points to the right in
this diagram correspond to measurements near the
horizon, where the atmosphere is "warmer".
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average.) The measured values of the average .spec~
tral radiance for this filter are plotted along

the vertical axis. Most of the scatter in this
plot is due to deviations of the radiosonde profile
from the actual temperature and water vapor profile
along which the radiometer was viewing. To support
this contention, Fig. 2 displays the subset of the
data in Fig. 1 in which the surface temperature

and dew point, as measured at the radiometer site,
agree to within *1°C with the values reported from
the radiosonde sounding. The improvement in the
data scatter is evident. The computer model veri-
fies that errors of 1-3°C in the dew point tempera-
ture are large enough to cause the increased scatter
seen in Fig. 1. The small systematic deviation
remaining in Fig. 2 between the measured and com-~
puted spectral radiance is probably significant;
however, more work is required to determine its
origin,

Based on the foregoing comparison, one may
state that the systematic errors in the radiometer
measurements are probably less than 0.3 W/me ysr,
for the 8.1-13.7 y band. The errors in computed
estimates of clear sky radiance are also less than
0.3 W/m2 Mm sr, provided the atmospheric profiles
of temperature and water vapor are adequately
known.

Experimental Test Facility for Selective Radiative
Cooling Systems '

This new facility, located on a rooftop at
LBL, will permit measurements of the performance
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Fig. 2. This figure shows a subset of the points in
Fig. 1. ‘Eliminated were those measurements made
when the ground level temperature and dew point of
the radiosonde measurement did not agree to within

19C of the values measured at the radiometer.
' (XBL 809-1896)

of candidate radiator and windscreen materials.
Eight radiator assemblies have been mounted on a
rooftop rack. Each assembly consists of an insu-
lated Kydex (Acrylic and PVC) box having outside
dimensions 108 x 66 x 12.7 cm, as shown in the
cross-sectional view of Fig. 3. The insulation,
which fills the 10-cm-thick interior of the box,
consists of injected styrofoam.

A recess in the upper surface of the box holds
a 0.8 mm-thick aluminum radiator plate of dimen-
sions 50 x 90 cm. Convection losses above the
radiator are suppressed by means of a 0.050 mm-
thick polyethylene windscreen located approximately
3 cm above the plate. A resistive heating element
is glued to the bottom side of the radiator plate
and the upper side is painted or specially treated
to form the radiating surface. The heater capacity
is 140 W which allows a maximum net outgoing ther-
mal flux of approximately 311 W/m? to be radiated.

A microprocessor-based data acquisition sys-
tem will be used to control and measure the heater
outputs as well as to make measurements of radiator
and windscreen temperatures. Auxiliary measure-
ments are to be air temperature, dew point, and
total infrared sky radiance using a pyrgeometer.

Preliminary experiments with the test facility
have been performed, and results were reported at
the Fourth National Passive Solar Conference.’
More extensive tests will be initiated during the
summer of 1980 upon completion of the automatic
temperature control and data acquisition system.
Improvements on results obtained elsewhere in
similar tests8~15 are expected through the use of
more accurate characterization of atmospheric con-
ditions because a pyrgeometer is used to measure
infrared sky radiance.

WIND SCREEN

SELECTIVE SURFACE

ALUMINUM PLATE
HEATER

AIR SPACE
g RADIATOR BOX
|
()
s
» 12.7¢em
v FOAM INSULATION
e D Y o N
108 X 66 oM ~——————————=
Fig. 3. Radiator assembly showing insulating box,

radiator, and windscreen. (XBL 798-10763)
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PLANNED ACTIVITIES FOR 1980

All four spectral infrared sky radiometer
systems will continue to collect data through the
summer of 1980. Two systems have been moved to
permit data sets to be accumulated in other (warm)
climate regions of the United States. The new
sites are West Palm Beach, Florida, and Boulder
City, Nevada, which represent extremes of humid
and dry climatic conditions.

A major effort in 1980 will be devoted to the
analysis of the sky radiance data in order to pro-
duce information useful for the design of passive
cooling systems which utilize radiative cooling.
This effort will have two primary components.
First, tabulated values of cooling rates for vari-
ous systems will be computed, taking into account
system operational characteristics, such as the
spectral emissivity of the radiator, radiator
aspect angle, and whether or not the system will
be operated during daylight hours. Second, the
radiometer data will be correlated with both
meteorological and pyrgeometer data in an effort
to establish techniques for estimating spectral
data from more conventional measurements.

The experimental test facility for selective

radiative cooling systems will be fully operational.

The facility will be used to establish the relative
and absolute merits of various radiator and wind
screen materials. Other issues to be investigated

10.

include the effectiveness of honeycombs for suppres-

sing convective losses, the use of infrared reflec-
tors to "concentrate" the cooling resource, the use
of infrared-transparent glazings which can reflect
sunlight to permit daytime cooling, and the control
or elimination of the condensation of atmospheric
moisture within the cooling apparatus.
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LBL SOLAR DEMONSTRATION PROJECT*
T. Webster

INTRODUCTION e Buildings should be suitable for retro-
fitting, i.e., their orientation, location
and configuration should be suitable for

solar energy use.

The LBL Solar Demonstration Project in Build-
ing 90 (Fig. 1) is one of eleven projects selected
to be part of the FY 1977 Department of Energy
(DOE) Facilities Solar Demonstration Program, a .
pilot program for the Solar Federal Buildings
Program authorized by the National Energy Act.
The objectives of this pilot program were to . °
establish procedures and techniques for assessing
and implementing solar systems for federal facili-
ties, and to assist in energy use reduction with- °
in DOE facilitdies.

Solar space and hot-water heating should
be emphasized.

Buildings should be typlcal government
buildings.

Design and construction should not cost
more than $200,000.

The following criteria were used to select
projects for this initial program:

The LBL project was funded by the DOE Solar
Energy Division through the Construction, Planning,
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and Support Division, LBL Plant Engineering was
responsible for design and construction of the
project with assistance provided by the LBL Solar
Group. A detailed description of the building,
solar systems, preliminary and final design con-
siderations, and initial comnstruction is contained
in the 1977 Energy and Environment Division Annual
Report, 1978.

ACCOMPLISHMENTS DURING 1979

The solar system construction was completed
during 1979. Among significant events and problems
during system construction and initial operation
were:

e erroneous Unistrut locations (for collector
attachment) requiring field modifications;

e rerouting existing piping in the basement
to allow installation of solar piping;

. leaking 3~way control valve due to biping
misalignment;

e installation of a bulb type collector
freeze protection sensor that was unable
to take high collector temperatures; this
sensor was replaced with an electric,
resistance type sensor with a AT controller;

Table 1. System costs

‘e flow anomolies in the heating system which
were traced to a check valve that would
isolate the boiler from the system in some

" modes of operation; the valve was found
to be unncessary and was removed;

e differential expansion between the urethane
’ foam insulation surrounding the tank and
the steel tank shell caused cracking in the
tank's insulation and outer aluminum cover.
The problem was corrected by resealing the
shell. - :

Construction of the system was completed in
April 1979. Preipheral items such.as IBM instru-
mentation and stairs and walkways were completed
in September. Although the system is complete and
ready to operate, the collector-to-storage loop
is the only part of the system currently operating;
a return—air recirculating system has not .yet been
installed, so the soldr system is not capable of
operating effectively at the temperatures currently
required by the heating system. This system is
slated for installation soon.

FINAL SYSTEM COSTS

Table 1 is a summary of final system construc-
tion costs as reported by the contractor.

Systems Materials Labor Total
Collecté6r Subsystem 40,866
Collectors and mounting 19,123 5,920 25,051
Collector supports 8,762 4,716 13,478
Collector piping ’ 960 960
Collector piping insulation 1,377
Storage Subsystem 8,334
Tank and Installation 4,449 1,130 5,579
Insulation : 2,755
Other 36,856
Piping, pumps, heat exchanger 7,255 10,696 - 17,151
Insulation . 2,755
Controls 7,050
Electrical 4,101
Painting 2,200
Contractor overhead and profit 2,799
Total System Costs 86,056
Cost per square foot
gross collector area 60.3
Cost per square foot
net collector area - 67.1
Contract amount 79,700
Extras 6,356




Among the lessons learned (and recommendations
for future systems of this type) are the following:

e As shown by the actual costs above, the
collector structural supports (at 15%) is
a significant part of the system costs.

. The structure was redesigned three times

in an attempt to reduce these costs without
much success. Alternative structures that
require less structural steel and less
reinforcement of building structure beams
should be explored.

e While internal collector manifolding is
-highly recommended, spacing of the col-
lectors should be increased to at least
2 in. to allow easier access for solderlng
and installation of lnsulatlon.

) Expan31on joints should be provided when
urethane foam insulation is used for tank
insulation.

e All minor details, such as valve locations
and positions, collector attachment loca-
tions and details, insulation details, and
clearances should be carefully worked out
and double-checked during design and con-
struction to reduce costs and insure-
durability of the installation.

e Although this was a federal project which
usually results in high costs, the overall
cost per square foot of collector area is
not unreasonable compared with commercial
system costs in the private sector. However,
the contractor's overhead and profit is
quite low at 3%; comparable low bids for
this type of work would probably be the
exception rather than the rule. On the
other hand, because this system is indus-
trial quality and probably is about as
difficult a retrofit as is reasonable to
undertake, the overall costs are probably
typical for future systems of this.type.

FUTURE ACTIVITIES

Funding for this project has been terminated
as of September 1979. IBM instrumentation will
be activated in early FY 80 and performance data
collection will commence as soon as the recircu-
lating air system is installed.

FOOTNOTE

*This work has been supported by the Solar Heating
and Cooling Demonstration Branch, Office of Con-
servation and Solar Applications, U.S. Department
of Energy under Contract No. W-7405-ENG-48.

SUPPORT FOR COMMERCIAL SOLAR DEMONSTRATION PROGRAM*
F. Salter, S. Peters, and T. Webster

INTRODUCTION

The Solar Applications Group at LBL provides
technical consulting and management services to
support the DOE San Francisco Operation Office's
(DOE/SAN) overall management of commercial-
building solar demonstration projects and hotel/
motel hot water solar projects located throughout
the Northwestern States and Hawaii. These projects
are part of the National Solar Heating and Cooling
Demonstration Program,l whose primary objectives
are to stimulate a solar industry and to promote
the use of solar energy as a means of reducing
demand on conventional fuel supplies.

The group is currently involved in support for
projects in this program as follows:

Projects Program solicitation
1 NSF-1 Cycle I
13 DSE-76-2  Cycle 112
11 PON 4200  Cyecle IT13
3 PON 1450 Hotel/motel%

A detailed description of activities of this group
is contained in the Energy and Environment Division
Annual Report for 1977.

ACCOMPLISHMENTS. DURING 1979

Technical consulting and management activities
continued on all projects. One Cycle III project
was cancelled due to participant funding problems.
LBL's participation in these demonstration projects
will cease at the end of FY 1980, and accordingly,
one Cycle II and five Cycle III projects, which
have been delayed primarily because of funding
problems and will not be complete by the end of
FY 80, have been transferred to Energy Technology
Engineering Center (ETEC) in Southern California.

At the end of FY 1979, construction was com—
plete, or near complete, on the following projects:

Construction Completion

Program Cycle 1007% >957%
Cycle I 1 1
Cycle II 7 12
Cycle III 1 4
Hotel/motel 2 2

Even on projects that are operational, some
consulting and management effort is required to
follow the project, deal with occurring operational
problems, gather and review Final Reports and Data

R
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Collection Reports. On two Cycle II projects, con—
tracts have been written for refurbishment work to
improve the overall systems efficiencies and to
make the systems more reliable and serviceable,
This work is primarily related to piping, insula-
tion and control modifications. At present, in-
vestigations are in progress on three other proj-
ects which appear to be potential candidates for
similar refurbishment contracts.

PLANNED ACTIVITIES FOR 1980

For FY 1980, activities have been reduced from
three to one man-year of effort. LBL's involve-
ment in these projects will cease at the end of
FY 1980. Efforts will be directed toward complet—
ing as many projects as possible; however, it is
likely that additional projects will be transferred
to DOE/SAN or ETEC during the course of the year.
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FOOTNOTE AND REFERENCES

*This work has been supported by the Solar Heating
and Cooling Demonstration Branch, Office of Con-
servation and Solar Applications, U.S. Department
of Energy. :

1. National Program for Solar Heating and Cooling
of Buildings, ERDA 76-6 (November 1976).

2. Commercial Integrated Projects for Use in
Demonstrations of Solar Heating and Cooling,
PON DSE 76-2, ERDA (1976).

‘3. Commercial Integrated Projects for Use in

Demonstrations of Solar Heating and Cooling,
PON EG-78-N-01-4200, DOE (1978).

4. Hot Water Initiative for Hotel/Motel Installa-
tions, PON EG-77-N-03-1450, ERDA (1976).

MEASUREMENT AND ANALYSIS OF CIRCUMSOLAR RADIATION*
D. Evans, D. Grether, A. Hunt, and M. Wahlig

INRODUCTION

Instrument systems called "Circumsolar Tele-~
scopes" are used to measure the solar and circum—
solar radiation for application to solar energy
systems that employ lenses or mirrors to concen-
trate the incident sunlight, Circumsolar radiation
results from the scattering of direct sunlight
through small angles by atmospheric aerosols (dust,
water droplets, or ice crystals in thin clouds,
etc.). The solar energy system will typically
collect all of the direct solar radiation (that
originating from the disk of the sun) plus some
fraction of the circumsolar radiation. The exact
fraction depends upon many factors, but primarily
upon the angular size (field-of-view) of the re-
ceiver. A knowledge of the circumsolar radiation
can be used as a factor in the optimization of a
receiver design, as one measure of the suitability
of a geographic region for concentrating systems,
or as input to comparison studies of competing
designs at a particular location.

Design and construction of the circumsolar
telescope was one of the first tasks completed in
this project. The instrument system has a "scan—
ning telescope" mounted on a precision solar
tracker. The telescope mechanically scans through
an arc of 6° with the sun at the center of the arc.
A digitization of the sun's brightness or the
brightness of the circumsolar radiation is taken
every 1.5' of arc, with a complete scan taking one
minute of time, In all, four such instruments were
constructed. Auxiliary instruments include a
pyrheliometer, a collimating instrument with a
fixed field of view (typically 5~6°) that provides
an estimate (called the "normal incidence'" reading)
of the direct solar radiation. The telescope and
pyrheliometer have matched ten position filter

vheels: one open position, eight interference
filters that divide the solar spectrum into eight
intervals of roughly equal energy content, and one
opaque filter to monitor detector noise. The data
are recorded on magnetic tape, with one tape hold-
ing a week's worth of data per telescope.

The telescopes have been primarily operated
at locations for which the instruments can play
a dual role: (1) characterization of a region or
climate, and (2) provision of site-specific data
for proposed or actual concentrating solar energy
systems.

The data are used at LBL and other DOE-
supported institutions [e.g., Sandia Laboratories
and Solar Energy Research Institute (SERI)] in con-
sideration of the concentrating system's perform
ance., In order to extend the analyses to areas
not covered by the instruments, efforts are under-
way to understand the relationship of the circum-
solar radiation to atmospheric conditions and to
other, more routine, solar and meteorological
measurements.

Details of the instrument system, and examples
of the measurements and data summaries have been
given in previous annual reports.

ACCOMPLISHMENTS DURING 1979

Measurement Program

Telescopes were operated this year at Sandia
Laboratories, Albuquerque (location of the Central
Receiver Test Facility (CRTF) and other concen-
trating systems); on.a Southern California Edison
(SCE), building at Barstow, California (near the
site of a future 10 Mw{e) Central Receiver Pilot



Plant), and at Atlanta (site of a Georgia Tech
central receiver test facility).

The remaining telescope underwent an upgrading
program at LBL, with a number of modifications made
to improve wedtherability. An automated sun photo-
meter (of the Volz type) was installed, and some
electronic modifications were made to increase the
precision with which the output of the pyrhelio-
meter is recorded.

Data Summary for Atlanta

The basic telescope measurement (brightness

of the sun and circumsolar region as a function
of angular distance from the center of the sun)

is in arbitrary unlts. The scan is converted to
energy units (W/mZ-steradian) by normalizing to
the pyrheliometer reading., Unfortunately, the data
from Atlanta showed the effects of periods of time
when the pyrheliometer was not working properly,
or was at the manufacturer's for repair. Correla-
tions were obtained between the pyrheliometer
reading and other measures of the solar radiation
for "good" periods, and were then used to estimate
the pyrheliometer value during "bad" periods.,

With the estimated pyrheliometer values, the
analysis and summary of the Atlanta data could pro-
ceed. In particular, a comparison could be made of
the average effect of the circumsolar radiation for
the relatively humid climate of Atlanta, to that
for a more arid area. Figures la and 1lb are for
a year's worth of data from Atlanta and Barstow,
respectively. The quantity plotted is the over-
estimate that would be made by a pyrheliometer in
estimating the solar radiation available to a con-
centrating solar plant, when the plant is described
in terms of two simplified parameters. The first
parameter is the operating threshold; the plant
is assumed to be in operation whenever the solar
radiation exceeds the threshold. The second is the
effective aperture radius (half the field of view)
of the receiver. Figure 1 is for a threshold of
50 W/m? and for various radii as indicated. The
overestimate is generally greater for Atlanta
(corresponding to generally higher circumsolar
levels), but not dramatically so. At least for
this year, the two locations appear to have quite
different seasonal dependencies. Two cautionary
comments are in order, First, the winter months
for 1977-78 in Barstow were particularly cloudy,
and the values may not be representative of average
conditions. Second, the figures do not give the
total energy available at Barstow as tompared. to
Atlanta. This total is significantly higher for
Barstow. Additional results are in Ref. 2.

Circumsolar Slope

One approach to extending the circumsolar
measurements to locations not covered by the tele~-
scopes is to relate the measurements to the atmo-
spheric scattering processes. As one part of such
an effort, the "circumsolar slope" has been investi-
gated., Figure 2 shows a sample scan in log~log
space, with the brightness of the solar and circum—
solar radiation plotted versus angular distance
from the center of the sun., The straight line
through the data points in the circumsolar region
and the corresponding slope value are from a simple
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Fig. 1. (a) Overestimate made by a pyrheliometer
in estimating the energy available to a concen-
trating solar energy system for a particular
threshold and series of effective apertures (see
text). The data are for June, 1977 through June,
1978 at Atlanta, Georgia. (b) Same as for (a),
but for Barstow, California.

computer algorithm. In general, such a straight
line provides a reasonable description of the
circumsolar radiation for angles between 0.5° and
30 in log-~log space. The slope of the line then
provides one method of characterizing the data,

in addition to the circumsolar ratio (ratio of
energy content in the circumsolar region to energy
content of the solar plus circumsolar, C/(C+S) in
the figure), and the normal incidence reading of
the pyrheliometer (NI in the figure).

Plotted in Fig. 3 is the circumsolar slope
versus the circumsolar ratio for a months's data
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Fig. 2. Sample of a telescope scan in log-log
space. The solid, vertical line represents an
"effective radius" of the sun. The center of
the sun is off-scale.

from Barstow. The dense cluster of points at
relatively low slope (~1.5) and low circumsolar
ratio correspond to clear-sky conditions. The high
slopes (~2.5) are seen to be associated with high
circumsolar ratios. In terms of scattering proper-
ties of aerosols, a relatively steeper slope indi-
cates that relatively larger particles are respon-
sible for the scattering. The interpretation is
that for the atmospheric conditions that give rise

BARSTOW, CA MAY 1978
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Fig., 3. Plot of the circumsolar slope versus the
circumsolar ratio for the month of May, 1978 in
Barstow. ''138 HAD NI<12" refers to measurements
for which the normal incidence reading of the
pyrheliometer was essentially negligible. These
points are excluded from the graph.
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to high levels of circumsolar radiation (e.g.,
haze or thin clouds) the light-scatterers tend to
be rather large.

Some work has been done on comparing these
slopes to the predictions of the so-called Mie
Theory for light scattering from aerosols, with
the aerosols approximated by dielectric spheres
of a specified size distribution and complex index
of refraction. In terms of this model, slopes on
the order of 2.5 would imply that the scattering
is dominated by particles with dimensions greater
than about 20 yu in diameter.

Colored Filter Data

The emphasis in the project has been on the
"eclear" filter measurements, because these data
are most relevant to concentrating collectors
employing thermal receivers (which use black sur-
faces to absorb the solar radiation). However,
there are also applications for which the receiver
would be a photovoltaic cell, which is highly wave-
length selective. 8o few systematic measurements
of the wavelength dependence of solar radiation
are available that the colored filter pyrheliometer
data are of considerable interest in themselves,
apart from the telescope scans. Thus the first
priority has been to extract the normal incidence
spectral data. To do this, the transmission of
each filter as a function of wavelength must be
accurately characterized.

Curves of transmission versus wavelength
(obtained on a spectrophotometer) were supplied
by the manufacturer when the filters were new.
However, such filters may degrade with time. This
year, transmission curves were obtained for the
filters from one of the telescopes, using an LBL
spectrophotometer. These measurements showed that
while some of the filters were essentially un-
changed, others had a reduced overall transmission
and (sometimes) a broader pass band. An effort
was then initiated to use the data themselves to
track the effective change in filter characteris-
tics between spectrophotometer measurements. The
technique (outlined in Ref. 3) would utilize py-
rheliometer readings from clear days, when atmo-
spheric conditions are relatively stable and the
atmospheric attenuation of the solar radiation is
generally thought to be well understood. The com~
puter program Lowtran# has been investigated as
a model for the atmospheric attenuation.

As a check on the applicability of Lowtran,
the model has been compared to actual pyrheliometer
values for selected clear days. Figure 4 shows the
comparison for Barstow for two filters, one at the
blue end of the solar spectrum and the other at the
infrared (IR) end. For this comparison, the atmo-
spheric transmission values from Lowtran have been
combined with a standard extraterrestrial solar
spectrum and with the manufacturer-supplied trans-
mission curve so as to simulate the reading of a
pyrheliometer taken through the corresponding
filter. As is indicated by Fig. 4, the Lowtran
calculation tends to agree with the data at the
blue end of the solar spectrum, but to yield higher
values towards the red/IR end of the spectrum. A
certain number of assumptions were made in order to
carry-out the Lowtran calculation, and the validity
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Fig. 4. (a) Pyrheliometer reading versus time

of day for July 24, 1978 at Barstow, CA for a
filter near the blue end of the solar spectrum.
The solid curve is the actual pyrheliometer
value, the dotted curve the calculation based

on the atmospheric transmission computer program
Lowtran. (b) Same as (a), but for a filter at
the red/IR end of the solar spectrum.

of these assumptions needs to be examined. However,
if the discrepancy holds, then there are implica-
tions beyond the immediate problem of filter cali-~
bration. In particular, Lowtran has been recently
recommended as a suitable tool for calculating the
solar radiation available to photovoltaic cells

on clear days.5

Other Activities

The Solar Energy Research Institute (SERI)
is examining the effect of circumsolar radiation

_Air Force Base.
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on a variety of concentrating systems.6 As input
to this study, LBL prepared selected data in a form
usable by SERI.

A DOE-supported engineering firm (Watt Engi-
neering, Limited) is examining the correlations
of average values of circumsolar radiation with
other solar and meteorological parameters, using
data from IBL and other sources. LBL, working with
Watt Engineering, prepared several data tapes for
use in the analysis.

During actual tests of concentrating systems
or components, circumsolar data can be of impor-
tance in comparing the actual to predicted perform—
ance of the system. Individual scans of the tele-
scopes, taken in parallel with tests of the CRTF:
at Albuquerque, were provided to Boeing (Brayton
cycle receiver tests) and Sandia Laboratory (helio-
stat tests).

PLANNED ACTIVITIES FOR 1980

The measurement program will continue. Plans
originally were for the upgraded telescope to be
moved to SERL in Colorado. For various reasons,
this move did not prove feasible. Revised plans
are for this instrument to be located at the Jet
Propulsion Laboratory (JPL) test station at Edwards
The instrument would provide site-
specific data for point concentrating collectors
(parabolodial dishes) that are undergoing tests by
JPL. The instrument would also provide characteri-
zation of the Mojave desert area, a role heretofore
played by the telescope at Barstow. This latter
instrument would then be returned to LBL for up-
grading and eventual relocation,

The various analyses will continue with the
overall goal of better understanding of the rela-.
tionship of circumsolar radiation to atomospheric
characteristics and to the performance of concen-
trating solar energy systems. The extraction of
the colored filter data will be particularly
emphasized.
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INSTRUMENTATION AND DATA PROCESSING MODIFICATIONS IN THE
PG&E/SOLAR DATA NETWORK*

D. Anson

INTRODUCTION

A six station network of solar radiation meas-
uring instruments (pyranometers) has been operating
in Northern California for the past three years.
The network is a cooperative project between LBL
and Pacific Gas and Electric Company (PG&E). Each
organization contributes its own unique and comple-
mentary resources to the implementation of the net-
work., LBL provides technical guidance in the areas
of hardware selection, software for analysis and
reporting, and calibration and routine maintenance
assistance, PG&E coordinates the project and con-
tributes the physical site and personnel to change
tapes and check instruments. .

Five years have elapsed since the project
began, and unfortunately the first two and one-half
years were largely consumed by delays caused by
funding uncertainties, More recently, though, data
has been routinely collected, and, in several loca-
tions, has been collected for as much as two and
one-half years.

The original purpose of providing quality solar
energy research and design data in microclimatic
regions with no current or previous solar data
records continues to be emphasized by the project.
High-quality instruments and data-monitoring prac-
tices have also been a high priority with the
project., This is important for both system relia-
bility and data credibility.

Considerable interest in the data has been
expressed in a variety of ways. A state agency,
for example, is eager to include these measurements
in a larger, state-wide publication on solar data.
A number of colleges have volunteered to operate
additional instruments if they become available
and assist with certain data analysis functions.
There has also been some interest in establishing
a "grass-roots" type of mnetwork in which responsi-
ble and knowlegeable individuals would oversee
measurements at their residences and report them
each month for publication. .

ACCOMPLISHMENTS DURING 1979

Accomplishments during the past year have been
in four major areas: (1) improved translation and
archival of raw data tapes, (2) receipt of seven
new Eppley model PSP pyranometers and a microproc-
essor-based recorder for testing, (3) arrangements
for a number of additional statioms, and (4) co-
ordination for acquiring unreported raw data from
other agencies.

In the field, all six stations continued to
operate routinely throughout 1979. From the per-
spective of raw data processing at the PG&E general
office in San Francisco, a major change occurred
in the way the small magnetic tapes were translated
and the data transferred onto a 9-track tape. This
was significant in almost completely eliminating
data losses with respect to computer processing pro-
cedures. This consisted of two procedural changes.
First, a 9-track tape was established for permanent
archival of all unprocessed data. Each new monthly
receipt of data is now automatically added onto
the tape. Secondly, the erasure and return of the
small recorder tapes was delayed until all data
had been successfully transferred to the 9-track
archive tape, to punched cards, and to a print-out.
As much as six months of data had been lost at some
stations prior to these new procedures.

Because LBL funding of the part-time network
coordinator position ceased, PG&E picked up the
person (Dean Anson) who had been coordinating this
work. This served to maintain project continuity.

Seven new Eppley model PSP pyranometers were
recently received to replace the original units in
the network. These first class pyranometers will
serve to upgrade the accuracy from that achieved
with the second class instruments (Eppley model
8-48) in use. The 6 model 8-48 (also known as
"black and white") pyranometers are still quality
sensors and will be moved to locations where solar
data is not currently available. Also, a comple-
mentary instrument has been procured for use in



testing, performance evaluation, and measurements
of direct solar radiation. This unit is an Eppley
NIP pyrheliometer, a device that tracks the sun
throughout the day.

A new recorder (Campbell Scientific CR-21) is
on order for possible use at each of the stations.
This is a microprocessor-based device that can be
remotely interrogated by telephone. This is similar
to units being used for two other data collection
projects managed by LBL.

Preliminary arrangements have been made to
add a station in San Ramon, where PG&E's Department
of Engineering Research is located. A solar test
facility and experienced technicians are available
to assure accurate data is collected at the site,
Additional sites are being considered at San Fran-
cisco City College, University of California at
Santa Cruz, and Napa.

A number of organizations are known to collect
solar energy data that is not reported or generally
available. Lawrence Livermore Laboratory (LLL) has
nearly 5 years of quality data available., These
“ data and those from the University of California at
Davis, for example, would make valuable additions to
a publication of solar data in Northern California.

This project has also done some calibrations of
photovoltaic-type pyranometers for local colleges.
On one occasion, a spare pyranometer was loaned to
a local solar firm for final solar system perform-
ance tests after installation.

Overall, the main accomplishments have been in
the areas of raw-data processing and new-equipment
procurement. The remaining area needing the most
attention is in data reduction and reporting.

PLANNED ACTIVITIES FOR 1980

Next year is viewed as one in which final
arrangements will have been made for so~called
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"routine" network operation. With respect to hard-
ware, the final details of pyranometer and recorder
installation will be completed, and older units
will be relocated.

The highest priority during FY 1980 is to
process all solar data as of the end of FY 1979
and, by early 1980, make it widely available.

It is hoped that the concept of a "grass-
roots" solar network can be tested using the low-
cost and accurate solar-cell-based pyranometer by
Li-Cor, Inc. (model LI-2008). This sensor has been
carefully tested by the Solar Radiation Laboratory
(NOAA) in Boulder, Colorado and was found to per-
form nearly as well as the Eppley model pse.l A
golid state integrator (Li-Cor, Inc. LI-175) is
being considered for recording the solar data.

It is low in cost and allows a pyranometer-and-
recorder combination to be purchased for about $500.
This hardware would be supplemented with a user's
manual and a contact person to answer questions.
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SUPPORT ACTIVITIES FOR DOE SOLAR HEATING AND
COOLING RESEARCH AND DEVELOPMENT PROGRAM*

M. Wahlig, M. Martin, R. Kammerud, W. Place, B. Boyce, M. Warren, and A. Heitz

INTRODUCTION

This project consists of technical support
activities for the Systems Development Division
(formerly the Solar Heating and Cooling Research
and Development Branch) of the DOE Office of Solar
Applications, Areas in which LBL provides program
support are controls for solar heating and cooling
systems, passive cooling, active solar cooling, and
passive solar analysis and design. These activi-
ties include the following: (1) peer review of
unsolicited proposals; (2) preparation and evalua-
tion of program solicitations; (3) technical moni-
toring of projects performed both by DOE contrac-

tors and by LBL subcontractors; (4) program
planning, reviews and summaries; and (5) inter-
laboratory coordination of support activities.
Program responsibilities of the Laboratory have
increased due to implementation of a program decen-
tralization plan approved in the fall of 1978.
Under this plan, LBL and the San Francisco Opera-
tions Office of DOE (SAN) work together to manage
the national R&D program in these assigned areas,
with SAN providing project management and LBL pro-
viding the technical support. DOE headquarters
transfers block funds to the SAN office to support
outside research and development contracts being
performed under these program elements. Most of
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the staff members of the Solar Energy Group have
participated to some extent in this effort during
1979.

ACCOMPLISHMENTS DURING 1979

Review of Unsolicited Proposals

The LBL Solar Energy Group conducted a formal
review session for unsolicited active solar cooling
proposals at the Solar Energy Research Institute
(SERI) in Golden, Colorado in late October 1978.
The results of these reviews were then sent to DOE
in Washington, D.C. along with recommendations for
action. In addition, some nine individual un-
solicited proposals for active cooling projects
were reviewed during FY 1979. Preparations were
begun to develop a standard evaluation process for
new proposals (as well as follow-on proposals for
contracts in progress) that can be used for making
decisions about future funding.

Preparation and Evaluation of Program Solicitations

LBL staff members participated in the develop-
ment of a computerized evaluation process to evalu-
ate the solar cooling proposals submitted to SERL
as part of the joint U.S./Saudi Arabian program
(SOLERAS). Additional input was provided to carry
out the proposal evaluation and make recommenda-
tions for funding. As a result of this program,
four contracts were awarded to install solar cool-
ing systems in U.S. locations that have climates
similar to those of Saudi Arabia.

LBL staff also participated in the preparation
and evaluation of DOE solicitations for Marketing
Studies for Solar Heating and Cooling Systems, and
for a marketable passive products solicitation.

Technical Monitoring of Projects

Early in FY 79, LBL was given responsibility
for the technical monitoring of Absorption and
Rankine solar cooling projects that were previously
being monitored by Brookhaven National Laboratory
(BNL). 1Initially, five Absorption and four Rankine
contracts were included; two additional Absorption
contracts have since been added. Project monitor-
ing consists of the continuous technical evaluation
of projects being performed by other contractors,
including site visits, review of progress reports,
and organization of contractor meetings as appro-
priate., During FY 79, site visits to all active
solar cooling contractors were conducted by LBL
review teams, whose members included nonLBL tech-
nical experts as well as LBL staff., Detailed
status reports and action item lists have been
generated from these site visits to provide DOE
with information on the current condition of each
project.

A workbook intended for residential-scale use
was developed by an LBL subcontractor under direc-
tion of LBL staff. The workbook is slated to be
published sometime in FY 80.

Program Planning, Reviews and Summaries

LBL has played an active role in the formula-
tion of three international solar programs during
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FY 79: the U.S./Saudi Arabia (SOLERAS), U.S./
Israel and U.S./Mexifo solar programs. The SOLERAS
project is mentioned earlier in this article. LBL
participated in negotiations in Israel to develop
joint active solar cooling and passive cooling
projects that would be beneficial to both countries.
Both active solar cooling (solar refrigeration)

and passive cooling projects were also involved

in LBL's negotiations with representatives of the
Mexican solar energy program.

'LBL has assisted DOE in the formulating and
review of a number of program planning and summary
documents, including a Decentralized Field Manage-
ment Plan, Solar Heating and Cooling R&D Project
Summary Book, Commercial Readiness Assessments,
Multiyear Plans for Active Systems and for Passive
Systems for Heating and Cooling of Buildings, and
National Program Plan for Passive and Hybrid Solar
Heating and Cooling.

The Passive Cooling Program support effort has
increasingly shifted from program implementation to
program planning. Preparation of a Passive Cooling
Area Plan began during FY 1979 and this document
is slated to be incorporated into a DOE Multiyear
Plan for heating and cooling. Tasks identified in
the Area Plan for near-term funding are the subject
of three major solicitations to be written by LBL
and issued during the spring of 1980. One solici-
tation is for the construction and operation of
a Passive Cooling Experimental Facility in a hot
arid climate, and the other two contain numerous
tasks covering the entire range of passive cooling
technologies. A project management plan is in
preparation for monitoring the projects which will
result from the solicitation.

LBL involvement in controls program support
activities has centered on development of a solar
controls program plan that integrates ongoing and
planned controls projects into a coherent program,
Contact wi