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n::F MEETINGS 'D 

Mar 24-26, 1993- Sixth National Demand-
...................... .$.~·~~ .. M.~r:t.'!-.Y~'f!l:~!!.~.9.C?."!!~!.~!!.C.~ ...... 

to be held in Miami Beach, FL. 
Contact: Patrice lgnelzi, Sixth National 
Demand-Side Management Conference, 1320 
Solano Avenue #203, Albany, CA 9.5706. 

May 3-4, 1993 - Institutional Energy 
Conservation Programs: 

............................. f.r':l:rf..~!!.t.lif. g._ r:t. C!fJ~'f!l:~.1~.t. ........... . 
to be held at the University of Minnesota, 
Twin Cities Campus. 
Contact: David Grimsrud, Minnesota Build­
ing Research Center, 330 Wulling Hall, 86 
Pleasant Street S.E., Univ. of Minnesota, Min­
neapolis, MN 55455 -Ph: {612) 626-7419. 

Jun 1-5, 1993- ECEEE Summer Study 1993: 
Energy Efficiency Challenge 

......................... ifJ.r.lfJ.!~r.t:?P.~ .. ............................. . 
to be held in Runstedgard, Denmark. 
Contact: ECEEE Summer Study, NVE, 
P.O. 5091 Maj., 0301 Oslo, Norway 
Ph: 47-2-44-9002, Fx: 47-2-95-9099. 

J.\).~.~k:~~.> .. ~.~.~~.:-:::.lr:t.?1:C!."!.O/.i.1?~l!C?.1!~~?1:9 .............. . 
A world conference on advanced housing for 
energy efficiency and environmental responsi­
bility; to be held in Vancouver, B.C., Canada. 
Sponsors: CANMET, Canada Mortgage and 
Housing Corporation, Canadian Home Build­
ers Association, International Energy Agency. 
Contact: Darinka Tolot, Conference Coordi­
nator, CANMET, 580 Booth Street, 7th Floor, 
Ottawa, Ontario KIA OE6, Canada 
Ph: (613) 943-2259, Fx: 996-9416. 
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ABSTRACf , 
This paper presents the methodology and results of a detailed 

energy analysis of the Texas Capitol Restoration. The purpose of 
this analysis was two-fold: 1) to detennine the projected energy 
cost savings of a series of design alternatives for the Capitol 
Restoration, and 2) to calibrate the simulation model of the 
Capitol in its prerestOred condition (in September 1991) using 
monitored energy use data from the Texas LoanSTAR program. 

The Capitol in its proposed restored condition was simulated 
using the DOE-2 building energy analysis computer program 
with long-term Austin weather data to project the annual energy 
use, peak electtic demand, and annual energy cost. Then a series 
of 13 energy efficient design alternatives was simulated. The 
results were compared to those of the base case to determine the 
projected annual energy and energy cost savings for each 
measure, and for combinations of several of the measures. 

Finally, the paper documents the calibration of the DOE-2 
model for the Capitol in its prerestored condition, using 
monitored hourly whole-building electtic data (excluding heating 
and cooling energy). 

INTRODUCI10N 
In October 1991 construction began on the restoration of the 

Texas State Capitol to its original 1880s condition. The 
restoration is being coordinated with the construction of the 
underground Capitol Extension building that is being built adjacent 
to the Capitol to its north. Because of its historic nature the 
Capitol is exempt from the Texas Energy Conservation Design 
Standard for New State Buildings (4). However, it was the 
desire of the State Preservation Board and the Governor's Energy 
Office to incorporate as many energy efficient features as were 
feasible. 

Thus, the Center for Energy Studies at The University of 
Texas at Austin was contraCted to conduct a detailed energy 
analysis of the Capitol Restoration design so as to detennine the 
projected energy cost savings and payback periods of a proposed 
series of 13 design alternatives and several combinations of these 
alternatives. The payback periods were then used in retrofit 
funding decisions for the LoanST AR program. We used the 
DOE-2.10 building energy analysis computer program OBM PC 
version) to simulate the building (5). Because of the complex 
building configuration and its diverse functional use pattern, the 
energy analysis challenged the limits of the building energy 
simulation program. 

A secondary objective of the study was to calibrate the 
simulation model of the Capitol in its prerestored condition using 
monitored energy use data from the Texas LoanST AR program 
(8). A lack of reliable measured heating and cooling data limited 
the calibration to non-plant electric energy. The results of the 
calibration were not used in the restored Capitol analysis. 

This paper describes the DOE-2 input data gathering process 
for the Capitol and the assumptions made in the model. 
Simulation results, using long-term average Test Meteorological 
Year (IMY) weather data, are presented for the Capitol 
Restoration design originally proposed by the contract architects 
and engineers. These results are presented in terms of annual 
energy use (gas and electricity), peak electric demand, and 
estimated annual energy cost. Then energy cost savings results 
are presented for a series of energy efficient design alternatives, 
including envelope, lighting, and HV AC system measures, as 
compared to the original design base case. Finally, we document 
the calibration of the DOE-2 model using monitored hourly 
whole-building electric data for the Capitol in its prerestored 
condition. A detailed discussion of the analysis and results is 
presented in Reference 3. 
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BASE CASE DESIGN MODEL FOR Tim RESTORED 
CAPrrOL 

Occupancy Assumptions and Zonjn~ Confi~tion 
The Legislature was assumed to be in session for the full 

year, with no recesses. The building is accessible 24 hours a day 
with public spaces fully lighted and open at all times, but with 
offices closed. except for cleaning staff, from 10 PM to 8 AM. 
Occupancy of the Senate and House chambers and hearing rooms 
follows typical in-session patterns for sessions, hearings, and 
tours. 

The restored Capitol, which consists of 318,095 gross 
useable square feet of floor area (all of which are conditioned), 
was divided into 28 thermal zones for the DOE-2 analysis. The 
approach adopted was to aggregate similar areas vertically so as 
to minimize the number of zones to be considered This 
aggregation took into consideration orientation (solar 
differentiation), occupancy and use patterns, and exterior wall 
geometry. Figure 1 shows the zoning adopted; see Reference 3 
for a detailed description. 

1. Ground east north 
2. Ground east south 
3. Ground west north 
4. Ground west south 
5. Ground & 1st north east 
6. Ground & 1st north west 
7. 3rd & 4th north east 
B. 3rd & 5th north west 
9. Ground through 4th south 

10. 1st east north 

11. 1st east south 
12. 1st west north 
13. 1st west south 
14. Kitchen Third Roar 

15. 1st east corridor 
16. 1st west corridor 
17. Library 
18. Senate chamber • 
19. House chamber 
20. Speaker's apartment 
21. 2nd & 3rd east end 
22. 2nd & 3rd west end 
23. 4th east attic 
24. 4th west attic 
25. 5th attic 
26. Central core 
27. Rotunda 
28. Tunnel (not shown) 

~ 
F"dltl Floor & 
~ Gtourd Flaot 

Figure 1. Zoning Configuration for Capnol Restoration Model 

DOE-2 User News, Vol.l3, No.4 



Walls and Roof 
•. Although the Capitol involves an elaborate exterior, 
~mplifications were required for a workable computer model. In 
several places walls were moved outward to be flush with the 
entrances, giving a simpler rectangular form, and porticos and 
entrance setbacks were eliminated. Care was taken to keep the 
exterior wall area and enclosed floor area constant. Although 
self-shading of the building in the setbacks and notches was lost 
in the simplified oudine, self-shading of exterior walls was 
maintained. A comparison of the simplified oudine with a more 
detailed model showed a difference of only 1 o/o in overall heating 
and cooling loads. Shading from exterior pilasters, columns, 
wall offsets, and cornices is also neglected, but shading from 
large nearby trees is not The curved upper rotunda and dome 
were represented by a rectangular solid with equal surface area. 
The attic spaces were simplified into rectangular shapes with flat 
roofs, with the height of the side walls set to give equivalent 
volume. 

Wall construction is of uninsulated limestone, with 
thickness varying from 2 ft at the top to 5-6 ft at the bottom; a 
granite facade covers most of the exterior area. The composite 
wall is modeled as a 4-ft thick masonry wall, the maximum 
thickness allowed for the DOE-2 weighting factors. Roof 
construction is uninsulated wood, with built-up roofmg; the anic 
skylights are 3/8-in. textured glass in metal frames. 

Windows 
All windows are single-glazed with wood frames, modeled 

with aU-value of0.98 Btulh-ft2-°F and a shading coefficient of 
0.82 for 1/4-inch glass. The number of windows in the model is 
reduced by representing groups of similar windows by a single 
window located at the center of the group; a multiplier command 
increases the effective window area to equal that of the group, 
while maintaining essentially equivalent shading effects. Ground 

~floor windows, which are pardy below grade, have the topone­
, third of their area exposed to solar irradiation, with the remainder 

within light wells shaded by a metal grating covered by screen. 
This lower window section is assumed to receive no solar 
irradiation, but is exposed to outside temperatures. 

Schedules 
Schedules for occupancy, lighting, and equipment use, and 

for HV AC system operation, are assumed to follow daily, 
in-session patterns in the prerestored Capitol. For most 
schedules, the day is divided into the regular workday from 8 
AM to 6 PM, an extended workday from 6 PM to 10 PM, and 
night from 10 PM to 8 AM. Typical occupancy and equipment 
schedules for offices (the majority of the floor space) are 100% 
of design values during peak occupied hours, and 2% during 
unoccupied hours. Similarly, the office lighting schedule is 
essentially 100% during peak occupied hours and 20-35% during 
unoccupied hours. Six basic schedules are used: public, 
night/emergency, office, Senate chamber, House chamber, and 
conference or hearing rooms. Other schedules apply to the 
library, the Speaker's apartment, the kitchen, storage areas, and 
attics. The night/emergency access areas are lighted at all times, 
as are the public areas. 

Electrical Loads 
Li2hrin2: Ughting loads are calculated from a count of 

installed fiXtures and their wattages as shown in the electrical 
drawings and specifications. Installed wattages in office and 
conference/hearing areas are reduced by 10% to account for 
rooms with the lights turned off; the lighting schedule is applied 
to this value. The overall lighting schedule for a zone is a 
weighted composite calculated by multiplying the hourly schedule 
factor for each use ~ by the proportion of wattage associated 
with that use, and summing over all use types. 

On the basis of these calculations, the average diversified 
lighting load in the office spaces and adjacent conidors is about 
2.0 W/ft2, and in the library about 2.9 Wfft2. Diversified lighting 
is higher in the Senate and House Chambers: 3.0 and 3.5 W/ft2, 
respectively. 
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Egyipment: The equipment electrical load in offices and 
hearing and conference rooms assumes a base plug load of 
0.5 W/~t2, which. includes coffee makers, task lighting, 
ans':"'~nng machmes, .and other general office equipment In 
addioon, a computer ts assumed to be on every desk, with one 
des~ per 100 ft2 ~n staff offices and one desk per office for 
legtslators and ~des. A power of 150 W is used as a typical 
~omputer elect_ncalload, averaged over its operating cycle, which 
1s roughly equtvalent to an IBM XT or AT (6, 9). This amount is 
reduced by 10%, to account for diversity. Copy center 
equipment is an additional elecoicalload on the ground floor. 
When these loads are aggregated, the typical installed 
(diversified) load for the offices and adjacent circulation space is 
0.8 to 1.0 W/ft2. 

In the library the diversified equipment load is 0.7 W/ft2, 
which includes computers, copiers, microform readers, and other 
equipmenL The Senate chamber equipment load is 0.1 W /ft2, 
whereas the House chamber load is set at0.2 W/ft2 to account for 
the additional power used by the TV monitors at each desk and 
the electronic voting system.. 

Heat Gain from Occupants and Hot Water Use 
The cooling loads generated by the building occupants are 

based on information in the ASHRAE Haruibook of 
Fundamentals (1). In addition, the Texas Building Energy 
Conservation Design Standard (4) provides guidelines for hot 
water use. The number of people used for these calculations is 
based on a seat count in the Senate and House chambers and their 
galleries, and on an allowance of 15 ft2/person in hearing and 
conference rooms, 100 ft2/person in office areas, and 
200 ft2/person in circulation areas. 

Infiloation 
A major SOUICe of infiltration is the four sets of entrance doors on 
the first floor, which are large, tend to open an4 close slowly, 
and have no inner vestibule doors to reduce airtlow. Based on 
discussions with operating personnel, the infiltration rate for each 
set of doors is estimated at 2,000 CFM in winter and 1,000 CFM 
in summer. Infiltration is estimated at 0.1 air change per hour 
(AOI) in the exterior zones, even with the building pressurized. 

Special Areas 
The model for the first-floor kitchen assumes high use for 

lunch and dinner every weekday; equipment is commercial grade 
with relatively high power demands and modest latent loads. 
Included are appliances such as refrigerators, freezers, ranges, 
and dishwashers. Diversity factors, schedule, and base 
equipment load for the Speaker's apartment were chosen to 
reflect residential patterns. . 

HV AC Systems 
Although many zones have a mix of HVAC equipment 

types, this carmot be modeled with DOE-2. Therefore, each zone 
is treated as )laving one system type, with either fan-coil, single­
zone, or multizone units according to the predominant type of 
equipment used in the zone. The ground and frrst floor offices 
and the library are modeled as fan-coil systems, with outside air 
supplied by single-zone air-handling units (AHUs) through 
ductwork and ceiling diffusers; the flrst-floor corridors, the 
kitchen, and the tunnel to the Capitol Extension use single-zone 
systems; and the second through fourth floors, the central core, 
and the south wing use multizone systems. The fourth- and fifth­
floor attics have unit heaters to prevent freezing temperatures, 
while the upper part of the rotunda is treated as an unconditioned 
zone. 

To control humidity, the fan-coil and multizone areas have 
associated systems that precondition outside air and deliver it to 
the occupied spaces at neutral conditions of temperature and 
humidity. Because DOE-2 does not allow more than one system 
to serve a zone, the preconditioning systems are modeled 
separately, and connected to dummy zones, one set for all fan­
coil systems and one set for all multizone systems. Thus, the 
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preconditioning systems meet the outside air loads, while the 
main systems meet only internal and infiltration loads. As 
designed, the preconditioning systems use mixing of conditioned 
outside air with return air to achieve effective reheat, with a coil 
bypass and damper system controlling the temperature of the 
outside air. These systems are modeled as reheat fan systems, 
which is the only DOE-2 system type that can deliver air at the 
desired conditions. The reheat system uses a variable­
temperature (55"F to 7 5"F) cooling coil, which is disabled at 
outdoor temperatures below 60°F, when dehumidification is not 
needed. 

Total supply, outside air, and exhaust airflows for each 
zone are taken from the diffuser specifications shown on the 
mechanical floor plans; outside airflows range from 13% to 20% 
of supply airflows. The fan power and airflow rates for the air 
handlers are taken from the mechanical equipment schedules, 
with the values for the multizone AHUs divided proportionally 
among the zones served. The eleclrical power used by the fans 
for each zone is specified on a kW/CFM basis, averaged over all 
units serving the zone. 

Plant Specifications 
Based on discussions with the State Purchasing and General 

Services Commission (SPGSC), a chiller efficiency of 
0.65 kW/ton and a steam boiler efficiency of 75% were assumed 
for the central planL 

CAPITOL RESTORATION ENERGY EFFICIENCY DESIGN 
AL1ERNA TIVES 

The set of design alternatives that was analyzed is described 
below. 

1. Additional Window Shutters. Add interior wood 
shutters to 21,245 ft2 of window that are not included in the 
prerestored condition. These are modeled by changing the 
shading coefficient from 0.82 to 0.65 and the U -value from 0.98 
to 0.59 Btufh-ft2..°F. These values assume that 75% of these 
shutters are closed at any given time. U-values and shading 
coefficients are obtained from ASHRAE (1) and Pletzer et al. (7) 
for louvered wood shutters behind 1/4-in. glass in wood frames. 

2. Cupola Ventilation Fans. Four 2,800 CFM exhaust fans 
are placed in each of the fourth floor attics. These fans operate to 
cool the attics by drawing in outside air when the temperature in 
the attic rises above 80°F and the ambient temperature is at least 
4°Fcooler. 

3. Diaphragm at Oculus. Add a circular glass diaphragm at 
the oculus at the top of the interior dome to control venting 
through the dome. This is modeled by eliminating general 
infiltration in the perimeter zones on all floors; local infiltration at 
the four exterior doors on the first floor is maintained. 

4. Skylight Interior Shade. Add a reflective-coated fabric 
shade beneath the skylights in the fourth and fifth floor attics to 
inhibit summer solar heat gain. The shading coefficient of the 
skylights is reduced from 0.86 to 0.30, and the U-value is 
reduced from 1.23 to 1.00 Btu/h-ft2-°F. These values were taken 
from ASHRAE (1) for a high-reflectance, medium weave fabric 
behind 1/4-in. clear glass in a metal frame wilh no thermal break. 
This alternative was run with the shade in place all year, and with 
the shade used only during the summer months. 

5. Hieh-Efficiency l..amps and Ballasts. Substitute high­
~fficiency lamps and electronic ballasts in all fluorescent and 
metal halide fixtures. This change is modeled by a reduction in 
lighting wattage for five fixture types: 2.5% in the metal halide 
fixtures, 22% in the 1- and 2-tube fluorescent fixtures, 20% in 
the 3-rube/2-ft fluorescents, and 16% in the 3·tube/8-ft 
fluorescents (luminous ceiling). This results in a reduction in 
installed lighting wattage of approximately 15% in ground floor 
and attic zones and 2% elsewhere (See Reference 3 for more 
detail). 

6. Liehtin~ Control Packa~e. This includes the addition of 
4-step dimmers on the lights above the luminous ceiling in the 
House chamber, and the installation of occupancy sensors in the 
ground floor offices, and all hearing. conference, and restrooms. 
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The occupancy sensors are assumed to save 25% of the occupied 
period lighting energy use in the offices, and 40% of the 
occupied period lighting energy use in the hearing and conference • 
rooms and in the restroOms (2). ~ 

7. Unconditioned Corridors. Delete the systems supplying 
air to the east- and west-wing corridors on the fust floor, 
excluding areas adjacent to the exterior doors. This approach will 
rely on infiltration and return leakage from adjacent zones, as 
well as conduction through the walls of adjacent offices, for 
ventilation and temperature control. 

8. Dimt Di~tal Controls. These permit reset of the hot and 
cold deck temperatures in the multizone systems to accommodate 
the zones with the greatest heating and cooling loads at a given 
hour. The base case reset from 1 05°F to 85°F is deleted, but the 
summer shutdown of the heating coils is retained; the fixed cold 
deck temperature of 55°F used in the base case is deleted. 

9. Thennostat Offsets. In this strategy the heating 
thermostat is set back from 72°F to 67°F and the cooling 
thermostat is set up from 75"F to 85"F during unoccupied hours 
for all conditioned zones. The multizone system heating/cooling 
coils are disabled, as neCessary, to prevent forced temperature 
offsets. 

10. Two-Speed Fan Operation with Outside Air Shutdown. 
Speed conttals are added to the fan motors of the single- and 
multizone AHUs to reduce airflow during unoccupied hours 
(10 PM to 7 AM). During this time the fan-coil units are on 
night-cycle controls and the outside-air dampers are closed, 
except as necessary to balance exhaust airflows. During the day, 
the fans supply full design airflow, while at night they operate at 
either 50% or 75% of design flow. This control scheme is also 
used for the outside-air preconditioning systems, as is detailed in 
Reference 3. 

11. Variable Air Volume Fans. Speed conttals on the fan 
motors of the single- and multizone AHUs are set to provide 
continuously variable supply airflow, at an average energy use of 
approximately 0.6 W/CFM. The thermostats set the volume to ~ 
match the heating or cooling demand in the zones. As with two- ~ 
speed operation, this alternative was run with both 50% and 75% 
minimum airflows, with the ratio of outside air to supply air 
maintained constant. 

Variable-volume operation is also applied to the outside-air 
preconditioning system for the multizone systems. 

12. High-Efficiency Motors. High-efficiency motors are 
substituted for all supply and exhaust fans and for the elevator 
drives. The standard motors are assumed to meet minimally the 
Texas Energy Conservation Design Standard (Table 5-1 in 
Reference 4); the high-efficiency motors are as detailed in the 
specifications for the Capitol Extension (2), differentiated by 
motor size. 

13. Increased AT Cooling Coil Design. In all HVAC 
systems substitute cooling coils designed for l6°F rather than the 
normal l0°F chilled water temperature difference in the AHUs, 
and l2°F rather than 1 0°F in the fan-coil units. This permits 
reduced chilled-water flow rates through the coils and results in 
lower pumping power. In addition, chilled water is supplied to 
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the cooling coils at 44°F, but returns at 580f rather than 54°F 
improving the central chiller efficiency from 0.65 to ' 
0.61 kW/ton. 

DOE-2 User News, Vol.13, No.4 



Combination Alternatives 
~ Alternatives 14-17 represent various combinations ofHV AC 
J' system control options, as identified in Table 1. The fmal 

composite of all alternatives selected for implementation includes 
the following: 

Additional window shutters (Alternative 1) 
High-efficiency lamps and ballasts (Alternative 5) 

Lighting control package (Alternative 6) 
Direct digital controls (Alternative 8) 
Thermostat offsets (Alternative 9) 
Night-cycle operation with outside air shutdown 
(pan of Alternative 10) 
Variable-volume fans (Alternative 11) 
High-efficiency motors (Alternative 12) 

Increased~ T cooling coil design (Alternative 13) 

TABLE 1 
Energy Use and Cost Summary 

Texas Capitol Restoration Design Alternatives 

MJmJ YEARLY EXPENSE IS) YEARLY SAVINCS (COST) lSI 
GAS EUiC'IlUC ClAS 10TAL El.Kl1UC GAS 10TAL 

BASECASB 38,852 2.182 44,16& 512,300 151.200 669,500 

ALTEllNATMll 38,840 2,17S 43,920 -512,'2.00 156,400 668,.500 :200 800 1.000 
smrnns 
ALTEllNATMl3 "38,742 2,173 43,m SI0,800 IS6,200 667,000 ISOO 1.000 2.SOO 
OCULUS DIAJ'IIRAOM 

ALTEllNATM!4 38,71S 2,161 44,416 SIO,SOO 158,100 668,600 1,800 (900) 900 
SIC\'IJCI!f SIWlB 

ALTEllHATMl<4A 38,746 2,172 44,119 SI0,900 157,.300 668,200 1,400 (100) 1,300 
SICYLlGI!f SIIADI!, 
SUMMEROI'ILY 

ALTEllNATM!S 38.'289 2,141 44,2AI 504,800 157.SOO 662,300 l,SOO (300) 7,200 
IU·EFF LAMPS .k IIALLASTS 

ALTEllNATM!6 38,323 2,117 44,251 SOS,JOO 157,fi00 662.900 1p::/J (400) 6,600 
UCK11NG CO!mi.OL.S 

ALTEllNATMl7 38,757 2,178 44,140 Sli.OOO 157,100 668,100 1.300 100 1,400 
CXliUUilalS UNCONDmONED 

ALTEllNATM!S 3S,442 1,170 20,382 467,300 11,600 S39,900 4S.(XX) 84,600 119,600 
DCC HOT/C(Xl) DECICS 

AI. TEllNATMl9 38,01S 2.114 31,921 SOI,400 113.400 614,800 10,900 43,800 54,700 
niERMOST AT CFfSilT 

ALTEilNATM!IO 2-SPE:EO OPERA liON 
SO'I. MINIMUM AIRFLOW 3S,69S 2,185 35,433 470,600 126,100 596,100 41,700 31,100 72,800 
1S'I. MINIMUM AIRFLOW 36,438 2,18S 37,413 480,400 133,200 613,600 31,900 24.000 SS,900 

ALTEllHATM!Il V AR.IABili V a.JJloll! 
S0'4 Mll>'IMW AIRFLOW 30,302 1,881 28,830 399.SOO 102,600 S02.100 112,800 54,600 167,400 
7S'I. Mli>'IMUM AIRFLOW 34,0SI 1,99S 37,090 449,000 132.000 S81,000 66,300 25,200 8S.SOO 

AL'IERI'IATM!I1 37,960 2,146 44,168 soo.soo 157.200 657,700 11,800 11,800 
HlGH·Ef!' MOTORS 

ALTE!lNATM!l3 37,8S3 2,123 44,168 499,100 157,200 656,300 13.200 13,200 
IIJGIIATcon..s 

Texas Capitol Restoration Design Alternative Combinations 

MB'IU PEAK MB'IU YEARLY EXPESSE ISJ YEARLY SAVINGS (COST) lSI PERCENT 
Et:£CTRIC KW GAS ELECrRIC ClAS lUI'AL ELECTRIC GAS 1UTAL SAVINGS 

Al'IEUIA 1lVE 14 
DOC, ntERMOSTAT OFFSET, 2-SPEED OPEilAnON, 
l'o1CirT -cYa..E CONTROL 

SM. Mll'm!11M AIRFLOW 31,466 2.20S 13,310 414,900 47,400 462,300 97,400 109,800 207;100 30.9 
15~ MIJoo1MUM AIIU'I.OW 32,306 2.2DS 13,056 426,000 46.SOO 472,SOO &6,300 110,700 197.000 29.4 

ALTEIINAl!VE IS 
DOC, ll!ERMOSTAT OfFSET, VAIUAIIUI VOI.Ur.lli 

SM. Ml!lo'IMUIII AIRFLOW 28,802 1,9SO 14,912 379,800 SJ,IOO •32..900 132.SOO 104,100 236,600 3S.3 
7S~ MINIMUM AIRFLOW 31,S39 2,044 16,7Sl 41S,800 59,600 475,400 96.SOO 97.600 194,100 29.0 

AL'IEUIAliVE 16 
DOC, THERMOSTAT OFFSET, VAIUAliiJI VOI.UME, 
NIGKT·CYa..E CO!mi.OI. 

SM. loi!NIMUM AIRFLOW 27,377 1,962 11.6SS 361.000 41,500 402.SOO 151.300 IIS,700 267,000 39.9 
1 S~ loi!NIMUM AIIU'LOW 29,854 2.054 12,308 393,600 43,800 437,400 118,700 113,400 232,100 34.7 

ALTEaiiAliVE 17 
DOC, nJEIUotOSTAT CFFSET 

35,383 2,199 18,31S 466.SOO 65,200 S31,700 4S,800 92,000 137,800 20.6 

FINAL COMPOSrTB 
NEW SII\ITTEilS, IUOH·EFPICI!IICY I.AMPS .k BAU..ASTS, 
UGIII1NG CXllltllOLS, DOC, lliEilMOSTAT OFFSET/ 
SETUP, VAIUAIIlli VOLUMI!, NIGHT CYQJ! WTnl 0A 
SH11nl0Wli,IUOH-EJ'F1CIENCY MOTORS, HIOH <l.T COD..S 

7S~ lolll'IIMUMAIRFLOW 27,S29 1,881 12,0S2 363,000 42,900 A0.5,900 149,300 114,300 263,600 39.3 

DOE-2 User News, Vol.13, No.4 
-5- DOE-2 User News, Vol.13, No.4 



ENERGY ANALYSIS OF BASE CASE AND ALTERNATIVES 

A summary of annual energy use and projected energy cost 
savings for the DOE-2 simulations, using long-term (TMY) 
weather data for Austin, are presented in Table l. Results for the 
base case and for each alternative and combination of alternatives 
are given. However, Alternative 2 (Attic Ventilation Fans) is 
omitted because, as is discussed below, it results in zero energy 
savings. · 

Summary statistics for the base case are given in Table 2. 
The peak electric demand is seen to be 2,182 kW (6.86 W/ft2). 
and the annual energy intensity is 261 kBtu/ft2-yr. Assuming 
utility rates of $0.045/kWh and $3.56/MBtu as applicable to the 
Capitol Complex for 1991, this gives an annual energy cost of 
$669,500 or $2.10/ft2-yr. Because this electrical rate does not 
explicitly include demand charges, the reduction in peak load will 
give additional savings. 

Evaluation of Design Alternatives 

Building Envelope Alternatives 
Additional Window Shutters. The overall effect of the 

additional window shutters is minimal, with savings of about 
0.1% ($I,Q(X)/yr) of base-case energy expenses. Because of the 
dark color of the shutters and placement inside the glass, there is 
linle reduction in solar gain. Although the shutters provide 
additional insulation, this effect is minimal. 

Attic Ventilation Fans. Because of the strong thermal 
coupling between the attics and the chambers below, the 
condition of attic temperatures above 80°F with the outdoo~ 
temperature at least 4°F lower never occurs, so energy savmgs 
are zero. When attic temperatures are high, the outside 
temperature is even higher. 

Dome Oculus Diaphragm. The diaphragm at the dome 
oculus reduces infiltration, but shows minimal effect and cost 
savings. However, these simulation results are uncertain because 
information about infiltration in the building is at best an estimate. 

Skylight Shades. The shades on the attic skylights also 
produce linle savings (up to $1,300/yr). With full-year 
deployment, almost half of the savings in summer cooling load 
are offset by the loss of beneficial passive solar heating of the 
attics in winter. Savings are greater with the shade deployed in 
the summer only, but this will be offset by the additional costs of 
seasonal deployment and removal. 

Internal Loads Alternatives 
Hi~h-Efficiency Lamps and Ballasts. This measure does not 

greatl>: reduce the overall energy use because only fluorescents, 
found m ground-floor offices, restrooms, mechanical rooms and 
attic luminous ceiling backlights, are affected. However the~ is 
a 40 kW reduction in peak electrical demand. ' 
. . Liehtin~ Control Packa~e. The lighting control package 

surularly h~ a small ~ffect overall ~us.e it is applied to only a 
small fracnon of the hghts, but has a Slgnificant effect in the 
zones _wh~re it affects a majority of the lighting. Again, the 
reducnon m peak demand of approximately 55 kW is significant. 

Systems Control Alternatives 
Changes in t~e operation of the !JVAC systems provide the 

greatest OPP<?~umty for ~nergy effictency and cost savings. 
Uncondttioned Comdors. Although this alternative provides 

little energy savings, the elimination of the corridor HV AC 
systems will save on construction costs. Because the corridors 
are buffered by surrounding zones, DOE-2 indicates that the 
temperature will be maintained in the 7 5-79°F range throughout 
the year. Actual temperatures will match the surrounding zones 
more closely because of conditioned return-air leakage from 
offices and infiltration from the entrance lobbies. 

Direct Di~taJ Controls. The use ofDDC in the multizone 
systems is highly effective, indicating energy savings of near!v 
$13~.000/yr. ~ultiz?ne syste~s with fixed deck temperatures 
are mherently meffictent, espeetally under low load conditions, 
because both the heating and cooling coils operate at all times. 
However, with DOC the cold deck temperature is set to meet the 
cooling needs of the wannest zone, and the hot deck is set to 
meet the heating needs of the coolest zone. This alternative 
results in a projected reduction of9% in electrical energy and 
more than 50% in natural gas energy. 

Thermps¥!t qrrsets. fbermostat o~fsets reduce energy use 
when the budding IS essentially unoccupied. The reduction is 
mos~y in heating energy, with approximately 27% less gas used 
than m the base case. Electrical energy reduction is only 2% 
wi~ a 40 kW increase in peak electric demand; energy cost ' 
savmgs of nearly $55,000/yr are about half of those obtained for 
the DOC option. The peak electric demand increase results from 
zone temperature pulldown requirements. 

Two-Speed Fan Ooeration with Outside-Air Shutdown. 
Th.is m~asure, whic;:h includes night-cycle operation of the fan­
coil umts, substantially reduces energy use during unoccupied 
hours through the reduction in supply and outside airflows. It 

TABLE 2 

Simulated Anaual Energy Use and Enerp Cost ror Prerestored and Restored Capitol • 

Peak Peak Elec:trldty Gu Energy Enerv Electricity 
Electric: Demand Use Use Use Intensity Cost• 
Demand Intensity (kWh) (MBtu) (MBtu) (kBtaJn2-yr) ($) 

(kW) (W/1\1) 

- -
Restoration 2111 6.&6• 11,383,545 44,168 83,020 2U• 512,300 
Base Case 

Restoration 1881 5.u• 8,065,924 12,052 39,581 124• 363,000 
with 
composite or 
energy 
ernc:lenc:y 
alternatives 

PrerestoredC 1651 5.26• 11,058,790 61,591 99,335 316• 497,600 

• Based on gross usable area of 318,095 ft2 (tunne.IID CapiiDI Extcruion included here but not in prcrestored ease) 
~ Utility c:osu: $0.045/kWh. S3.56/MBtu 
• Based on calibrated model using long -&em~ (I'MY) wealber elm 
• Based on I!I'OSI usable area of 314,095 ft2 

Gas Total 
Cost Energy 
($) Cost• 

($) 

-----
157,200 669,500 

42,900 405,900 

219,100 716,800 
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Eneru 
Cost 

Intensity 
($1n1.yr) 

------
1.101 

1.281 

1.28• 



gives up to an 8% reduction in electrical energy, up to a 20% 

Fuction in gas use, and up to nearly $73,000/yr in energy cost 
vings. 

variable Air Volume AliUs. Using motor speed controls to 
provide continuously variable supply airflow gives the greatest 
projected energy savings of all the individual alternatives. The 
reduction is up to 20% in electrical use, up to 35% in gas use, 
and up to $167,000/yr in energy cost savings. In addition, there 
is up to a 100 kW reduction in peak electric demand. This 
control strategy allows the HV AC systems to respond to heating 
and cooling demands, rather than constantly operating to meet 
peak loads. 

System Equipment Alternatives 
The high-efficiency motors result in 10% less electricity 

used by the fans, and 7% less energy used for elevators. 
Overall, the motors provide a 2% reduction in electrical 
consumption, while the coils give 3% savings. There is also a 
35 kW reduction in peak electric demand with high-efficiency 
motors, and a 60 kW reduction with high dT coils. Energy cost 
savings are in the $12,000-13,000/yr range. 

Combination Alternatives 
The combination alternatives show the coupled effects of 

combined measures. Savings are similar to the individual 
alternatives, although in most cases they are not directly additive. 
The fmal composite of all selected energy efficiency options gives 
reductions of 29% in electrical energy use, more than 70% in 
natural gas use, 100 kW lower peak demand, and an overall cost 
saving of more than $263,000, or 39%. 

Comparison of Base Case and Final Composite 
Figures 2a and 2b compare the annual whole-building energy 

use and cost for the base case and final composite, broken down 

~
by energy end use category. For the base case, annual average 
plant heating energy use is 15.8 Btufh-ft2 and cooling energy use 
is 4.3 Btu/h-ft2. These graphs show that the combined design 
alternatives have a major effect on space heating, a significant 
effect on space cooling and HV AC auxiliaries, but only a minor 
effect on lighting and elevator energy use and cost Monthly 
patterns of electricity and natural gas use (not presented here) 
show less seasonal variation in natural gas use in the final 
composite than in the base case (3). Comparative summary 
statistics are given in Table 2; note that the fmal composite 
reduces peak demand to 1,881 kW (5.91 W/ft2), energy intensity 
to 124 kBtuJft2-yr, and energy cost to $405,900 or $1.28/ft2-yr. 

MODELING OF TilE CAPITOL IN ITS PRE RESTORED 
CONOID ON 

To calibrate our DOE-2 model of the Capitol, we modeled it 
in its prerestored condition, as it was operated during the 
January-September 1991 period, before the beginning of 
restoration constrUction. We modeled the building using the best 
available input data for the DOE-2 simulation. These data were 
taken from drawings and specifications, supplemented by 
extensive surveys of the building, coupled with maintenance 
personnel interviews. The results of this simulation were 
compared with the measured whole-building electric data, the 
only reliable data available. Because of the considerable 
uncenainty in some of the input data, mainly the installed 
equipment loads and the lighting and equipment diversities and 
operating schedules, adjustments to these values were then made 
to calibrate the model to the measurements. 

The Prerestored Ca,pitol Model 
The prerestored Capitol differs from the restored condition 

primarily in the ground floor office arrangement and in the 
occupancy and equipment densities throughout all office areas. 
In addition, the prerestored Capitol does not include the tunnel to 
the Capitol Extension, and so has a gross floor area of 314,095 
ft2, of which 254,560 ft2 are conditioned. We relied on "as 
built" drawings, supplemented by extensive surveys of the 
buildine: and interviews with buildine: operating personnel. to 
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Figure 2a 
Annual Energy Use Component tor Capitol Restoration 
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Figure 2b 
Annual Energy Expense Components tor Capitol Restoration 

define the DOE-2 model input Described below are the changes 
made to the DOE-2 model of the restored Capitol; items not 
discussed here were treated identically in both the restored and 
prerestored models. 

Zoning Configuration. In the prerestored condition the 
core zone, which is unconditioned, extends down to the first 
floor instead of the ground floor. The snack bar area and 
electrical transformer vault form an additional zone on the ground 
floor. In addition, the tunnel to the Capitol Extension is deleted, 
the first floor corridors are unconditioned, and the ftrst floor 
kitchen is incorporated into the west wing as office space. 
Mezzanine offices are added on the first through fourth floors. 

Schedules. The schedules for occupancy, lighting, and 
equipment use, and for HV AC system operation, are essentially 
the same as for the restored Capitol. An addition is a schedule for 
the snack bar, and one for the external and dome flood lighting 
which is based on the sunrise and sunset hours. ' 

EJectrica} ~ads. Becau~e no accurate as-built drawings 
were avrulable, lighnng and equ1pment loads were established by 
identifying a set of representative spaces (based on occupancy 
density and use type), counting the number of flXtures and 
equipment items, and recording the wattage specified on each (3). 
Based on these surveys, power densities were calculated for each 
representative space. Then, with observations made during the 
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sample surveys, in combination with available floor plans, the 
zones were subdivided into representative spaces. Zonal 
composite lighting and equipment power densities were 
determined as floor-area-weighted averages of these spaces. 

Lighting: Specifications for all corridor lighting, lighting 
in the central core and dome, the external lighting and dome flood 
lights, and the night/emergency lighting were obtained through 
consultations with the Capitol maintenance staff. A lighting 
diversity factor of 90%, based on observation during surveys, 
was included in the design values. Based on these procedures, 
installed lighting levels are 2.08 W /ft2 for offices and adjacent 
circulation space, and 2.12 W /ft2 for all conditioned spaces. 

Equipment: Specifications for equipment with high 
power draws (for example, large copiers and printing 
equipment), were obtained from vendor information. 
Approximate equipment diversity factors, estimated from 
discussions with the building occupants and maintenance staff, 
were incorporated into the design values. Based on these 
procedures, and an estimated diversity of 80%, design equipment 
levels are 2.5 W/ft2 in the office spaces, resulting from high 
densities of computers, printers, FAX machines, and other office 
equipment; a detailed zonal breakdown of lighting and equipment 
loads is given in Reference 3. Equipment loads for the snack bar 
were based on the assumption that the two 12 kW supply mains 
were fully loaded during hours of peak operation. The electrical 
vault specifications assumed that transformer and switch gear 
losses were 5% of rated power. 

Heat Gain from Occupants. We used the same procedures as 
were used for the restored Capitol to calculate heat gain from 
occupants in the prerestored case, except that in the office spaces 
the people densities were obtained from seat counts, rather than 
from people per square foot values. 

HV AC Systems. Each zone was treated as having only one 
system type: fan-coil, constant-volume reheat, or dual-duct, 
according to the predominant type of equipment used in the zone. 
The ground floor, frrst floor north wing and first floor west wing 
south offices are modeled as fan-coil units, with outside air 
supplied by single-zone air handling units through duct work and 
ceiling diffusers; the Senate chamber and second and third floor 
east wing offices are modeled as dual-duct, variable-air-volume 
systems with outside air preconditioning; and the remaining 
areas, including the library and House chamber, are modeled as 
constant-volume reheat systems. The first floor corridors, the 
attics, and the lower and upper core zones are unconditioned. 

The primary information sources for the air distribution 
systems were the incomplete "as built" drawings and records of 
revisions made to the mechanical systems, supplemented by 
discussions with the Capitol maintenance staff and combined 
with engineering judgement Supply, outside air, and exhaust 
flows were taken from the diffuser specifications. Outside 
airflows ranged from 7 to 20% of supply airflows, with an 
average of 16%. Fan power, design air flow rates, and reheat 
coil temperatures were taken from the mechanical equipment 
schedules, with the values for multizone AHUs divided 
proportionally among the zones served. 

Plant Specifications. On the basis of consultations with the 
SPGSC, the chiller efficiency was set at 0.71 kW/ton and the 
boiler efficiency at 65% for the period June- September 1991. 
The chilled water supply temperature was set ·at 420f'. 

Simulation Results for the Prerestore4 Capitol Model 
DOE-2 was run using weather data measured at the Capitol 

Complex by the LoanSTAR monitoring program for the period 
June-September 1991. The results are presented in Figure 3, 
which shows the hourly whole-building electricity use, in 
kilowatts, plus the fan and outdoor lighting energy use 
components, for the third week of July, during which time the 
Legisla~ was in session. Note that this plot, which is based on 
appropnate homiy reports from DOE-2 to be comparable with the 
measured data, does not include heating or cooling plant energy· 
however, local fan and pump use is included. Thus, these resuits 
represent the behavior of an existing building as predicted by a 
carefully constructed model, but without the enlightenment of a 
comparison to measured data. 
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Note that peak weekday electricity use is 1460 kW, while at 
night the use drops to 470 kW. The effect of turning on and off 
the exterior lights, a 90 kW load, can be seen clearly. Although 
the weekday and weekend periods are clearly distinguished, 
Saturdays and Sundays were modeled identically. 

Figure 3 Simulated whole-building electricity use 
(excluding heating and cooling plant 
energy) for prerestored Capitol - third 
week of July 1991 

Calibration of Simulation Model with Measured Elecoicity Data 
Monit~red ho~ly data for the Capitol were collected only 

for shon penods dunng 1991. Because of construction on the 
Capitol Extension and instrumentation contractor problems, 
steam condensate pump run time data are available only for 
portions of January and February, chilled water energy data are 
available for about two weeks in April, and whole-building 
electric data are available for July-September. The whole­
building electric measurements are the only reliable ones of the 
three sets. 

Examination of the measured electricity use shows 
consistent daily and weekly patterns (Figure 4). Furthermore, 
Saturday patterns are distinct from Sunday patterns when­
legislators and their staff are preparing for the coming work 
week. The rooming buildup in electricity use (7 AM to 11 AM), 
~d the eve";ing decline (5 PM to midnight), are nearly linear, 
wtth a supenmposed pulse representing the exterior lighting. 
Usa~e is flat -~rn 11 AM to 5 PM. Note that the buildup and 
dechne transtnons are not nearly as abrupt as was assumed in the 
precalibration simulation. Another interesting observation is that 
the September measured electricity use declines slightly from that . 
of July and August, coinciding with the end of the legislative 
session (August 25) for that year. · 
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Figure 4a 
Seasonal Pattern for July through September 1991· 
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Monthly Pattern for July 1991 
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Figure 4c 
Weekly Pattern tor 3rd week In July 1991 

Measured Whole· Building Electricity Use 
(Heating and Cooling Plant Energy Excluded) 
for Prerestored Capitol 

A remarkable feature of the measured data is that the 
reduction in building electricity use from the daytime peak to the 
nighttime and weekend vall~ys is only some 25%, r3:ther than the 
approximately 75% shown m Figure 3 for the precalibrated 
model; the peaks are lower, and the valleys are considerably 
higher than predicted. This indicates that the schedules for 
lighting and equipment (especially equipment) are lower than 
expected during the peak occupied period. Furthermore, lights 
and equipment are not being turned off at night and on weekends 
nearly as much as expected. Based on these results, a set of 
typical day types (weekday, Saturday/ holiday, and Sunday) was 
developed to represent the diurnally varying schedule for lights 
and equipment (Figure 5). These schedules were calculated by 
taking the ratio of hourly to peak electricity use at each hour for 
the four plus weeks of July. 

Using the typical day schedu~es. and adjusting them to 
. match the electricity use observed In the measured data for July, a 
calibrated DOE-2 model was run for the same three-month period 
of 1991 with the results shown in Figure 6. As expected, the 
simulat~ and measured electricity use results compare closely. 

Fmally, an annual simulation was run using the calibrated 
model for the prerestored Capitol with long-term (TMY) weather 
data for Austin. The results represent the expected annual energy 
use for the building, including all heating and cooling plant 
energy, with the assumption that the Legislature is in session 
throughout the year. Annual results are presented in Table 2, 
which shows that annual total energy intensity is 316 kBtu/ft2-yr, 
and peak electric demand is 1,652 kW (5.26 W/ft2). Using the 
1991 utility rates used for the restored Capitol, this results in an 
armual energy cost of $716,800 or $2.28/ft2-yr. Hopefully, this 
high energy use will be reduced by the inclusion of the package 
of energy efficiency alternatives in the restored Capitol. 
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types for prerestored Capitol • based on 
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Figure 6 Comparison of calibrated model for prerestored 
Capitol with measured whole-building electric 
data - third week of July 1991 

CONCLUSIONS 
Based on this analysis of the Capitol, the following 

conclusions can be drawn. 
1. a. Building envelope measures (such as additional 

window shuners, a diaphragm at the dome oculus, and a 
skylight shade) save minirrtal energy and energy cost, on the 
order of only a few thousand dollars per year. Lighting measures 
(high-efficiency lights and lighting controls) result in modest 
energy cost savings of $6,000 to $7 ,()()() per year, and peak 
demand reductions of about 50 kW. System equipment measures 
(high-efficiency motors and high temperature difference cooling 
coils) show annual energy savings of $12,000 to $13,000 and 
peak demand reductions of up to 60 kW. 

b. The most effective energy cost reduction measures 
are INAC system control measures, such as direct digital control 
of coil temperatures, thermostat offsets, and 2-speed or variable· 
air-volume fans with outside air control. These save up to 
$167,000 per year and reduce peak demand by up to 300 kW. 

c. A composite of all selected energy efficiency 
measures is expected to save nearly $264,000 per year (a 39% 
savings), and result in a peak demand reduction of 300 kW (a 
14% reduction). 
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2. When modeling a building that has highly unusual 
occupancy and use patterns, such as a state Capitol, uncertainties 
in lighting and equipment use can be considerable. Even when 
extensive survey data are available, the uncenainty in lighting and 
equipment operating schedules, is sufficient to cause peak electric 
power to be significantly over-predicted; similarly, nighttime 
electric power is likely to be substantially under-predicted if it is 
assumed that the vast majority of lights and equipment are turned 
off at night. It seems that occupants don't tum lights off, or 
cleaning crews tum them back on. Furthermore, office 
equipment such as computers, copiers. and FAX machines is 
likely left on ovemighL 

3. Measured whole-building electricity use for the Capitol 
during the summer legislative session of 1991 shows remarkably 
consistent daily and weekly energy use patterns. Thus. typical 
weekday, Saturday, and Sunday lighting and equipment 
schedules can be developed to calibrate successfully an hourly 
simulation model of the building. 

4. Simulated annual energy use for the Capitol in its 
prerestored condition is 316 kBtu/ft2-yr. It is hoped that this 
high energy intensity will be reduced by the inclusion of the 
package of energy efficiency alternatives in the restored Capitol. 
Furthermore, more energy conscious behavior of the occupants 
in turning off lights and equipment when not in use, will also be 
necessary to reduce this energy intensity. 

REFERENCES 

1. ASHRAE. 1989 Handbook of Fundamentals, American 
Society of Heating, Refrigerating, and Air-Conditioning 
Engineers, Atlanta, Georgia, 1989. 

2. Center for Energy Studies, LoanSI'AR Energy Efficiency 
Options for the Capitol Extension, Center for Energy Studies, 
The University of Texas at Austin, repon to State of Texas, 
Governor's Energy Office, February, 1991. 

ACEEE 1992 Proceedings 
Proceedings from the ACEEE 1992 Summer 
Study on Energy Efficiency in Buildings are 
now available. The 11-volume set (plus 
index) includes 285 peer-reviewed papers and 
poster abstracts that examine the growing 
role of energy efficiency in our changing 
economic and political environment. The 
proceedings cost $162.00ppd (California 
residents please add 8%% sales tax) and may 
be ordered from 

ACEEE 
2140 Shattuck Avenue, #202 
Berkeley, CA 94704. 
Ph: (510) 549-9914 or FAX -9984 

DOE-2 User News, Vol.l3, No.4 -10-

3. Center for Energy Studies, Energy Analysis of the Texas 
Capiro/ Resroration and Calibration against LoanSfAR 
Monirored Data, Center for Energy Studies, The University of 
Texas at Austin, report to the State of Texas, Governor's Energy 
Office, February, 1992. 

4. Governor's Energy Office, Texas Energy Conservation 
Design Standard for New State Buildings, State of Texas, 
Governor's Energy Office, Austin, Texas, May, 1990. 

5. Lawrence Berkeley Laboratory, DOE-2 Reference Manual, 
Lawrence Berkeley Laboratory Repon LBL-8706, Rev. 3, (plus 
DOE-2 Supplement Version 2.10, 1989), Berkeley, California, 
1981. . 

6. Norford, L.K .. Rabl, A .• Harris, J., and Roturier, J., ''The 
Sum of Megabytes Equals Gigawatts: Energy Consumption and 
Efficiency of Office PCs and Related Equipment," Proceedings 
of the 1988 ACEEE Summer Study, Vol. 3, American Council 
for an Energy Efficient Economy, Washington, DC, August, 
1988. 

7. Pletzer, R.K., Jones, J.W., and Hunn, B.D., Effect of 
Shading Devices on Residenn'al Energy Use in Austin, Texas, 
Conservation and Solar Research Repon No. 5, Center for 
Energy Studies, The University of Texas at Austin, July, 1988. 

8. Turner, W.D., .. Overview of the Texas LoanST AR 
Monitoring Program," Proceedings of the Sevemh Symposium 
on Improving Building Systems in Hot and Humid Climates, 
Texas A&M University, College Station, Texas, October, 1990. 

9. Wilkins, C. K., Kosonen, R., and Laine, T., "An Analysis 
of Office Equipment Load Factors," ASH RAE Journal, 
September, 1991. 

<l<J<J<j<J<J<l<l<l<l<l<J<l<l<l<l 

••••• DISCLAIMER***** 
This document was prepared as an account of work 
sponsored by the US Government. Neither the US 
Government nor any agency thereof, nor the Reg­
ents of the University of California, nor their 
employees, makes any express/implied warranty 
or assumes legal liability or responsibility for 
the completeness, accuracy, or usefulness of infor­
mation, apparatus, product, or process disclosed, 
or represents that use thereof would not infringe 
privately owned rights. References herein to spec­
ific commercial products, process, or services by 
tradenames, trademarks, manufacturers, etc., 
not necessarily constitute or imply its endorse­
ment, recommendation, or favoring by the US 
ernment or any agency thereof, or the Regents of 
the University of California. Views and opinions 
of the authors expressed herein don't necessarily 
state or reflect those of the US Government or 
agencies thereof, or the Regents of the University 
of California, and shall not be used for 
advertising or product endorsement. So there!! 
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I ~ A PC ~0~ ~ Version of DOE-2.1D for ,, 
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~ ~ 
~ DOE-2 is a building energy simulation program that has become a standard tool i 
~ for DSM and code compliance analysis. The DOE-2 program is flexible enough to ~ 
~ model a simple house or a million square foot airport, detailed enough to allow ~ 
~ the specification of up to 64 zones and 40 systems, and sophisticated enough to ~· 
~ ~ 
~ include daylighting, sunspaces, cogeneration, load control and even user-defined ~ 
~ ~ 
~ functions. ~ 
~ ~ 
~ 0 
~ ~ 
~ The Partnership for Resource Conservation (PRC) is offering the latest microcom- ~ 
~ puter version of DOE-2, including two weather files and weather conversion utm- I 
~ ties, for $295. PRC also offers custom utility programs for creating multiple ~ ~ ~ 
~ DOE-2 input flies, anaiyzing DOE-2 output and creating monthiy :average and ~ 
~ peak load shape curves. On-site training and program support are also available. ~ 

~ ~ 
~ Oost of PRC-DOE2 and PRC-TOOLS, January 1993 § 
§ ~ 
§ ~ 

--~ ~ :::::: 

:::_2_::: 

== ~ ~ 

~ ~ 
§ ~ 
~ ~ 

§ ~ 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ § 
~ ~ 
~ ~ 
~ ~ 
~ ~ 
~ The DOE-2 program is compiled to run on an ffiM compatible 386 or 486 com- ~ 
~ ~ 
~ puter with a math co-processor installed and at least 4 Megabytes of RAM. Pur- ~ 
~ chase of PRC-DOE2 includes two weather data files of your choice {317 North ~ 
~ ) $ ~ ~ American locations ; additional weather files can be purchased for 25 each. Lim- ~ 
~ ~ 
~ ited support is available for other versions of the DOE-2 program. We also pm- ~ 
~ vide support for specific DOE-2 projects and give t1·aining sessions in the use of ~ 
~ PRC-DOE2 and custom utilities. ~ 
~ ~ 
~ ~ ~ ~ 
~ To order your DOE-2 package or for more information, contact: ~ 
~ ~ ~ Paul Reeves ~ 

' The Partnership for Resource Conservation ., I 
' 140 South 34th Street ,. % ~ I ~.~, ... ...,.//"' ~ Boulder, CO 80303 ~ 

~ ~ ~ Phone/Fax: (303) 499-8611 ~ 
~ ~ -~------

~~-- % ~~~~~~~ 
:.::::;::::::==,;_::== ~ •••••••••••••••••••••• •= 

PRC-DOE2 program only $295 

Custom DOE-2 tools for $195- $695 
creating multiple runs, analyzing {training or phone 
end-use demand and costs, and support recomuiended) 
creating load shapes. 

DOE-2 training and support call for information 
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Index to the DOE-2 User News 

Volume 1, No.1 (August 1980) through Volume 13, No.4 (Winter 1992) 

I<EY: The Index lists User News volumes, issues, and page numbers as follows: Name of Article, pro­
gram version that was current \Vhen article appeared, then Volume, Number (No. 1=Spring, 
No. 2=Sumrner, No. 3=Fall, No. 4=Winter), and page number. 

For example, the entry "Advanced Simulation (2.10) ... 7:4,4-8" tells the reader that the article titled 
"Advanced Simulation", which appeared when DOE-2.10 was the current version of the program, will 
be found in User News Volume 7:Number 4, on pages 4 through 8. 

ADVANCED SIMULATION 
Advanced Simulation (2.10) ... 7:4,4-8 
DOE-2 and the Next Generation (2.1C) ... 6:4, 1-2 
IBPSA (2.1C) ... 8:2,4-7 

BUGS 
in DOE-2.1 

About bugs ... l:l,3 
BDL ... 1:1,4-6; 1:2,6 
LOADS ... 1:1,6 
SYSTEMS ... l:l,7; 1:2,7-8 
PLANT ... 1:1,9-10; 1:2,8 
Weather ... 1:2,6 

in DOE-2.1A 
All bugs ... 3:4,3-6 
BDL ... 2:1,3-6; 2:2,9-10; 2:3,5; 

3:1,9-10; 3:1,13; 3:3,3 
LOADS ... 2:1,7; 2:3,5; 3:1,10 
SYSTEMS ... 2:1,8-12; 2:2,10-11; 2:3,5; 

3:1,10-12; 3:2,5; 3:3,3 
PLANT ... 2:1,12-14; 2:3,5; 3:1,12 
ECON ... 2:2,11 
Weather ... 2:1,6 

in DOE-2.1B 
All bugs ... 5:4,3-6 
BDL .. .4:4,5; 5:1,4 
LOADS ... 4:4,6; 5:1,5 
PLANT .. .4:4,6; 5:1,5 
SYSTEMS ... 4:4,6; 5:1,5 
Weather ... 4:4,6; 5:1,5 

in DOE-2.10 
All bugs ... 9:3,4-16 
BDL ... 7:1,9-33; 9:1,4; 9:2,2 
ECON ... 7:1,9-33 
LOADS ... 7:1,9-33; 7:3,13-14; 8:1,6; 8:4,5 
PLANT ... 7:1,9-33; 8:4,6 
Reports ... 7:1,9-33; 8:1,6 
SYSTEMS ... 7:1,9-33; 8:4,4-5; 9:1,3-5 
Weather ... 7:1,9-33; 8:2,3 · 

in DOE-2.1D. 
BDL ... 11:1,5;11:3, 17,20 
LOADS ... 11:3, 11,17,19 
PLANT ... ll:3,12 
Reports ... 11 :3,17,20 
SYSTEMS ... l1:3, 11-15,21-23 
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DAYLIGHTING 
Glazing Optimization Study (2.1A) ... 3:3,4-5 
Daylighting Design Tool Survey ... 11:2,12-17;12:3,19-24 
Daylighting Network (2.1C) ... 6:1,1-2 
Daylighting with Multiple Skylights (2.1D) ... 13:2,2-5 
Modeling Complex Daylighting (2.1C) ... ll:l,6-15 
SUPERLITE (2.1C) ... 8:2,1 
Seeing Daylight in So. Calif. (2.1C) ... 6:3,1 
Sunspacef Atrium Model in 2.1C ... 5:4, 1-2 

DOCUMENTATION 
Basics Manual...12:3, 1,28-29 
Plant ... 12:4, 10 
System type: HP ... ll:1,21-22 
System type: PIU ... ll:1,16-20 
System type: PMZS ... l1:2,5-7 
System type: PSZ ... ll:2,2-4 
System type: PTAC ... ll:3,2-4 
System type: PVAVS ... 11:2,8-10 
System type: RESYS ... ll:2,8-10 
System type: SZRH ... 10:4,2-5 
System type: TPFC ... ll:3,5-7 
System type: VAVS ... ll:1,23-25 

BDL Summary ... 1:1,11-14; 1:2,9-12; 2:1,15; 4:4,3; 
6:4,4; 9:4,2-3; 11:3,1,27; 12:1,21-24; 12:2,51 

Engineers Manual...7:1,7-8; 13:2,6-14 
Reference Manual...1:1,11-14; 2:1,16-20 

4:1,4; 4:4,3; 5:1,3; 5:4,7 
Sample Run Book ... 1:1,11-14; 8:3,5; 9:4,2-3 
Supplement .. .4:4,3; 5:1,3; 6:4,4; 11:4,2-3; 12:3,1,31; 

13:3,16 
Users Guide ... 1:1,11-14; 2:1,16 

DOE-2 (program-general topics) 
Analyze DOE-2 Outputs Quickly (2.1C) ... 10:2,7-12 
ASHR.AE/IES Standard 90 (2.1C) ... 6:1,3 
CECDOEDC California Compliance Tool...12:4,1,12-14 
CO:MPLY24 (California Compliance Tool) ... 12:2,2-6 
Cooling Towers, Hot Tips for ... 13:3,2-3 
Discovering the Unexpected w /DOE-2 (2.1C) ... 7:1,3-6 
DOE-2 and CCIP (2.1E) ... 12:3,16-18 
DOE-2 and Research at LBL (2.1A) ... 3:2,1-8 
DOE-Plus Pre- and Post-Processor (2.1D) ... ll:4,4-13 
DOE-SCAN Output Interpreter (2.10) ... 12:4,2-3 
Electric Ideas Clearinghouse ... ll:3,1 
Energy Analysis of the Texas State 

Capitol Restoration ... 13:4,2-10 
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Energy Efficiency in Singapore (2.18) ... 5:1, 1-2 
Energy Science & Technology Center ... l2:4, 1 
EPRI/DOE Collaboration ... 12:4,4-5 
Graphical Tools Calibrate DOE-2 ... 13:1,5-14 
Guidelines for Simulation of Bldgs ... 13:3,4-8 
National Energy Software Center ... ll:2,11 
New Features in 2.1A ... 2:1,1; 2:2,1 
New Features in 2.1D ... 9:2,3-6 
Plant Operating Strategies (2.1D) ... 12:3,2-15 
PG&E's Pacific Energy Center ... 13:1,1.S 
Sky Simulator at LBL (2.18) .. .4:2,3 
Southern California Edison's "Design 

Assistance Program" (2.ID) ... 12:2,48 
Using DOE-2 in the Design Process (2.1A) ... 3:2,4 
Utah's Building Design Center ... 13:2,53 

DOE-2 (program-specific topics) 
Alphabetical cross index of commands and 

keywords (2.1D) ... 12:2,7-46 
Atrium Buildings, How to Model (2.1C) ... 7:3,2-7 
BDL fix: "symbol table full" (all) ... 9:2,2; 11:1,5 
COMBINE (2.1D) ... 11:2,1 
Cooling Systems, How to Size (2.1C) ... IO: 1,2-8 
Custom Weighting Factors (CWF) 

Automatic CWF (2.1A) ... 2:2,2-3 
Input Guidelines (2.1) ... 1:1,15-16 
Caution and Error Messages (2.1) ... 1:2,2-3 

DSNFlL, File structure for (2.1A) ... 3:1,6-8 
Economic Evaluation Methods (2.1A) ... 3:1,3-5 
ECONOMICS, Electric Rate Structure (2.1C) ... 5:3,1-3 
Electrical Generation Strategies (2.1B) .. .4:2,1-2 
Functional Values, Development of (2.1B) ... 3:4,1-2 
Functional Values, Example Inputs (2.1D) ... 12:1,2-4 
Glazing Optimization Study (2.1A) ... 3:3,4-5 
Graphs from DOE123 (2.1C,D) ... l0:3,5-7 
Hourly reports ... 13: 1,4 
LOADS: High heating loads with low cooling 

loads (2.1C vs D) ... 12:2,47 
Ice Storage Systems, How to Model (2.1C) ... 8:1,2-5 
Input Macros for Residential Windows (2.1D) .. .12:1,5-17 
LDSOUT, File structure for (2.1A) ... 3:1,6-8 
Metric Option in 2.1C . ..4:3,1 
Output Reports (2.1A) ... 2:2,4-6 
PLANT, Direct Cooling in (2.1A) ... 3:1,2 
Powered Induction Units (2.18) .. .4:1,2 
Reports (Upgraded) in 2.1B .. .4:4,1-2 
Schedules, Preparation of (2.1B) .. .4:1,3; 4:2,4; 9:3,2-3 
Systems, Developments in (2.1C) ... 5:3,3-4 
SYSTEMS, Sizing Option in (2.1A) ... 2:3,3 
Stud Wall Construction (2.1A) ... 2:3,4 
Sample Run Book Overview (2.1C) ... 6:2,1 
Sunspace/Atrium Model in 2.1C ... 5:4,1-2 
VAV: Elevated Supply Air Temps (2.1B) ... 4:3,2-3 
VAV: Fan Sizing (2.1A) ... 2:2,7-8 
Weather, Processing Nonstandard (2.1C,D) ... l0:3,2-6 

DOE-2.1 
Articles related to Version 2.1 

Custom Weighting Factors 
Input Guidelines ... 1:1,15-16 
Caution and Error Messages ... l:2,2-3 

WRISC ... 1:2,4 
Bugs 

About bugs ... 1:1,3 
BDL ... 1:1,4-6; 1:2,6 
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LOADS ... l:l,6 
SYSTEMS ... 1:1,7; 1:2,7-8 
PLANT ... l:l,9-10; 1:2,8 
Weather ... 1:2,6 

Documentation Updates 
BDL Summary ... 1:1,11-14; 1:2,9-12 
Reference Manual. .. 1:1,11-14 
Sample Run Book .. 1:1,11-14 
Users Guide ... 1:1,11-14 

LOADS 
EQUIPMENT-KW ... 1:1,19 
verification reports ... 1:1,17-18 
passed from SYS to PLT ... 1:1,17 
SHADING COEF ... 1:1,17 
schedules ... 1 :2,14 

PLANT 
BEPS (report) ... 1:1,20 
minimum input ... 1:1,20 
HOT-WATER. .. 1:2,13 

SYSTEMS 
COOL-CONTROL ... 1 :2,13 
EQUIPMENT KW ... l:l,l9 
MIN CFM RATI0 ... 1:1,19 
RETURN CFM ... l:2,13 
PTAC ... 1:2,13 
SYSTEM-FANS ... 1:2,13 
thermostat ... 1:2,14 

WEATHER 
Tapes ... 1: 1,17 

DOE-2.1A 
Articles related to Version 2.1A 

Automatic Custom Weighting Factors ... 2:2,2-3 
CIRA ... 3:2,2 
Direct Cooling in PLANT ... 3:1,2 
DOE-2 vs BLAST Coinparison ... 3:3,1-3 
DOE-2 vs CERL Data for VAV and Reh£at ... 3:2,3 
DOE-2 on a Microcomputer ... 2:3,1-2 
DOE-2 and Research at LBL ... 3:2,1-8 
Economic Evaluation Methods ... 3:1,3-5 
Fan Sizing for VAV Systems ... 2:2,7-8 
File Structure for LDSOUT and DSNFIL .. 3:1,6-8 
Glazing Optimizat.ion Study ... 3:3,4-5 
Output Reports ... 2:2,4-6 
New Features in 2.1A ... 2:1,1; 2:2,1 
Sizing Option in SYSTEMS ... 2:3,.3 
Stud Wall Construction ... 2:3,4 
Using DOE-2 in the Design Process ... 3::2,4 

Bugs 
All bugs ... 3:4,3-6 
BDL ... 2:1,3-6; 2:2,9-10; 2:3,5; 3:1,9-10; 

3:1,13; 3:3,3 
LOADS ... 2:1,7; 2:3,5; 3:1,10 
SYSTEMS ... 2:1,8-12; 2:2,10-11; 2:3,5; 

3:1, 10-12; 3:2,5; 3:3,3 
PLANT ... 2:1,12-14; 2:3,5; 3:1,12 
ECON ... 2:2,11 
Weather ... 2:1,6 

Documentation Updates 
BDL Summary ... 2:1,15 
Reference Manual. .. 2: 1,16-20 
Users Guide ... 2:1,16 

ECONOMICS 
symbol table ... 2:1,21 
INCREMENTAL-INVESTMENTS ... 2:2, 13 
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LOADS 
building shades ... 2:3,6 
DHW heater ... 2:1,22 
DHW temp ... 2:1,12 
heat recovery ... 2:2,12 
MULTIPLIER ... 2:3,6 
symbol table ... 2:1,21 

PLANT 
BEPS (report) ... 2:3,6 
cooling towers ... 2:2,12 
equipment combinations ... 3:2,6 
symbol table ... 2:1,21 

SYSTEMS 
ABORT command ... 2:1,22 
DDS system ... 3:1,13 
residential ground water heatpump ... 3:2,6 
sizing/behavior of systems ... 2:1,22-23 
symbol table ... 2:1,21 

DOE-2.1B 
Articles related to Version 2.1B 

Electrical Generation Strategies .. .4:2,1-2 
Elevated Supply Air Temps: VAV ... 4:3,2-3 
Energy Efficiency in Singapore ... 5:1,1-2 
Functional Values, Development of...3:4, 1-2 
New Features in 2.1B ... 2:1,1; 2:2,1 
Powered Induction Units .. .4:1,2 
Preparing Schedules ... 4:1,3; 4:2,4 
Sky Simulator at LBL ... 4:2,3 
Upgraded Reports in 2.1B .. .4:4,1-2 

Bugs 
All bugs ... 5:4,3-6 
BDL ... 4:4,5; 5:1,4 
LOADS .. .4:4,6; 5:1,5 
SYSTEMS .. .4:4,6; 5:1,5 
PLANT .. .4:4,6; 5:1,5 
Weather .. .4:4,6; 5:1,5 

Documentation Updates 
BDL Summary .. .4:4,3 
Reference Manual...4:1,4; 4:4,3; 5:1,3; 5:4,7 
Sample Run Book ... 8:3,5 
Supplement .. .4:4,3; 5:1,3 

LOADS 
daylighting ... 5:4,7 
hourly report variables .. .4: 1,5 

PLANT 
BEPS (lighting) ... 5:4,6 
ice storage ... 5:4,7 

SYSTEMS 
cooling/heating, LOADS to PLANT .. .4:1,5 
dual systems ... 3:4,7 
fan coil units ... 5:4,6 
heating/cooling unit ventilation ... 4:2,6 
kitchen exhaust .. .4:2,5 
radiant panel heating/ cooling .. .4:2,5 
startup controls ... 3:4,7 
steam radiation, with vent .. .4:2,5 
steam radiation, without vent .. .4:2,5 

DOE-2.10 
Articles related to Version 2.10 

A Minute Per Zone on PO's ... 11:1,2-4 
ADM-2 ... 7:2,6-9 
Advanced Simulation ... 7:4,4-8 
ASHRAE/IES Standard 90 ... 6:1,3 
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Discovering the Unexpected w jDOE-2 ... 7:1,3-6 
Cooling Systems, How to Size ... l0:1,2-8 
DOE-2 and the Next Generation ... 6:4,1-2 
Functional Values, Development of...3:4,1-2 
Metric Option in 2.1C .. .4:3,1 
MICRO-DOE2 ... 7:4,2-3 
Microcomputer Update ... 6:1,2 
Modeling Atrium Buildings ... 7:3,2-7 
Modeling Complex Daylighting ... ll:l,6-1.5 
Modeling Ice Storage Systems ... 8:1,2-5 
PC-DOE Overview ... 7:2,2-3 
New Elec. Rate Structure, ECONOMICS ... 5:3,1-3 
Sample Run Book Overview ... 6:2,1 
Seeing Daylight in Southern California ... 6:3,1 
Sunspace/Atrium Model in 2.1C ... 5:4,1-2 
Systems, Developments in 2.1C ... 5:3,3-4 
Using PC-DOE. .. 7:2,4-5 
Validation of DOE-2: the Collins Building ... 8:3,2-4 
Weather Data for DOE-2 ... 7:4,9-14 
Weather Processor Update ... 7:3,8-10 
Weather Utility Program ... 7:3,10-12 

BDL 
schedules ... 9:3,2-3 
symbol table full...9:2,2 

BUGS 
All bugs ... 9:3,4-16 
BDL ... 7:1,9-33; 9:1,4 
ECON ... 7:1,9-33 
LOADS ... 7:1,9-33; 7:3,13-14; 8:1,6; 8:4,5 
SYSTEMS ... 7:1,9-33; 8:4,4-5; 9:1,3-5 
PLANT ... 7:1,9-33; 8:4,6 
Reports ... 7:1,9-33; 8:1,6 
Weather ... 7:1,9-33; 8:2,3 

Documentation Updates 
BDL Summary ... 6:4,4 
Engineers Manual...7:1,7-8 
Supplement ... 6:4,4 

LOADS 
run times 2.1B vs 2.1C ... 7:1,2 
SET-DEFAULT, ROOF+ E.XT-WALL ... 8:3,5 

SYSTEMS -
bypass system ... 6:1,3 
specifying occupancy ... 6:4, 2 
BEPS (hourly report variable) ... 6:4,2 
warmup cycle ... 8:3,5 
VVT systems ... 9:1,2 

DOE-2.10 
Articles related to Version 2.1D 

Alphabetical cross index of commands and 
keywords ... 12:2,7-46 

BDL Summary ... 9:4,2-3 
CECDOEDC California Compliance Tool...12:4,1,12-14 
Cooling Towers, Hot Tips for ... 13:3,2-3 
DOE-Plus Pre- and Post-Processor ... l1:4,4-13 
Energy Analysis of the Texas State 

Capitol Restoration ... 13:4,2-10 
Functional Values, Example lnputs ... 12:1,2-4 
Evaporative Cooling ... 12:4,1 
Graphical Tools Calibrate DOE-2 ... 13:1,5-14 
Hourly reports ... 13:1,4 
Input Macros for Residential Windows ... 12:1,5-17 
LOADS: High heating loads with low cooling ~ 

loads (2.10 vs D) ... 12:2,47 ~ 
New Features in 2.1D ... 9:2,3-6 
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Plant Operating Strategies (2.1D) ... 12:3,2-15 
Sample Run Book ... 9:4,2-3 
Southern California Edison's "Design 

Assistance Program" ... 12:2,48 
BDL 
symbol table full (2.1D) ... ll:1,S 
Documentation Updates 
Basic Manual 
System type: HP ... ll:1,21-22 
System type: PIU ... ll:1,16-20 
System type: PMZS ... ll:2,5-7 
System type: PSZ ... l1:2,2-4 
System type: PVAVS ... l1:2,8-10 
System type: SZRH ... 10:4,2-5 
System type: VAVS ... 11:1,23-25 

BDL Summary ... l1:3,27; 12:1,21-24 
Supplement ... 11 :4,2-3; 12:3,31 

ECONOMICS Subprogram 
INCRE!viENTAL-INVEST:MENTS (2.1A) ... 2:2,13 
New Electrical Rate Structure (2.1C) ... 5:3,1-3 
symbol table (2.1A) ... 2:1,21 

LOADS Subprogram 
building shades (2.1A) ... 2:3,6 
EQUIPMENT-I(\;\/ (2.1) ... 1:1, 19 
Daylighting (2.1B) ... S:4,7 
Daylighting with Multiple Skylights (2.1D) ... 13:2,2-5 
DHW heater (2.1A) ... 2:1,22 
DHW temp (2.1A) ... 2:1,12 
heat recovery (2.1A) ... 2:2,12 
high beating loads with low cooling 

loads (2.1C vs D) ... 12:2,47 
hourly report variables (2.1B) .. .4:1,5 
MULTIPLIER (2.1A) ... 2:3,6 
run times 2.1B vs 2.1C ... 7:1,2 
schedules (2.1) ... 1:2,14 
SET-DEFAULT, ROOF+ EXT-WALL (2.1C) ... 8:3,5 
SHADING COEF (2.1) ... 1:1,17 
symbol table (2.1A) ... 2:l,21 
SYSTEMS to PLANT (2.1) ... 1:1,17 
verification reports (2.1) ... 1:1,17-18 

DOE-2.1E 
Articles related to Version 2.1E 

New Features in 2.1E. .. 13:1,2-3 

MICROCOMPUTER PROGRAMS 
DOE-2 Related 

A Minute Per Zone on PC's ... l1:1,2-4 
CECDOEDC California Compliance Tool. .. 12:4,1,12-14 
COMPLY24 (Calif Compliance Too1) ... 12:2,2-6 
DOE-2 on a Microcomputer (2.1A) ... 2:3,1-2 
DOE-Plus Pre/Post-Processor (2.1D) ... l1:4,4-13;13:2,54-56 
EPRI/DOE Collaboration ... 12:4,4-5 
Evaporative Cooling ... 12:4, 1 
Graphs from DOE123 (2.1C,D) ... l0:3,5-7 
MICRO-DOE2 (2.1C) ... 7:4,2-3 
PC-DOE Overview (2.1C) ... 7:2,2-3 
PRC-DOE2 Description (2.1D) ... 13:4,11 
Quick Analysis of Outputs (2.1C,D) ... 10:2,7-12 
Using PC-DOE (2.1C) ... 7:2,4-5 

Other 
ADM-2 (2.1C) ... 7:2,6-9 
CIRA (2.1A) ... 3:2,2 

DOE-2 User News, Vo1.13, No.4 -15-

Daylighting Design Tool Survey ... 11:2,12-17 
Microcomputer Update (2.1C) ... 6:1,2 
SuPERLITE (2.IC) ... 8:2,1 
WINDOW-2.0 (2.1C) ... 8:4,2-3 
WINDOW-3.1 (2.1C,D) ... l0:2,5-6 
PEAR (2.1C) ... 8:2,2 
WRISC (2.1) ... 1:2,4 

PLANT Subprogram 
BEPS (report) (2.1) ... 1:1,20 
BEPS (report) (2.1A) ... 2:3,6 
BEPS (lighting) (2.1B) ... 5:4,6 
cooling towers (2.1A) ... 2:2,12 
Direct Cooling in PLANT (2.1A) ... 3:1,2 
equipment combinations (2.1A) ... 3:2,6 
HOT-WATER (2.1) ... 1:2,13 
ice storage (2.IB) ... 5:4,7 
minimum input (2.1) ... 1:1,20 
Plant Operating Strategies (2.1D) ... 12:3,2-15 
symbol table (2.1A) ... 2:1,21 

SYSTEMS Subprogram 
ABORT command (2.1A) ... 2:1,22 
BEPS (houriy report variable) (2.iC) ... 6:4,2 
bypass system (2.1C) ... 6:1,3 
COOL-CONTROL (2.1) ... 1:2,13 
cooling/heating, LOADS to PLANT (2.1B) . .4:1,5 
DDS system (2.1A) ... 3:1,13 
dual systems (2.1B) ... 3:4,7 
EQUIPMENT 1(\;\/ (2.1) ... 1:1,19 
fan coil units (2.1B) ... 5:4,6 
heating/cooling unit ventilation (2.lB} ... 4:2,6 
kitchen exhaust (2.1B) ... 4:2,5 
MIN CFM RATIO (2.1) ... 1:1,19 
PIU (2.1D) ... 11:1,16-20 
PMZS (2.1D) ... 11:2,5-7 
PSZ (2.1D) ... ll:2,2-4 
PTAC (2.ID) ... 1:2,13 
PVAVS (2.1D) ... ll:2,8-10 
radiant panel heating/cooling {2.1B) .... 4:2.,5 
residential ground water heatpump (2.1A) ... 3:2,6 
RETURN CFM (2.1) ... 1:2,13 
sizing/behavior of systems (2.IA) .. :2:1,22-23 
specifying occupancy (2.1C) ... 6:4,2 
startup controls (2.1B). .. 3:4,7 
steam radiation, with vent (2.1B) ... 4:2,:S 
steam radiation, without vent (2.1B) .. .4:.2,5 
symbol tab.le (2.1A) ... 2:1,21 
SYSTEM-FANS (2.1) ... 1:2,13 
SYSTEMS, Sizing Option in (2.1A) ... 2:3,3 
SZRH. .. 10:4,2-5 
thermostat (2.1) ... 1:2,14 
VVT systems (2.1C) ... 9:1,2 
Warmup cycle (2.IC) ... 8:3,5 

VALIDATION 
Validating DOE-2: Collins Bldg (2.1C) ... 8:3,2-4 
DOE-2 vs BLAST Comparison (2.IA) ... 3:3,1-3 
DOE-2 vs CERL Data: VAV and Reheat (2.IA) ... 3:2,3 

WEATHER 
Data for DOE-2 (2.1C) ... 7:4,9-14 
Nonstandard Weather Data (2.1C,D) ... I0:2,2-6 
Processor Update ( 2.1 C) ... 7:3,8-10 
Tapes (2.1) ... 1:1,17 
Weather Utility Program (2.1C) ... 7:3,10-12 
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DOE-2 DIRECTORY 
Program Related Software and Services 

Mainframe Versions of DOE-2 

DOE-2.1D (Source Code) 
For DEC-VAX mainframe or SUN-4 mini-computer; con tact the 
Simulation Research Group for directions on obtaining the program. 

DOE-2.1D (Source Code) 
For DECV AX, Order #159-06220-00 
DOE-2.10 (Source Code) 
For IBM3083, Order #158-13083-00 
For DECVAXU, Order #158-DVXll-00 
For a complete listing of the software available· from ESTSC order 
their "Software Listing" catalog ESTSC-2. 

FTI-DOEv2.1D (Source Code) 
This is a highly optimized and basically platform independent version 
of the DOE-2.1D source code. Will compile for most computing sys­
tems. The original LBL 2.1D source code is also available in a variety 
of distribution formats. Site licenses and educational discounts are 
available. Also available is the full set of program documentation as 
distributed by NTIS and weather files (TMY and TRY) in a variety 
of distribution formats. 
[See User News Vo\.12, No.4, p.16 for more information! 

Simulation Research Group 
Bldg. 90, Room 3147 
Lawrence Berkeley Laboratory 
Berkeley, CA 94720 
Contact: Kathy Ellington 
Phone: (510) 486-5711 
FAJC: 486-4089/5172 

Energy Science and Technology 
Software Center 

P.O. Box 1020 
Oak Ridge, TN 37831-1020 

Contact: 
Phone: (615) 576-2606 
FAJC: (615) 576-2865 

Finite Technologies, Inc 
821 N Street, #102 
Anchorage, AK 99501 
Contact: Scott Henderson 
Phone: (907) 272-2714 
FAJC: (907) 274-5379 

Microcomputer and Pre- and Post-Processor Versions of DOE-2 

PRC-DOE2 (For Microcomputers) 
A fast, robust and up-to-date PC version of DOE-2.1D. Runs in 
extended memory, is compatible with any VCPI compliant memory 
manager and includes its own disk caching. 377 weather data files 
available (T:MY, TRY, WYEC, CTZ) for the U.S. and Canada 
[See User News Vol.13, No.4, p.ll for information! 

PRO-TOOLS 
A set of programs that aids in extracting, analyzing and formatting 
hourly DOE-2 output. Determines energy use, demand, and cost for 
any number of end-uses and periods. Automatically creates 36-day 
load shapes. Custom programs also available. 

Pre-DOE (A BDL math pre-processor) 
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Partnership for Resource 
Conservation 

140 South 34th Street 
Boulder, CO 80303 
Contact: Paul Reeves 
Phone or FAX: (303) 499-8611 

Nick Luick 
19030 State Street 
Corona, CA 91719 
Phone: (714) 278-3131 
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Microcomputer and Pre- and Post-Processor Versions of DOE-2 
( continued ) 

MICRO-DOE2 (For Microcomputers) 
MICRO-DOE2 (DOE-:2.1D) has been in use since 1987; it is an 
enhanced PC version of the DOE-2 program (over 500 users world­
wide). Two versions of MICRO-DOE2 are available: a regular DOS 
version for all IBM-PC compatibles and an extended DOS version for 
386 or 486 computers only. 
[See User News Vol.7, No.4, p.2 and Vol.ll, No.1, p.2 for more information] 

ADM-DOE2 (For Microcomputers) 
ADM-DOE2 (DOE-2.1D) is for professional energy analysts who 
require a state-of-the-art simulation tool for building energy use. It 
performs a detailed, zone-by-zone hourly simulation and includes a 
wide array of modeling features that make it possible to simulate 
"real buildings". These capabilities offer much grater accuracy and 
detail than is possible with handbook methods or simplified analysis. 
[See User News Vol.7, No.2, p.6 for more information] 

mM 
DOE-Plus1 (For Microcomputers) 
DOE-Plus is used to interactively input a building description, 
run DOE-2, and plot graphs of simulation results. Features 
include interactive error checking, context-sensitive help for all 
DOE-2 keywords, a 3-D view of the building that can be 
rotated, and several useful utilities. DOE-Plus is a complete 
implementation of DOE-2. 
[See User News Vol.ll, No.4, p.4 and Vol.13, No.2, p.54 for more 
information] 

PrepTM 
Prep is a batch preprocessor that enables conditional text sub­
stitution, expression evaluation, and spawning of other pro­
grams. Prep is ideal for large parametric studies that require 
dozens or even thousands of DOE-2 runs. 

"DOE-24/Comply-24" (For Microcomputers) 
DOE-24 is a special DOE-2 release which is both a California­
approved compliance program for the state's 1992 non-residential 
energy standards, and a stand-alone version of DOE-:2.1D which 
includes a powerful yet easy-to-use input preprocessor. A free 
demonstration program is available upon request. 
[See User News Vol.l2, No.2, p.2 for more information] 

FTI-DOEv2.1D (For Microcomputers) 
Highly optimized version of D0&2.1D available for the following 
operating systems: DOS, VMS, ULTRIX, SCO UNIX, RS/6000 (AIX), 
NeXT and SUN Spare. Call for more information. 
[See UserNewsVol.l2, No.4, p.l6 for more information] 

Graphs from DOE-2 (For Microcomputers) 
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Acrosoft International, Inc. 
Suite 230 
9745 East Hampden Avenue 
Denver, CO 80231 
Contact: Gene Tsai, P .E. 
Phone: {303) 368-9225 
FAX: (303) 368-5929 

ADM Associates, Inc. 
3239 Ramos Circle · 
Sacramento, CA 95827 
Contact: Marla Sullivan, Sales 
Kris Krishnamurti, Support 
Phone: {916) 363-8383 
FAX: (916) 363-1788 

ITEM Systems 
P.O. Box 5218 
Berkeley, CA 94705-0218 
Contact: Steve Byrne 
Phone: (510) 549-1444 
FAX: {510) 549-1778 

Gabel Dodd Associatles 
1818 Harmon Street 
Berkeley, CA 94703 
Contact: Rosemary Howley 
Phone: (510) 428-080'3 
FAX: (510) 428-0324 

Finite Technologies, Inc 
821 N Street, #102 
Anchorage, AK 99501 
Contact: Scott Henderson 
Phone: {907) 272-2714 
FAX: {907) 274-5379 

Ernie Jessup 
4977 Canoga Avenue 
Woodland Hills, CA 91364 
Phone: (818) 884-3997 
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Microcomputer and Pre- and Post-Processor Versions of DOE-2 
( continued ) 

CEDDOEDC (For :~v1icrocomputers) 
CEDDOEDC (Version LOA) is a microcomputer version of DOE-2.1D, 
integrated with a pre- and post-processing system that was designed 
strictly for compliance use within the State of California. It generates 
some of the standard compliance forms as output. 
Refer to Pub. No. P40091009 for the CECDOEDC Program with 
Manuals. Refer to Pub. No. P40091010 for the DOE-2.1 California 
Compliance Manual. 
[See User News Vol.l2, No.4, p.13 for more information] 

RESOURCES 

DOE-2 User News 
Sent without charge to DOE-2 users, the newsletter prints documenta­
tion updates and changes, hug fixes, inside tips on using the program 
more effectively, and articles of special interest to program users. 

Regular features include a directory of program-related software and 
services and an order form for documentation. In the summer issue 
an alphabetical listing is printed of all commands and keywords in 
DOE-2, and where they are found in the documentation. The winter 
issue features an index of articles printed in all the back issues. 

DOE-2 Training 
DOE-2 courses for beginning and advanced users. 

Instructional DOE-2 Video and Manual 

Weather Tapes 
TMY (Typical Meteorological Year) 
TRY (Test Reference Year) 

CTZ {California Thermal Climate Zones) 

WYEC (Weather Year for Energy Calculation) 
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Publication Office 
California Energy Commission 
P .0. Box 944295 
Sacramento, CA 94244-2950 

Simulation Research Group 
Bldg. 90, Room 3147 
Lawrence Berkeley Laboratory 
Berkeley, CA 94720 

Contact: Kathy Ellington 
Phone: (510) 486-5711 
FAX: {510) 486-4089 or -5172 
e-mail: kathy%gundog@lbl.gov 

Energy Simulation Specialists 
64 East Broadway, Suite 230 
Tempe, AZ 85282 
Contact: Marlin Addison 
Phone: (602) 967-5278 

JCEM/U. Colorado 
Campus Box 428 
Boulder, CO 80309-0428 
Contact: Prof. Jan Kreider 
Phone: (303) 492-3915 

National Climatic Data Center 
Federal Building 
Asheville, North Carolina 28801 
(704) 259-0871 climate data 
(704) 259-0682 main number 

California Energy Commission 
Bruce Maeda, MS-25 
1516-9th Street 
Sacramento, CA 95814-5512 
1-800-772-3300 Energy Hotline 

ASHRAE 
1791 Tullie Circle N.E. 
Atlanta, GA 30329 
( 404) 636-8400 
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• • DOE-2 ENERGY CONSULTANTS• • 
Consulting Engineers Consultant 
Craig Cattelino Greg Cunningham 
BuFns & McDonnell Engineers Cunningham + Associates 
80.55 E. Tufts A venue, Suite 330 .512 Second Street 
Denver, CO 80237 (303) 721-9292 San Francisco, CA (415) 49.5-2220 

Microcomputer DOE-2 for European Users Consultant 
Werner Gygli Jeff Hirsch 
lnformatik Energietechnik 2138 Morongo 
Weiherweg 19 Camarillo, CA 93010 (805) 482-.5.515 
CH-8604 Volketswil Switzerland 

Large Facility Modeling Computer-Aided Mechanical Engineering 
George F. Marton, P.E. Mike Roberts 
1129 Keith Avenue Roberts Engineering Co. 
Berkeley, CA 94708 (510) 841-8083 11946 Pennsylvania 

Kansas City, MO 6414.5 (816) 942-8121 

Mainframe DOE-2 for European Users Consultant 
Joerg Tscherry Philip Wemhoff 
EMPA, Section 175 1512 South McDuff Avenue 
8600 Dubendorf Switzerland Jacksonville, FL 32205 (904) 632-7393 

Consultant Consultant 
Steven D. Gates, P.E. Donald E. Croy 
Building lNAC Design/Performance Modeling CAER Engineers, .Inc. 
9718-A Fair Oaks Boulevard 814 Eleventh Street 
Fair Oaks, CA 95628 (916) 638-7540 Golden, CO 80401 (303) 27'9-81:36 

Mechanical Engineers DSM and Energy Engineering 
Chuck Sherman Michael W. Harrison, P.E. 
Energy Simulation Specialists Energy Resource Management, In·c. 
64 East Broadway, Suite 230 305 West Mercury 
Tempe, AZ 85282 (602) 967-5278 Butte, MT 59701 (406) 723-4061 

Consulting Engineers Consulting En:gineers 
Jeff Ponsness, P.E. Susan Reiny 
Criterion Engineers Enermodal Engineering 
5331 SW Macadam Ave., Suite 205 1554 Emerson Street 
Portland, OR 97201 (503) 224-8606 Denver, CO 80218 (303) 861-207!0 

Consultant 
Martyn C. Dodd This Space Available Gabel Dodd Associates 
761 Sir Francis Drake Blvd. 
San Anselmo, CA 94960 ( 415) 456-7588 
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DOE-2 Program Documentation 

Document Order Number Price 

DOE-2 Basics Manual (2.1D) DE-920-079-5.5 43.00* 

BDL Summary (2.1D) DE-890-17726 26.00* 

Sample Run Book (2.1D) DE-890-17727 66.00* 

Reference Manual (2.1A) LBlr8706, Rev .2 115.00* 

Supplement (2.1D) DE-890-17728 59.00* 

Engineers Manual (2.1A) DE-830-04575 50.00* 
[algorithm descriptions] 

* Prices shown are for shipment within the United States; for 
shipment to foreign countries, double the U.S. prices. 

Order from: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 

LAWRENCEBERKELEYLABORATORY 
SIMULATION RESEARCH GROUP 90-3147 
UNIVERSITY OF CALIFORNIA 
BERKELEY, CA 94720 
USA 

ADDRESS CORRECTION REQUESTED 

Phone (703) 487-4650 
FAX (703) 321-8547 
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