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I INTRODUCTION
| What'is the pulp‘and'paper:industry to do about the worsening
| _pfdb]em of'energy?' Demand for pufchaséd ehergy has shown only a slight .
decline in recen£ years. On the other hénd, the price of enérgy has
_Q'* : ‘ ﬂbeen_driven up steeply.  Can the industfy turn to new sources of energy
to he1p'a11eviate this problem? This_paper will discuss the prospects
for geothérmé1_resources as.é sourcelbf energy to the pulp and paper

industry.

“11. 'U.vS. PULP AND PAPER INDUSTRY ENERGY SUPPLY/DEMAND SITUATION.
The pulp and papér industry ranks fifth-—behihd the chemicals,
basic metals, pétfoleum,,and stone and clay produtts industries--as
an energy consumer in the United States.-:These top fjve-industfies
use 73 percent of all Burchaéed,energy in the nétion.'_The_bu1p and paper
'1ndu§fry tonsumes_lO’percentvof this amouth' Production by the‘industry
from 1976 to 1980 shows a génerallexpahsion.' The U{ S. pulp and paper
 industry energy éupply/demand-situation may be sUmmarized.by the following
- observations: " - | »
® Total energy demand has,dec]ined about 8% from 1971 to 1978.
5' ETéctricity purchased by the industry has declined dramatically.
v? The energy—tofprodUCt_ratio, and'substitution of waste sources
for‘oi] and,gas'has improVed..' |

o The amount of purchased fuel has declined slightly.

L e

R - ® The cost of fue]'has incfeased'dramatica]ly;,
Of these, the s1ight'decliné.in amount of fuel pUrchased and the dramatic
increase in the cost of that fuel are the two driving forces that emerge

in planning for the future.



III. ANALYSIS OF THE POSSIBLE UTILIZATION OF GEOTHERMAL
ENERGY IN PULP AND PAPER MILLS

Proeess Designs. The manufacturing process designs for a typical

nongeothermal mii], for a tybica] mill rethofjtted for geothermal use,
and for a new mill specifica]Ty designed to use Qeothermal neSdurces,
will be reviewed in this section. The economics of the latter two

~ operations, using geothermal resources, will also be described. An
actual p1ant'at Kawerau, New Zealand, will be briefly described.
Finai]y, the question'of}hatching the locations of geothermal resources
'to'p1ants'wi11 be addressed. |

The use of the'so?¢a11ed "geopressdre“*-geotherma] energy‘in

bthe pqu and paper making’business was inveétigatedlin detail by

DSS Engineers inc 1 DSS 1ntestigated a typical 1000-ton-per-day »
b]eached Kraft process paper plant. They explained, first of all,

- the process for a typ1ca1 mjll then mod1f1cat1ons to that m111 that
might make use of geopressure geothermal energy. Finally, they proposed
a plan for a new plant that would take full advantage of this resource.
Heat ba]ances were developed to- show energy savings; and process d1agrams
'were presented to exp1a1n the way in wh1ch energy would be used in
 these operations. |

The typ1ca1 plant studied requ1red a gross energy 1nput of

approx1mate1y 12 tr11110n BTUs per year This energy s normally supp11ed

"-from 600 000 barre]s of fue] oil, 220 000 tons of bark, and black 11quor ;

from the pu1p1ng operat1ons themse]ves As_w1th»other large heat-1ntens1ve

Geopressure geotherma] resources occur 1n the Gu]f Coast of the Un1ted
States, for example. . .They are relatively hot, methane-Taden, ard are
character1zed by f1u1d pressures substantja]Ty above hydrdstatic. _

e



7

~ processing plants, boi]er steam is produced by waste products wherever

possib1e ' Part of the pr1mary boiler steam passes through a steam :

: _turbo—generator to provide in- house e]ectr1c1ty Its discharge as

- well as supp]ementa] Tow-pressure steam from still other boilers is

used in the pu1p1ng and paper mak1ng processes

The retrof1t p]ant--1n particular one retrofitted for the use of

'thevgeopressure geotherma1 resource-—ca]]ed for the add1t1on'of a
flash vesse] the add1t1on of new wash water heaters, and certa1n Jet

_ compressorS'to br1ng steam up to required pressures. These mod1f1cat1ons

are shown in Figure 1. They made possible the use of geothermal

‘energy resulting in afreduotion by about 15 percent of use of purchased
electricity and,purchased-fuel; Proposed geothermal substitutiOn
‘saved about 400,000 barrels of oil per year. .In addition, the hydraulic

energy.from'the geopressured resource was desjgned'to turn a hydraulic

turbogenerator; which could provide ah'appreciable amount of e]eotricity.

However, owing to changes elsewhere in the plant, it was necessary

to buy additiona1‘e]ectricitytto service all electrical needs of the

p]ant. The process flowvdiagram for this retrofit scheme is shoWn in

~ Figure 1.

A new plant, which has been designed speCifica11y-to take full
advantage of the geopressured resource, has a des1gn similar to
a typ1ca1 m1]1._ However, through- more extens1ve use of the geopressuree'

geothermal resource,'the gross energy ‘needed from purchased fuel and

| e1ectricity‘is reduced_about.30 percent, whiohtresultsiih a savings

~of over 600,000 barrels of fuel 0il per year;dand a savings in bark



vbdrned of about 85,000 tons per year. Figure 2 shows the process
diagram of the proposed new plant design.

Tasman Pulp and Paper Company Operations at Kawerau, New Zealand.

New Zealand has a working exampTe‘ofba geothermal-fired pulp and papér

. plant. This.piant, whiﬁh is operated by the Tasmén Pulp and Paper Co.,.
has been 1n'0perati6n since 1971 and is located in Kamerau, New Zealand.
It produces about 345;000_1ong tons of newsprint per year,'160,000'1on§

: tons Kraft pulp, and 80 x 106 board feet of timber; It has a process
-steam‘demand of 820,000 1b/hr, one-third of which is supplied by geo-
thermal resources;*'_The geothermal resource itself is characterized

by downhole témperatures of 2850C average, capable 6f pfoviding saturated
1 steam at pressures of 120 1b per square inch.  Geothermal energy is

used in é variety of'theée plant processes: 1Qg-hand1ing equipmént,
récovery'boilérs, shatter sprays, liquor heaters, timber dryers, and

; -also in the generation of.e]ectricity for in-plant use. The total

cbst of tapping the geothermal resource, incTuding wells, 1ines,'and
other equipment,bwés about $5 million in_1971. Savings realized annually
ds a result of this use are approximately-70‘percent of ordinéry yeariy
puréhased fuel costs. These savings amounted to $3.2 million in |

v 1971. It is clear that the Tasman Pulp and Paper Mj]]’operationris
‘attractive_technicaT1y as well as ecbnomitaliy. |

* Economics of Utilization. The economics of geothermal utilization

" are of considerable intérest. In order to make a reasonable basis

- _ - . N
- So-called "hydrothermal" geothermal resources are involved; not the
-"geopressure" geothermal resource. '
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fer econqmic compariéon in.the specific case of tHe geopressure geo-
'thermellresource; DSS'Engineers, Inc. compared the'thfee»plants they
'descr1bed 1 Compar1son was based on determination of a unit value, -
in terms of cents per barrel, of the geotherma] f1u1d ‘used. ,Th1s
~value is an amount of money envisioned to be creditable by the operatihg
' p]ant to the energy supp]y system for the use of the geotherma] fluid.
_ The un1t value was: determ1ned by calculat1ng the annual sav1ngs
in fuel costs rea11zed by us1ng the fluid, then subtract1ng from these
= savings the annualﬂopereting cdsts,.inc1uding amortization, for
addifiohai'equipment-required for useeof the geothefmal reéource,
Also, it is necessary to subtract the costs for additional purchase
of e]ectrieity,eaé cOmpared with a'typical nongeotherma1‘p1ant. Finally,
"theée differenceSvare diVided by‘the»totaT barrels per year of geothermali
f]did required to serviee:the_p]ént;_ Details of the calculation are
‘provided in fhe DSS repert.l , _ ) |

The cost of a barrel of geotherme] fluid may be calculated as
the sum of the costs of'f]uid'supp1yvahd diSposa] systems less a
: cred1t--1n the. case for geopressure resources--for dissolved methane,'
and for e1ectr1c1ty generated hydrau11ca1]y divided by the number
of'barre]s of fluid ant1c1pated to be produced overvthe_11fet1me of
these systems.. | | |

Net return fn_cents ber'bakre}.(name]y, the difference_between :
unit costs and:unit value) ranges from 4.08¢ to 4.16¢. ‘Foldihg'theSe
net returns into the tota]_fihencial_picture; it can be shown that |
the'overall‘rate ofareturh for the use of the geopressure geothermal

resource, when compared on a fuel-savings basis, is about 25 percent.



Match1ng P]ant S1tes and the Location of Geotherma] Resources

The issue of match1ng 1ocat1ons of geotherma] resources to p]ant s1tes
is a very 1mportant one. Data are scarce and this topic is one where
cooperat1on between industry and government should work to mutua1
| advantage, part1cu1ar1y the review of 1and h01d1ngs for the p0551b1]1ty |
of ‘suitable. geotherma] resources.

One e1ement in match1ng is the 1ocat1on of ex1st1ng pulp - and
paper mills. In this regard, Lockwood's annual'd1rectory is an obv1ousTy
- exge]Tent sourcevqt this'infdrmation. o |

" Geothermal resource locations are not, however, as. well identified.

Nevertheless various studies have been conducted leading to identification

of.sd—ealied "KGRA's"--or "Known Geothermal Resource Areas." Further
_ studies about these areas, as well as other he§oUrce possibi]ities.
"throughdut~the cOuntry; are‘current1y being carrfed out by both the"
u. S. Geo]og1ca1 Survey and the Department of Energy
| When the location of p]ants and dentification of geotherma]
resources have been made, and when a colocation appears to exlst,~
a site;specific study is necessary'to arrange a proper marriage of’
»resource and plant. Typ1ca1 quest1ons then are as. fo]]ows |
0. Is a geotherma] resource w1th1n a reasonable" dlstance
of the p1ant?
® 0On the'average,'hdw'hot is the resouree7 :
L How much energy can. the resource supp]y to the p]ant and for
'how 1ong7 | |

*t_é-.How m1ght th1s energy be used spec1f1ca11y in the plant7

<
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® Are the economics favorable?

J Are all activities, 1hc1ud1ng heat tranSportatiOn and disposal

environmentally acceptable?

Favorable answers to these questions provide the capstdne for.

using geothermal resources. And it would be worth repeating that

in some circumstances--such as at Kawerau, New Zealand--the answer

to all of these questions is faVorabie.' A geothermal resource has

| beeh'succeSSfu11y used to satisfy a significant part of the energy

demands of a pulp and paper mill, The prospects of add1t1ona1 ‘examples

of thisfkind éppearvreasonab1e They w111 only be realized in the

1.

.Un1ted States, however, 1f a consc1ent1ous effort -is made--part1cu1ar]y

by the pu]p and paper 1ndustry-—to see. that it happens
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