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:?IF 5 'late 0:' ii.1 a sk&  c.immi sc,ioned Battel  lp, Pat if i c Northwes*: L<ibgr a t f : r - i  c" 

i t s  ~ ! a ~ i k . w i t  E l e c t r i c  Power Alternatives S t u d y  to i n v e s t i g a t e  p t> :~n - t i a l  

,-P!tf2qi f o T  f u t w e  e l e c t r i c  p o w e ~  development i n  A l  aslca's R a i  l b e l t  r r q i o n .  

: es iJ  t s  o f  t he  s tudy w i  1 1  be us2d by the O F f i  ce o f  t h e  Governor t o  - ~ ~ - - ~ ~ ~ i i  a te  eiecomnendations f e r  e l e c t r i c  power deveioprtlent i n  t h e  Ha i lbel t ., 

b e  i ~ ~ ; r n , ~ r y  o b * i e c t i v e  o f  the  s tudy i s  t o  deve lop  and ana l j f ze  several 

i a t  i ong-panue pi  ans f o r  e l e c t r i c  enerqy development i n  t h e  R a i  lbe i  t 

- Each p i an  i s  based on a general enerqy d e v e l o p e n t  strategy 

s p n t i n j  one or more p o l i c i e s  t h a t  A l a s k a  may w i sh  t o  pursue. The analyses 
j i  i r e  {?-tans w i l l  produce a forecast  o f  e l e c t r i c  energy demand, a schedule f o r  

rli-v:.iopi ng  generat inn and conse rva t i on  a l  ternati  ves, an e s t i m a t e  o f  the cos t  o f  

;-lf:~der, 2nd a discussdon o f  the env i~onmenta ' l  and se~cioeconearnic charac te r i s t i c s  
' 1  I h ~ c ! l  ~ l a n ~ ,  

if? rlie i i e v ; ? ' o p ~ e n t  o f  these p l a n s ,  38 e l e c t r i c  er?rgy alternatives t o  he 

v - i l - i i l ~ d  as p o t e l - t r ' a l  future A l a s k a n  sources were i d e n t i f i e d  ( T a b l e  I!. E i q h t  

t h ~ s e  were i de i  t i f f e d  t o  be i napp rop r i a te  for  further consideration ei ther  

for :-echnical or  i i v a i l a b i l i t y  reasons. T h i s  repor t ,  Volume 111 o f  

-cuenreen volumes (see page i i i 1, s arizes the study f i nd inqs  on the 30 

-?t=rjai n i  ng energy a1 t e r n a t i  ves. Except f o r  sol ar electric power and 1 oad 

!a~72ijement, vjhere t he  d iscuss ion  o f  alternatives w i t h i n  these tw c d t e g o r i e s  

' i n 5  been consolidated, the sumary o f  each a1 t e r n a t i v e  typically con ta iss  a 

d i s c u s s i o n  o f  the f o l l o w i n g  areas: a general description of the a l t e r n a t i v e ,  

p o 2 s i b l e  Railbelt a p p l i c a t i o n s ,  comercia1 a v a i l a b i l i t y ,  convers ion e F f i c i e n c y  

( o r  performance ), estimated c o s t  o f  power, resource ava -i l abi  l i ty, env i  ronmentq7 

consequences, and soc i oecoilomi c consequences. 

The e s t i m a t e d  c o s t  o f  power f o r  each alternative i s  oresented as levelized 

lifetime c o s t s  f o r  1990 o p e r a t i o n  i n  1980 d o l l a r s ,  us ing  a 3% discount r a t e .  

Costs are ad jus ted  for  the A laskan cons t ruc t ion  cost environment. F u r t h e y  

technical  d e t a i  1 f o r  each a1 te rnat i  ve can be found i n  Volume IV o f  t h i s  r e p o - t  

ser ies ,  Additional i r format ion oil fuel pr ice ;s a v a i l a b l e  i n  A ~ p e n d i x  B i i :  

Volume % V  and -a"n Volume V & I  o f  t h i s  report s e r%es ,  



TABLE --- .--- 1 .  Candidate Electr ic  Energy Alternatives 

nat i ves 
p - w -  I_ I_- 

L . G ~  1 - F ~ r e c l  S tes in -L jec t r t e  Generatjar) 
Nalur 'd!  - G ~ % t j b t J ! s t l  I late-F ired Steam-E1ixtr.1~ Gieneriataon 
Sromcass - F l e d  S~eam-Electric Generat~an 
P e d i  F I I-ed Steam-Eles tr i c  Ganeral~un 
< > ! ~ l s  ~ n e d - C y c  le P t a r l t s  
tlagr~elo9rydrcsdynrl,m~ c Generators 
Nuclear 11gfrt Wdter Recnctors 
i d s t  Breeder F ~ s s  lost Reactor a 
C3e~3 c h e ~ n ' l a  I Gzr~er t ion  
f 3 ~ i r o n  Redctors 
dcedn ~arrrerit Enel,.gy Systems 
i d  1 1  n it 1 kc3d Y e f ~  t Energy Systems 
Jr:ean 'het-fila l Energy Convers'i on System 
; p d c e  Power Sdte l l r t es  

Cand~date 
E l ~ t r i c  

Energy 
Alternative 

".%--" 

Yes 
Yes 
Yes 
Yes 
Ye 
No?&) 
Y @ s 
No 
Yes 
No 
80 
Na 
Na 
No 

S e l ~ t i o n  &Zteria 
=errsial Pcchn.ica1 

Feas i bgi& 
A v a i  Table Yes 
Avai  %able Yes 
Available Yes 
Available YES 
Avzt i  l a b l e  Yes 
2809 - 2085 YQS 
Available Yes 
2005-2025 Yes 
Avai l d b l e  Yes 
20 2s Yes 
8ey~wd 2000 No Resource l l m i  ted j 
Beyond 2000 No (Resource l imi led )  
2000 No (Resource l i m i t e d )  
Beyond 2000 No (Resaurce b i m i  ted) 

3d 52 ddd na t  I r es  --- 
Cambu s t  ion Tur is i r\es Yes Available Yes 

F ide 1 - -- 
Ocean kJave Enesgy Systems 

Ye % Ava'i l a b l e  Yes 
Yes Available Yes 
Yes Awai lable Yes 
Yes Available Yes 

Mo ( Resource l i m i  t ed  1 
T r  rjal Po%er Yes Ava-i ) a b l e  Yes 
barge 41 spa Energy Systems Yes A v a i l a b l ~  'Be5 
%I&] I d'cnd Ei~eray 5yl;"cins Yes Avai  Fable Yes 
Solar PwutsvoJCaic Systems and Solar ~r"Fnema1 ar  Control 

?ece r ver Systems Yes Atdai ?ab le  Yes 
Cogeneratjon Yes Available Yes 

5 t o r  age gatter ~ e s  
Corapressea A I  r Energy Storage 

3irect Load Cuntro 1 
Parsave Load Corrtrol 
!ncen%lue Pricing 
kducat~on and P u b f ~ c  Tnvolveaent 
3 -i jperssd Thenla 1 Enerw Star age 

Yes Avai lablc Yes 
Yes Avai Table Yes 
Yes A v a i  l i ~ b l e  Yes 

Yes Awai lable Yes 
Yes A m i  labfe  Yes 
Yea A v a i  lable  Yes 
Yes Available Yes 
Yes A v a i  tittale Yes 

Yes Avai  l ab l e  Yes 

i c  t 7 ve So 1 ar Space and  at-~ater Heat I ng 
dood-Fired Space Heating 

Yes Available Y er 
Yes Available Yes 
Yes Wvai lab:@ Yes 

, a )  ''No'' l na ica tes  t h a t  r h l s  technology was ~ 8 t  a n a l y z d  i n  the study, 



A coal-fired steam-electric generating p l a n t  cons i s t s  oP a coal-fired 

furnace and b o i l e r  t o  generate steam, a steam turbine-generator u n i t  fo r  

product ion o f  e lec t r ic  energy, and a condensor feedwater system t o  return 
process water t o  the  boi ler .  Also required are a f lue  gas pollution control 
system t o  t r ap  p a r t i c u l a t e s  and t o  control the emissions o f  sulfur oxides &ad 

coal  h a n d l i n g  f a c i l i t i e s  t o  receive, store, and prepare the coal for  f i r i n g .  

A v a i l a b l e  p l a n t  s i zes  range from 20 t o  1200 MW; 200-MW units appear t o  be 
appropr ia te  for  Railbelt dpplications. 

POSSIBLE RAILBELT APPLICATIONS 

Coal is currently available from Nenana f ie ld  near Healy and i s  

potentially available from the  Beluga f i e ld  east  o f  Cool Inlet. Coal-fired 
generation shows promise as a major source o f  baseload power i n  the Railbelt 
region. Units a re  a l r e a Q  operat ing i n  the  region (Healy, Chena, University 

o f  A13ska). The s i z e  range o f  most i n t e r e s t  i n  the Railbelt system i s  20 t o  

200 Hid. These units, as well as larger sizes,  are comercially available. 

Mine-muth generation would have t h e  advantage o f  minimizing t ransportat ion 
and storage costs  and impacts, but these gains would be partially o f f s e t  by 

the requirement f o r  longer transmission f ac i 1 i t  ies .  

60WERCIAL AVAILABILITY 

Coal p l an t s  and their associated po l lu t ion  control equipment are 
c o m e r c i a l l y  avai lable .  Some special prov is ions  may have t o  be made fo r  cold 

weather operation o f  coal handling and scrubber equipment, but  t h i s  i s  not 

considered a major complication. A coal p l an t  can be constructed i n  7 years, 
i n c l u d i n g  t ime  t o  obta in  necessary permits. A p l a n t  could be on l i n e  by 1989 

w i t h  a 1982 decis ion t o  bu i l d ,  A 20-W unit could be constructed i n  a shor te r  

time i f  the boiler were a package design and auxiliary equipment were s k i d  

mounted 



CO!ti\!EWSIQN E%F%CIE?iCV -------- 

The conversion e f f i c i e n c y  o f  c o a l - f i r e d  p l a n t s  varies with u n i t  s i r e  and 

the scrubber system used. A range o f  e f f i c i e n c i e s  from 25 t o  36% can he 

expected w i th  units from 20 t o  600 Mkl capacity, respectively. 

ESSFIMA%ED COST OF BOWER 

Est imated etectr i c  enerQy c o s t s  are shown below for  200-MW plants 

operating a t  a 29% conversion e f f i c i e n c y  and a 65% capacity factor .  Smaller 

p l a n t s  would  demonstrate higher costs.  Some cost  savings would be realized i n  

p lan t s  larger t h a n  200 MW. 

ihe cos t  components are as follows: 

Coa I -Fi  ~ e d  Steam- 

Capital  23 23 

Operating and Maintenance - 7 

Tota I Production Cost 57 

Approximately 50% of the capi ta l  expenditures o f  a coal-fired p l a n t  would 
flow ou ts i de  the Railbelt, but only 10% o f  the operating and maintenance cos ts  

would leave the  region. Fuel would be purchased wi th i n  the  region. 

Coa 1-f i red power p l a n t s  generate large ggantit i e s  o f  so l id  waste derived 
f rom the combustion process. These wastes include f l y  ash and bottom ash. 
The desulf u r i z a t i o n  of stack gases generates more solid wastes, All o f  the;e 
wastes requ i re careful d isposal t o  ensure the protect i on o f  water resources. 

The combustion o f  large am~unts  o f  coal potentially leads t o  a 

s i g n i f i c a a t  deterioration o f  the local a i r  quality. Therefore, s i t i n g  o f  
future plants  [\sing Nenana coal will probably be e i t h e ~  t o  the north or south 



of these coal deposit: Lo meet the Class 1 air-quality s tandards  t h a t  apply i n  

Oenali N a t i o n a l  Park. Because Alaskan coal i s  generally very low i n  s u l p h u r ,  
Class 2 s tandards  should  not be d i f f i c u l t  t o  meet w i th  comercially available 

scrubbing equipment, 

Because of the  large land area needed for construction and operation, 

preemption or a l t e r a t i o n  o f  terrestrial b i o t a  habitat can be a significant 
env ironmenta 1 impact a t  some s i t e s .  These land requirements are generally 
greater t h a n  those f o r  ether types o f  foss i l - fue led  power plants .  

Coal-fired p l a n t s  wil l  use the same, or less, water per u n i t  o f  capac i t y  

e h a n  an,y other thermal p l a n t  except a combined-cycle facility. A 200-lr3W p l a n t  

( a  suitable p l a n t  s i z e  fo r  the Railbelt) would require about 90,000 gpm for a 

once-through cooling system or 1,8W gpm fo r  a recirculating system. Waste 

water from ash transport and flue gas desulf ur izat  ion processes demand 

soph i s t i ca ted  treamsnt t o  reduce t o x i c i t y  t o  aaceptable d ischarge levels. 
Zero discharge p l an t  designs are avai lable .  

SK IOECONWIG CONS IDER4TlgONS -- -- 

A 200-M# p lan t  ;mated (-0 require a constrr lct ion work force o f  600 

and an operatinn f o r c ~  of 85. For a 200-M plant, any cornunity other 
t h a ~  Anchorage vaou l d  experience a severe strairr on cornunity services, 
schools, housing d u r i n g  the  construction period. 



NATUW& GAS AID DI f l ILLATE-Ff  RED 

STEAM-ELECTRIC GENERAT ION 

Natural gas and oil-fired steam-electric p lan t s  are similar i n  concept t o  

coa l - f i red  stem-electric p lants  except natural  gas or distillate fuel o i l  i s  

used t o  f i r e  the furnace t o  generate steam. Flue gas pollutant control  
systems and fuel and so l id  waste handling systems are typically less complex. 

A v a i l a b l ~  p l a n t  s i zes  range f rom 10 t o  200 Mbl. The 200-MM uunits appear 
t o  be appropr ia te  f o r  Railbelt applications. 

POSSIBLE RAILBELT APPLICATION 

O i  1 - f i r e d  steam-electric plants  may be fueled with either distillate ( R 2 )  

or res idua l  ( # 6 )  fuel o i l .  Residual fuel o i l  i s  t m i c a l l y  less expensive b u t  

o f t e n  requ i res  use o f  flue gas desulf u r i z a t  ion equipment. 

The present sources o f  fuel o i l  i n  the Railbelt are confined t o  the  

r e f i n e r i e s  o f  Kenai and Fairbanks. Petroleum pipelines carry  imported r e f i n e d  

products f rom the p o r t  a t  Whittier t o  Anchorage. Because the fuel r e f i n i n g  or  

pipel ine t ransmiss ion  systems are already i n  place, these area; are prime 

s i t e s  f o r  p lan t  construction. Gas-fired units can be located near wells or 
gas p ipe l ines .  The Anchorage, Cook Inlet ,  and Kenai regions are well su i t ed  

i n  this respect. 

CORYERCBAL AVAILABIL ITY 

Natural gas and distillate-fired steam-electric plants are a comerc ia l ly  

available mature technology, The Powerplant and Industr ial  Fuel Act o f  1378 

(PIFUA), however, p r o h i b i t s  the use of o i l  or natural gas for continuous d u t y  

generating u n i t s  e x c e d i n g  10-MW capaci ty .  Exemptions under PIFUA may be 

granted only when a utility can show t h a t  no reasonable alternatives e x i s t .  

The possibility e x i s t s  t h a t  synthetic or gaseous fuels may be derived from 

coal in tne future (these fuels would be exempt from the restrictions o f  

P I F U A )  . 



COPdVERS%ON EFFZC EEMCY 
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U n i t s  o f  t h i s  type e x h i b i t  a conversion efficiency t h a t  ranges f rom 28 t a  
30% * 

ESTIENTED GOST OF POWER - -- 

The cos t  o f  power i s  a function o f  both the s i z e  o f  installation and fuel 

type.  Distillate fuel-fired p lan t s  require more storage and pollution control 

equipment than do t h e  gas- f  i red p 1 ants .  Esl imated cos ts  for  200-MW d i s t  i 1 l ate 
fuel o i l  and na tu ra l  gas-fired steam-electric plants operating a t  31 and 30% 

conversion e f f i c i enc ies ,  r espec t i ve l y ,  and a 65% capac i ty  factor are 6s 

follows: 

Capi ta l  

Distillate 
Oi7B N a t u ~ a N a s  

13 9 

Operating and Maintenance 4 - 4 .- 
Tota f p r o d ~ ~  t i on Cost $20 61 

An est imdted 70% o f  the plant c a p i t a l  cos ts  and 16% o f  operation and  

maintenance cos ts  would be spent outs ide o f  Alaska. Fuel would be purchased 
w i t h i n  the region. 

A 230-MU capac i ty  distillate p l a n t  would require 20 acres compared t o  

13 acres f o r  gas, respectively. The difference i s  due t o  the  distillate tank 
storage facilities. Water requirements are about the same as those fo r  other 

thermal plants sf the same size,  

O f  a l l  combust ion processes, a i r  pollution problems are the least when 

gas i s  burned. If  residual fuels are used, stack scrubbers may have t o  be 
i i ~ s t a l l ed  t o  remove sulphur diox ide.  Nitrogen ox ide emissions may be 
sign4 f i can t  enough t o  require control techniques such as two-stage 

csmbu s t  i on, 



The impacts on aquat ic  species caused by coo l ing  water intake and 

d ischarge systems w i  i l  be about the same as any other comparably s i zed  

combustion steam generating p l a n t ,  A minimal impact on terrestrial b i o t z  can 

be expectecl f rom the loss o f  habitat. 

SBC 10 ECBNOM I.@ CONSIDERATIONS 

A 200-MW p l a n t  is est imated t o  require a peak construction force o f  580 

and an operating force o f  70. These work forces could strain f a c i l i t i e s ,  

particularly housing, i n  many of the small cornunities along distribution 

pipelines. 



Biomass fuels available i n  the Railbelt region f o r  power generation 

include sawmi 11 wood waste and fuel  derived from municipal waste. Small 

qtaan"iities of waste o i l  are also availables Wood waste has been used as an 

energy source for many years, particularly i n  the  timber indus t ry .  Use o f  

refuse-derivd fuel i s  3 more recent concept and i s  less well developed in the 
United Sta tes ,  

POSS f BLE RAILBEEP APPLE CATIONS 

I n  the Railbelt region, biomass power plants using municipal refuse 
supplemented by wood residue and coal potential:y may contr ibute up t o  5 1  o f  

future pwer aeeds. These u n i t s  would be central station p lan ts  serving 

s i n g l e  load centers or connected t o  a Railbelt power g r i d .  Relatively small 

p l a n t s  a t  Anchorage and Fairbanks may be Feasible, making f u l l  use o f  the  

m u n i c i p a l  refuse, waste o i l ,  wood residue, and supplemental coal available i n  
t h e  respective areas .  

D i r e c t - f  i red steam-e lectr i c p lan t s  t h a t  are designed t o  use biomass Fuels 

as the  primary feed material ar t h a t  have the capability t o  be supplemented by 

f oss i 1 f ue Is are comerc i a  1 l y operating . Processes for  converting biomass t o  

a gas as fuel f o r  power heat and power generation could be available i n  f i v e  

years.  Wood-to-methano: (wood alcohol) plants are comercia l ly  ava i l ab l e ,  

\idh i le herbage-to-methanol processes remain t o  be demonstrated. 

CONVERSION EFFICIENCY 

The typically high moisture content of biomass f ~ e l s  and mall scales of 

operation introduce thermal inef f icSencies i n t o  a biomass-fueled power p lan t .  

Heat rates can range between 20,000 Btu/kWh and 14,000 Btu/kWh for  rated 
capac i t ies  o f  5 and 50 W, respectively, (This  compares t o  heat rates o f  

9,000 Btu/kWh for  many coa 1 -fired plants .  ) Operated as base-loaded u n i t s ,  

biomass f a c i l i t i e s  have de,qonstrated h igh  r e i i a b i  i i t y .  



t%l*.f !flP+TkU COST OF POWER --- -- - - .- - ---- -------*--..- 

The power c o s t s  o f  d u a l ,  direct-fired refuse/coal electr  ic-generatjng 
p / a n t s  o f  25-FTd rated capaci ty  and 24% conversion e f f i c i e n c y  i n  Anchorage and 

ZO-MW rated capac i t y  i n  Fai rbanks are est imated t o  be 67 and 78 mil ls/kWh, 

respec"r i e  i ly.  The c o s t  components are as follows: 

Biomass -Fired Steam-E 1 ee t r  i e 
Fairbanks 

C a p i t a l  32 36 

Fue 7 0 7 

Operations and Maintenance - 35 - 35 

Tota % Product i on  Cost 67 78 

The h i g h  construction costs  o f  small-scale biomass power plants are a major 
Factor i n  the re la t ive ly  h i g h  power c o s t s  o f  this opt ion.  Coal i s  used as a 

supplement t o  ref u se-der i ved fuel , with the lat ter  proport  ion i ncreasi ng over 
t h e  l i f e  of t h e  f a c i l i t y .  The capaci ty  factor used i n  estimating costs f o r  

these u n i t s  i s  65%, 

RESWWCE AVAILABILITY --- 
P o t e n t i a l  sources o f  biomass fuels i n  the Railbelt region include mill 

residur: (ba rk  chips, slabs, sawdust and planer shavings) from saw mills in the 

area and municipal waste from Fairbanks and Anchorage. A major considerat ion 
o f  u s i n g  biomass f o r  power generation i s  i t s  availability near (wi th in  

approximately SO m i  les) t h e  power p l a n t .  The high moisture content and low 
bulk  density of most biomass material make shipping it long distances for fuel 

use economically prohibitive. 

Water resource impacts of biomass-fired power p lants  are not  expected t o  

be s i g n i f i c a n t  because o f  the small p l a n t  capac i t ies  that  aie considered 
l ikely.  Proper s i t i n g  and design o f  in take  and discharge shou ld  minimize 



wi thdrawal  and discharge impacts. The burning o f  biomass could significantly 

impact ambient a" quality. Facilities o f  approximately 5-FWJ capac i t y  o r  more 
wi'll requit-e an d i i  pollution control system t h a t  meets federal New Source 
Performance Standards.  Land requirements f o r  biomass-f ired p l a n t s  are 
expected t o  be s i m i l a r  t o  coal-fired plants. Because of  the relatively mall 
p l a n t  capac i t i es  involved, the impact on the terrestrial b i o t a  i s  expected t o  

be min imized through the p l a n t  s i t i n g  process. 

S E  IOECONOMIC CONSIDERATIONS 

A r e l a t i v e l y  mall  labor force is required t o  construct and operate 
b iomass- f i red  f a c i l i t i e s .  For 15- t o  30-W plants ,  a const ruc t ion  and 

operating s t a f f  would be approximately 65 and 25, respectively. The e f f e c t  o f  

pl ant cons t ruc t ion  and operat ion i n  the Anchorage, Fairbanks, and Soldotna 
areas would be min imal ,  wh i l e  the  impact on smaller comun i t i es ,  such as 

Nenana, could be s i g n i f i c a n t .  





The l i g h t  water nuclear p lants  considered he= demonstrate a conversion 

e f f i c i ency  o f  32.5% and a capac i ty  fac to r  o f  65%. 

ESTIWTED COST OF POWER 
-m-P- 

The estimated cost o f  power from a 1000-MW nuclear p l ~ n t  ronrtructed i n  

the Rdi  lbel  t region i s  31 m i  1 ls/kWh. The cost  components are as follows: 

Nuc tear Steam-Electr. i e 

C a p i t a l  

Fuel Cycle 8 

Operating and Maintenance 
Tots 1 Product i on Cost 

About 60% o f  the cap i t a l  expenditures would be outs ide  the Railbelt and most 
o f  t h e  labor would be imported from the  lower 48 states. 

RESOURCE AVAIEAB ILITY 

The available nuclear capac i ty  i s  essentially unlimited from the  

standpoint of resources. By the time U.S. low-cost uranium resources are 
exhausted, the f a s t  breeder reactor (FBR), whose costs are insensitive t o  

uranium supply, i s  an t i c i pa ted  t o  be comercial ly available. 

Nuclear p l a n t s  typically require 250 t o  2,000 acres o f  land for  t h e  plant 

s i t e  and exclusion area. Less that: 50 acres o f  terrestrial b i o t a  h a b i t a t  i s  

usual ly lost. As wi th  a l l  large thermal generation plants ,  s i g n i f i c a n t  

quantities of cooling water are required. For a 1000 We-plant,  310,000 gpm 
i s  needed for a once-through system or 6,200 g p m  for  a recirculating system. 
The withdrawal and discharge of water quantities o f  thts magcitude cause same 

impact on aquat ic species. Routine radioactive releases present a m in ima l  



env ironmen'ca 1 impact. A major reactor accident t h a t  wou I d  re lease enough 

rad i o a c t i v  i t y  t o  contaminate the surrounding area i s  an extremely small 

possibility. This type o f  accident d i d  not occur, fo r  example, even i n  the  

case o f  the Three-Mile Island accident. With nuclear p l a n t s  the r ad ioac t i ve  

waste and a i r  po l lu t ion  problems are minor compared t o  combustion thermal 

p lan ts ,  

SOC %BECB&OM I& CONSIDERATIONS 

Construction o f  a -uclear p l a n t  can have adverse aefects  cn nearby small 

c o m u n i t i e s .  Housing, p u b l i c  services, and f a c i l i t i e s  would be potentially 

strained. The migration o f  skilled construction workers and their fami 1 i e s  

would require an expansion o f  comun i t y  services for the 7-  t o  lO-year 
cons t ruc t i on  per iod,  Only wi th in  the v i c i n i t y  o f  Anchorage could a nuclear 

F a c i l i t y  be constructed w i t h o u t  major socioeconomic impact. Cornunities of 

5000 or less popu 1 a t  ion wou I d  exper i ence severe impacts . 



GEOTB4ERMAL GENERATION 

S h e  des ign of a geothermal e lec t r ic  p l a n t  depends h i g h l y  on the 

charac te r i s t i c s  o f  the particular geothermal resource used. Three bas i c  

genera t ing  technolog ies  currently are available: 1) i n  which the 
geothermal reservoir produces h igh-qual i  t y  steam t h a t  can be used directly i n  

turbines; 2 )  f l ashed  steam, i n  which the hot p ressur i zed  water  f rom the  

reservoir is f lashed t o  steam for  use i n  turb ines;  and 3 )  i n  

w h i c h  the low temperature o f  the geothermal water i s  used t o  heat a secondary 
work ing f l u i d  wi th  a low boiling temperature (such as freon or isobutane). 

T h i s  f l u i d  i s  used t o  drive spec ia l  turbines. Combinations o f  these bas i c  

designs a l so  have been proposed. The cooled geothermal f l u i d s  are generally 
reinjected i n t o  the underground reservoirs. 

Techniques are being  developed f o r  e x t r a c t i n g  energy from "hot dry rock' 
geothermal resources. Although  t h  i s  concept shows promise, it i s  probably 15 

t o  20 years away from comercial  availability. 

POSSIBLE RAILBELT APPLICATIONS 

The power p l a n t  must be located near the geothermal reservoir. Only ho t  

dry rock and low-terrcperature, liquid-dominated hydrothermal resources have 
been i den t i f i ed near the Ra i 1 bell.  Known hydrothermal resources are t oo  low 

temperature t o  be suitable for  generation. Hot dry rock technology i s  as yet  
unproven and the resources are remotely located. Because o f  the  presence o f  

a c t i v e  igneous systems in the Railbelt region, further exploration f o r  

geothermal resources suitable for  electrical development appears t o  be 

b~arranted.  

C O ~ E R C I A k  AVAILABILITY 

The dry-steam and flashed-steam p l a n t  technologies are well developed and 

comercially available. Both binary cycle and combined-cycle techniques are 

currently i n  the development stage. As just stated, comercial recovery o f  

ener.gy f rom hot dry rocks appears t o  be 15 t o  20 years away. 



A p i t j n ?  r j o c : i 4 t  trig on dry ; t r am nas 3 ~ o n v ~ r s i a n  2 f C ' ~  i3"cj Q~ 3 3 5 ~ t  i 6 % *  

p~~: : i~r i rd~n<j  r ~ n  tne rcfsource t~mperature, bleary cyc le  des igos  n r y  3 3 ~ ~ 3 t ~  ' ?  4 

r t n r i r j e  ~f 3 to 10% r ,on~erc , ion  e f f  I C  ioncy. 

[ b e  co:t o f  geothermal e lec t r  ic eoeri2y i s  h i g h l y  dependen t  on the 

r i_ .~.c jurce ' i  chhrdcter i ~ t i c ~ .  High-temperature d r y  steam found a t  s h a l i o *  

f i c : p l r i ~  cdrl be iiicld t o  generate e i e c t c  i c i t y  a t  abou t  one f i f t h  the cosx o f  

io~i-temperdL~re water. The c o s t s  For three types o f  50-PM geothermal energy 

r b c ~ l ~ r L p : i  qperilt  i ng a t  10% conversion e f f i c i e n c y  and a 65% capac i t y  f ac to r  are 
a:, f~ i 1 ~ ~ 5 :  

Vapor -Domi na ted Binary 
Hydrothermal Cyc 1 e Hot Dry Rock 

- @ (mi l l  s /kWh 1 -- 
9 16 31 

Operot i ng and Mai ntenance - 26 26 - 
T o t a l  Production Cost 35 42 

Ari e s t i m a t e d  55% o f  the c a p i t a l  expendi tures f o r  a geothermal p l a n t  would 

be spent o u t s i d e  the Railbelt region.  About 12% o f  the operating and 

mdir~te i lance expenditures would go ou t s i de  the Railbelt. 

RESQdRCE AVAILABILITY - --...+..---- --- 

Low -temperature 1 i q u  id-domi nated resources have been discovered near 
Fairbanks where they have been used f o r  space heating. Exploratory drilling 

has located another low-temperatue (170'~) resource i n  the W i l l o w  area. 
Other rnore remote Tesources have been located il the Wrangeil and Chigmit 

Mountains. Currently, geotherzal e lec t r ic  generation !n the Railbelt seems t o  

be resource limited, 



The biggest impact t o  terrestr ial  b i o t a  from geothermal e l ec t r i c  
generation i s  the e f f e c t s  o f  d r i  1 l i n g  numerous production/reinjection wells. 

Some loss o f  h a b i t a t  f rom the p l a n t  and the reservoir system would occur. If 
a i r  emissions (H2S, radon, methane) are not  controlled, they can be 

hazardous t o  both humans and various b i o t a .  

Aquat ic spec i e s  can be affected by the acc iden ta l  release o f  geothermal 

f l u i d s .  (Heavy metals and boron are particularly hazardous. j I n  normal 

opera t  i o n ,  however, most o f  the  hazardous compounds are  re injected i n t o  the 
ground.  As long as the reinjected material i s  confined to  the geothermal 

reservoir, l i t t l e  impact would occur on other water resources. Cooling water 
demands per u n i t  o f  capaci ty  are unusually high f o r  geothermal p lan t s  because 
s f  their  7w conversion efficiencies.  

S T  IOECOMmEC CONS IDERAY I O ~ S  
PP 

A 50-MW geothermal e lec t r ic  p lan t  i s  es t imated t o  require a construction 
work force s f  90, Because o f  the remoteness s f  the areas where the yesources 
are found, construction camps for  the  workers probably would be necessary. 



PEAT-FIRED STEAM-ELECTW XC GENERATION 

Peat  cons i s t s  o f  partial l y  decomposed p l a n t  matter and i norgarlic minera'l s 

t h a t ,  over t ime, have accumulated i n  a water-saturated environment. Peat can 

b? bbrned d i rec t ly  t o  f i r e  a steam-electric p l a n t  or can be conver1:ed t o  a gas 

f o r  use i n  a combustion turbine u n i t .  Extensive experience has been yaii;zd 

u s i n g  peat  burned directly i n  a stem-electric power p l a n t .  

POSSIBLE RAILBELT APPLICATIONS 

The Matanuska-Susitna Valley and Kenai Peninsula appear t o  have peat  bogs 

t h a t  could  possibly be s u i t a b l e  f o i *  energy production. One s i t e ,  a t  Nancy 
Lake East, could p rov ide  fuel fo r  a 30-MW cogeneration p l a n t  fo r  about 

15 years. However, s i g n i f i c a n t  peat  use for power purposes most likely wil l  

not  KG[;T i n  the Railbelt i n  t h i s  decade for  two reasons, F i r s t ,  the mst 
k n o w n  Alaskan pea t  has h igher  t h a n  desired ash content.  Secondly, mare 
site-specific resource availability and p l a n t  s i t i n g  i r  - smation needs t o  be 
obta ined,  

COIWERC IAL AVA I LAB 1 b 1 TY 

The technology fo r  us ing peat for  a fuel i n  a steam-electric generating 

p l a n t  has been wel l  demonstrated. Large p lants  i n  the 440-MW t o  1000-Mtl range 

are operating or under  construction i n  I re land,  Northern Europe and t he  Sov ie t  

Uriion. L i t t l e  peat  has been used i n  the United 5ta tes.  Boilers ranging from 

20 t o  300 MW o f  thermal o u t p u t  t o  handle peat are comercia l ly  ava i l ab l e  f r om 

European manufacturers. Peat gasifiers are current1 y under advanced research 

and development i n  the United States and elsewhere. 

CONYEWS ION EFFICIENCY 

Peat, because o f  i t s  inherent h i g h  moisture content, introduces thermal 

i wf f  i c ienc ies  i n t o  the combustion process. However, e f f i c i e n c i e s  improve 
w i t h  p l a n t  s ize.  The heat rate for  peat-fired plants  o f  50 MW i s  

approx imate'iy 14,000 Btulkklh. Thi s  rate comparos t o  a heat ra te  o f  about  9000 

Btu/kWh for  a comparable coa l - f i red  p l a n t .  
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SOC IOEGONOI4IC CONSIDERATIONS 

A constrilction force o f  65 and an operating s t a f f  o f  up t o  25 woljld be 

required f a r  a 15- t o  30-Mtl p l a n t ,  If the power p l a n t  i s  located a t  a "bog 

s i t e "  and construction and operation i s  associated wi th  bog preparation and 

p e a t  ha r ves t i ng  operations, add i t i o n a l  s t a f f  would be required. Construction 

and operation o f  a f a c i l i t y  i n  a remote location, such as Matanuska-Susitna 

Valley, could  have significant impact on the small cornunities (Houston, 

W i  l low,  and K n i c k )  located nearby. 



COMBUSTION T U R B I N E S  - 

Combustion Cdrbines can b u r n  n a t u r a l  gas, #2 fuel o i l ,  or coal-derived 

fue is.  Incoming a l r  i s  cornpressed i n  t h e  f i r s t  s tage o f  the turbine and fuel 

i s  i n j e c : t d  i n t o  the comtrlstor s t a g e ,  The hot gases are expanded through the  

prgqer turbine, which drives the compressor and the generator. The h o o a a s e s  
"Lien are exhausted t o  the atmosphere. Considerable w2ste energy i n  the 
exhaus t  gases can be recovered by us ing alternative cycles. These cycles w i l l  

be d iscussed under combined-cycle and cogeneration technologies, 

POSS -- lBLE WAILBELT APPLICATION 

Gas t u rb ine  p l a n t s  are comerc ia l ly  a v a i l a b l e  i n  sizes ranging from 

0.5  Wd t o  over &30 MW. Because t h e y  require no c o o l i n g  water, t h a t  siting 

r e s t r i c t i o n  i s  removed. If the  plants are near a p ipe l ine  or re f i ne ry ,  they 

$re ideally s u i t e d  t o  t h e  Railbelt application, A l t h o d g h  gas turbines are 

designed for  peaking operation, they can be used for  intermediate or even 
basel oad operation. Due t o  their low conversion e f f i c i e n c y ,  however, they are 
not norma 1 i y  used fo r  jase load operation. Regenerative cycles t h a t  preheat 

the -i ncomi ng a i r  can enhance combustion turbine e f f i c i e n c y .  

Although future installation o f  o i l  or gas-fired electrical generat ing 

equ iprrrent o f  over 10-MW c a p a c i t y  i s  banned by the Fuels Use Act ( P I F U A ) ,  

Alaska may be able t o  o b t a i n  exemptions because o f  i t s  u n i q u e  situation. 

Since many o f  the t u r b i n e  components are sh ipped  assembled, a p l a n t  t h a t  b u r n s  

gas probably can be on- l ine  2 years a f t e r  the decision t o  b u i l d  i s  made. A 

R d i l b e l t  p l a n t  could  be operating 2y 1984 i f  a decision we?? made i n  1982. 

CONMERC14L A V A I L A B I L I T Y  - < *-- 

As mentioned ea r l i e r ,  gas turbines are comerc ia l ly  a v a i l a b l e  i n  a 

var ie ty  a f  sizes. 



CON\/E!<SIBN EFFI  G I E N & Y  -- --- --. -- 

Depend ing  on s i r e  and design,  conversion e f f  i cienc i e s  o f  gas turbines 

rdnqe From 28 t o  34%. 

ESTIfJ&EEQ COST O f  POWER ---- PP 

Overs!? power cos-cs from 70-MW gas turbines are e;t imated a t  a 65% 

c apac I t y  F ac t o r  and a convers ion e f  f i c i  e~ icy  o f  28%. The c o s t  components are 

ds Fa l lows: 

C a p i t a l  

Natura 1 W2 Fuel 
Gar; O i  1 

7 a 

Operat i  on and Maintenance - 9 - 7 
TQ&- 1 p y ~ b u ~  t i ~ n  58 l e a  3 qe 

Because most o f  the  p l a n t  i s  preassembled, about BOX o f  the c a p i t a l  

expenditures wuld be spent ou ts ide  the  Rai:belt. 

RESOURCE AVAILAB EL%TV 
P" 

Although supplies o f  natural  gas and distillates suitable for  use i n  

turbines e x i s t  i n  the Railbelt, their f u t u t x  use is uncertain because of the 

present version o f  the Fuel Use Act. After 1990 the use a f  natural gas f o r  
electrical generat ion i s  prohibited, unless an exception can be obtained. 

Combustion turbine p l a n t s ,  however, w i  11 be allowed t o  operate on fuels 

derived from coal, biomass products, or distillate o i l ,  
I 

Because combust ion turbines do not require the use o f  water cooling, 
aquat ic  species s h o u l d  not experience any significant impacts. 

A j r  pollution problems a l so  should  be minirnal, particu;ar!y i f  natural 

gas i s  us& t o  F i r e  the turb ines.  Due t o  the re la t ively  low f i r i n g  



temperature, nitrogen ox ides are easi l y  con t ro l led .  Sulphur emissions are no 

problem w i t h  natural  gas; they can be controlled i n  distillate f i r i n g  by 

controlling the fuel's s u l p h u r  content.  

Land losses are only 3 acres f o r  a 170-M p ian t ;  therefore, the loss o f  

h a b i t a t  should be small. Probably the most serious impact on b o t h  terrestrial 
b i o t a  and humans i s  the "noise pollution" caused by turbines. Even w i t h  
baFfl~ng, these plants tend t o  g i v e  o f f  an o f fens ive  h i g h  decibel, high p i t c h  

sound , 

S K  10 ECONOM IC EFFECTS .-----*- 

Because combustion turbine plants  can be b u i l t ;  with a relatively small 

work for.ce, 30 construction workers f o r  a 170-MW p l a n t ,  the socioeconomic 

impacts will be m in ima l .  The s i t i n g  restrictions are few, so construct ion 

near the very small towns t h a t  \$auld have difficulty i n  absorbing even 

30 workers s h o u l d  be ab le  t o  be avoided, 



C3MBZ%EC-CYCLE POWER PLANTS .---.--.--- 

A combi ned-cycle pager p l a n t  uses trsn thermodynamic cycles t o  generate 
~ I e c t r i c i u ~  The prime mover i s  a cambustion turbine i h b t  drives a 

convent iona l  ccmbust i o n  turbogenerator, The exhaust from the turbine Ss used 
I n  a heat  recovery boiler Lo generate steam t h a t  drives a steam turbine. 
Combustion turbines may be retrofittea t o  convert them t o  combined-r:,yc!c 
generat ion.  L i kew ise ,  the steam bo~lers can be bypassed i n  a combined cycle 

and operate only on the combustion t u r b i n e  cycle. T h i s  mode of operat ioi f \  

allows considerable Flexibility both i n  constructing new capaci ty and i n  

operating e x i s t i n g  capac j ty .  

The combined-cycle power p l a r ~ t  s h u u l d  not be confused w i t h  t he  varjcus 
cogeneration designs i n  which waste heat from t h 2  e lectr icai  generation l j  
used f o r  precess and/or  space heat applications. 

POSSIBLE WAHBBELT APPLICATIONS 
P-" 

Combined-cycle plants currently are operating i n  Fairbanks and 

Anci-iorage. Fi~rther construction o f  this t f l e  o f  p l a n t  w i l l  Se restricted by 

the Fuei  Use Act, which l imits  the construction o f  fiew generat ing capac i ty  

burr i ing gas or o i l  a f t e r  1990, unless an exemption can be obtained. If coal  
r , d s i f i c a t i o n  p l a n t s  were b u i l t  i n  the R$ilbelt, the:? large combined-cycle 

p l a n t s  could  be b u i l t  t o  operate on the coa l -ds r i ved  gas. The combined-cycle 

p i  ants operating on coal-derived gas can operate as intermed =iate du ty  or 

baseload cap3city and wowl have no resti-ictions under the Fuei Use Act. 

CQWE WC IAL ALA 1 LAB 1 k 1 TY 
--" ---- 

Combined-cycle plants  currently are a v a i l a b l e  i n  a wide range o f  s i zes .  

Assuming an exemption f o r  a natural -gas-? ired design, a 200-MW p l a n t  could be 

i n s t 3 l l e d  i n  a b o ~ t  three years 8nd therefore csteld be on-l ine i n  1985 w i t h  a 

1982 dec is ion .  Coal sasifier - combined-cycle p lants  are not yet comerc ia l ly  

a v a i l a b l e .  The  earliest ~5iicS a p l a n t  could be on- l ine  in the Railbeit i s  

es t ima ted  t o  be 1991. 
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Lombined-cyc le p ' a n t s  are expected t o  have the same env ironmcr:ai 7mpacl:s 
35 ~ ~ c s s e  a f  a Z / S ~ ~ U S . ~ I O ~  tut-u.rnem P i p  emissions would c o s t s ~ s t  s f  ssrne carbon 

n~;no.x~ae and n ~ i r o g e n  oxides, Sue ampie con t ro l  xzchnoiogy -is i v a ~ l ~ o  ie to 

%eep :nest? emissions w i t ; l i n  s tanoards .  :he steam t i r r b i  ne requires c ~ o  1 i n g  

n d t e r  f o r  Cne zonoensets, a 'i t n o u y n  nucn :ess than a comparably sized p iant 

d,ier&ring 3n:y 30 the steam c y c k .  Loss s f  h a b : t d t  w ~ i l  a f f e c t  terrestr!ai 
.. - 

2 1 3 C d ,  A b o u ~  12 i c i - es  aT  .and are  rieecled by a 2(10-M@ piant. fuel SEgraqe 
4 s  cjn,;;!;ae~~ 



on ly  i n  smd31 cornunities v~here t he  infrastructure i s  i n s u f f  i c l e n t  ts  meet new 

dsmnriis .  Becaase operating and maintenance can be pe~formed w i t h  15 peop'le; 

few impacts shou ld  r e su l t ,  



D I E S E L  GENERATION 

A diesel generating p l a n t  uses an internal combustion engine operating on 

a diesel cycle to  drive an electric generator. These u n i t s  are commonly used 
for  standby or peaking capac i ty .  Some 36 MW o f  utility capac i ty  and 17 MW a f  
military capac i t y  presently are installed i n  the R a i l b e l t .  D i e s e l  u n i t s  are 
reliable, w i t h  forced outage rates o f  10% or less. Also, they can operate 

efficiently a t  less than f u l l  load.  

POSSIELE RAILBELT APPLICATION 

D i e s e l  generation presently accounts for about 5% o f  Railbelt 
generation. S t a t i o n  s i z e s  typically range from 2 t o  18 MW i n  the  Railbelt, 

ai . though 30 MW u n i t s  are available. Few s i t i n g  cor~straints e x i s t .  Because 
cooling systems are usually closed, a constant water supply i s  not required. 

Diesel units require a weatherproof structure t h a t  i s  designed t o  suppress 

noise and also  require access t o  a fuel supply v i a  barge, r a i l ,  or truck. 

Diesels can s tar t  up r ap id ly  under most weather condit ions. Thus, they are 
useful fo r  mergency power, peaking, and supplmental ( t o  wind or t i d a l  power) 

appl i c a l i o n s .  

COMMERCIAL AVAILABILITY 

Diesel u n i t s  are readily available i n  a wide var ie ty  o f  s izes .  Since 
they are l a rge ly  prefabricated, they can be installed i n  a short t ime. 

I n c l u d i n g  permits, a 12-MW u n i t  could be on-line i n  two years o r  less. 
Therefore, a diesel u n i t  could be generating power by 1984 w i t h  a 1982 

decision, 

CONVERSION EFFICIENCY - 

The conversion e f f i c i e n c y  o f  diesels i s  s e n s i t i v e  t c  both design and 

size.  Typically, diesels i n  the  R a i l b e l t  e x h i b i t  efficiencies o f  about 33%. 

Very small units have conversion efficiencies as low as 30%, whereas large, 
slow-speed u n i t s  ;re as high as 40%. The diesel has excellent load-following 
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i .nchorage, s i t i n g  approval should no t  be difficult. Noisz pollution is a 

problem t h a t  can be controlled by noise-suppressing housing f o r  the u n i t s .  

S K  ITOECOMBM % C  CQNSIBERATIONS --- - 

Sot ioeconomi c impacts shou I d  be m in ima l  because o f  these u n i t s  ' s~nali  

s i z e  and because few s i t i n g  constraints e x i s t .  A large diebe1 generator 
would require a construction crew o f  about 25 workers for  a year. 

Much o f  t h i s  force could be made up o f  local laborers, so the  impact on even 
sinail comml~ni t ies  should  be 2asy t o  absorb. 



CONVENTIONAL HY DWBEGECTR I C  

Hydroelectric plants  convert  the potential and k i n e t i c  energy of water 

i r ~ t o  e l ec t r i c a l  energy. The two bas ic  types o f  hydro plants are conventional 
and low head. By d e f i n i t i o n ,  conventional p l a n t s  have a head o f  20 meters  

{65 f t )  or more. Conventional hydroelectric plants use a dam to s t o r e  water 
and to establish a hydraulic head, a penstock t o  convey the water f rom the 

reservoir t o  the turbines, hydroelectric turbines t o  generate the  e l ec t r i c i t y ,  

a tailrace i n t o  which the water i s  discharged dfter l eav ing  the turbines, and 

a spillway over which water  not  needed f o r  the  turbines can be released, F i s h  
passage equipment may a l s o  be required. 

Low-head hydroelectric installations have l i t t l e  or no reservoir storage 
c a p a c i t y ,  They operate essentially as run-of-river generation. They o f t e n  

use propeller type hyd roe lec t r i c  generators. 

POSSIBLE RAILBELT APPLICAY I O N  

Over 700 p o t e n t i a l  hydropower s i t e s  have been identified by *,he Federal 

Power Comiss ion,  the U.S. Army Corps o f  Engineers, the U.S, Bureau o f  

Reclamation, the UeS. Geological Survey, and the  State o f  Alaska. The s i t e s  

were assessed based on economic environmental characteristics. T h e  $6 most 
promising si tes  i n  the Railbelt were selected on this basis. Added t o  t h i s  

l i st  are the two Upper Susitna S i t e s  ( D e v i l  Canyon and gatana) p lus  two other 
Railbelt s i t e s  (Bradley Lake and Grant Lake), ih ich  are being  seriously 

considered f o r  development. The location o f  these s i t e s  are shosm in 
Figure 1. T h e  est imated annual energy generaation o f  these 20 dams i s  over 

24,000 GWk, which i s  greater t h a n  f i v e  t imes the  current Railbelt energy 

demand. Because these s i t e s  would be high-head d3ms w i t h  storage capaci ty,  

they a r e  capable of supplying ejther peakinq or baselaad capaci ty.  



FIGURE 1 ,  Cand ida t e  ;+ydroeleciiic S i  ;es ------ 



Hyi! roeiectr ic  generatian i s  a ~ e l l  developed technology; the  f i r s t  p l a n t  

i r!  the U.S. was p u t  i n t o  service i n  1882. Two s iyn i f icar i t  h.ydro p l an t s  are 
currently operation81 i n  the Railbelt. One i s  a t  E k u l t n a  (30 W) near 

Anchorage and the other i s  a t  Cooper Lake (15 IW) eon the Kenai Peninsula. 

So lam~n Gulch (19 kW near Valdez i s  under cot~struct ion.  The type of 
conventional hydro plants considered here requires 5 t o  10 years t o  

construcl. An 42stimated 3 t o  5 years must be added t o  construction time For 

precol~struction f i e 7 d  studies,  l i cens ing  and design.  Therefore, a hydro p l a n t  

mi y h t  be ajrailab l z  from 8 t o  15 years a f te r  a decis ior ,  t o  proceed. M i  t k  a 
1982 decision ddti?, a p l a n t  c;luld be on- l ine f rom 1990 t o  1997. 

Hydroelectric generators are very e f f i c i e n t  - 90% or higher. A hydro 

p i a i l i  w i  l l  characteristically convert t o  electr ical  energy 80% or more o f  the 

energy i n  the  water passing through the  turbines. A more s i g n i f i c a n t  measure 
of a hydro project's c o n t r i b u t i c n  t o  a system i s  the  average annual energy 

generation d iv ided  by the nameplate generator capabi 1 i t y  ( the theoretical 
maximum generation). Th is  measure o f  e f f i c i e n c y  (utilization or capaci ty 

F a c t o r )  takes  i n t o  account the ups+peam water storage capaci ty,  tile necess i ty  

t o  z p i  l l  water d u r i n g  the s p r i n g  runoff and other factors t h a t  a f f e c t  the 

energy delivered t o  the system. Hydro projects typically demonstrate a 

u t i  i i z a t i o n  Pactot- o f  45 t o  60%. 

ESTIMATED COST OF POWER --- 

The cost  o f  power from a hydra project i s  h igh ly  dependent on the  

s p e c i f i c  s i t e .  Major c o s t  variables are type, size head, and locat ion o f  the 

project,  An ideal  s i t e  i s  located reasonably close t o  a labor center i n  a 

ilarrow, deep canyon wi th  a minimum o f  excava t ion  needed t o  reach bedrock. 

Lo\+-head liydro deve 1 clamnt requ ires re l a t  i vely less expend iture for  dams and 

spi 11 ways than d o  the conventional h i g h  head developments. Estimates have 



been mzde o f  the  20 promising Railbelt s i t e s  shown i n  F i g u r e  1. These cos ts  

are shown i~ the l a s t  three columns of Tab le  2 ,  which summarizes the 

characteristics o f  these s i t e s .  An est imated 65% o f  the costs  of a large 

hydro project would be spent i n  the Railbelt. For a small hydro project, only 

abou t  35% of t he  expenditures would be made i n  the Railbel t .  

ENVIRONMENTAL CONSEQUENCES 

The mast obvious env-ironmental impact o f  a hydro project i s  the loss o f  

1 and caused by the impoundment. Conversely, i f  the  river on which the project 

i s  located i s  sub ject  t o  flooding, the dm can enhance the usage o f  downstream 
property by controlling the runof f .  The reservoir created for  a bydro project 

causes a fundamental change in the hydrologic system from a flowing-water t o  a 

s t  i 1 l -water envi romnent . Evaporat ion 1 osses and grour~dwater seepage are then 
increased. In the low runoff regions of  the northern Railbelt, these losses, 
if subs tan t i a l ,  could cause s i g n i f i c a n t  impacts by reducing downstream f l ow,  

The opera t ion  of the dam can have adverse ecological impacts. When the 
hydro p r o j e c t  i s  used for  peaking generation, large diurnal  fluctuations i n  

river flcw result. These f luc tua t ions  can impact both the aquat ic and 

teprestri a l  b io ta .  They can a1 so be hazardous t o  recreation4 s t s .  Conversely, 

when designed w i t h  adequate storage capacity, the dams attenuate f lood f low.  
They can improve water quality and aquat ic h a b i t a t  by augmenting low r i v e r  

flokq. Th i s  f l o w  regulation can be a large positive impact in the Railbelt 
region where many r i v e r s  e x h i b i t  wide v a r i a t i o n s  i n  natural f low. 

Water quality i s  af fected by reservoir operation. The large still-water 
areas o f  t he  reservoir cause stratification d u r i n g  the sumer mocths. Under 
these condi t ions the surface layer i s  heated t o  a higher  temperature than 
would be found under natura l  free-flowing condit ions. Lower layers are not 
aerated as much as they would be under free-f low conditions; therefore, a lo* 

dissolved oxygen (DO) content results. Both o f  these e f f e c t s  ( h i g h  water 
temperature and low DO can have adverse impacts on aquat ic  b i o ta ,  especial l y  
cold water f ish.  These impacts can he minimized by d e s i g n i n g  the reservoir 
i n take  structure Lo take water from several d i f f e r e n t  levels. 
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As water  i s  spilled over the spillway (typicalJ2 d u r i n g  the spr ing 

r u n o f f ) ,  i t  entrains atmospheric gases (nitrogen and oxygen). When the  gas 
levels reach the  supersaturat ion po in t ,  they can cause death t o  f i sh .  

S imi l a r l y ,  the  h i g h  veloc i ty  o f  wa te r  i n  the spillways and out le t  structures 
can cause scour ing o f  the dam structures and river banks. Both o f  these 

effects  can be mitigated by proper spillway design. 

Alteration of streamflow characteristics by hydroelectric projects can 

have a serious impact on aquat ic biota .  O f  particular concerq in the Railbelt 
reg ion  i s  the e f f e c t  on the  anadromous salmonids. Major impacts t ha t  are 

difficult t o  m i t i g a t e  inc lude  the following: loss o f  spawning areas above and 
below the  dam; loss o f  rearing hab i ta t ;  reduc t ion  o r  e l im ina t i on  o f  upstream 

access t o  m i t i g a t i n g  f i sh ;  increased m o r t a l i t i e s  o f  downstream migrants; and 

a1 tered t im ing  of downstream m i  gration. An 1 n i t 1  a1 assessment o f  potent i a1 

hyd~opower s i t e s  i n  Alaska i nd i ca tes  t h a t  major impacts on anadromous f ish 
could be expected on such salmon streams as the  Tanana, Beluga, Skwentna, 

Susi tna,  and Copper Rivers. 

The major impact on terrestial b i o t a  i s  the inundation o f  large l and  
areas o f  wildlife hab i t a t ,  B i g  game animals can be af fec ted  by loss o f  

seasonal ranges and interruption o f  migratory router. Winter ranges are 
p a r t i c u l a r l y  c r i t i c a l .  Flood control by dams may s ignif icant ly  reduce the 

ex ten t  of wet1 and h a b i t a t s  because o f  the el i m i  nat i on o f  seasonal i nundati on 
o f  large areas downstream o f  the dams. Th is  ac t i on  can be expected t o  

adverse1 y a f f e c t  moose and other wet1 and species. Fish-eating raptors and 
bears could be a f fec ted  by the loss o f  andromous f i s h  i f  passage i s  reduced or 

eliminated by the dams. 

M i t i g a t i v e  measures can be  take^ t o  reduce many o f  these tmpacts, except 
the  loss o f  hab i ta t .  However, some new habitat, such as nest ing i s lands ,  

could be created by spoils or channels. Impacts on wildlife can be minimized 
by selecting only those s i t e s  where wildlife disturbances would be the least. 

Table 1 sumar izes  the environmental impacts t h a t  could be anticipated a t  the 

20 most promising Railbelt  hydro si tes.  



The ~ o ~ ~ b i r t a i i o n  o f  remote s i t e ;  and a l a r g e  number a f  construction 

norker ;  cdn b e  expected t o  cause a boom/bust  cycle  for most convent ional  h y d r o  

o r v j e c t s  j n  the Railbeit. These s i t e s  are located a t  o r  near communities w i t h  

+ ~ o p u i a t i o n  o f  500 or less. The in-migration o f  the 250 t o  100 workers 

~ 2 q u ; r e d  f o r  a project i n  the  range o f  100 t o  1000 MW would more than 

q i ~ a d r u p i  e t he  present ~ o p u l  a t  i on. Tab le  3 shows the representative 1 abor 

forces and cons t ruc t i on  periods fo r  small and medium-sized projects, The 

 stai ail at ion o f  a con r~ t ruc t i on  camp would not mi t iga te  t h e  impacts on the 

S G L  i 31 and economic structrrre o f  a community. 

TABLE 3. Representative Manning Requirements for Hydroelectric Pro jec t s  

Constrvct isw 
Construction Personnel Operation Personnel 

( number o f  persons j 

S m a l l  d y d r o  ( 5  MW) R 

L 25 t o  35 2 t o  3 

Convent ional  Hydra 5 t~ $0 260 t o  403 
i 100 MW) 

i a j  7 n  F i r s t  power. 
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19905. Early introduction o f  fuel ce l l  power p l a n t s  could be constrained b y  

technical problems, i n s u f f i c i e n t  orders, and na t i ona l  Fuel  p o l i c y .  

CONVERSION EFFICHERCY - 

fuel cel l  eff i ciencies are typically better "than conventfsnal methods o f  

conver t i  ng thermal energy t o  mechanical energy fo r  power generation. 
Stand-abne fuel cell s t a t i o n s  shou ld  e x h i b i t  conversign g$$icieneies i n  t h e  

range of 38 t o  47%. I f  fuel cel l  stations are operated i n  the combined-cycle 
mde, ef f ic ier rc ies should  range from 48 t o  60%. 

ESTIMATED COST OF POWER 

The est imated cos t s  o f  power f rom dispersed fuel cell  stations us ing  
phosphoric acid e lectrolyte  and operating a t  a 38% conversion e f f i c i ency  are 
est imated as f s  1 l owo : 

Capital  

Distillate Natural Gas 

9 9 

Operation and Maintenance - 7 - 8 

These cos ts  are for  10-W u n i t s  operating a t  a 65% capaci ty  factor  located i n  

an urban area. Only rough est imates o f  coal gasifier and natural gas 
combined-cycle p l a n t s  are available. Power costs  fo r  these plants  are 
expected t o  be 45 and 31  mills/kWh, respec t ive ly .  

RESOURCE AVAHLAB I&%TY - 
Fuel cells cirn be fueled by a variety o f  liquid and gaseous hydrocarbons. 

Synthetic fuels, s u ~ h  as low and medium B t u  gas f rom coal and biomass, are 

also being evaluated. The most f u l l y  developed process ilses naphtha and 

methane i n  pnospl-rr ic acid fuel cells,  i f  current avaiiabilily o f  
campetitively priced natural gas i n  the Railbelt reg ion continues, fuel cell  

s t a t i o n s  could serve kel l  as peaking and in termediate load-following uni ts .  



In  the 1990s coal deposi ts  i n  the Railbelt area (e.g., Beluga, Nenana) could 

provide the fuel f a r  gasifier - comb~ned cycle - fuel ce l l  p l a n t s  operated as 

baselsad stations, 

ENVIRONMENTAL COMSE - 

Fuel cell plants  are no t  expected t o  have major environmental impacts. 

Because o f  the h igh e f f i c i e n c i e s  o f  fuel cel ls  and ease o f  controlling 

potential pollutants, fuel cells represent a dramatic improvement i n  

air-quality impacts over combustion technologies. Water i s  produced by fuel 

ce l l s  d u r i n g  normal operation, minimizing the need f o r  water during 

operation. Add i t i ona l  cooling water may be required by fuel cells operated as 

combined-cycle p lan t s ,  however. Appropri ate water-wastewater management 

p l a n n i n g  w i  11 assure t h a t  thermal discharges comply wi th  rece i v i ng  stream 
standards. Impact on the terrestr i a1 ecosystem i s  expected controlled t o  

acceptable levels by proper s i t i n g .  

SO& IOECONBMIG CONSIDERATIONS 

Because of the  availability o f  fuel and the absence o f  major 
environmental e f f e c t s ,  small-scale (10 Mkl) fuel cel l  p lan ts  would be located 
i n  sr near load centers t o  m in im ize  transmission losses. Construction o f  

these plants would extend over a year and would i n vo l ve  a work force o f  

90 persons. A construction force o f  t h i s  s ize  could have a significant i r n p x l  

on a small cornunity but l i t t l e  on a large comnunity. Construction o f  a 

larger combined-cycle fuel cell p l an t  could have a relatively greater impact. 



STORAGE TECHNOLOGIES 

Enerw-storage techno log ies  provide a ray Lo use baseload e l o i t r i c a l  

generat i ng capac i t y  t o  meet peak power demands. Energy-storage technologies 
Fiave three major applications: 1) storage o f  energy from baseload p lan ts  
d u r  lng  off -peak hours for re lease  dur ing  peak periods, 2 )  storage o f  energy 

From intermittent operating generaiing f a c i l i t i e s ,  and 3 )  standby power supply 

i n  case o f  power s t a t i o n  or transmission system failure. 

PMPED HYDROELECTRIC 

A hydroelectric pumped-storage p l a n t  consists of  an upper and a lower 

reservoir, a reversing turbogeneralor, and interconnecting piping. Water i s  

pumped f rom a lower reserqoir t o  the upper reservoir d u r i n g  o f f  -peak hours. 

During peak demand per iods,  the water i s  a 1 lowed t o  flow from the upper 

reservoir th rough turbines t o  the lower reservoir, generat ing power i n  the  

process * 

No hydroe lectr i c pumped -storage projects have been developed i n  the 
Railbelt region.  Circumstances under which  development o f  pumped storage and 

o ther  energy-storage prsjects might be attractive i n  t he  Railbelt region 

i nc lude the fo l lowing:  

I .  use o f  energy-storage p r o j e c t s  i n  conjunction wi th  natural-gas-f ired 

combi ned-cycle basel oad p l a n t s  t o  meet peak 1 oads 

2. use o f  enerw-storage p r o j e c t s  in con junction wi th  coal-fired 

baseload p l a n t s  t o  meet peak loads 

3 ,  use of egergy-storage projects t o  retime output o f  the proposed Cook 
Inlet t i d a l  power project 

4. use o f  energy-storage projects i n  con j unc t ion  w i th  dispersed 

smaller-scale intermittent power projects solar or wind) t o  provide 

firm pwer 

5, u;e of energjf-storage projects t o  enhance system reliability. 



Hydroe l ~ c t r  i c pumped -storage i s  a we 11 -developed techno logy = 

P~mped-storage p l a n t s  had their comercia1 o r i g i n  i n  the Uni ted S t a t e s  i n  

1029. Comerc i a l i y  operating purnps/turbines have been b u i  I t  wi th  c a p a c i t i e s  

ra i iging from 1.5  t o  400 FRd, w i t h  larger units expec6:ed i n  the future. 

The overal l  conversion efficiency o f  hydroelectric pumped-storage plants 

i s  about 7 2 X e  

Est imated Cost o f  Power ".-- - 

Est imated cos ts  f o r  pumped-storage installations are h i g h l y  s i t e  

s p e c i f i c .  Costs can vary significantly. Electric energy costs  w i t h  20q-mill 

base load power i s  est imated t o  be 56 m i  l Ir lkWh for a 100-MW p l a n t  Facility 
operating a t  a 21% capaci ty f ac to r .  The cos t  components are as follows: 

Pumped Storage 
- 

C a p i t a l  

Fue 1 

Operation and Ma~ntenance 

Tota  1 P ~ o d u c t i s n  Cost 

A1 though pumped-storage s i t e s  have not  been i d e n t i f i e d  i n  the Railbelt 
region,  the significant hydro p o t e n t i a l  i n  the region indicates t h a t  such 

future development i s  possible as fossil fuel availability, load, and 
a l t e r n a t i  ve enersy generating cond it ions permit. 

The impacts o f  a hydroe lectr i c pumped -storage f ac i 1 i ty on water resources 
are s i g n i f i c a n t  and are similar t o  those of a conventional hydroelectric 

f a c i l i t y .  The major impacts occur f rom basin flooding and alteration 05 the 
natural hydrau 1 i c  regime o f  both surf ace water and groundwater. Ziological 
impacts are a l so  potentially s i g n i f i c a n t  and wil l  require detailed evaluation 



t o  assure minimum impact. The impacts on the  terrestrial ecology are 
pr i m a r i  l y  l o s s  o f  na tura l  h a b i t a t  and wild l i fe  disturbance f r om p o t e n t i a l  

increased human intrusion. Over-all , the environmental impact o f  

pumped-storage f a c i l i t i e s  wi l l  be a major consideration i n  p l a n t  s i t i n g ,  and 

t o  a degree, i n  operations. 

Sac i oeconomic Considerations 

Construction o f  a pumped-storage p l an t  i s  labor intensive, i n v o l ~ k n g  as 

many as 350 workers fo r  a 100-Mbl p l a n t  and a construction period o f  4 t o  

5 years. The impact from construction o f  a 100-MW p l a n t  would range from 
min imal  to major, depending on s i t e  se lec t ion .  

%"$RAGE BATTERIES 

In  periods o f  low demand, electricity can be converted from high-voltage 

WC i n t o  lower voltage DC and stored i n  batteries. During peak load periods 
t h e  process can be reversed t o  carry part  o f  the u t i  l i t y  b load. 

Circumstances under wh ich  development o f  storage batteries might be 

at t ract ive i n  the Railbelt reg ion are the same as those listed under "Possible 
Railbelt ApplicationsH fo r  hydroelectric pumped storage. 

U t i  l ity-scale use o f  storage batteries i s  an emerging technology. 

Development of advanced batteries systems specifically designed f o r  

load-leveling app l i ca t ions  i s  under way a t  several companies. 

Comercial-scale systems are expected t o  become available for  utility use i n  

the 1988-1992 t ime per iod. Thus, any Railbelt application will be i n  the 

midterm t o  long term. 

Per f  ormanse 
v 

Station-equivalent snnual availability i s  est imated t o  exceed 90%. A 

30-year economic 1 i f  e t  ine wi th several rep1 acements o f  batteries i s  estimated. 



Es t  ?mated Cost o f  Power 

T h e  ilicremental pwer cos t s  f o r  a variety o f  advanced storage batteries 
f o r  20-, 40-, and 80-mi 11 baseload power casts  are  e s t i m a t d  t o  range between 

35 and 130 m i  1 l s/kklh. These are t e n t a t i v e  costs  because actual manuf aclur ing,  

O&M costs and lifetimes are only rough estimates. 

Environgental Considerations 

Advanced ba t t e ry  facilities are designed t o  have minimum impact on their 
surroundings. band area required for  a 100-Mtl station would be only about 
one-half acre. 

Ssc i oeconomic E f f e c t s  - 

The maximum c~nstruction force for a bat tery-s torage facility would be 20 

t o  40 persons. Because a b a t t e r y  power would logically be located near a load 

center, the impact o f  construction would be small. Out-of-state cap i ta l  

spending i s  es t imated t o  be 85%. 

COMPRESSED A I R  ENERGY STORAGE (CAES) 

In compressed a i r  energy storage during o f f  -peak hours, surplus energy 
from a u t i  1 i t& g r i d  i s  used to compress air for  storage underground in manmade 

or natural geologic structures. During peak-demand periods, the a i r  i s  
released from the storage area, reheated and then expanded in turbines t o  

generate electricity. 

Possible Railbelt A~~licatisns 

Presently, the Railbelt region does not  have a suitable baselazd 
generating capacity t o  warrant consideration o f  CAES. Circumstances under 
which use o f  CAES systems may become feasible i n  the Railbelt region are the 
same as those 1 isted under "Possible Rai lbel t Applications" hydroelectric 

pumped storage. (CAES would be less su i ted  for dispersed system backup 

capac i ty .  ) 

The f i r s t  (and only) CAES p lan t  started operation i n  West Germany i n  

1978. Operating results on t h i s  290-lvlkl facility have been excellent. In the 



Uni ted  States, several s i t e s  have been evaluated for  possible CAES 

f ac i  iities. Although  t h e  cost ef fec t i veness  of these conceptual p l a n t s  

generally has been confirmed, no decision has been made t o  b u i l d  a p l a n t .  

Performance 

The electrical i n p u t / o u t p u t  r a t i o  o f  a conventional reheat) CAES plant 
i s  about 0,7%:1,0, 

Est imated Cost o f  Bower - 

For 924-MW rated capacity hard rock CAES p l a n t ,  the estimated incremental 

e l e c t r i c  energy cos t  will  be 54 m i  l ls/kWh. This  cos t  assumes a 1990 startup 
da te ,  30-year economic l i f e ,  Cook Inlet Natural Gas for  reheat and a 

20-mi 11 lkWh basel oad cost.  The est imated cos t  components are as f o l  lows : 

Capital  

Operation and Mai ntenance 
Tota l Production Cost 

Compressed A i r  Storage 

231 

Re sou~ce  Ava i 1 

S i t i n g  a CAES plan t  i s  a major task .  Finding a suitable geologic 
structure requires the most effort .  A variety o f  competitively priced fossil 

Fuel resources are avai lable  i n  the Railbelt reg ion to meet CAES reheat 
n e d s .  However, before a CAES plan t  can be constructed, the baseload 

generating capac i ty  i n  the  region must be expanded and the CAES options must 
be review& i n  detail . 
Env ironmew t a  1 @ 

The environmental impacts o f  a CAES p l a n t  depend upon the  type o f  storage 
medium employed. The most serious impacts may result from the construction 
a c t i v i t i e s  themselves. The exsavated material fpom sal t  dsmes and hard rock 
cavern systems pose s i gn i f i can t  stovageld isposal problems. Aquifer CAES 

systems @ impact on groundwater qua l i ty  will also have t o  be cdrefully 



assessed. Standard air-quality control  measures w i  11 have t o  be incorporated 

t o  min im ize  impact From the fossil-fuel-fired reheat f ac i  l i t y .  

Construct ion o f  a large CAES p l a n t  i s  labor in tens ive.  A construction 

force o f  150 t o  300 would be required over a f i ve -year  period. S i g n i f i c a n t  

impacts can be expected on small communities located nzar the construction. 

The operating s t a f f  f o r  a CAES facility i s  very small and should not impact 

local  c o m u n i t i e s .  



COGENERATION 

Cogeneratian i s  the sumultaneaus production o f  electricity and useful 

hea t .  The heat, i n  the form o f  stem or hot water, may be distributed t o  
c o m e r c i ~ l  or residential users i n  d i s t r i c t  heat ing systems or  t o  industr ial  

users f o r  process heat appl  i ca t ions .  

Cogenerati on systems can be cl a s s i f i e d  i n t o  two thermodynamics cycles: 

a, topping cycle - High-temperature stem, gas or d iese l  power i s  used 

t o  generate electricity and the  re jec ted  energy i s  used for  process 
heat or space heating. 

BP b o t t m i n g  cycle - High-temperature stem i s  used for process heat 

and the r e j e c t e d  steam i s  used i n  a special saturated s t e m  t u rb ine  

t o  generate electric1 ty. 

POSSIBLE RAILBELT ABPLHCATHOMS 

Significant po ten t i  a1 for cogeneration e x i s t s  i n  the Rai 1 be1 t. Because 
cogenerati on must be located adjacent t o  i ndustri a1 or 1 arge resi denti a1 

users, the refineries on the  Kenai peninsula, and Fairbanks have the greatest 
po ten t i  a l e  Other petroleum-re1 ated a c t i v i t i e s  such as o i l  and gas pumping 

s t a t i o n s  also have potent i  a1 appl i cat ions.  If  natural gas 1 iquef act ion (LNG 
facilities are installed, they would have a high potential. Other industrial 

and m i  1 i t a r y  instal 1 a t  i ons could use cogenerati on designs. Hospitals, 1 arge 
apartment complexes and other i n s t i t u t i o n s  i n  the high population areas o f  the 
Railbelt also  are potential users. 

COMMERCIAL AVAILABILITY 

A var i ety o f  cogeneration desi gns are c o m e r c i  a1 1 y ava i  1 able. The t ime  

required t o  license and install a p lan t  may be d ic ta ted  more by process heat 

use t h a n  by the electrical generation. The possible combinations o f  prime 

energy source and process heat use are so numerous t h a t  est imat ing  a date by 

which t h i s  type o f  capaci ty  could be on-line would be difficult, b u t  a range 
o f  2 t o  -6 years after the date o f  decision probably would cover most 

appl i cat  i ons . 



'ne 3rs7: oeas !~Ye sf "he e f f ~ c i e n c j  o f  coyeneration s h o u l d  be  percent sf 

:Z:*":.S?~ "he e : e c t r i c a i  generation p a r t  3 f  +:he c y c l e  w i l l  convert  the 

, .-.rrn?! e r I t i r , g ~  g f  the grimdry ?eat  soGrce tc, e;ectricai energy a t  an 
% b F * c ! e f i ~ y  t h d t  7 5  ~ b a r a ~ t e r i ~ t i ~  .:F tne pau.t-icular ymneralion design ($*team, 

49, tu.h3rle, .2r. r l i e s e i ' .  i n  a d d i t i o t l ,  the waste or r e j e c t  heat w i i l  be 

; r thfr  used. The ~verall e f f i c i e ~ c y  i s  usually i n  the range o f  65 t o  85%. 

I * \  - _ I  "3CNER 
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'he $ : ~ ~ - 3 f  3 0 ~  e r  f r n n  c~generation i s  h a r d  t o  define precisely. For 

-) ,. C 11.p i e ,  ;-f 3 ref inery  generates surplus electric1 t y ,  w h i c h  i t  suppi i e s  t o  the 

: #  :, !be value  o f  t h a t  Bower i s  the price the utility w i l l  pay  f o r  it. 
' t n e  Dower c a s t s  ~ 2 0  be talculated by ass ign ing a value t o  the 

r v  ;!:e.;s ?eat znd aer i v i  ng power c o s t s  as a by-product.  An estimates 60 t o  70% 
- :  ? n e  ~ d p i t r i l  expenses ~f such insLa1)ztions would b e  spent ou ts ide  the 

J 4 ;  ' " l p *  

:?& :"&ME;~TAL CONSEQUENCES 
"P 

1 cogeneration facility s h o u l d  have the same environmental impact as a 
: :TO ; e  generating s t a t i o n  o f  the same capaci ty  and type. For example, a 12-MW 

! ? z r e l  cogeneration f a c i ' l i t y  would be expected t o  discharge the same a i r  
12rfi I ;si ons 35 a comparable diesel generat ing s ta t i on .  T h e  1 and-use 

' ~ c r o r  would be h ighe r  i n  cogeneration i f  the acreage used by the process heat 
s d r T  o f  the facility i s  included. 

SOCIOECONOMIC CCNSIDERAflONS 
-- -- 

Work forces may vary F rw  25 t o  250 f o r  the construction a f  cogeneration 
p l a n t s .  Sfnce the p l a n t s  would probably be built i n  large industrial zones, 
: i t t l e  sociaeconornic impac8: i;hauld smur, 



UDAb POWER 

T i d a l  power uses the ebb and flow o f  t i d a l  movement i n  an estuary t o  

drive turbogenerators. The estuary i s  darned t o  convert the poten t ia l  energy 

f rom t h i s  movement Lo electricity. Because the  available head i s  limited by 
the  t i d a l  r i s e ,  the t u rb ines  a re  o f  a spec ia l  low-head design. The design of 

the dam and assoc ia ted equipment i s  s p e c i f i c  t o  the  s i t e .  Only two t i d a l  
f a c i l i t i e s  are o p e r a t i n g  i n  the world. One i s  the  Rance Project (240 MU) in 

northwest France and the other i s  the Kis logubsk s t a t i o n  (0.4 MW) on Kislaya 
Bay, USSR. 

POSSIBLE RBELBELT APPLIC&THBN - F 

T i d a l  power i s  intermittent; the t i d a l  cycle goes from peak t o  peak every 
12,9 hours. Unless some auxiliary pumped-storage capacity i s  added, a t i d a l  

power f ac i l  i t y  i s  capab le  o f  generating electricity less than 12 hours per day. 

Cook I n l e t  i s  one o f  the few s i t e s  i n  the world wi th  a s i g n i f i c a n t  t i d a l  

power po ten t i  a l  . Est imates  i n d i c a t e  tha t  up t o  2600 Mld may be avail able on 
the K n i k  and Turnagain Arms o f  Cook Inlet. Although t i d e s  are regular and 

predictable, the  t im ing constant ly  changes. Therefore, t ida l  facilities 
deliver peak power approximately tw i ce  a day b u t  a t  differing Limes. Peak 

generat i  ng capac i ty  a1 so changes w i t h  the seasonal t ides .  Because t i d a l  power 
i s  intermittent, i t  i s  useful primarily as a supplementary source o f  energy 

unless storage capacity i s  provided  t o  allow consistent energy production. I n  
short, t i d a l  power i s  a renewable source o f  energy, but w i t h o u t  s torage i t  

presents unique system problems. 

COMMERC IAk AVW %LAB %L %TY 

The material, design and equipment required t o  construct  a t i d a l  power 
p l a n t  are currently available. Plants  have been constructed i n  France and the 

Soviet Union and are currently in the p l a n n i n g  stage in eastern Canada, A 

Cook Inlet t i d a l  p l a n t  would require a lengthy construct ion period, from 15 t o  

20 years. Railbelt system demand would have t o  grow considerably before 



i t cod Id acccimodate an i n t e r m i t t e n t  source o f  power i n  the 700 t o  1500 Vbi 

t h a t  i s  chdracter i s t i c  o f  the Ccak Inle t .  Based on system 
considerations, the Railbelt w u l d  not be ab le  t o  accamodate such a facility 

~ e f  ore 2000 and possibly not beflore 2025. 

PERFORMANCE ---- 

A t i d a l  power f a c i l i t y  converts the potential enerqy o f  the rising and 

f a i l i n g  t i d e s  i n t o  e lec t r i ca l  energy. Although hydrggenerators are very 

2 f f  i c i e n t ,  the change i n  generating e i f  ic iency as the head drops  and the down 

t !me dh i i e  the reservoir i s  f i  l l i n g  must be considered. One measure o f  design 

e f f i c i e n c y  i s  t o  compare the electr ical  enerw ac tua l ly  generated in a year t o  

%he energy t h a t  would be converted i f  a1 1 generators were t o  operate a t  f u l l  

cayac i t $  the entire year. Prel iminary analyses show t h a t  from 32 t o  36% o f  

the nameplate generat ion (theoretical maximum output)  will  be realized, 

E S T I F N T E D  COST ClF POMER 
-or"-- --- 

A rough estimated power cost  from a t i d a l  s t a t i o n  on Cook Inlet ranges 
f rom 46 t o  129 m i  1 is/kWh depending on the s i t e  chosen and assumptions made an 

the disposition o f  o f f  -peak power. 

The largest e f f e c t s  o f  a t i d a l  power plant probably m u  Id be f e l t  by the 

marine ecology, Short-term impacts would arise f rom dredging some 30 million 

cub ic  yards o f  sediments t o  prepare the foundation. About 7 million cubic 

yards  o f  f i  l l  rock would be needed. Long-term e f f e c t s  could be expected from 
the change i n  water circulation patterns and the mvement o f  glacial  sediments 

deposited d u r i n g  the sumer runoff ,  Anadramous f i s h  migrations would be 

affected, as wuld the smelt runs, 

The terrestrial ecology would be a f f ec ted  by the construct ion o f  access 

roads, by the dumping of dredge materials, and by the acqu is i t i on  o f  f i l l .  



SOC IOECONOM EC CONSIDERATIONS ."""- "-- 

A t i d a l  power s t a t i o n  o f  the  700 t o  1500 M ~size envis ioned For Cook 

I n  le t  would require 2000 t o  3000 cons t ruc t ion  workers fo r  a 7- t o  12-year 

period. Most o f  t h i s  labor force would be based i n  Anchorage. This s i z e  

iabor force could p u t  a severe strain on housing and cornunity infrastructure 
if' employment were already high a t  the t ime  o f  peak construct ion. 



LARGE WINO ENERGY SYSTEMS 

Wind energy i s  converted i n t o  electrical  energy i n  two steps. In the 
f i r s t  step the  kinetic energy o f  the wind is converted into rotational energy 
sf the blades. In the second step, the  rotational energy o f  the blades i s  
used t o  drive an electrical generator. Small wind energy devices have been 
used f o r  many years, but  l a r g e  systems (over 0.1 MW capacity) are still i n  the 
developmental stage. 

I 

Three bas ic  configurations o f  wind machines exist. They are classified 
according t o  the a x i s  o f  rotation relative t o  wind direction as horjzontal 

a x i s ,  vertical a x i s ,  or cross-wind horizontal a x i s .  Vertical a x i s  machines 

are generally less e f f i c i e n t  than horizontal a x i s  ones, but because they do 

140L require a tower, they have a lower cap i t a l  cost. They have the added 

advantage o f  being i n s e n s i t i v e  t o  wind direction. Cross-wind horizontal a x i s  

machines do not represent an improvement over e i t h e r  o f  the other two types. 

A t  the current stage o f  development, horizontal a x i s  designs probably will be 

preferred for megawatt-scale machines. 

POSSIBLE RAILBELT APPLICATIONS 

Wind energy conversion un i t s  from 0.1- t o  5-MW capaci ty  would be well 

su i ted  t o  the Railbelt. The power generated i s ,  however, intermittent and 

requires backup capacity. Isc'Tated cornunities t h a t  have diesel or gas 
turbine generation might profit from supplementary wind power. In combination 
w i t h  a hydro or pumped-storage system, a wind energy farm could make a 

s i g n i f i c a n t  energy contribution because it could store energy. 

COMMERC I Ab AVAILABILITY 

Large wind tu rb ines  i n  the range o f  1 t o  2.5 MW are comercially 
available. A MOD-1 t u p b i n e  (2  MW) has operated a t  Boone, North Carolina, 

since 1979. Three MOD-2 ( 2 . 5  MW apiece) turbines went i n t o  operation i n  1981 
near G~ldendale, Washington. These and other wind turbjnes are available, but  

the benefits o f  assembly line productisn have not yet been realized. 



Capdc l i y  fac tor  i s  typically used as a measure o f  a wind turbine's 

- f F i c ~ e n c y .  Cap;lcity f ac to r  i s  the actual  power generated i n  a year d i v i d e d  

oy ;ne theoretical maximum t h a t  would be generated i f  the  wind were t o  blow a t  

the optimum speed a l l  year long.  Since the output o f  a wind turbine i s  

s e n s r t i v e  t o  both the ve loc i ty  and steadiness o f  the wind, the capaci ty fac tor  

;5 F! ighly s i t e  dependent. For a goad s i t e  a capaci ty factor  o f  30 t o  40% can 

be expected, 

1 
ESP%P@qTED COSY OF' POWER i 

I 

t 

The estimated c o s t s  o f  power from a 2.5-MW wind turbine instal led i n  t he  

Railbelt are as follows: 

Large Wind Systems Large Wind Systems 
With 40% Capacity With 30% Capacity 

C a p i t a l  49 55 

Operation and Maintenance 5 - 
Total  Production Cost 54 

Approximately 80% s f  the capi ta l  cos t  o f  a wind turbine installation would be 
spent ou t s i de  A7 a s k ,  

Since wind turbines extract  energy from the atmsphere, they can be 5 

expected t o  have a small impac-t on the c l ima te  i n  the i m e d i a t e  vicinity. The 
a f f ec ted  zone would be limited t o  a distance equivalent t o  5 rotor  diameters, 
which i s  1500 feet f o r  a MOD-2 turbine. 

Rotation o f  t he  turbine blades can interfere w i t h  t e l ev i s i on ,  radio,  and 

microwave transmission. Low-f requency sound a1 so has been detected downwi nd 

o f  some ins ta l la t ians .  This impact i s  potentially stressful on human and 
animal populations. 



For maximum e f f i c i e n c y ,  a smooth, f 1st s i t e  i s  desirable. Any trees or 

shrubs t h a t  cause a i r  turbulence may have t o  be removed. The large land areas 
required (particularly for multiturbine wind farms) could a f f e c t  terrestrial 
b i o t a  t h r o u g h  loss o f  h a b i t a t .  

Shoreline development cou I d  a f f e c t  both harbor seals and mig ra to ry  

b i d s .  The e f f e c t  o f  such installations on harbor seals, whiciSi use much o f  

the  coas t l ine ,  i s  unknown. If the turbines are located i n  the  flyways o f  

in igra t ing  waterfowl, b a l d  eagles, peregrine falcons, or other b i r d s ,  

collisions with the rotating blades would be poss ib le .  

S K I Q E C O N M I C  CONSIDERATIONS -- 

Erection o f  a 1- t o  2-MW wind turbine would require approximately 2 years 

f o r  s i t e  selection, i n c l u d i n g  t ime t o  procure f a b r i c a t e d  components, and abol~t 
6 months f o r  ccrnstruction. A crew o f  10 t o  15 would be required during 

const ruct ion,  b u t  no permanent ons i  te operating force would be needed. 

Because o f  the  small size o f  the construction force, the socioeconomic imprl.. t d  

on even the smallest camunity should be minimal. 

The construction o f  a 100-MW wind f a r m  i s  expected t o  requi1.e a work 

force o f  about 60 over a 2-year period. This s i ze  labor force could cause 
some strain on small eamuni t ies ,  



SMALL MIND ENERGY SYSTEMS 

Small wind energy conversion systems (SWECS) are wind turbines wi th  rated 
c a p a c i t i e s  o f  100 kW or less. Both horizontal and vertical axis machines 

e x i s t .  The h o r i z o n t a l  mach~nes have a h i g h e r  e f f i c i e n c y  b u t  require a tower, 
which adds t o  c a p i t a l  costs.  The vertical a x i s  m~ch ines  have the advantage o f  

not be ing sensitive t o  wind d i r e c t i o n .  Machines may be equipped w i th  either 
a 1 t e rna t i ng  current ( A C )  or direct  current (DC) generators. Alternating 
-urrent generators w i l l  al low t h e  power f rom the turb ines t o  be used a t  the  

installation or t o  feed a utility grid.  Direct current generators are u sua l l y  

used t o  recharge a t  offgrid installations where batteries are provided fo r  

backup power d u r i n g  calm periods. 

POSSIBLE RAILBELT APPLICATION ---"--. - P 

The small capac i t y  o f  SWECS installations makes system add it ions 

convenient. SWECS i s ,  however, an intermittent energy source. Unless i t  i s  

used i n  conjunction wi th  a hydro, pumped storage, ar some other storage, i t  

can be regarded only as a fuel saver. 

Some Railbeit s i t e s  may have the necessary wind condi t ions t o  use SWECS. 

Macro w~ nd enerw sttrveys, however, i ndicate t h a t  the most promising areas are 

outs ide  Railbelt population centers. I t  t h u s  appears t h a t  SWECS have on ly  a 

7 j r n j t d  potential i n  the Railbelt. 

Currently, mall wind turbines are a v a i l a b l e  from over 50 manufacturers. 

A Railbelt dealership and a repair network i s  already in place. 

CONVERSION EFFICIENCY 

The electrical  generation t h a t  can ac tua l ly  be realized over a year's 

t ime i s  o f  primary interest i n  eval i~a t ing  a SWECS. T h a t  f i gu re  i s  s f u n c t i o n  



of t h e  wind turbine design, the installation s i t e ,  and the equipment's 

reliability. I f  the SWECS e lec t r ica l  generation over a year i s  d i v i d e d  by the 

theoret ical  maximum o u t p u t  ( the  nameplate rating) the capac i ty  f a c t o r  ranges 

f yarn 25 t o  40% 

ESTIMTED eosT OF POWER - 

The est imated cost o f  power from a SWECS installed i n  the Railbelt 
opera t ing  a 40% capac i ty  factor  are shown below. These costs  are somewhat 

s e n s i t i v e  t o  the s i z e  o f  the  installation, 

Capital  

SWECS SWECS 
0.01 W 08802 M 

40 50 

Operation and Maintenance - 6 -- 7 
Tota 1 Produe t i sn Cost 46 57 

I f  the SidECS *re manufactured i n  the Railbelt, essefltially a l l  o f  the cap i t a l  

costs would be expended i n  the  Railbelt. Almost a l l  the O&M expenditures 
would be spent i n  the Railbelt. 

A p o t e n t i a l  hazard t o  low flying migratory birds could result from a 

SWECS, a1 though t h i s  possibi 1 i t y  i s  not considered serious. A compensatirig 

w i l d l i f e  enhancement can be expected due t o  downwind sheltering from the 

turbines. Noise i s  not a problem with SWEGS. Radio and microwave 

interference can be m i t i ga ted  by proper blade design and the use o f  

nsnmetallie materials* 



--- - 

Land use i n  the c i t i e s  would present s i g n i f i c a n t  problems f o r  SGIECS 

because o f  s a f e t y  and b u i l d i n g  code considerations. In the rural areas, w h i c h  

make up most o f  the Railbelt, these f ac to r s  would not be expected t o  weigh 

very heavi ly .  

Typically, a two- t o  four-man crew can complete a S K C S  i n s t a l l a t i o n  i n  a 

few weeks. No construct ion socioeconomic impacts s h o u l d  occur in even the 

smal lest  community. Operat i on  and m;i iltenance a1 so present no problems. 



SOLAR ELEGTR % C  PBMER ------- 

Two bas ic  methods f a r  generat ing e lec t r ic  power from solar r a d i a t i o n  are 

under development : so l a r  thermal conversion and photovolta i c  systems. Solar 
thermal systems convert solar energy t o  heat v i a  a working f l u  i d  such as 

water, steam, a i r ,  various solut ions and molten meta:s. Energy i s  extrac.ted 
from t h i s  work ing f l u i d  t o  d r i v e  a turbine. In photovolLaic systems, solar 
energy i s  converted i n t o  e lec t r ic  energy i n  a photo s e n s i t i v e  substance. 

POSSIBLE RAIL BELT APPLICATIONS ---- 

The lack o f  winter sunshine i n  the Railbelt c l e a r l y  l i m i t s  solar  energy 

as an a1 t e r n a t i v e  for  electric power generation. Solar  radiation data  

col lected a t  Fairbanks and near Anchorage revealed t h a t  mid-winter values were 
2 a maximum o f  only 48 B t u / f t  i n  December and 1,969 ~ t u / f t ?  i n  June. This 

compares w i t h  Minnesota ( a  relatively poor s i t e )  where the year-around range 
2 is 550 ~ t u / f t '  t o  2,000 B tu / f t  . 

COMERCIAL AVAILABILITY -- 

Pho tovo l t a i c  cel ls  are comercial ly ava i lab le  from several f i r m s .  The 

c e l l s  are assembled i n  modular un i t s  of varying vol tages  and current outputs. 

Solar thermal feasibility i s  currently being evaluated i n  test and 

demonstration f a c i l i t i e s  in Albuquerque, New Mexico, and Barstow, Cal i forn ia .  

CONVERSION EFFICIENCIES 

Photovo l ta ic  system conversion e f f i c i enc ies  currently range f ~ o m  

approx imate l y 2 t o  13%. Advanced concepts po in t  t o  e f f i c i e n c i e s  approaching 

40%. Conversion e f f i c i e n c i e s  f o r  a power tower solar thermal system range 
f rom 10 t o  70%, depending on c l i m a t i c  condi t ions.  

ESTHWTED COST OF POWER -- 
The estimated power cost f o r  a 10-MW photovoltaic power plant  operating 

a t  a 15% conversion e f f i c i e n c y  i s  6X) mills/kWh. A comparably sized solar 



thermal system a lso  operating a t  a 15% conversion e f f i c i e n c y  could expect t o  

generate electricity a t  92 m i  1 ls/kldh. The cos t  components are presented below: 

Capi ta l  53 3 65 

Fuel 0 0 

Operating and Maintenance - 27 -- 27 
Total  Production Costs 6 20 92 

RESOURCE AVAILABILITY 

tow sun angles, characteristic o f  Alaskan latitudes, provide less solar 
r a d i a t i o n  per u n i t  area o f  the earth's surface than i n  other areas o f  the 

country. This  creates the requirement for greater collector areas t o  achieve 

a g iven rated capacit:/. Increasing the "'Lilt" o f  collectors increases solar  

power dens i t i es  b u t  shades adjacent collection devices a t  low sun angles. 

These fac tors ,  p lus  low solar r a d i a t i o n  availability during the months o f  

g rea tes t  demand, severe ly constrains so la]. energy development i n  the Rai 1 be1 t 
reg i on. 

ENVIRONMENTAL CONSEOUENCES 

Air-qua1 i ty impacts fo r  photovol tai l :  and solar thermal systems are 
expected t o  be minimal. Water resource e f f e c t s  are a lso  not expected t o  be 

significant for  photovoltaic systems. Solar thermal conversion systems would 

produce water resource e f f e c t s  s i m i  1 ar t o  those o f  other steam-cycle 
facilities. Many o f  the working f l u i d s  being proposed for solar thermal 
systems will require special handling t o  avoid undesirable ecological 

e f fec t s .  Because o f  the land-intensive characteristic o f  solar systems, a 
significant environmental e f f e c t  could be the loss o f  hab i ta t .  

SOCIOECONOMIC CONSIDERATIOE 

Both solar photovoltaic and solar thermal system require a relatively 

large construction force but a small operat ing s t a f f .  A 10-MW photovoltaic 



p l a n t  would  require a const ruct ion force o f  about  100 and an operating s taf f  

of 10. Lit t le  socioeconomic impact could be expected i f  a solar  p l a n t  were 
located near a major load center. 



SMALL HYDROELECTRIC AND MICROHY DROELECTRIC POWER 

Small -scale Rydroglectric plants are f ac i  1 i t i e s  having installed 

capaci t ies  o f  100 kW t o  15,000 kW. Un i ts  wi th 100 kW or less o f  capaci ty  are 
classed as micrclhydroelectric un i ts .  Small -scale hydroelectric and 

misrohydroelectric power p lan t s  are s i m i l a r  i n  principle t o  conventional 

hydraelectric f aci  1 i t i e s  but d i f f e r  from these installations i n  several 
important  ways. F i r s t ,  the small -scale hydroelectric and microhydroelectric 

u n i t s  u ~ u a 1 1 y  operate wi th  a hydraulic head o f  100 f t  or less. They are a lso  
tmypically single-purpose (power only) facilities. Finally, they opertate as 

run-of-the-river un i ts ,  having no working storage. While small hydro power 
Facilities may be the most economically feasible a l t e r n a t i v e  t o  meet a 

particular power need, the above characteristics can lead t o  relatively high 

per-kilowatt c a p i t a l  costs. 

POSSIBLE WAILBELT APPLICATIONS 

Although 16 small -scale hydro power plants  are currently operat ing in 

Alaska, only one, the 15-MW Cooper Lake p ro jec t  on the Kenai Peninsula, i s  

operating w i t h i n  the R a i l b e i t  region. Feasibility studies have been completed 

on potent ial  small-scale hydro projects a t  Grant Lake, near Seward, and 

Allison Creek, near Valdez. Thirteen add i t i ona l  technically feasible small 

hydro s i t e s  have been i d e n t i f i e d ,  The p o t e n t i a l  f o r  microhydro development i n  

the Railbelt region i s  estimted to be 9 MW i n  generating capacity. Most o f  

these s i t e s  could be expected t o  be developed i n  t i l e  Anchorage load center 

CBWEWCIAL AVAILABILITY 

Packaged turbo-geneerator u n i t s  for  small -scale and microhydroelectr i c  

power p l a n t s  are available f r o m  many domestic and f o re ign  manufacturers. 

CONVERSION EFFICIENCY 

E f f i c i enc ies  for hydroelectric facilities range from 50 t o  85%, depending 

on the type o f  equipment used and scale o f  operation. As f l ow  rate and/or 



nea,a vary, the e f f i c i e r i c y  o f  t h e  turbine can drop o f f  f rom a maximum o f  90% a t  

100% c a p a c i t y  t o  about  75% a t  20% rated capaci ty .  Microhydro system 

e f f  i c ienc i e s  genera l l y range between 50 and 70%. E r i  d-connected m i  crohydro 

and small-scale hydro u n i t s  are operated as fuel savers a t  a 60 t o  100% p l a n t  

capac i t y  f ac to r .  

ESTIMATED COSY OF POWER 

The es t  'lmated cost o f  power for g r  i d-connected small hydro and m i  crohydro 

plants ranges widely from 14 t o  254 mills/kWh fo r  loca l ,  and From 111 t o  343 

mills/kWh f o r  remote f a c i l i t i e s .  The broad cost  d i f fe rence i s  the result o f  

major  cos ts  o f  access roads and transmission systems. The broad range w i t h i n  

cash category i s  l a rge ly  the  result o f  varying system operating cond i t ions  and 

equipment types used i n  these installations. An estimated 60% o f  the c a p i t a l  

expenditures chn be expected t o  be spent outs ide o f  the Railbelt area. 

Special consideration will have t o  be given  t o  m i t i g a t i n g  potential 

problems with the passage o f  anadromous f i s h .  The presence o f  power 
transmi ss ion and access road corridors through t he  forest could potent i a1 l y 

d i s r u p t  wildlife migration patterns. The aes the t ic  aspects may become 

s i gn  i f i cant i f  numerous m i  crohydro and small hydro p lan t s  wgre developed 

w i t h i n  a limited area. Because o f  the relatively small plant capac i t i es  

involved and l i m i t e d  number o f  feasible s i t e s ,  impacts s h o u l d  be minimized 

th rough careful s i t e  select ion.  

SKIOECOMBMIC CONSIDERATIONS 

Socioe~onomic impacts shou ld  be minor t o  modest, as a relatively small 

labor force f o r  construction and operation w i  11 be required. The construction 
force for  a small-scale p l a n t  could range up t o  20 ind i v idua ls  for  a 12-  t o  

24-month period. Small towns with undeveloped infrastructure could experience 
some detr i n~en la  l impact . 



LOAD MANAGEMENT 

Load management is any action taken by a utility t o  d i r e c t l y  a f f e c t  

customer loads or t o  influence customers t o  al ter  the i f .  electrical use 

characterist ics.  The o b j e c t i v e  of load management i s  t o  s h i f t ,  shed, or shave 
peak loads t o  derive a more economical load p r a i i l e ,  

POSTBLE WAILBELT APPLICATION 

The Railbelt utilities are currently mploying load management 

alternatives. However, opportlan i t ies  fo r  add i t i ona l  load management i n  t he  

Railbelt region appear t o  be l im i t ed ,  mainly because few loads are 

contmllable.  I f  low-cost power becomes widely available i n  the future, wi th  

resulting incrdased space and water heating electrical  loads,  aggressive load 

management proy rams may become desirable. 

COV&lERC IAh AVAILABILITY 

Load management techniques were f i rs t  used i n  Europe. Recently, i,, the 
United States, many 1 oad management programs have been implemented or are 
under development. Although many o f  these programs have proved t o  be cost 

e f f  e c t i  ye, they are generally s t i  l l  i n  the experimental or demonstration 
phases. 

Examples of load management methods include d i r e c t  load control ,  passive 
controls, incentive pr i c ing ,  education and pub l ic  involvement, and dispersed 
thema 1 energy stor age. 

1. Direct load control  i s  the control  o f  specific customer loads by the 
utility. Residential loads f o r  water heating can be controlled 

directly but can cause customer inconvenience or discomfort. The 

use o f  clothes dryers can o f t e n  be s h i f t e d  t o  off-peak hours. 

D i r e c t  control devicec include clock t imer  switches, temperature 
sensing controllers, and photo controllers. Control can a1 so be 

obtained remotely us ing  the existing transmission and distribution 
system t o  t ransmi t  a s igna l .  



2 P3eis ive  csntrols -- are h a d - c ~ w t r o l  devises that are owned and 

conti-o 11 ed by the customers themselves. They can be used t o  control  

water healers ,  and most significant electrical  loads wi th i n  a home. 

3 8 o f  electricity allows the customer t o  take 

advantage o f  reduced electricity rates by voluntarily shifting h i s  

use o f  electricity t o  o f f  -peak periods where rates are less. P h i s  

i s  a means o f  achieving load management objectives th rough the 

market neckan ism. 

4. Education and progrsms are designed t o  appeal t o  

the p u b l i c  t o  voluntarily reduce and change e lec t r ic i ty  consumption 

pat te rns  for  t h e i r  own b e n e f i t  and for the overall pub l i c  eccnomic 

w11 being 

5. stores heat produced during 

o f f  -peak periods for use i n  space or water heating d u r i n g  peak 

periods, Thermal storage systems may range in s i z e  f rom large 

central  storage un i t s  t o  residential -scale devices. Water i s  the 
most comon l y  used f l u i d  for storage because o f  i t s  abundance, low 

cost ,  nontoxic nature, and relative ease o f  handling. 

- 

Load management programs are e f f  e c t i  ve i f  the energy cos t  sav i  ngs exceed 

the added cost o f  alternative electricity generation and transmission p l u s  the 

cos ts  o f  implementing 1 oad management techniques. E f f e c t i v e  1 oad management 
will  reduce operat ing requirements fo r  peak and possibly intermediate load 

capacity.  The need f o r  new peaking capaci ty  may a l s o  be deferred. 

S E I A B  AND ENVIRONMENTAL CONSIDERATIONS 

Successful 1 oad management rests on the premise t ha t  certain i ndi  v i  dual  

choices can be opted i n  F a v o ~  o f  a " fa i ru  program developed for  a l l  

custamers. In most areas where load management has been tried, programs have 

been well accepted. With an e f f e c t i v - e  public comunicat ions program by local 



utilities, similar results can be expected i n  the  Railbelt region as the need 

f o r  suck programs grow i n  the future. Delays or elimination o f  new elec t r ic  
generation f ac i 1 i t  i es can be  expected t o  defer assoc i ated env ironmen t a  l 

problems. 



ELECTRIC EI4EWGY CONSERVATION IN BUILDINGS 

Four f a c t o r s  determine the energy e f f i c i e n c * ~  o f  any b u i l d i n g  and, i f  

implemented, o f f e r  the  greatest potential for energy savings in b o t h  new 

cons t ruc t ion  and retrofit  o f  e x i s t i n g  structures: 

1. an insulation envelope t o  reduce conduction o f  heat th rough the 

bu i  l d i n g  structure 

2. adequate sealing t o  min im ize  i n  filtration o f  air  

3. a vapor barrier t o  retard moisture transfer 

4. e f f i c i e n t  space heating and hat water systems. 

POSSIBLE WAILBELT APPLICATION 

Most b u i l d i n g s  constructed i n  the Railbelt use materials and techniques 

better suited for temperate climates. Only recently have builders and 

designers begun t o  recognize the need For an "A laska-spec i f i  c "  approach for 
des ign ing a building's thermal envelope. Some i n d i v i d u a l s  i n  the Railbelt 

have reduced their fuel b i l l s  as much as 70% by adding extra insulation and by 

thorough sea l ing.  Energy-conserving retrofit  methods i n  e x i s t i n g  structures 
and energy-conserving measures in new construct ion will receive increased 
emphasis as the cos t  o f  energy increases. Electricity demand through 

conservat ion will no t  be s i g n i f i c a n t l y  reduced whi le  low-cost e lec t r ic i ty  is 
widely  available. 

COMMEWC IAL AVAILABIL  IVY 

Energy conservation measures are wide ly  used, although most people are 
s L i  l l  not aware o f  the technology's economic benef i t s .  Well -developed 

technology i s  a v a i l a b l e  on op t im iz ing  the use o f  insulation t o  reduce 
conduction on sealing t o  reduce a i r  i n f i l t r a t i o n ,  on cons t ruc t ing  properly t o  
retard mois ture  t r a n s f e r ,  and on optimizing space heating and hot water 

systems. 



COST ikdYD - PERFORMANCE 

Conservation b e n e f i t s  are d i f f i c u l t  t s  measure on an area-wide b a s i s  due 
*.#c i t s  dispersed nature.  R e t r o f i t  cos t s  can vary substantially, depending on 

each dwell i n g ' s  age and type o f  cons t ruc t ion .  When comparing a "typical" 

e x i s t i n g  Alaskan house i n  the Railbelt region, adding retrofit conservation 

measures could return savings o f  41.8% o f  the  typical annual heating load. 

FOT new construction on a house cos t i ng  $100,000, "superinsulation" can c o s t  

an a d d i t  ional  $7,000. I n  an Alaska-specific designed residence, where 
conservation ( "superinsulation") was b u i l t  i n t o  the structure, savings 
mckiinted t o  72.3% over the " typica l"  Alaskan home. 

ENV IRONMEN$& IMPACTS 

Building conservation technologies have few detrimental environmental 

impacts. Because building "styles" would not change significantly, the 

techno low need no t  have any impact on cornuni ty  appearance. 

The impact on occupants o f  buildings having a minimum o f  a i r  exchange i s  

being assessed. The major  area o f  concern relates t o  the quality o f  indoor 

d i r  as measures t o  reduce i n f i l t r a t i o n  or the intrsductisn o f  ou ts ide  a i r  are 
incorporated. The po ten t i a l  for  adverse health impacts i s  increased as the  

ra te  of interior a i r  exchange i s  reduced. The safe level i s  d i f f i c u l t  t o  

establish, however, as it depends on building-specific pollutant sources. 
Air -qua1 i t y  concerns can be r e c t i f i e d  w i t h  air-to-air heat exchangers. The 

exchangers are a v a i l a b l e  a t  modest cos t  t o  exchange "stale" inside a i r  w i t h  

"Fresh" ou ts i de  a i r  while conserving 60 t o  80% o f  the  energy content. 

S K  EO ECONOM BC % MPACH 
P 

The soc ioeconomi c impact o f  energy-conserv ing techno log i e s  are not 
expected t o  be great.  An energy-conserving building i s  comfortable and 

re l a t i  ve ly d r a f t  free. The reduced cost  o f  heat ing allows occupants t o  keep 

the building warmer f o r  less money. Additional jobs are expected t o  be 

created from the  nanufacture, sale,  and installation o f  conservation materials 
and serv -i ces . 



ELECTRIC ENERGY SUBSTITUTES 

Electr ic  enerw subs t i t u tes  include passive solar  space heating, a c t i v e  

so l a r  i n  ho t  water and space heating, and wood space heating. Dispersed 

a c t i v e  solar technologies differ  f rom passive solar  i n  t h a t  they require 
aux i 1 i ary pumping energy t o  funct ion properly. Passive solar  energy 

applications require very l i t t l e  or no auxil iary energy. 

PASS I VE SOLAR SPACE HEATE NG 

Passive solar  systems rely on a combination o f  a thermally e f f i c i e n t  

bu- i l d ing  envelope t o  conta in  heat,  south fac ing  windows t o  capture solar 

energy, some form o f  thermal mass t o  store captured energy For release a t  
n i g h t  or d u r i n g  cloudy periods,  and design techniques t o  distribute heat by 

convection. Passive so la r  uses no mechanical means such as pumps or fans t o  

distribute heat f rom the sun i n t o  the l i v i n g  space. 

Although passive solar  for space heating i s  f a i r l y  new i n  the  Railbelt, 

several buildings tha t  rely on the sun for  a large por t i on  o f  their heating 

needs have been constructed i n  the l as t  few years. Passive so la r  may appear 

t o  be an inappropr ia te technology fo r  the Rai l be l t  because the resource i s  

p rov id ing  a minimum amount o f  energy when the need i s  greatest (December and 

However, the h igh heat ing loads and l eng th  o f  the heating season 
make pass ive solar at tractive.  During la te  winter  and early f a l l ,  a properly 

designed, passive solar structure i n  the Railbelt reg ion can obta in a large 

pa r t  o f  i t s  space heating needs from the sun. 

Comercia1 Avail 

Hundreds o f  passive so l a r  structures are now working successfully i n  the  

Un i t e d  Sta les .  The technology for  incorporat ing passive solar features i n  new 

construction is well developed and i s  continuing t o  expand. 

Performance 

A combination o f  energy conservation and pass ive solar  i n  new 

construction can cut energy demands by SO t o  70% i n  an i n d i v i d u a l  dwelling. 



t r~uug l r  Lhe p o t e n t i a l  o f  passive solar  arid conservation i n  e x j s  A d i n %  

li ~ ! l f t l c u l t  to  quantify wi thou t  knowing the structure's existing c o n d i t i o n  

~ m i i  io !at* access,  :ncorbpordL ing t h  i s  technology i n  existing structures cou i d  

? c d i i ~ t :  the  heat1  ny l oad by an  est imated 30 to  5096, Several structures i n the 

bid 1 ibd l t a r c  u s i n g  25 t o  30% as much space h e a t ~ n g  as their neighbors by 

,:nb~liibirling a n  e f f i c i e n t  tirermal envelope (conservation through in su l a t ion  

. ~ u i i i t i u i l  dnd m i n i i n ~ r i n g  a i r  leakage) wi th  passive solar  heat. 

i r - t u a l l y  no ~ o r k  has been done for  the Railbeit on c a p i t a l  cos t s  f o r  

I r Preliminary s t u d i e s  show dn increase o f  between 6 and 10% 

.iiioie noriria 1 constr~ic t ion c o s t s  -for a pass ive  so l a r ,  super insulated home. 
i h t :  e s t i m a t e d  u n i t  etlergy c o s t s  f o r  i r ~ s t a i l a t i o n  o f  passive so lar  and super 

i i 1 3 i l  ! d t  iun irl a new residence ranges f rom $4.4Y/MMBtu for  a 10%, 30-year term, 
?$o,iliiO s t a t e  l oan  t o  $S.?6/MMBtu f o r  a 5%, 20-year term, $10,000 alternate 

a i h i s  compares w i t h  fuel o i l ,  which i s  i n  the 58.20 t o  8.4OIMMBtu 

rd r~ge  :n the iid: i ~ e l i  drea. 

In:,o9atjon i s  the t o t a l  amount o f  a l l  s o l a r  radiation t h a t  f i r ikes  a 

u r i a c e  exposed t o  the sky. Inso la t ion  varies t h r o u g h o u t  the Railbeit region, 

b u t  h d 5  all overall average o f  about  300,000 Btus per square f o o t  per year .  

dh 1 ie t h i s  i n s o l a t i o n  value i s  less t h a n  h a l f  o f  what one might expect i n  New 

$?ex!co, for  example, the long heat ing  seasons and h i g h  heating loads j u s t i f y  

Gse o f  available r ad ia t ion ,  

Env ironmenta 1 impacts f rom passive solar  technologies are min imal .  

Aes the t i c  concerns For passive so la r  structures ca!? be hand led  by proper 

design. Reflected glare o f f  soutn fac ing windows i s  a p u t e n t i a l  problem i n  

passive solar appiications. Proper building design and introduction o f  new 
glazing materials are expected t o  control  glare w i t h i n  acceptable l imits.  



Soc ioeconomi c Xm~ac ts  

The soc ioeconomi c impacts o f  passive so i a r  technologies f o r  space hea t ing  

centers i n  the areas o f  land use, consumer convenience and cont ro l ,  and 

reg ional  economics. Land-use planning mu l d  need t o  be implemented t o  prevent 

the  degradat ion i n  e f f i c i e n c y  o f  an i n d i v i d u a l  solar  application by a building 

be ing  placed i n  the  sun's path a t  a la ter  date.  Increased consumer benefits 

can be expected t h r o u g h  reduced fuel expenditures, low maintenance o f  passive 

so l a r  systems and greater security from having an independent energy source. 
In t roduc t ion  o f  passive solar on a broad scale i s  expected t o  create jobs and 

new c a p i t a l  ventures a t  a local and regional level. 

Development o f  a thorough understanding o f  the economy o f  various levels 
o f  passive so l a r  design followed by education o f  designers, developers, 

b u i  lders, and consumers i s  the key t o  successful implementation o f  solar 
Lechna log i e s .  

ACTIVE SOLAR SPACE MD HOT WATER HEATING 

" A c t i v e "  solar  systems require auxiliary pumping energy t o  function 

properly. Systems eniploying f lat-plate collectors are the most comon type 

used t o  re t rof i t  homes and businesses. In these systems e i t h e r  a l i q u i d  o r  

a i r  is heated directly (o r  ind i rec t ly )  w i t h i n  a closed, usually F l a t ,  

collector .  Heated a i r  or a l i q u i d  i s  then usually stored directly or i t s  

energy t r ans fe r red  t o  another media; e.g., a rockbed for  use dur ing per iods  of 

h igh  load. 

Possible Wailbelt A ~ ~ l i c a t i o n s  

L i k e  pass ive  solar systems, a c t i v e  solar for space heating i n  the  

Railbelt region appears t o  be inappropriate because the building heating load 

i s  greatest when the resource ( so la r  radiation) i s  a t  i t s  m in imum.  However, 

i n  many p a r t s  o f  the Rai lbel  t ,  space heat  i s  needed a t  least  9 t o  10 months o f  

the  year. While a c t i v e  s o l a r  w i l l  not  make a s i g n i f i c a n t  cont r ibu t ion  t o  

heat ing during mid-winter  months i n  the Railbelt, i t  can reduce heat ing  b i l l s  

cn an annual b a s i s .  Assess ing  the f u t u r e  level o f  application for a c t i v e  

s o l a r  systems i n  t he  Railbelt region i s  extremely d i f f i c u l t  because o f  a 



fundamental l ack  o f  in format ion a t  a l l  levels of t he  supplier user and 

Financial comunities. Unless technical and economic feasibility o f  a c t i v e  

s o l a r  systems has been clearly demonstrated t o  the satisfaction o f  those who 

remain skep t i ca l ,  widespread i n t roduc t i on  o f  t h i s  w i t h i n  the Railbelt reg ion 

~ d i % 7  be i nh ib i t ed ,  

Active solar  system technology i s  wll developed, with many thousands o f  

installations t h roughou t  the  Uni ted Sta tes .  A c t i v e  solar  collectors, largely 

of local  assembly! are currently a v a i l a b l e  i n  the R a i l b e l t .  Technical 

a s s i  stance from designers, installers and dealers i n  op t im iz ing  the collector 

wi th  the s p e c i f i c  i n s t a l l a t i o n  may not be a v a i l a b l e  because o f  l i m i t e d  

ope ra t i ng  experience w i t h  this equipment i n  the Railbelt region. 

Pe r f  ormanee 

In  t h e  Railbelt under optimum conditions,  a c t i v e  solar collectors can be 

expected t o  make use o f  30 t o  40% o f  the rul,'s energy t h a t  s t r i k e s  i t s  

surface. The presence o f  obs t ruc t ions  i n  the sun 's  p a t h ,  the tilt o f  t h e  

collector and whether the heat  i s  used directly or ind i rec t ly  a l l  have a 

significant impact on collector efficiency. The interact- ion o f  these 

variab'ies and the low temperatures fo r  1 t o  3 months has never been studied i n  

A l  aska, 

Costs o f  energy fo r  a c t i v e  solar  energy wi!! l i k e ly  vary between 12.50 

and 34.20 $/MJIBtu, depending on the t s e  o f  system i l ~ s t a l i e d ,  the amount of 

collector used and the e f f i c i e n c y  o f  t he  end use o f  t h e  system. These u n i t  

cos t  figures are projections only. As a d d i t i c i i a l  systems are installed, a 

much b e t t e r  understanding o f  i n i t i n l  c a p i t a l  costs  w i l l  be possible. 

Inso la t ion  

I n s o l a t i o n  i s  discussed under t h i s  sec t ion  in "Passive Solar for  Space 
Heating." 



E - 

The environmental e f f e c t s  o f  a c t i v e  solar  energy use are min imal .  

Earlier concern over the aesthet ic  devaluation o f  neighborhoods from many 

roof-mounted solar  collectors has been replaced i n  the southem United States 

by the emcreased real e s t a t e  appraisal values fo r  homes with solar systems. 

Socioeconomic impacts o f  a c t i v e  solar  systems would be similar t o  other  

dispersed technologies. As a result, a higher percentage o f  the cash f low 

r iould tend t o  s tay  i n  the reg ion for a dispersed technology than for  a large 

centralized p r o j e c t .  In addi t ion,  the impact on one's l i f e  style from the 

a c t i v e  solar  systems d i f f e r s  from the ef fect  o f  passive solar systems. The 
p o t e n t i a l  b e n e f i t s  from reduced fuel usage and subsequent dol lar  savings are 

obvious, Some user maintenance w i  l l  be associated w i t h  a c t i v e  systems, 

amounting t o  perhaps 3 t o  6 hours per month f o r  a well-designed system. 

WWD-FIRED SPACE HEATING 
P 

Mood has been a t r a d i t i o n a l  fuel for space heat ing i n  Alaska. A 

s i g n i f i c a n t  amount o f  wood continues t o  be used i n  the  Railbelt as a primary 

and secondary heating source. Fireplaces have largely been replaced by a 

variety of fireplace modification equipment (e.g., fireplace inserts) and 

stand-alone stoves, both o f  which have greatly improved raod burning 

e f  f i c  i over the s tandard open f irepl ace. 

Recent studies point t o  a dramatic increase i n  wood burning i n  Railbelt 

residential areas. Many people, usually outs ide  the larger urban areas, 
depend on wood for t h e i r  sole heating source. In the  larger population 

centers, wood heat tends t o  be more o f  a secondary source, a1 though t h  i s  may 

be changing t o  some degree. An expanded use o f  wood f o r  space heating in the 
future wil l  depend on the continued availability o f  wood fuel,  the relatively 

low transportation fuel costs,  the availability o f  lo*-cast electricity and 

hydroearban fuels, and the i ntroduetion of residential conservation methods. 



& l  t h o u g h  determisl ing  the amount o f  space heating energy t h a t  wood-f ired u n i t s  

could  cont r ibute  t o  the  region is difficult, eventually, 10 t o  15% o f  t o t a l  

demand s h o u l d  be q u i t e  r ea l i s t i c .  

Technology i s  well developed f o r  wood burning systems. Suppliers o f  wood 

b u r n i n g  uni ts  i n  the Railbeit could meet considerably greater demand fo r  b o t h  

primary and secondary heating systems. Available equipn~ent includes models 

t h a t  can accomodate hydrocarbon fuels as  ell as wood and t h a t  are adaptablt:  

t o  iricremental increases in heat ing capac i ty  w i t h o u t  major system changes. 

e - 
Conversion e f f i c i e n c i e s  fo r  wood-burning equipment varies widely.  The 

effectiveness o f  these systems i s  i nd i ca ted  not only  by Btu output, but also  

by the  ability t o  p u t  the heat i n to  the structure instead o f  losing it t o  the 
chimney, Conversion e f f i c i e n c i e s  o f  open f i r e p l a c e s  range up t o  10%. The 

popular  box s tove e. g., ki tchen,  Franklin, potbelly and parlor  stoves)  have 

conversion e f f i c i e n c i e s  o f  20 t o  30%; a i r  t i g h t  and controlled d r a f t  stoves 

sa& have eSf i e i enc ies  between 40 te  65%@ 

Costa; 

Space heating cos ts  using wood compare very favorably wi th  other sources, 
especially when the wood i s  harvested by the dispersed, i nd i v idua l  method. 
Th is  s i t u a t i o n  i s  expected t o  continue unless transportation fuel costs  rise 
dramatically. The u n i t  cos t  f o r  wood heating over the l i f e  o f  the structure 
is d i f f i c u l t  t o  assess because o f  the uncertainties o f  future f irewood costs  

t o  the user. The i n s t a l l e d  cost o f  a wood-burning u n i t  will also  impact u n i t  

cost  and can range from $300 t o  $6000 depending on the application used. In 
cos ts  per MBtu, wood fuel ranges between $5.48 and $6.30 f o r  Fairbanks and 

Anchorage, respectively. Fuel o i l  (January 1981 prices) for  the same two 

locat ions ranged from 88.19 t o  $8.41/FF1BLua 

Although the dispersed i n d i v i d u a l i z e d  process o f  harvesting wood for  fuel 

i n  the Railbelt area i s  not high ly  visible,  demand fo r  firewood has increased 



dramatically. Birch i s  the  most common wood i n  the  Anchorage area, while 

spruce i s  most consnon i n  Fairbanks. Wood i s  harvested on state and private 

lands bu t  a greater amount is taken from private lands being clearcl for  
development. Wood suppliers indicate t h a t  t h e i r  sales are limited by 

access ib i  1 i t y  t o  harvest  areas and not  by resource shortage. Forest 
management o f f i c e r s  confirm t ha t  whi le  the resource i s  sufficient t o  meet 

anticipated future demand, it must be made accessible for p u b l i c  use. 

Wood for heat ing poses three environmental issues: f i re  hazards, a i r  
qua1 i t y  e f f e c t s ,  and environmectal degradation from wood harvesting. Fire 

hazards increase wi th  expanded use o f  wood for fuel. Most wood-burn ing-re la ted 

fires are the result o f  improper installation and, t o  a lesser extent, 

operati on Fo l l owing recornended insta 1 l a t  ion and maintenance procedures f o r  
wood-burni ng systems can considerably reduce the hazard level. Air-qua 1 i t y  

monitor i ~ g  i n  the Anchorage area has no t  detected par t  iculstes attributable t o  

wood combustion. Moni tor ing for suspended particles in other Ral lbelt  

locat ions has not  yet begun. Wood smoke creates a visual and odor impact f o r  

some people, although t h i s  does not appear t o  be a major problem. The degree 
o f  environmental degradation from harvesting wood fuel will depend upon 
harves t ing  methods and enforcement o f  1 and-use regulations. 

Socioeconomic Considerations 

An important aspect o f  wood for  fuel for many i s  t h a t  i t provides an 
independent  source o f  heat i n  case o f  power failure. Unlike other heat 
sources, wood f i res  require regular attention, and for  those harvesting t h e i r  

own wood, a considerable investment o f  time cut t ing,  splitting, and stack ing 

the wood. Some adjustments i n  l i f e  style  might be necessary, particularly for  

those who would use wood as a primary space heating fuel. Land-use issues o f  

wood harvest ing must be addressed t o  assure a dependable long-term supply o f  

wood, 


