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WUTC STAFF DATA REQUEST NO. 45
~ Re: Witness Jim Lazar

Please provide all studies that Mr. Lazar has conducted of the cost for customers on the
Cascade system of using an electric heat pump to provide residential heating and the
comparison of that cost with the cost of using natural gas under the proposed rate design
and under the current flat rate design of Cascade. Please provide all working papers that
support these calculations as well. For purposes of this request, assume that the gas
furnace providing the heating requirements is a “high-efficiency” unit for the first set of
calculations and then repeat assuming that the gas furnace is only 85 percent efficient.

RESPONSE:

Mr. Lazar has not prepared the requested study for Cascade. However, as a consultant to
the Association of Northwest Gas Utilities in 1987-88 (of which Cascade was a member),
Mr. Lazar did prepare a comparison between the net efficiency of natural gas versus
electric. This study may provide insights relevant to the request, and is provided as
WUTC-45 ANGU Fuel Comparison Study.pdf.
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l INTRODUCTION

o ThaPUfposeof Ahis .report. is- to:. |
compare direct use of natural gas for
residential space and water heat to-using
gas.for. electric. generation. in the -Pacifi
Northwast. The ihe mean

direct..ise
end. uses-over

This report does not evaluate the
overall prudence of hydrofirming as an
alternative means of providing: electricity
for other uses such as lighting, appliances,
Or motive power. S

A, WHAT IS HYDROFIRMING?

. .Hydrefirming is-a term which has.*
been used.in the Pacific Northwest for at
least & decade 10 describe a process of -
supplementing” hydroslectric. power .pro-
duction with, other.resources- during.dry -
years when the output of the regional
hydroelectric projects is reduced. The
amount of power available from the hydro-
eléctric system during the driest ofrecord-
ed drought conditions is referred o as
tirm power; amounts in excess of that
which is produced in wetter years is called
nonfirm or secondary hydropower.

“In an average &ear, the*'N'éft'h@éstﬁ—;——hydraeleczr;ies;systém pfadﬂses*ébo&f%?()()
average megawatts (MWa) of electricity {33%] in excess of the amount produced in the

driest period of record. - This:is abeut four. times the-avefageaninual usage of the'tity of
Seattle. This secondary energy is:currently ussd for a variety of purposes: ‘First; & portion
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of the power supplied to certainindustrial customets; incluting the ten regional aluminum’
smetters, is provided on a nonfirm basis, subject to interruption in dry years. A portion
of this energy is used to displace the operation of electric generating plants with relatively
high operating costs. A:portion is sold to California utilities over the thres interregional
intertie transmission lines. : ' e .

| g -sirategies imply a reduction in-the amount of Northwest
hydroelectric enerdy soid o Calfornia and an Incréass in’the Jocal utilizatio
glectricity in the Pacific. Northwest. - R

Generally, hydrofirming stt

econamic theory isithatidt
froms resourees with- high -opér
inevitable. dry.years;-as-long as
which has an opportunity gost=: : o C ¢
kilowatt-hour. The Councit staff suggested that'hydro pow migh
year-out.of three. - The-feport:uses this assumption.even though'

ary energy
WO cénts. per
Ot be available one
gmpti t may hot accurately
reflect the true frequency or-duration of secandary hydro availability.

o 1vyearind - Combustion Turbines |
2yearsin 3 Secondary Hydro

Average Cost of Firmedrhtydro: ‘ ' 3.'3V'cents/kv\ih

-Cost of Power from New Coal Plant: ~ 5.0 cents/kwh

There are numerous ways to supplemenit the secondary power produced in the .

hydro system:in-erder to-make-ita resource which can be relled on in‘regional power
planning processes. The most commonly discussed methiod i5t0 construct combustion
turbine'generators fueled with natural gas'or #2 distillate fuel oil, and opérate these fossil-.

fired .plants -in-dry years when:hydroslectric power ‘outpitt -is limited. A’ variety of

approaches to hydrofirming are listed below: -

, , is: basically “a jet “engine

- COMBUSTION ‘TURBINES: - A" Gombustion “turbirie “a et “engine
| stural gas Is burhed in Gombustion

connected o an eleciric generator. Ol and/or 1é
- . turbins:generating:plants in dry years to replace
- - available from hydroelectric sources. e

INTERRUPTIBILITY:  Special contracts are established with targe industrial
“customers which give those customers discounts on their power in exchange for

- the right to curtall such usage in-dry years: - -

. - IRRIGATION REDUGTIONS: Speial contracts areestablished with farers Folding

- surface water rights for irrigation to encourage them to either substitute crops with

2.

e electricity which is normally

g’

oy,
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@Ereducﬁen altoge her The
pwpgs%s is left | ‘the river
n&g ydroslectric dams. - “This
it j.e'ments.;i; o .

- lower:water requirethents ﬁurmg ‘dry years't
- water normally-divertéd: froin the river-for i
+- o during dry.years:andigengrates ‘power e
appreaeh may: require' ew 'gaf and con‘ i

OUT-OF-REGION PURCHASE: Contracts are entered into with elg ricutmres i
+~the.desert southwest-or in:California to- supply pox i i dny
ol wcuid be shlpped nort via the mtérre

" V@LUNTAHY cuamw&w’rf
~severely limited: stream-flows smce Wé
aluminum :company Joad was ‘curfaied;
political and energy leaders urged the pub%zc ) { voluntaniy reduce electric usage
- by-loweringthermostats; sliminating outdoo and using *uothé h‘
- measures.-Local utilitiss saved: app)r i
-would equal dbout 750 MWa reglm

: RATE BESIGN In 1985’%@»"%,? 'y"ar the Bon‘
or Bonneville) offered a special discounted: rate’
encourage short-run increases in’ usage. °
"Chainsaw" rate, since a major focus of the prog

- customers who had installed wood heatin
‘heat. - The:opposite technique-could be: ed

. «rate could:-be increased ito- ‘encourage i
-altemaﬂve fue! capabihty ta reduce eiactnc&tyr

ty' ers deszgned to
‘was -often: referred 1o as a
1was to encourage electric heat
At 1o resunie: usmg electric
drought.” The’ space’ Heat
ith wood heat or other-

'Thas repert addresses the mermsdynamics eco cs, and g!oba# warmang
ampacts of the use . of ‘combustion-turbine: -gerierators, - partictlarly’ with- respect ‘to-

- producing power in order toserve-residential space and: water heater Ioads The report

does not evaluate the other” optacns hsted abe

. é,—. s*mrus OF HYQR@FIRM%NG m THE NGF{THWEST

‘ Present!y vartuaity all Nerthwest hydreelectnc pewe
orin: Ga{ifarma ‘Dueto the ‘censtruction of large storag
of the Columbia: River iry Canada and Montana; very it
of dams.

Two of the hydrofirming’ sirategies zdentif“ed abevﬁ are presently m place “These
are interruptibility and combustzcn turb;nes B

t _See:

CSB'E 7
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reduction in output at the
:F asﬁ«ft’équenﬂy«“ ST HB@LSGNICB

tute power to actually keep the

.. Ofthese, only about 600, mw, less:
be used.as hydrofirming resources under: nditior:
power needs, and would produce about.5 0-MWa: if ‘actual
Electric includes the Beaver combined-cycle project [545 mw] as a firm energy resource,
and each- of the utilities receiving-energy from BPA ‘undet the WPPSS: #3. Exchange
Agreement.include. among.their firm-energy resources :sufficient ‘production from their

planned” to
ionakelectric

:Supply re

combustion turbines to provide return energy to: BP

. ..PugetSound Pawer and Light Company, with-approximately 700 mw-of combustion
turbines plus the 86 mw Shuffleton steam plant; does:net "plan” en:using:it§ oil/gas fired
plants as hydrofirming energy resources 1o supplsment the-hydro systsm’in dry years.
However, as a practical.matter, Puget's resource plans clearly-imply-an expectation that
these resources will be relied upon as necessary in dry years. For 1991, for example,
Puget forecasts a.firm energy. deficit of: 77-MWa, rising: 10.626-MWa by 1997 ‘Puget
clearly anticipates |
are.not avail

be expected to produce about 600 MWa of additional energy.

in summary, the Northwest currently plans on approximately 500 MW of generation

from hydrofirming generation ‘equipment *declared” -as. firm energy ‘resources and

approximately an additional 1,100 MW of installed units available, but as yet not included
as firmenergy resourges under.drought-conditions; Taken together with the interruptibility
ice:

provisions..of the .direct service: industrial-.contragts, -and. the - benefits of - voluntary:

curtaiment demonstrated in 1977,

capability in place at the presen

t time.

.. Oll/gas generators declared as firm resources: 500 -
Existing oil/gas genarators not yet declared: . 900 -
DSI Top Quartile 800

Total 2,200

ialcostomers s -
toreduceload

Y used: -Portiand.General

being able to use its.oil /gas fired: plants if cheaper sources of electricity -
not av >, but has.not made a formal declaration.of this:intent: If Puget's existing.
combustion turbines and Shuffleton were. counted as hydrofirming resources, they could:

he region has in-excess of 2,000 MW of hydrofirming-.
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I ADDITIONAL HYDROFIRMING FOR SPACE AND ATER HEATING USES

Since the preparation of the 1983 Northwe: Conservation and Power Plan
(Plan), the Northwest Power Plarning” Goura | '
hydrofirming as a resource ;
powerplants:or similar converitic
1,050-MWa-of ‘Secondary: hydro's
Inthe 1986 Plan, 714:MWai of 866

combustion

- This teport lobks 6nly offring ustion
“heating. “Other méthiods

turbines-ag a sburée-of supply id |
or applications of hycirofimming are ot svaluste

A 1990Proposal by NWPPC Staff oL e e i e

_The Northwest Power Planning Colncil” Staff'Has -studisd the cohstruction of
additional combustion turbines or combined cycle ustion: turbines to supplement

additional Northiwest secondary hydroelectric pow id watér heating end

ace and

the' Draft-1990"Resource Program; the NWPP , M shov
theoretical use of additional combustion” turbines s & ‘source- of ‘hsMaY 1 Serve
reSidentialzs;:;afc_e:a‘mdfwater*ﬁa”atiﬁgi'iﬁaés.-'?The:ﬁi‘_’a*graﬂ $0 o convey'd message that
hydraeleetric power firmed with gas-fired combustion tur 3:could actually provide more:
delivered:residential space ‘andwaterheating. BTUs than a comparable ariount of Aataral ]
gas burned in natural gas furaces and water heaters, The NWPPC diagram appears 4s -
Figure 1. -

- The apb‘roééh ased by the 'MWPPG;rstaﬁa‘asg :j_éé at sé“{?:ohd"a;ryfhird?é‘_efe’t:trie:;
power would be-used twoyears out of thregto:serve resids tial space and water hieating:
needs..-Combustion turbine generators, fusled with

- - ' gas at-40% efficienicy; would
be-used during:the one~in ~three years “drought*-cor itio

‘conditions to-produce the electricity
needed to serve these requirements. The NWPPC Staff:Study éssumed-that theslgctricity
would be used in electric heat pumps for space heating, at 200% efficiency, and in slectric
resistance water heaters for water heating, at 90% efficiency. The direct usage of natural
gas:was -assumed {0 be in furnaces at-80% sefficiency. ‘and. water heaters with 60%
efficiency. All ducted heating systems -- both electri¢ heat pumps and gas furnaces --
were assumed to lose 25% of the heat produced as a result of ducting and pressurization
losses. :

. The:NWPPGC. Staff.study did not reach -explicit-conclusions:about-the amountof -
natural gas-which- would:be-"saved" under-the combustion: turbine/secondary- hydro -
scenario-put forth, but the hydrofirming option was Clgarly-presented: as-areduction in
natural-gas.usage compared with direct use of natural gas'infuraces and water heaters.

This consuitant has published previous evaluations of the cost-effectiveness of -
hydrofirming as an alternative to construction of baseload generating projects. The

consuitant was requested to review the NWPPC Staff Btudy:and to-determine if-additional
factors were-appropriate to the comparison-contained in-the NWPPC Staff ‘Study. “This -

5



any consideration,.of 1

result of reduce
the NWPRPC study eliminates any«
the . desirability-.of . the. strategy
questionable. Finally, when environmenta
Northwest Electric Power Planning and Conservation Act, I
pump strategy becomes even less attractive,. ~ .- "= s -

1. .- Thermodynamic Efficiency.

.. The NWPPG Staff Study
natural gas o a direct applicatios
same-amount of natural gas.
secondary b

dropower praduce 1,600-BTUY of space heat.

On;tratjé;-ba@iég::the.,tg&WPEGe-Sta Study: he secondary hydroslectric
power.together with natural gas combustion turbing modynamically-préterable-to-

providing the same space and waler heating end uses-with:
gas.. .. . CLE e e e

The NWPPC analysis is accurate with respect to the Pacific Northwest, but entirély'

ignores-the fact that the secondary ‘hydro -woulld be:available for export to- California

absent the-hydrofirming strategy: :California would have:to teplace:this source of supply -
of elsctricity. if the. secondary-hydroslectric power were used in'the Pacific Northwestin -

a hydrefirming strategy. - The fuel-requirements .needed: to replace this electricity .inv
California are discussed inve.below. . - o0 ot e e T e o

. HestingLoads. .

This study looks at the use of eleciric heat pumps and water heaters ina

hydrofirming strategy as-an al & to the direct use-of natural gas forf spate‘and water
heating in-a:typical newly. cor st 3, <:Figures’

complete. .presentation -of -the-effect of providingspace:
Northwest house-with electricity derived from-firmed:-hydropower:versus providing space
and water heating for the same house with natural gas and.exporting available secondary

requirernents for space and water heating areidentical,

- -Inboth cases, the.end:use

reflecting-an assumption that:the:building:shelis and heat 1oss are identical; and the hot -

water usage for both is identical. ‘Because of these assumptions, the building shells are

B

show that a 1000 BTU input of
able-space orwater:heat. The .
dtegy: in: conjunction with:

direct application of natural’

Electncuty NeededteServethe Space andWater

cted ‘Northwest-home; - Figures 2 'and 3-show'a more
and water heating for one-

i
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that 10% is dissipated in line losses and 8764 kwh is delivered

presumed to have identical cost. 'Tl'.;‘aés,paf_c—;;_e. heating end-
BTUs per year is taken from a 1987 NWPPC
million BTUSs per year is taken from a 1989 Washington S

use rgqu@ggmqng_gf 20.4 million
er Heatifig end use of 14.7
e Energy Office study.’

Figure 2 displays the effect of providing this space and water heating service with
electriclty. A totat of 9738 kilowatt-hours of electricity s requitd 1o be produicad within
the region-each year toserve these erid uses. - Of th

e Council staff ostifistes
to the subject heme. - -

Of the amount delivered 1o the home, 4779 kwhis utilized in the water heater at

| 90% efficiency. - The-end result for water heating is showry below:

| 4779kwhx 3418 BTU/kwh = .
16.3 milion-BTU-@S0%-efficiency = ~ 7~ o

14.7-million :Ba?U'éfdff‘h'Bfi-Wathi R

The remaining electricity;:8985 kwhis usedin ectrie heat pump which:has an
annual coefficient of perdformance:of 2.0, mean ing that 2:urits:6f heat s producedfor-each
unit of electricity used. 25% of this heat is presumed to be dissipated due to ducting and
pressurization losses. - The end result for space heating is'shown below: = - .

| SBSkwhx3MSBTUwh =
- 13.6:milionBTU.@ 200% efficiency =+ .2 - -

- 27.2 milion BT warmiair - .-

Less 25% ducting and pressurizdtionfosses =+
- 20.4-million BTU-delivered to heated'space:. -

The total amount of electricity réquiféd'each yééf,ftﬁéfefbre, is 9735 k?ivh, -dohsisting
of: 4779 kwhfor water heating; 3985 kwh for space heating, and 974 kwh for trarismission
and distribution losses. R B T R R SN

h. Naturaiﬁas Reét&ii@merﬂé;iﬁré'fF'irm>':Hydrop'6§vé'r in'No'rEhwést
Two Years out of Three:: . T e

- Under.the hydrofirming :option in Figure. 2; 9 h-:of -secondary:hydro -is
available within the Pacific Northwest in two years out of three.. Inthe third "drought" year, -
the same amount of electricity must be produced by using-natural gas at a power plant
in-the region, The NWPPC Staff Study aseribed a'40%:efficiency to the.gas-fired: power
plant. .. . - o B T A TR

- Atw%efﬁcsencyoffuelaversionamnpuwf 32 BTU of natural gas would-be.
required to produce each kwh required to.be generated in:the. drought years. Thetotal:
natural gas requirement for-generation is therefore ‘83.1 million ‘BTUS, or 831~>theﬁr1}s;é_f :

natural gas. This conversion'is as follows:



. Natural G2 _
Not Recewed from Nor&hwest Due to Hydrofrmmg

The basac choice facing the reglen is: t@ elt secaaeiary h"erpower in
the region in some sort of hydrafirming strategy;:or to:make that secondary hydropower
available for export to California. Figure 3 shows the amount of secondary hydropower
‘available.inthe Nerthwest which: theabydrafrmmg option would use-to provide'space and

ter heat or., th aubjeet house; but whtch othermse ‘ eu!d be dehvered m California.:

: Slnce tha hyd,r@ﬁrmmg_ ategy.ir
in the Northwest during the ncn-drcught years which occur two years out of three, less
electricity is available for export to California than under a non-hydrofitring strategy.

However, the intertie fines to California are- limited in apacity, and there are occasions
whenthe avaxlabte surplus hydroglectric productionin the:Northiwest excedsthe available

“markets for that surplus, and:thesunusable:-surplus is Yspilled*-over the:top of the dam.

Current management of the Columbia: River hydroelectric system has greatly reduced the
probabmty of spa!l but it does occas:onally occur

!f a hydref‘rmmg s’cr«ategy were empioyed to ser\fe space and water haatmg foads -
in the ‘Northwest, this would add- another market to the existing-uses ‘for surplis

hydropower (sales to direct service industries and to California utiiies). Because of the
increased demand for more surplug, the amount of electricity generated would not be
constrained by transmission capacity and-less- water:would have to be spilled. It would
all be used to generate power. If surplus hydro is notused in'the Northwest for heating
-water and space, the system willgenerate only what can be sold to the DSIs and exported
to California over the interties. So about 10% of available water would have to be spilled.
This -estimate- has been-accepted by the:NWPPC Staff asa
amount whlch wuuiﬁac’suaﬂy be«spﬂtad c@'- b “far lass ma 10%

Absent @ hydrafmng strategy, 9738.-kwh ef secandaw hydro wouid not be used'
in the Northwest in the two years out of three that it is available. If 10% of this were
spifled, a total of 8764 kwh would be available for export to California, The intertie
transmission Jines are efficient, but'long, and- appmx:mate!y $0% of the energy which is
bsent & hydrofirming strategy,
California:woild receive 7888 kwh of Northwest sec dary Hiydro two: years: outofthree.
If 9738 kwh of secondary hydropower were used if’ the ‘Northwist'in a hydrofirming:

exported:is lost befors # reachies California; T

strategy, California would need to replace not the entire 9738 kwh, but only the 7888 kwh
which would actually be expected to reach California absent such hydrofirming.

kwh ef secmdary hydmpawerl ,

*conservatlve est;mate the




than the assumed 40%, the natural gas |

‘a@ fireei powerplants zvailable to
drepower s Rot dvailable Fom
existingNorthwest” secondary
nla ther than in this region.
ame 40%3 ‘urﬁed i::: the

them: which-they ourrontly-use i years wi
the Pacific Northwest. In that sense
hydropower is already being
Assuming the-efficiency-of th ‘Gl
Northwest®; 673 therms of-riati .
Northwest' Secondary hydrap@wer-rwmch C-‘alzfem
hydrofirming strategy, as shown below:

87, 3millior BFUs A&ty
2@“9 mllkﬁn BTU@-

The assumption of 40 4l%*efﬁei”ency in Gahfe_r" g favorab 6 tothe' argument set forth
by the NWPPC Staff. While California has some combined ‘cycle gas-fired generating
plants capable of operating at 40% efficiency, the majen%( of the California generating
capacrty which would be usedta feplace tHis' lost’ en’ gy ch is currentiy in: place is !ess
efficient - in the 30% to 35% eﬁici 3y range._ e R S

ing. ll_gnts whtch are !ess efflment
turak ater than 673 therms/year.
If a portion of the electricity could be p ced C generatmn or other highly
efficient conversion processes, 8 Usage could be less than 873 therms fyear to replace

the unavaziab!e Northwest secendary hydrepower L

ifthe California utilities are rex uired to use g

I Cahforma deméed to reduce reliance on. ni
hours could be produced with'coal at newiy construe

te generating tations. The

- effi ciency would be lower than the 40% assumed he " losses ‘would be incired

reqmrsng addutional fuel use, and the totaf fuef blrned would;be consaderab1y greater

d. 'Fotai tural Gas Re;qdi?e‘_c}_tjhﬂgg(:ggs;t @},n:déif‘ﬂydfcffjfmizf{g\

“Strategy.

Under the hydrofrming strategy proposed in the NWPPC Staff Study, the total
natural gas required on the West Coast in‘order to prov:de the space and water heat for
7888 kwh of electricity in California in two years out

'therm year, as shown below: .

Average An'nua'l"UsaQé:  7%6therms

2l Gas Requirenierits to Provide Space andWater Heating
Th?eugh Direct Application - .

-9
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assumed 60% efficiency tevel: the same effic ciency
The end result is as shown betow. - S

efﬁciency, But 25% of this heat

. Figure. 3.shows the: Amauntof: natwals;ga which: wouid:ba fequmes:i ‘torprovide
cimect space.and water heatmg

heat and. hét water as used in. the\e Qtf ;

dnstributie?i sysie;n acl ye"'"
in i:ne iessss,f assocuated with. g

ab 28
as distribution system. 58
BTUs, reaches the subject house: - C e

Of this amount, 245 therms:is delivered. terthe»wate; ‘heater; which-operates at an

ﬁqmed bythe NWPPO Staff Study.®

24,5 million BT
147 mﬂhnn BTl

The remamtng 340 the n
the NWPPC Staff Study The end résult is as shown.

This end result, 14.7 mj lion BTUS delivered a8 het water, pius 20.4 millior BTUs

delivered.as heated air, is. exacﬂy'the same as the end-result as that set forth- above/in the
hydrofirrming example using electric heat pump§ -and water heaters. . Thts -alternative,
however, does not use Northwes econciary hydr
the amount used in the’ hydrof‘rmlng example -~ 9738 kwh.in two years.out of three -

available for export. As described above, this amount of unused secondary hydmpower

would provide a net of 7888 kwh delivered in California two years out of three. Total

natural gas consumption in.the Northwest .and- California to reach the identical result

would be 600 tharms/year under the direct apphcatlon of gas. alternative.

Y ary of Thermodynam ‘Resuits

needed in order to provide space heat and hot'w

option and to provide 7888 kwh.in twn out of thres. years.in. Californja. Ony 600
therms/year would be reqv, der the dire e and water heating-option to
reach the same result. “From & thermodynamic perspective, direct space and water
heating is approximately 20% more efficient for the West Coast overall.

The same hydrofirming strategy was also evaluated by the consultant under the
assumption that, instead of heat pumps, new homes might be built to the more stringent
slectric resistance heat mode iservation standards and use zonaj electric heat. This

lowers the cost of the’ electri 'alternatwe, but electric_he 7__,_t'"2fueted with firmed hydro

-10-

M sth the same end—use af sp 3

of: natural gas elaters the gas"‘ _
med as-compressor fuel and-
5 therms, pr 5& 5 miiﬁon

ower within the. reg;en, and therefore :

s of gas per year would be
ider'the hydrof‘ rming / heat pump
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rernaing both more expenswe and requnres more gas th A the dzrect gas space and water_
heating :option,.” | : v

System/Capﬁa Ccast " L

The secend |ssua neg‘iaezteél by thie:NWPF
altemative scenarios. Figure:4 shows: the: casts of i(o]2 !
needed to provide the end-use space and water heating requnrements ‘of the” subiact
house used in thls example :

“;Stio‘n‘, the exnstlng gas‘

Begmnmg wath the gas spaca anci water 1
h house. The cost of such a

transm:ssuon system would have to be cannected ;o.ea

Anatura! gas furnace aﬁdd cténg system wo ed. NPPC Staff
estzmated the-cost:of such asystemrat $1895.% ‘Final atural gas watér heate? woiild
be required; WSEO estimated the equipment costs of a. gas water heater to be $250. i

Based upon recent direct: expenence the Authcr has determmed fhe mstalied cost to be

approximately $350. .

Thus, the total installed eost of the naturai gass‘pé’ce\ and wét’er h'eatmg system is
as foliows:

Service extension: ' _ $550

Furnace and ducting: T N $1,895
Water Heater: o _ . %350
Total System Cost o o $2 ;795

| Note Where central air condmonmg is reoauired $1 2!! shauld be addéd te the cost

' pb. : Electr:e $ystem C@sts fbr Hydreﬁrmmg

The eqmpment required te pr@videa eleemc spac al water heat seﬁﬁce “’is ore-
extenswa thanfor direct'gas heatmg, duer tc: the need“ta -cehveﬂ gas tcs erecfﬁcx’ty an
e!ectnc;ty mto heat at the enﬁ Lfse : . '

: (1-)3- C@mbustaon ?urblnss _ )
The frstcompenent requtred I8 thegeneratmg p ant The NWPPC Staﬁ Sfudy cfud

not mdfcate ‘whather single cycle orcombined eycle combustion'turbifiies would be used, -
but did specify-an sfficiency of- 46% Smce combened‘ 't‘:?é!e plants hav‘é Qrea’fer f‘uetr‘

-11-
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efficiency, but are more expensive to construct, it is im
equipment type.*’ o | :

portant to identify the'asstmed

mbustionturbines have a fuel
ported efficiency of the existing
40% efficiency -assumed in the
performance of ‘combined cycle

According to NWPPC data, Combtned eycle: g
conversion efficiency of 385%™ 10 5% Thé actual re

Beaver combined-cycle combu: rbine:is: 89%
NWPPC- Staft. Study.-is ‘gonsi B)
combustion turbines.... .. e

The same NWPPC sources used for the as Imed- efficiency of combined cycle
combustion show efficiencies for single cycle combustion turbines of 30%-33%. The 40%
efficiency.assumed iy the NWPPC Staff Study is not consistentwith expected performance
of single cycle combustion tur ** Therefore this study assumes the use of combined
cygle combustion:turbines i 0-achieve the assumed 40% efficiency: -~

smi medcyclece stegaﬁiiuGbiaéS‘héﬁeé-cas%bfﬁzc
‘availability [operating reliability] of 83%. Therefore,
clricity-in. & year; a total investment of at'least $830

bines would be required, as shown below: ...

¢ .-+ Annual-generation =:9738 kwh / 8760 hrs/year =
1.11 average kw @ 83% equivalent availabiiity =
1.34 kw of capacity required @ $820/kw =
-$830 investment-cost in combustion turbires per house

According to the NWPPC
- $714 per kilowatt, and equivals
in. order:to produce 9738 kwhi:c
in.combined cycle. combust

(2)  Distribution Plant

It is assumed that every house will have electric service, and therefore the choice

of electric space and water heat does niot: require-that .an-additional electric service

* connection be installed. The decision to install electric space and water heat does impose

a reguirement that the electric utility size distribution substations, lines, and transformers
1o serve a higher peak load. : K ‘ '

Annual sp'ace.he_;;tiaguugaggpﬁ:appt@ximately'-_ 4000 kilowatt-hours in a heat pump
imposes an additional peak hour demand on the electric distribution system of
approximately.4-8. kilowatts o lass -diversified.b lectric water-heater' usage

imposes an-.additional contribution to. peak demand 15 kw, Thus-additional -

distribution capacity of at least 5 kilowatts must ':"b'é“ﬂ:ay%aj;itabig;{a;se;_m;e.ach. customer
choosing electric space and water heat rather than natural gas space and water heat.

Based upon numerous electric.costof service analyses reviewed by the Author for
Northwest and extra-regional utiiities, the ‘marginal investment in distribution nes and
Iranstormers.required o serve adgitional:peak demands is estimated-at $25 to $100 per
Kilowatt.; Thus; the.required incrementa distribution plantinvestment o serve the electric
spa_ee-;am;wat_erlaeag:r_eg_uinememnts.aafs:afheat~;aump/_efeijtrie.—:wate'ﬁs-heater‘raar_ne- builttothe .
model conservation standards is estimated at $125 to $500.

«12-
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house were.to be
area it

- there.may. also: be a
-electric space and water
inistration:is considering
as a potential means to

gtric- heat-pump .with..200%

but.did not include:cast.in
the estimated cost-of a heat
Cost Study; a cost of $4,110

pump and ducting system used in the NWPPC 19
per house. :

. The cost of an elscric water heater is approximataly the same.as tha for a.gas
water heater.* Therefore, this analysis also assumes $350 for.an. electric.water heater.-
@) Total Investment Recired for Hycrofirning / Electric
-« Space-and Water Hfaat-rthigig;_z..l,_gzj_¢=;,

The total investment cost for the electric hydrofirming / heat purnp option is

substantially larger than that.required for direct natural gas space and water. heating as

. HestPumpandDucting - . 410
WaterHeater . ... $.350 .
Incremental Peak Distribution. Capacity - - §125- e

500
Combustion Turbine: : $ 830

Total System Cost:- - - - -~ $5415- . .
$5,790 _

8s.much as the equipment requiredto, pr
instead of the heat pump assumed in 1
not.change the conclusion that the inve
space and water heating. - =~

The life-cycle fuel costs of sach option were not computed. due to the wide range |

-13-
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enissidhs from:

of passible assimptions regar
of el o Fr oo
hydrofirfing option ¢l

3.

The combustion of an any'g
impacts. Natural gas is an em ronmentally
alterhatives, iricliding ofl, -¢o (olols
trace~amourits "of ‘other pél
MISSIOf ‘the alternatives
globalclimatic ¢hange. =~ -~

Combustion of natural gas produces approximately 1 18 pounds of carbon dioxide
permillion BTU of heat prod Using this retlo, it is straightforward to' Gompare the
carbion dioxide erissions from the two trategies: . =+~ R

. CARBON DIOXIDE EMISSIONS FROM RESOURGE STRATEGIES

| Hydfoﬁrming Cptibifl‘.’*’-"*-s-“ e 8867 -i%s%year/hause
Gasspace and water heat: 7080 lbs/year/house

* it e portion of the California generation could be produced With cogenegration, the
amount of carbon dioxide produced under the hydrofirming option would be reduced. If
single cycle combustion turbines, coal, or oif were used, the carbon dioxide emissions
from the hydrofirming option would be increased. in"addition, if coal, oil; refuse-derived
fuels, or other alternatives to natural gas were used, emigsions of sulphur dioxide, oxides

of nitrogen, and other pollutants would be-produced. -~

. CONCLUSIONS AND RECOMMENDATIONS

The hydrofirming strategy for providing residential space and water heat depicted
by the Northwest Power Planning Councl Staff in Figure 1 doss not offer the ther-
modynamic benefits which it suggests would “result™from" supplementing Northwest
hydropower with natural gas derived electricity. In addition, the NWPPC Staff Study
ignored cost conisiderations and environmental impacts. The direct use of natliral gas for
residential’spate-and water higal : 0% less natural gas; 50%
less capital, and prodiice 20% e dioxidethian the' hydrofirming / heat piimp
option-suggested’ by the NWPPC Staff Study. The direct application of
residential spéive and watér heating appears to be thermodynarriically; econo

conomilcally, and
environmentally more efficient than the use of natural gas for hydrofirming in the manner
set forth by the NWPPC Staff in Figure 1. L

-14.
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This conclusion does not s
producs electrcity; nor evervth
stratepgies: $hould: not be consid

strategy presented by the NWPPC staff are‘app

2)  Use of non-combustion methods of hydrofirming, ‘such s additional
interruptibility and reduced diversions of water from the hydro system in

droughtyears. . . . .. -
3)  Use of temporary ratg.incentives designed to ,ﬂer;gpungagg,fgggtg@ggs to use
less electricity - whether through conservation, curtailment, or fuel

- ‘Substitution -- in.drought conditions, = - ..

4} Use of natural gas as a hydrofirming fuel to serve end uses which are most
. -efficiently served with-glectricity.. S L imoie

pplication

Conversation with Jim Litchfield, Director of PoWér Planriing, February 9, 1890,

The average efficiency of fossil-fired units currently in "standby reserve” in California
is about 30% [California Energy Commission 1988 Electricity Report and FERC
Form 1 Reports for So. Calif Edison. and Pacific Gas and Electric]; this study
assumes 40% efficiency on the assumption that at least a portion of the foregone

-15-



1.
12,

13,

14,
15.

. Available gas water. heatarg hi@?} e axlstl | energy.codes range in efﬁcuency
.' fr 'sg%iASH i E:, E erg Efﬁ =1

_WSEO,sup__g P 14

10.
l0ctobar, 1984 P '18 IR

bined: eye . orusing
ﬁgaﬁ l'equirements andv 002

NWPPC 1987 Heatmg Ccst Study, appendzx pages not numbered
-1-"_’_5,W3‘E0 _sug_g P, 16 ' K

Thermal Resggrce§ Dgta ng Pac;f ic Northwasi Utsl:t:es Confarenca Committes,

,:.A smgle cyele ccmbustze ] urblne as mm;afy aje englne attached to"a'generator
A combined eycle.combustion-turbine-uses the

6 ‘gases.:of the jet-engine:to
operate a heat recovery- buoiler, and the boiler-steam:is used-to drive-a. second
generator, improving the éfficiency of fuel converszon

NWPPC 1989 Supplement, supra, P. 4-38, 4-40 " 7

WSEQ, supra, P. 10
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) Electric Heat Pump and Hot

- Option /U e Surplus Hydro In Northwest

Pacific Northwest

831 Therms (1 year in 3)

9738 KWH
(1yearof3)

Combinéd iGicle.
“———1 Combustion Turbine: §§ .
d0%Eticent 1l i

ERE L

4778 FoWH =

jD fvered o
: + Fome

1o Waler, =) Rt

Heater- .

/

CHectric |-
. Water .
. Heater |-
B
Efficient

Efiiclent |

B L

(m

14.7 Milion BTU's g ]
. Hot Water - an Space Heat

{Average Arinual Usage Per Northwest Home)

—" 575 Therms (2 years in3)

27aMlion”
BTU's Delivered
to Ducis - -

~ California

- -}Jicombined Cycle
- JiCombustion Turbine:
- 149% Efficient

Produced in
-Califormnia

EOSS

20.4 Million BTU's

| RESULT:

- Northwest home heats with electric
heat pumnp and electric water heater
\ Home for electricity (1 year out of !

+- California uses 673 therms of gas to

- | produce 7888 KWH (2 years-out of 3)
| - Northwest cost/home = $5415- | -

$5790

- Northwest requires 831 therms of ?g)s i

r,
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Gas Space & Water Hea on

600 Therms of Natural Gas -
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1 USE & Llne Loss

ms??sa KWH / Home / Year
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Delivered to
Home .

b
o
e

o
" jix
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Delivered to + %
Waler Heatarmb
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Wéater )
HeatEr
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Gas
Fumace
80%

i Efﬂcxent
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BTs:Délvered
o ﬂucts

\ % 7888. mre-z_.;
\ Deirvered )

sdinus 10% Spilled . -
= 8764 KWH Avajlabig
forExport .

California -

'RESULT

e 25%
Duct

| B ) aShhe
st

NI - Cahfemfa“recewe
0 Northwest surp
@ é?;i?&?;i”s 2 years oul of 3)

14,7 Millon BTU's
Hot Water

ang

ho;nepeats w:th gas:

. Northwast cest/ home $2 795

7888 KWH
us hy ro

(Average Arinual Usage Per Northwest Homa)




Direct Application of Natural Gas |

TN . CAPITAL:COST COMPARIS
) Gas-Fred Gombusﬁen Turbmes‘vs.- Direct Application of Gas

"i.QN

- Gas Fired Combustion Turbine

_ r‘%“Gas'; Trangmission System {existing)

Gas Servica Line
Tg. Horne = $550

H B

Gas Fumace + Ducting = $1.805
| Gas Water Heater: = 350

Gas Sewvice Line = 550

TOTAL $2,795

-~ Gas Transmission System (existing) -

Combustion Turbine
= $830 / Home

incfeﬁwvgntai '
Distribution ]
Capacity = |

-‘J""-f;;' L

$4.'§ 10
350

HeatPump + Ducting-
~WaterMegier. - -
incremiental-Peak
Distribution Capacity
ombustbn Turbines

b

u_u

125-500
830

TOTAL $5,415-5790




. APPENDIA
EXISTING NORTHWEST ea.,tms-ememrme PLANTS

e Twe W)

: City of Bonners Ferry _
Bonners Ferry1-3 .- .. . D oy O 7
Wood River B c'r S | Gas | | 50
Montana Power L " | o =

: Bird Steam Gas/ou 89
Pacific Power and Light I _ o

Libby S s BT e e O 04

Porttand General Electric

Beaver . ceeT gas/oi . 545
Summit D oo . 6

uget Sound Power and Light 3

Crystal Mountain ‘ D ' Qit 3
Fredrickson R T . .GasfOlT 169
Fredonia o eT coe wGasyoil.. s 247
Shuifleton © .. .Steam L #BOI 88
Whidbey ' cT - Oil 28
Whitehorn 1 o CeT S| 68
Whitehorn 2/3 ' 167 N Gas/Oit 178

Myashington Water Power _ ‘ o I

| Northeast e emoi e
TOTALOIL/GAS CAPACITY o e
T = Single Cycle Combustion Turblne CCCT Combined Cyc!e Combustaon Turbme

bteam = Steam Boiler; D = Digsel

bpurces: PNUCC Thermai Resources Data Base 1984, Puget Sound Power and Light
loompany FERC Form 1, 1987.




PPENDIX B

ANAMIC EFFFCIENCY AND cmam DIOXIBE: éMrsSIGNS

60.0 MMBTU 3/3 Years
0.0 MMBTU 2/3 Years

Total 002 ‘E?mssmns | . 7,080 E..bs/Year

83 1 MMBTU 1 /3 Years
67.3 MMBTU. 2/3 Years
72.8 MMBTU

8,563 Lbs/Yea__r. :

898.7 MMBTU 2/3 Years
- 87.5 MMBTU

10,325 Lbs/Year

_-Hydraﬁrmmg Base Case: California Uses Combined Cycie Gas @ 40% o

83.1 MMBTU 1/3 Years 5 =~ Lo

Hydrofrmmg Alternatwe 2: California Uses Utah Coal @ 35% Eff' c:tency, 10%

| Northw;ésr Usage 83.1 MMBTU 1/3 Years
Califory s@mf Usage 85.5 MMBTU 2/3 Years
Average Usa - B4.7 MMBTU

Totat co,., Emnss:ons 14,948 Lbs/Year

Lme Loss

Hydrofirming Alternative 3: Cahfernla Uses Gas Cogeneration @ 60% Effici lency: for: Half

of Generatlon Combined Cycls @ 40% for Other Haif .

Northwest "Usage 83.1 MMBTU 1/3 Years
wz California Usage 6.1 MMBTU 2/3 Years
_ Average Usaga N . 65. 1 MMBTU

Totai 002 Emlssaons | 7,532 Lbs /Yea;




