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FOREWORD
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Subport to ERDA/APAE." The objective was to evaluate the cohcept df‘imp]ementation |
of 1qrge scale energy conservation to reduce end-use demand for electrical ‘

eneréy as an alternative to the need for continued construction of new
pbwer plants to meet projected energy requirements for the Pacific Northwest.
In particular, the numerical accuracy, economic feasibility, and institutional

impact of a conservation oriented scenario developed by the Natural Resources

Defense Council, Inc., was assessed, relative to the energy forecast
prepared by the Pacific Northwest Utilities Conference Commission. The
resu]ts of this study are presented herein in flxggparts P
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Economic Ana]ysis
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ng} ® Section 5.0 - Impact of New National Energy Policy
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1.0 INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

Intermediate to long-range projections of energy consumption in the

. United States made in the last five years, particularly those based on
extrapolation from historical trends, have generally predicted an ever
increasing level of demand. For example the "No New Initiatives" scenario
in ERDA-48 (Reference 1), predicts a total energy consumption increase

from 72 guads in 1975 to 164 guads in the year 2000, and predicts increases
in electrical energy generation from approximately 7 quads to approximately
23 quads. National concerns regarding the availability of sufficient energy
to meet such forecasted demands, exacerbated by the OPEC oil embargo of
1973 and the threat of future embargoes and the more recent natural gés
shortage of the winter of 1976-1977, have led to focused attention on the
need to reduce this increasing demand through conservation and increased
efficiency in end-uses of energy.

The impacts arising from particular conservation and/or energy sub-
stitution initiatives can be expected to vary widely between geographical
regions of the United States. This is a consequence of regional differences
in the current relative proportions of usage of various energy resources
(e.g., domestic oil, imported oil, domestic gas, imported gas, hydroelectric
power, coal and nuclear fuels) and the differing 'regional potentials
for increased utilization of one or more of these resources or a significant
shift to new energy sources (e.g., solar, winds, geothermal). Thus,
detailed implementation analyses must be conducted on a regional level, to

be sensitive to the regional]ﬁézﬁiiaritjes of energy usel}

The ERDA Office of Planning, Analysis and Evaluation (ERDA/APAE) is
concerned with such analyses, particularly from the point-of-view of
determining priorities for ERDA R&D funds among new technologies. Analyses
have previously been conducted to estimate future electrical energy demand and
therefrom requirements for new electrical generating capacity for the
Pacific Northwest region. The Alternative Scenario analysis conducted by the
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Natural Resources Defense Council, partly funded by ERDA/APAE, develops a
conservation-oriented alternative to massive construction of new generating
_capacity to satisfy projected demand increases. TRW was tasked by ERDA/APAE
to reviéwwthe Alternative Séenario in detail, .primarily to assess the under-
‘1ying concept. - . I - o '

1.2 BACKGROUND

The Pacific Northwest area possesses more than 40% of the nation‘s
hydroelectric potential, and has the most highly developed hydroelectric
system in the world. Approximately 84% of the region's electric generating
capacity is provided by a combination of 160 Federal, other public and
investor-owned hydroelectric projects. Roughly 7% of the region's capacity
is nuclear generated, 5% is coal based, and 4% is oil based (Reference 45).
The power system is linked to California by three reversible interties
which, during periods of high water, can wheel surplus power to California.
The system of dams, located on the Columbia, Snake, and Willamett Rivers
and their tributaries, also has irrigation, flood control, navigation, water
supply, and recreation functions.

Over 50% of the electricity consumed in the Pacific Northwest is furnished
by 29 Federal dams built, operated and maintained by the Bureau of _,
Reclamation and the Corps of Engineersé(Figure 1.2-1). The power generated by
these dams is marketed and transmitted throughout the region by the Bonneville
Power Administration (BPA). Additionally, BPA currently markets power
acquired from two thermal plants, Hanford and Trojan (Reference 2). In the
Pacific Northwest, the BPA transmission network represents approximately 80%
of the bulk power transmission system. Power is sold to publicly-owned
utilities (municipalities, public utility districts, and cooperatives), federal
‘agencies, and privately-owned utilities. Additionally, power is sold directly
to 22 industrial plants including producers of aluminum, carbides, ferro-alloys,
wood products and various chemicals, and when available, surplus power is
exported outside the region. In FY:1976, BPA sold 77,471 million kiWh's at
an average rate of 3.7 mills/kWh to its customers (Reference 2). :This Tow
. rate, due to the preponderance of hydroelectric power, contrasts sharply
with much higher rates in other regions of the country where power is provided
primarily by thermal generation.

Tas defined in the January 31, 1977, NRDC report, Choosing An Electrical Energy
Future for the Pacific Northwest: An Alternate Scenario, (Reference 3).
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=™ ™ - CEDERAL COLUMBIA RIVER POWER SYSTEM 2k B -
I GENERAL SPECIFICATIONS AND PEAKING' CAPABILITY OF
EXISTING INSTALLATIONS AS OF 6/30/76
'
. TOTAL-
' OPERATING " INITIAL DATE CAPABILITY AUTHORIZED?
| PROJECT AGENCY LOCATION? IN SERVICE [ad PURPOSES
11 Albeni Falls CE 1 3/55 49.00 PRNFCS
i 2 Anderson Rench BR ] 12/50 34.50 PIFCS
' 3 Big CIift CE 0 6/58 2070 PFC
H 4 Black Canyon BR ' 12/25 10.20 P, I FC
§ Boise Diversion BR ] 5/12 2/25 (A
6 Bonneville CE ow 6/38 574.00 PN.R
7 Chandler BR w 2/56 13.00 LA
8 Chief Josaph CE w 8/55 1,280.00 PR
9 Cougar CE 0 2/64 28.75 PFC.RNS
10 Detroit CE 0 7/53 115.00 SPLFCRNW
11 Dexter CE 1} 5/55 11.26 P FC
, 12 Dworshak CE ' 9/74 460.00 P.N.FC,RS
13 Foster CE 0 8/68 23.00 PLFC
14 Grand Coules BR w 9/a1 349240 PLFCNS
Gr. Coutes (Pump. Gen.) w 12714 115.00
15 Green Peter CE 0 6/67 92.00 PLFCANS
16 Hills Creek CE 0 5/62 34.50 WPLFCRNS
17 Hungry Horse BR M 10/52 328.00 P.FCNS,
18 feo Harbor CE w 12/61 693.30 P,N,R .
19 John Day CE ow 7/68 2,484.00 PNFCRLS
20 Libby CE M 815 483.00 P.FCS.RN
21 Little Goose CE w 5/70 465.75 P.N.R
22 Lookout Point CE 0 12/54 138.00 WIP.FCRNS
23 Lower Granite CE w 15 465.75 P,N.R, |
24 Lower Monumental CE w 5/69 465.75 P.NRI
A 25 McNary CE o-w 11/53 1,127.00 P.NR
26 Minidoka BR ' 5/09 16.00 P.LS
27 Pefisades - BR -0 2/57 135.00 PLFCSW
28 Rom BR w 8/58 1290 [ A
29 The Dalles CE ow 5/57 2,015.00 P,N,R
. I
'Maximum peaking capability @ normal full poo! elevation and full gate tailwater. Unit peaking capability varies from 100% to 116%
of nameplate rating.
2| = tdaho; M = Montana; 0 = Oregon; W = Washington.
3¢ = Pawer; | = Irigation; N = Navigation; FC = Flood Contr!; R = Recreation; § = Power Storage; W = Water Supply.
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In the last decade BPA and 108 area utilities cooperated in the
establishment of the Northwest Hydro-Thermal Power Program (HTPP) to meet
forecasted demands for electric power needs beyond those which could be
satisfied with hydro'power. Phase 1 of this program his been completed.

Phase 2, the implementation plan through 1986,{EEE:EEBQrgpgjy_beeh_jff%f

[tefﬁ?HgE;ETi_l.

On April 18, 1975, a lawsuit was filed against BPA (specifically
the Port of Astoria, et al vs. Hodel, et al) challenging BPA's intent
to provide power to the Alumax Pacific Corporation's proposed aluminum
plant in the Demiston-Umatilla area of eastern Oregon (Reference 46).
The Court determined that BPA must prepare an Environmental Impact Statement
(EIS) of ‘the proposed Alumax service and on BPA's role in general in supplying
power in the Pacific Northwest. Consequently, BPA lhasjundertaken the
‘preparation of a "role" EIS, the completion of which will take over two
years and will cost about $4 million (Reference 2). Additionally, BPA has
stipulated that no new electrical service contracts with industrial
customers will be signed prior to completion of the EIS.

To ensure public participation in the role EIS preparatidn, BPA solicited
"affirmative" contributions from environmental groups including the Natural
Resources Defense Council (NRDC). In response, NRDC constructed the Alternative
Scenario defined in Reference 3. This scenario contrasts sharply with the
energy demand forecast prepared by the:Pacific Northwest Utilities Conference
Commission and the proposed schedule of new plant construction to meet the
forecasted demand. As stated in Reference 3, the "central station scenario"
considered by BPA and area utilities forecasts a 20=yearyincreasesing
electricity demand of d450%.~-It.assumes that-approximatelyy26-newy.
coal-based or nuclear large-scale power plants would be constructed to meet
future base load requirements, and that the Columbia River Power System dams
would be used increasingly to provide peaking capacity. Due to the large
capital requirements associated with construction of these power plants
and related transmission facilities, it has. been recommended that the

_Federal Government ptgyjﬁg_jndirggt financing through advance, long-term

o commitments to purchase power. On the other hand, the Alternative“Scenario
recommends large-scale implementation of conservation to reduce future.
electricity demand and,consequently, the need for new power plants. The
projected energy requirements in theaAlternative Scenario were determinégjoh

;T TS
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the basis of end-use analysés of the residential, commercial, manufacturing,

and agricultural sectors of the Pacific Northwest. The scenario concludes
that no new power plants are built in the next 20 years, beyond those

already approved or under construction, and even under these conditions

projects a power surplus of over 4000 average megawatts for the region in

1995. Although the scope of the Alternative Scenario analysis is constrained to
the next 20 years, its objective is to provide for a transition from continued
high growth in electrical consumption and reliance on large central power stations
to increased usage of smaller scale renewable energy systems and substantially
reduced growth in total.supply. According to the scenario, this transition k
would provide for a more stable situation in the decades beyond 1995. _ o

7Due té the historical availability of substantial quantities of low-cost
hydroelectric power, a concentration of energy intensive industrial plants
has developed in the Pacific Northwest. In particular, the regional

primary aluminum industry, consisting of reduction.and rolling plants owned

by six major aluminum companies, comprises approximately 30% of the nation's
aluminum production capacity, and, in FY 1976 purchased approximately 29%

of the electricity marketed by BPA (Reference 2). The direct-service

power contracts with BPA for these plants expire in thg_mjd—]980's.] A
recommendation of the Alternative Scenario is that only those aluminum plants
that are less than 35 years of age when their current:contract expires '
should have their power contract renewed by BPA. By this criterion eight

of ten plants would not have their contracts renewed, and would Tikely be
retired. Options available to the aluminum plants and resulting potential
impacts on the region and the nation under these circumstances are considered
later in this report. It should be stressed that thecAlternative Scenario
projects a surplus of slightly over 4000 average megawatts in 1995 which
would be sufficient to continue service to the aluminum industry without

any of the plants being phased out. However, if additional power plants

are not built, the surplus becomes available only if the conservation
initiatives are fully implemented at the rates assumed and result in the
projected energy savings.

ﬂBPA has formally notified its preference customers (customers to whom BPA by

law must give preferential service) that insufficient power will be available
to meet their projected load growth after 1983. Issuance of the insufficiency
notices has naturally caused serious concern among the customers. They and
prospective new preference customers have indicated they will lay claim to

the electrical power which could_become available following the expiration

of industrial contracts in the mid-1980's (Reference 2)s
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1.3 TRW STUDY OBJECTIVE, SCOPE, AND:IMPLEMENTATION

As previously indicated, TRW was tasked by ERDA to review the Alternative
Scenario primarily as a prototype analysis of the concept of implementation
of massive conservation to reduce demand for electricity versus construction
of sufficient power plants to satisfy unconstrained demand. This study
consists of four parts:

® An assessment of the numerical accuracy of the Alternative
Scenario

e An economic comparison of the two scenarios

® A study of the institutional barriers which might inhibit
or slow implementation of the initiatives postu]ated in the
Alternative Scenario and

o An assessment of the relative impact on the two scenarios
of the President's National Energy Policy.
This study thus specifically avoids creation of a new scenario, but
examines in detail these scenarios which are considered alternate courses
of action for the future. )

Various other considerations, although not included in the scope of this
study, are relevant to the individuals faced in the very near term with
decisions regarding the course of action to be followed in determining
and meeting the region's future electrical needs (e.g., decisions regarding
construction of the Skagit and Pebble Springs nuclear power plants), "These
considerations include potential environmental consequences related to the
Power Plant Scenario and the risk of shortfalls evaluated independently
for both scenarios. —

Generally conservative assumptions (e.g., costs of improved-efficiency
appliances, financing of home improvements at a 7% real interest rate for
five years) were employed in estimating costs of implementation of the
Alternative Scenario. Additionally, by truncating the analysis at 1995,
accrual of benefits beyond 1995 from some improvements paid for in the
20-year period is not considered.




B o m-

1.4 SUMMARY OF PRINCIPAL FINDINGS AND CONCLUSIONS

The following general conclusions were drawn from this study. Detailed
discussions and supporting data relating to each conclusion are presented
~in appropriate sections of the text of this report.

e The Alternative Scenario electrical demand forecasts to the
year 1995 for the PNW region are significantly lower than those
made by the PNUCC. This variation does not arise entirely
from implementation of the Alternative Scenario recommendations.
A baseline projection implicitly derived from the Alternative
Scenario methodology by assuming none of the scenario recommenda~
tions are followed accounts for approximately one-half of the
variation.

e The Alternative Scenario does not consist solely of the

+ implementation of a set of technical energy conservation measures
which result in. a lower electrical energy demand. Measures are
included which involve service modifications, in particular:

--Towering roomfair temperature (thermostat setting)

--reducing water heating temperatures
--rqducing Tighting levels in commercial buildings

--possibly Tower incomes for individuals current]y employed in the
aluminum industry due to acceptance of jobs in other industries, |
as prescribed by the employment mix changes in the manufactur1ng |
sector, which pay lower average week]y wages.

P g
[l

o Numerical results of the Alternative Scenario analysis were verified
and found to be consistent with the scenario assumptions except
for a few minor errors in the commercial sector. The errors
do not affect the conclusions.

¢ There appears to be a significant overestimation in the

Power Plant Scenario of electrical energy requirements for the
manufacturing sector both in 1985 and 1995. Specifically in the
subsector categorized as "other industrial,“ BPA projects more
than a 10-fold increase in demand between 1974 and 1995, making
this category the single largest consumer of electricity in

. the sector in 1995. The magnitude of this overestimation may
be more than twice the 1975 usage of the primary aluminum
industry, current]y the largest industrial e]ectr1ca]
energy user in the region.

® The price of electricity to PNW consumers would be considerably
higher if the Power Plant Scenario is followed than if the
Alternative Scenario were successfully implemented, From
identical electricity prices in 1976, prices in the Alternative
Scenario would be 15% less in 1985 and 30% less in 1995 than
in the Power Plant Scenario. This results from the need for much
more high-cost thermal generation in the Power Plant Scenario
relative to the Alternative Scenario, and consequently higher
blended electricity prices.

1-7




o Total annual costs over 20 years to the consumers in the
residential and commercial sectors would be slightly less
for the Power Plant Scenario for the first five years.
Thereafter the Alternative Scenario shows an increasing
advantage to 1995. The present value of the difference
in costs measured over the 20-year period was $6.3 billion
in favor of the Alternative Scenario.

e Employment mix changes included in the Alternative Scenario
to compensate for direct unemployment caused by recommended
aluminum plant shutdowns will be difficult to achieve,

Even if possible, shutdown of a major portion of the regional
aluminum industry would lead to serious localized impacts and
a net regional loss of employment due to induced effects..

o Levels of implementation of passive conservation measures
proposed in the President's National Energy Plan (NEP) for
1985 exceed those in the Alternative Scenario.

1.4.1 Specific Findings from Section 2.0

e A significant difference between the two scenarios occurs in
the appliance category of the residential sector, The Power
Plant Scenario projects a two-fold increase in demand over the
next 20 years without explanation or justification, whereas
the Alternative Scenario projects a much more modest increase,

o In the combined residential and commercial sectors, nearly a
third of the demand difference between the scenarijos projected
for 1995 is due to the lower baseline projection that fis
implicit in the Alternative Scenario.

e In the manufacturing sector, the Alternative Scenario postulates
employment mix changes to achieve an overall less energy intensive
industrial base, without verification of viability and social
impact of these changes. Additionally, across-the-board energy
efficiency improvements were assumed without specific analysis.
However, these changes (including the assumed electrical energy
substitutions) account for less than half the difference in
the two scenarios in 1995 for this sector. The balance is due
to the Tower baseline projection of the Alternative Scenario
(note the.Power Plant Scenario apparently sharply overestimates
demand in the "other industrial" category). In particular,
the energy efficiency improvements only account for approximately
one-eighth of the total 1995 difference in the two scenarios
for this sector.

1.4.2 Specific Findings from Section 3.0

o A 20-year cost comparison of the two scenarios was conducted
for the combined residential and commercial sectors. It was not
possible to compute implementation costs for the manufacturing




sector due to the non-specificity of the efficiency improvements
postulated by the Alternative Scenario. The inherently lower
energy demand in the Alternative Scenario and the lower average
blended price of electricity as a consequence of the much smaller
inventory of high priced new thermal generation result. in making
the implementation of conservation measures a cost-effective
approach. This conclusion is reinforced by the generally
conservative assumptions employed in costing implementation

of the Alternative Scenario.

e In all categories of residential dwellings and commercial buildings,
the passive conservation measures (insulation, weatherstripping,
storm windows, etc.) provided at least 85% of the savings obtained
from conservation. In many cases the active measures were not
cost effective over the 20-year period from the consumer's
point-of-view (total energy cost savings resulting from imple~
mentation over the 20 years did not exceed total costs),

In particular neither solar space heating nor water heating

proved to be cost effective in either residential dwellings or
commercial buildings; the total energy system (assumed in this
study to be natural gas fuel cell systems) was cost effective

in commercial buildings but not in residential dwellings (partly
because it was sized to meet peak requirements); and heat pumps
were not cost effective in existing residential dwellings (as

a retrofit) or in new multifamily dwellings but were cost effective
in new single-family residential dwellings. Note that these
findings are specific to the Pacific Northwest region,

e The average unit cost of conservation is much higher in the
residential sector than the commercial sector. This is due to
the higher use of the less cost-effective active measures in the
residential sector plus the assumed high turnover rate of
appliances over the 20 years.

e From a capital investment point-of-view, the expenditure for
conservation in the residential sector is higher than the
corresponding cost for supplying electricity if the conservation
measures were not implemented. In the commercial sector, the
cost of conservation is significantly lower than the cost of
equivalent supply. However, the cost of conservation in the
combined sectors is lower than the cost of equivalent electricity

supply.
1.4.3 Specific Findings from Section 4.0

o There are numerous institutional barriers to implementation of
the Alternative Scenario conservation initiatives at the rates
specified. Consequently, the surplus in generating capacity
projected in the scenario by 1995 may be required as a contingency.




® The use of projected surplus power as a contingency would require the_ .

Alternative Scenario recommendation for significant phasedown of . . . = .
" ""the region's primary aluminum industry to be implemented.

Such a phasedown would, however, have a severe impact on local

and regional economies. Even if the direct employment loss could

be fully offset by the postulated gains in regional direct

employment in other subsectors, there would still be local

disruptions, particularly in counties where an aluminum plant is

the major employer. Additionally there would be a net regional

loss in induced service jobs outside the regional manufacturing

sector, partly because the high wages paid by the aluminum

industry would not be matched by other industries. Due to the

high assessed value of the aluminum.plants and the industry's high value

of output per employee, there would be net losses in local property

taxes, state sales and income taxes (for certain states), as

well as federal income taxes. To avoid reductions in public

services provided in the region, these losses would have to be

offset by increases in other taxes.

o The manufacturing subsectors postulated to have the greatest
direct employment increases (relative to BPA projections) by the
Alternative Scenario (mainly to offset direct Tosses assumed for |
the primary aluminum {ndustny) were individually analyzed, In 1
all cases, the postulated increases appear questionable. In
.particular, associated productivity increases that require
capturing a share of national markets would be difficult to
achieve due to the PNW's spatial isolation disadvantage, In
general, employment growth is a function of demand, which in turn
is a function of income, consumer preferences, etc, The ability
to arbitrarily distribute employment implies an ability to
manipulate these factors, which would require a planning and

_poltitical capacity which, up to the present time, is either
administratively unobtainable and/or politically unacceptable,

1.4.4 Specific Findings from Section 5.0

e A comparison of implementation rates for conservation between
the National Energy Plan (for those measures where rates are
specified) and the Alternative Scenario shows_that in general the =~
implementation levels are higher for the NEP.! This comparison
lends credence to the levels assumed for the Alternative Scenario.

o Implementation of the NEP would have only a slight effect on the
- 20-year cost comparison. The Alternative Scehario dis- T

advantage for the first few years would be lessened due to the
incentives, and the Power Plant disadvantage thereafter would
be slightly lessened due to implementation of some amount of

' conservation in that scenario (this comparison was made using

the assumption that no changes were made in the power plant

h schedule for new power generation, and thus the blended price

of electricity was unaffected).

]As this report was going to press, there were reports the NEP implementa-
tion levels were being reduced. The new levels would be more comparable
to, but still usually greater than, those in the[ATternative Scenario.
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.. 2.0 RECONSTRUCTION AND NUMERICAL EVALUATION OF ALTERNATIVE SCENARIO .

2.1 INTRODUCTION

The Pacific Northwest Utilities Conference Commission (PNUCC) prepares
long-range projections of power loads and resources for the West Group Area
of the Northwest Power Pool. The West Group Area includes the states of
Washington, Oregon and Idaho and the western part of Montana, but does not
include the service areas of Idaho Power Company, Utah Power & Light and
California Pacific Utilities Company. The West Group Area is representative
of the major part of the Pacific Northwest region, having 96% of the region's
population, but is normally not considered synonymous with the Pacific
Northwest. The Alternative Scenario uses the West Group Area as the

reference area, though for convenience often refers to it as the Pacific /

Northwest.

The PNUCC 20-year load forecast and schedule of implementation of
new capacity to meet the forecasted demand (Reference 11) .defines a baseline
scenario, hereafter referred to in this report as the "Power Plant Scenar1o,"
against which the Alternative Scenario defined: in Reference 3 is contrasted.
For the base years 1975, 1985, and 1995 cons1dered in the Alternative
Scenario, BPA computed breakdowns of the electricity demand by sector.
The PNUCC forecast and these sector breakdowns are shown in Figure 2.1-1.

.The Alternative Scenario report forecasts a substant1a]1y lower future demand a

for e1ectr1c1ty, based on a different forecasting methodo]ogy and veduction

in demand resulting from implementation of conservation. This lower forecast.
is contrasted against the PNUCC forecast in F1gurE“2 1-2. The total 4
difference in forecasts is also disaggregated in Figure 2.1-2 according

to the four end-use sectors considered in the Alternative Scenario
(residential, commercial, manufacturing, agriculture). It may be 6bserved
that the agriculture sector accounts for very little of the difference
between forecasts. Consequently, the evaluation conducted herein focuses

only on the residential, commercial, and manufacturing sectors.

The computations which result in the projected Alternative Scenario demands
were reconstructed from the data and procedures specified in Reference 3,
It is the purpose of th1s section to (1) describe in detail the manner
in which the Alternative Scenario was reconstructed, (2) point out the problems
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discovered in the course of doing it, and (3) suggest ways to rectify
the problems if possible, and if not, to assess their impact on the
viability of their proposed scenario.

The residential sector is addressed first, in Section 2.3, followed
by the commercial sector (Section 2.4), and the manufacturing sector
(Section 2.5).

2.2 THE RESIDENTIAL SECTOR: D_E_S__(;B_I_E’_T_'I_(_)N_A_N_D_ ANALYSIS

Electric connections to residential units make up about 85%
of all electric company customers and the sector demand in 1975 was 33% of
all electricity sales within the PNW region. The residential sector's use
of electricity is difficult to forecast because of the many complex factors
involved. PopuTatien changes, dwelling unit changes, family formation,
working and shopp1ng habits and time scheduTes, appliance saturat1ons and
use patterns, fuel choices and relative pr1ces are exampTes

The Alternatlve Scenario Report places much stress upon the analytical
methodology which it follows for the PNW Region, a detailed end-use analysis
of the demand and need for electricity. This methodology in the residential
sector builds upon the methods used in the Skidmore, Owings and Merrill
(SOM) report to BPA (Reference 4). It is contrasted by NRDC to two other
general methodologies: the historical-trends projection methods followed
generally by BPA and the PNW utility companies; and the econometric modeling
method, of which studies conducted for the PNUCC by the National Economic
Research Associates (NERA) are an example..

2.2. T The Alternat1ve Scenar1o Res1dent1aT Sector—-Descr1pt1on

The Alternative Scenario considers the residential sector eTectr1CIty
demand relative to two major end-use demand categories. The first demand

category is space heating, which accounted for 34% of 1975 residential
electricity use in the region. The second category is a combination of
electric water heating (26%), lighting (10%) and electric appliances (30%),
which were treated in somewhat less detail, being independent of the type
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of residential housing unit where they were used. This two-part treatment
parallels the procedure used in the SOM Study but extends the analysis in
certain ways. Following the SOM procedure the s Alternative:Scenario.dis-
tinguishes four prototypical dwelling types, single-familys units; exilsting.
and new and multifamily units existing and new.

Figure 2.2-1 shows the potential electrical energy |demand for thgk
. residential sector which the "Alternative.Scenario.identifies relative: to
BPA projections. It is important to note that BPA projected end-use demands
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~ for 1980 and 1995 from a 1974 base year, whereas the: Alternative Scenario

revised the baseline to 1975 and projected 1985 and 1995 demands. The
figure shows both annual kilowatt-hours of generation and annual average
megawatts required through 1995. The detailed end-use analysis was
conducted in terms of kWh/year demand, while final results were reflected

in terms of annual average and peak megawatts (MW) to permit technical
Judgments' to be made on central station generating capacity requirements

in the scenario--the central focus of conclusions reached by the Alternative
Scenario Study.

The figure shows that if the Alternative Scenario were implemented and
resulted in the calculated consumption levels, demand would be reduced by
26% of the BPA projected demand din 1985 and 47% in 1995, It also shows
the starting and final proportions of major end-use demands--for space
heating, for water-heating and 1ighting, for all appliances--projected in
the Alternative Scenario. These proportions of total residential demand
shift heavily over two decades towardssatisfying the needs of home electrical
app11ances, from 30% in 1975 to 4OA 1n 1995 of tota] res1dent1a1 use,
almost similar to the BPA prOJect10ns. 1

2.2.1.1 Alternative Scenario Methodology

The sequential operations performed in the analysis of the electricity
demaqu for space heating in the Alternative Scenario are shown in Table
2.2-1,- Four prototypical buildings representative of four dwelling types
were considered and the total number of bui]dingslin each type projected to -
1985 and 1995. Of these totals, the fraction that were electrically heated
were singled out through projections of electric heat saturation levels in
each type of res1dence both in 1985 and 1995. Linear rates of 1mp1ementat1on

T —_—_— e —

of each passive energy conservat1on measure, i.e., 1nsu1at1on._storm windows, {
weatherstripping, were assumed in the scenario between 1975 and 1995 in '7 B |
each of the four dwelling types. The overall effect of the implementation

of these measures was reflected in terms of an average thermal performance l

coefficient for each prototypical building that also declined at a linear
rate starting from unity in 1975. The unity coéfficient for each type of
dwelling corresponded to an annual kWh requirement for space heating and
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TABLE 2.2-1

' RESIDENTIAL SECTOR COMPUTATIONAL PROCEDURE
: FOR ESTIMATING ELECTRICITY DEMAND (ALTERNATIVE SCENARIO)

SPACE HEATING: Total . Sasaline Annucl 1-Fractional Decrease
Nuiber of X cnergy Requir?ments x Thermal Performance In Energy Use Due To -
Type Home Homes x Saturation - . Per Home Coefficient Technology Substitutions?
— - B e -

Single-Family,
Pre 1976
Single-Femily, 2 kdh/yr
Post 1975 iver by type.
Muitiple-Famiiy,
Pre 1976
Multiple-Family,
Post 1575

I,=total space heat-
ing requirement
Jor 1975, 1985 or

WATER HEATING, LIGHTING, OTHER APPLIANCES

Total 1- fractional Decrease
Humber of Elecirical Appliance X Electrical Energy M In Energy Use Duc Jo -
Homes x Saturation Use/Appliance Technology Substitutiens=~

Data given for 12 Data given by Data
categories, for each category and given
year. year. by type
. and year,
£y total applience
Total Sector Requirement = Lt energy require-
. ment for 1975,
1985 or 1995

]At unity thermal performance coefficient for each type of dwelling,

2Use of heat pumps, solar space heating and total energy systems.
3 .

Use of solar water heating.

these were specified for each of the four building prototypes in the
scenario. Consequently, knowing the number of buildings in each type of
‘; dwelling that are electrically heated and the corresponding average annual
{1 kWh requirement per building, the sector's electrical energy demand for this
l end-use category is determined for the years 1985 and 1995.

I

!

|

The Alternative Scenario further assumes certain levels of implementation
of active conservation measures comprising heat pumps, solar space heating |
and total energy systems in each of the four dwelling types in 1985 and
' 1995. These measures are assumed to be additive to the passive measures

and their use for space heating conserves electricity relative to conventional

resistance heating (either through improved efficiency as in the case of heat
pumps or through substitution in the other two cases). Consequently, the :
overall sector electricity demands previously calculated for 1985 and 1995

are reduced_in proport1on to the level of implementation of these measures

' in these years and the fraét1on of average annual space heat1ng demand saved
' by each, when considered over all four building types. ‘ ;
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~all appliances; their respective saturation lévels in these years are_§T§b

The total annual sector space heating electricity requirements-in

1985 and 1995 estimated in kWh is readily translated into annual "average
megawatt" requirements using 8760 hours per year and 1000 kW per MW. In
order to assess the contribution to the system peak from residential space
heating demand, the Alternative Scenario assumes a ratio at system peak

of space. heating electricity demand relative to the annual average. These
ratios have historical brecedents and are forecast by the utilities for |
future generation planning. The A]tegnative Scenario appears to have N
followed utility practice in forecasting these ratios for 1985 and 1995.

The methodology for calculating electricity requirements for electric
water-heating, lighting,.and major electric appliances is similar to that
described for space heating, except that in this case no distinction need

be made between electric and non-electric heated dwellings. A1l dwellings
have electric appliances. Consequently, the four dwelling types are collapsed
into a single, total number of homes for each given year. Annual electrical
requirements are defined in 1985 and 1995 for water heaters, lights and
forecast. A 60% decrease in electric water-heater requirements is specified
for residences that use solar water heaters. The annual "faverage megawatts"
demand. is multiplied by a specified peak-to-average mu]tfb]ier for water
heater;, lights and each appliance, both in 1985 and 1995 in order to

assess their individual contributions to system peak. 4 ' o

The sum of the electric energy demands of the two major categories in
1985 and 1995 represents the Alternative Scenario estimations of residential
sector electricity needs in these years from the consumers' point of view.
The impact on the electric utilities is the corresponding total “average
megawatts," the total megawatt requirements at system peak and associated
transmission and distribution losses.

Based on the procedure outlined above, the numerical results presented
in the Alternative Scenario for this sector were validated.

2.2.2 Analysis of Alternative Scenario Methodology: Residential Sector

An evaluation of the methodologies used for end-use analysis of the
electrical demand in the residential sector and the creation of an Alternative
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Scenario must be made from various points of view. Im:particular it is important

to analyze and evaluate the NRDC methodology upon its own terms,

using its own assumptions. From this point of view, the Alternative Scenario
must be judged a detailed, highly explicit, quantitative approach to the
complex process of forecasting specific elements of residential demand over
two decades. It is a convincing approach to the difficult job of forecasting
sector needs for cases where behavioral and technical engineering processes

are both involved and condition equally the acceptability of results and
findings. Because it is so explicit, this approach lends itself well to
verification in any future forecast year, or to recalculation of results
if new technical or social factors and trends are detected.

The Alternative Scenario Report recognizes that its methods and results
depend heavily upon the work done for the SOM Study. Consequently, there
are many similarities in the residential sector analysis. The Alternative
Scenario Report adopts Strategy Number 6 (Mandatory Conservation Program)
from the SOM Study as its baseline for a "conservation scenario," relying
upon results from a SOM computerized model which tested a variety of
energy-saving measures for 1975-1995 implementation to derive specific
improvements in annual electric energy demands in each of four “"prototypical"
dwellings of. the region. These measures included homeowner behavior changes .
and conservation investments for both 1975 housing stock and subsequent
construction.

The Alternative Scenario Analysis extends the SOM Study procedure,
however, to explicitly weight the probable introduction of additional
energy-saving devices; these are heat pumps, solar space heating systems,
total energy systems and solar water heaters. The efficiency and saturation
(percent introduction at a single time cross~section) are forecast for- each
of these technology items. This is a direct advantage of the engineering-
type end-use analysis addpted in the Alternative Scenario. Conventional
historical/judgmental trends analysis methods and statistical/econometric
analysis methods cannot be adapted readily to this type of study of technical
change and specific homeowner response. However, it is worth noting that
only 2% of the reports' forecast of central-station electrical generation
§avings was due to the consideration of these new e]ectricity—saviqgﬂqevices.

.,) ‘."\' ;_“._7 -
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It is possible to argue whether faster introduction of these devices is
probable. However, in the context of the scenario, an adoption of "penetration
rates even two or three times that considered, which would result in
significant energy savings in this sector is not likely to be cost effective

because .these measures are assumed to be implemented on top of the passive
measures.

There are drawbacks to the A]tekhative Scenario procedure, discussed
in more detail below, which are integral to its nature. Basically these
result from the extensive detail and statistical precision needed by the
methodology. Both technical and socioeconomic details must be specified
for a variety of housing types, separate appliance saturations, electrical-
fossil comparative efficienéies, prices, etc. These chosen values are often

"hypothesized averages" for future years, which are difficult to prove or
disapprove. In fact, such sensitive parameters are usually projected by
"trending" estimates which do not differ theoretically from conventional
trend-forecasting parameters. The Alternative Scenario has many such
examples; specifiga]]y the methods used'fofnfdfd}eAéppliénce saturations
which were derived from a California specific study (Reference 12)...

Details of the residential parameters are discissed briefly below.

2.2.2.1 Space-Heating Analysis

Several important assumptions are made which are open to challenge
but depend upon informeddjudgment, and are clearly identified.in the
Alternative Scenario. '

e One-percent each year of the dec]ining‘stock of existing
(pre-1976) dwelling units will convert from fossil to electric
space heating.

o' 954 of all units built between 1975 and 1995 will have 4
"electric space-heat (about 97% of those built during 1990-1995)
o' Use of heat phmbé,“sblai systems, and TES will total :15%, 8% and

5% of new single-family residences (SFR/New) by 1995 and 10%, .

‘{"'4% and 10%, respectively, for new multifamily dwelling units
(MFD/New). "Retrofit" substitutions will be 1imited to heat
pumps in 5% of the pre-1976 homes stock (SFR/01d).

2-9
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® SOM Study data on 1974 dwellings was ad&énced to a 1975 baseline
by incrementing by 2%.

[V B ~ ———ry

e Contributions to system peak from space heating demand were

' estimatgﬂ_?} adjusting the {BPA derived peak-to-averagei,
factor of 2.98 upward to 3.04 in 1985 and 3.20 by 1995,
for various reasons (not detailed fully in text).

The Alternative Scenario derived total space-heat electrical requirements
as tabulated in Table 2.2-2., These are compared to equivalent BPA data.

The BPA projections were taken from the SOM Study and made comparable
to NRDC results in average and peak megawatts for given years. The SOM
Study determined that energy savings (average kWh/yr) from a Strategy 6
conservation policy could lead to a 48% reduction of BPA forecasts for 1995.
The Alternative Scenario shows an energy reduction of 44% from BPA's resi-
dential space heating projection, so that the two are simi]a[”in? »-
methods and in results.

2.2.2.2 Analysis of Water Heating, Lighting and Appliances

The procedures used in the Alternative Scenario for the analysis of
electric water heating, lighting and electric appliance energy use differ
significantly from those used in the BPA projection of February 1976 and
those of the SOM Study of July 1976. The Alternative Scenario uses an
approach parallel to that applied for the major space heating category,
but treats this category identically in alllfour of the SOMsderived-regional
prototype dwelling units.

The following points, which-condition-the “appliances!-analysis of
the Alternative Scenario, are-madeig:

® There is a serious lack of region-specific detail in numbers,
kinds and efficiencies of all appliances used in or forecast
for the PNW Region.

0 Estimates of future electric efficiencies per unit in the PNW
region were made, assuming "reasonable improvements" based upon
efficiency improvement rates projected for the State of
California by the University of Texas at Austin (Reference 12).
See Table 2.2-3 for details.
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TABLE' 2.2-2

7,1

by

CENTRAL STATION ELECTRICAL

REQUIREMENTS FOR SPACE HEATING
(106 kWh/Year)

factor.

o e e -

e

1985)

1974 1975 1980 1985 1995
‘Alternative _
Scenaric SFR/OLD 8,237 7,660 5,808
.. . SFR/NEW 3,403 5,381
v -
MFD/OLD 3,823 2,843 1,915
. MFD/NEW - 1,380 2,267
Alternative ’
) - TOTAL SPACE f
Scenario HEAT 12,060 15,290 | 15,370 | -
BPA - SFR/ALL 7,816 11,653 19,456
' - MFD/ALL 3,570 4,095 7,974
BPA - TOTAL SPACE
‘ HEAT 11,386 (12,018)* 15,748 1(18,948)* 27,400
TOTAL EQUIVALENTS IN AVERAGE AND PEAK MW/YEAR ’
Alternative _ yqrp - avERAGE 1,376 1,745 | 1,755
Scenario !
TOTAL PEAKING 4,102 5,251 15,441
" BPA - TOTAL AVERAGE 1,300 (1,372)* 1,798 | (2,163)*| 3,131
TOTAL PEAKING N/A (4,090)* N/A N/A (9,707)"
NOTE: The Alternative Scenario estimates are taken from Reference 3, Tables

7, 29 and 30 and represent a "Strategy 6" conservation policy set
The estimates for SFR/New and MFD/New are slightly in error
due to miscalculation in the Alternative Scenario Report,
total requirements are shown in Table 2.2-5%.

Corrected’

"oy e e we v

BPA peaking-capacity s . est1mated us1ng 2 98 peak -to-average MW
Other BPA values are 1nterpo]ated (1975,




TABLE 2.2-3

RELATIVE APPLIANCE ENER%Y REQUIREM%NTS BETWEEN 1975 AND 2000
1975 = 1.0

POST<1975 1980 1980 1985 1995 1995 2000
(Ca]ffornia) (BPA) (ORNL) (NRDC) ~(BPA) (NRDC) (ORNL)

Appliances

Refrigerators .860 .68 1.054 1.031 .50
Cooking Equipment - .958 .83 .944 891 .70
Electric
Air Conditioning (Room) - .80 .75 .60 .65
Other Equipment ‘
- Freezers .886 - .975 .876 -
- Clothes Dryers 921 - .937 . 937 -
- Television (B/W & CLR)  .554 - .521 .521 -
- Non-Specified " ~&- - 1.440 - 2,000 2.162 3.000 -
Electrical
Electric Water Heaters .958 1.073 .89 .842 1.307 .79 75
Sources:- - Post-1975 California estimates given in Reference 12, page II-15,

1980 and 2000 ORNL data from Reference 13, page 1251.

1985 and 1995 NRDC data from Reference 3.

1980 and 1995 BPA data obtained by calculations from data given in
Reference 4.
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o Future saturation levels of appliances were estimated using |
“California" rates of change, BPA base year data and a
"logistic-curve" method of interpolation, with adjustments
(8% downward).

® For electric water heating, BPA saturation estimates were used
(1974 and 1995), but solar water heating substitutions were
assumed to reach 2% and 20% of the 1985 and 1995 projected
dwellings,

o A miscellaneous category for all other electric appliances was
assumed to grow substantially (300%) and reaches 36% of total
appliance electric energy needs in 1995,

With these assumptions and the baseline data tabulated for 1975 in
Table 2.2-4 in terms of individual appliances, the Alternative Scenario
projects central station average energy requirements for 1985 and 1995.
These are compared with BPA estimates given in the SOM Study (interpolated).

Table 2.2-4 shows the Alternative Scenario anticipated 1995 electric
demand savings. The most marked savings are projected in water heating at
10,040 million kWh/year, or fully one-half of the BPA forecast. This
is partly due to increased water heating unit efficiencies, but also depends
upon the assumption that solar water heating units will provide 60% of the
hot water demands in all dwellings in which it is implemented (20% in
1995).

The electricity savings in 1995 for all appliances of 13,900
million kWh/year are also large, while the savings of 793 million kWh/year in
lighting demands are rather modest. These trends are partly offset by
the Alternative Scenario's assumption that the "miscellaneous" éategory of
new appliances and existing "convenience" appliances will grow very !
rapidly to reach 7,218 million kWh/year.

The Alternative Scenario produces results in overall lighting,
appliance and water heating savings which are close to the savings derived
by the SOM Study. The SOM Study's Strategy 6 estimated potential savings
at 48% of BPA's forecasted demands. The Alternative Scenario projecfs

savings at 41.2% of BPA's forecast for 1995 or 24,733 million kWh/year.



TABLE 2.2-4

CENTRAL STATION ELECTRICAL NEEDS LIGHTING, APPLIANCES
ANDWATER "HEATING IN 106-kih/year -

20-Year

IS

1974/1975 1980 1985 1995 Growth (%)
Lighting
Alternative Scenario - 3,800 - 3,890 4,540 119.5%
BPA 3,389 (3,435)| 3,677| (4,162)| 5,333 154.0%
Appliances
Alternative Scenario - 9,810 - 113,630 | 20,100 204.9%
BPA 9,795 (10,586) | 15,610((20,235) | 34,000 327.1%
Water Heating
Alternative Scenario - 8,730 - 9,550 10,650 122.0%
BPA 8,611 (8,976) | 11,044(15,527) | 20,690 230.5%
Total Above
Alternative Scenario - 22,340 - 27,070 | 35,290 158.0%
BPA 21,795 @2,997) | 30,331}(39,924) | 60,023
NRDC Average MW/yr.* 2,550 - 3,090 4,029 158.0%
Peak Electric Gen. '
Capacity (Mw)
Alternative Scenario - 5,264 - 6,203 7,728 146.8%
BPA 7,414 (7,823) {10,318{(13,581) | 20,419 261.0%

BPA f1gures in parentheses are 1nterpo]at1ons “from BPA forecasts
given in SOM Study Reference 4, page 274.

Reference 3.

Source is Table 34 (p. 161) of
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Peak electric capacity needs for these residential subsectors are
derived in the Alternative Scenario, using multiple peak-to-average
parameters. The Alternative Scenario report also projects fo§sii fuel
requirements for certain limited appliances and for water heating to 1995.
However, it was found impossible to duplicate the results given in the
report. The report also projects that no fossil fuel (natural gas)
demands will exist in the appliances category by 1995. This seems rather

improbable.

i::d app11ance saturat1on “and demands, “peak- ~to- average  ratios at ‘system _

2.2;3 Residential Sector Issues

There is implicit in the Alternative Scenario Analysis a baseline
20- year energy prOJect1on for the sector wh]ch reflects cond1t1ons 1f
none of the scenario's conservation programs are 1mp1emented It is
‘important to compare and contrast the Power Plant Scenario with this
:hypothetica] no-conservation Alternative Scenario. In particular, since
the number of households in the region and the regional population are
identical in the two scenarios, such a comparison would highlight one
very important factor. This is the difference in the business as usual
trend projections between the scenarios from the same initial conditions
due to different assumptions of future electrical energy demand growth,
i.e., rates of conversion from fossil heating to electric heating;

peak, etc.

In Table 2.2-5, the projections of electrical energy demand from 1975 to 1985
and 1995 are shown for the Power Plant Scenario, and the Alternative ‘Scenario
with and without the implementation of its conservation programs. The
following discussion will center on the differences between the baseline
projections of the two scenarios in the year 1995, but the comparison is
equally valid for the year 1985 as well.

In the space heating bategory, the baseline Alternative Scenario energy
demand is 20% greater than that of the Power Plant Scenario. This is because
the number of electrically heated homes in each category (new and old
single and multifamily homes) is generally higher in the Alternative Scenario



. TABLE":2.2~5

COMPARISON OF RESIDENTIAL SECTOR ENERGY REQUIREMENTS (10 kilh)
_IN THE PONER PLANT SCENARIQ (PPS) AND THE
ALTERNATIVE SCENARIO (AS) IN 1975, 1985 AND 1995

¥
1975 . 1985 . 1995° - E
PPS AS PPS "AS* AS : PpPS” “AS* o~ F }s
(implicit baseline (implicit baseline |
projection) projection)
Space Heating 12018 12060 18948 20645 15281 27430 32858 15283
iWater Heating 8976 8731 15527 11472 9547 20690 15320 10650
t
Lighting . 3435 3804 - 4162 4599 3893 5333 5908 4544
Appliances 10586 9805 20235 16772 13630 34000 22509 20096
Total Energy Demand 35015 34400 58872 53488 42351 87453 76595 50573
Total Number of 6 6 . 6
Homes in Region 2,289 x 10 2.767 x 10 3.555 x 10
* )
Hypothepical scenario derived with the Alternative Scenario forecast methodology and data under the
assumption that none of the recommended measures are implemented between 1975 and 1995.

', versus; 4442 kWh/year):{

relative to the Power Plant Scenario. As a conseqﬁéhce,~the 1995 saturatibn
of electrically heated homes is 69% in the Alternative Scenario and only 60%
in the Power Plant Scenario. -

0

In the case of water heating, the Power Plant Scenario shows a 1995 ;
demand of 20.69 x 109 kWh compared to 15.32 x 109 kWh in the baseline
Alternative Scenario even though both scenarios assume the same level of
saturation (97%); The reason that the consumption is so high in the Power
Plant Scenario is the much higher annual average demand per water heater
assumed in this scenario relative to the Alternative Scenario (6000 kWh/year

The 1995 1ighting energy demand in the two scenarios, while slightly
different, can be considered comparable. It appears that the Power Plant
Scenario assumes a lower average annual lighting consumption per residence

“relative to-the baseline Alternative Scenario (1500 kWh/year versus 1662 kWh/year).
Th1s wou]d account-for the d1fference‘ .

¢ i ‘
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The largest difference between the two scenarios occurs |in_ the Appliance: /
Category. In the Alternative Scenario ‘the average annual appliance energy -
consumption per residence increases from 4284 kWh in 1975 to 6332 kWh in
1995, approximately a 50% increase. In the Power Plant Scenerio, the increase
is from 4625 kWh to 9564 kWh, which is over a twofold change in 20 years.
Clearly the factors that are responsible for this disparity must be in the
different appliance saturation levels and the annual unit appliance energy
consumptions assumed in the scenarios. The Alternative Eeenario is quite
explicit in its assumptions regarding appliances and in fact postulates a
rather significant increase in annual demand over the 20 years in the &
Miscellaneous Category. In contrast, the Power Plant Scenario_jScenar :
treats the entire app]fance category as a sing]e entity with no disaggregation,.

that the twofo]d increase postu]ated by the Power Plant Scenario appears
much too high.

From an overall perspective of the residential sector, the Alternative
Scenario projections appear to be more reasonable than those of the Power
Plant Scenario. In particular, sincerthe.increasingly higher annual unit
energy demands for water heaters and appliances in this scenario are!unexp1a1ned,
it does not seem unjustifiable to conclude that this scenario's demands are!}
overestimated. |

However, the foregoing discussion presents an important issue that is
a key element in the Alternative Scenario Analysis, but which NRDC has chosen
not to stress. This is the fact that the baseline no-conservation (i.e.,
business as usual) trend that is implicit in the Alternative Scenario is
considerably lower than that postulated in the Power Plant Scenario. When
viewed from this hypothetica] base]ine rather than from the Power P]ant

-~ - I S

is reduced by near]y a th1rd Consequent]y, the A]ternat1ve Scenario resu]ts must'
not be viewed solely with respect to the Power Plant Scenar1o but must be Judged_ |
f in the context of both the baseline projection differences between the two scenarios
~and the energy savings potential of conservation that is assumed ach1evab1e by NRDC
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2.2.3.1 Peaking Parameters

The Alternative Scenario projects specific central station peak-
generation requirements by category for the residential sector, It provides
specific peak-to-average multipliers in Tables 30 and 35 for space heating
(2.98 to 3.201), for water heating (2.21 to 2.264), for 1ighting?(0.921 and
for ten appliance categories ranging from 0.47 (freezers). to 7.33J’
(refrigerators). The peak-to-average ratio of 7.33 is very high and is
possibly an error in reporting by NRDC (i.e., ratios for ranges and
refrigerators could have been interchanged by mistake). The reasoning
behind these multiple parameters is only briefly discussed. |

However, since no comparable contributions to peak load by category
in the sector are given by BPA, this comparison between the two scenarios
is not possible.

2.2.3.2 Fossil Fuels Estimates

The fossil fuels estimates for the Alternative Scenario represent
an additional, unnecessary elaboration of the report's methodology which
is based upon end-use analysis of home electrical consumption. In fact,
no explanation is provided of the methods used to derive fossil fuel

estimates but results are simply presented. These results cannot be duplicated,

using any reasonable assumptions to modify the scanty data provided in
the Alternative Scenario.

The Alternative Scenario calculates fossiT fuel needs for the
residential sector in Btu's, using an_assumption that the efficiency
of fossil-fuel home equipment is on1§350% of equivalent 1975 electrical
equipment. Thus twice as many Btu's of fossil fuel inputs into typical
dwellings are required as the Btu equivalent of annual electric uses,
expressed in kilowatt hours. This "thermal:electrical" efficiency
factor is improved over time, to 60% for 1985 and 70% for 1995.

The "correct" unit energy consumption Tevels for gas equipment
and appliances are not widely agreed upon. While it is clear that
fossil-powered units are less efficient in input-Btu terms, specific
equipment varies widely for many reasons., For example, gas-fueled




water heaters are usually insulated with only 1-1/4 inches, compared to

2 inches for electric water heaters. Also it is worth recalling that
natural gas or fuel oil losses in the distribution process are minimal
(say 1-2%), and there is little energy waste in the fossil«fuel production
process. In contrast, electrical residential use involves large energy
losses in production and transmission/distribution except for hydro-power.

The improvements in fossil-fueled home equipment projected by
Oak Ridge National Laboratories are greater than efficiency improvements
foreseen by ORNL for major electrical appliances, throughout the 1975-2000
period. For instance, gas space-heating equipment usage will go to 70%
of 1975 levels in 1990, while electric goes to 90%. Further, the ORNL
model projects that improved equipment efficiencies will cause 57-66% of
the possible savings in overall energy use in the residential gector,
while higher fuel prices will cause only 18-23% of the reduction (Reference 13).
It appears that gas-fueled home equipment is penalized excessively in the
Alternative Scenario and that fossil fuel requirements may be overstated
due to the implicit unit energy efficiencies used. Since both method and
parametric values used are not stated, further comment here is
not useful.

2.2.3.3 Other Residential Sector Studies_

A number of studies of the residential sector have been made for the
PNW and for other regions which may be usefully contrasted to the NRDC
methodology. Additional studies are underway also for the region, specifically
‘those conducted for the Northwest Energy Policy Project and by the BPA for
its "Réle EIS" Draft. These latter studies will not be available in time
for consideration before July 1, 1977.

In connection with the March 1977 "Need for Power" Seattle..hearings:of
the Nuclear Regulatory Commission, revised NERA forecasts (Reference 14)
were presented, and this testimony has been reviewed for its bearing on
residential projections. '

These projections are based upon an econometric model, prepared for the
PNUCC group of utilities in 1975-76 and revised during 1976, The revised model

o)
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is described in general terms and its results for 19751990 in five-year
periods are tabulated. Base year is 1972 and comparisons are drawn with
the Oregon Department of Energy Model and its results in considerable detail.

Unfortunately the available tables largely represent average annual rates
of growth comparisons, which are difficult to interpret and to compare across
studies. This fact makes the revised NERA model of little help for this
study; however, the model appears to be well constructed and methodologically
sound for its purposes. The model depends upon historical correlations and
available data for Oregon and Washington States, and .juddmental® trends:
for future years are incorporated. It does not allow for policy inputs to
model direct effects of conservation and generation policies, and such
policies could be incorporated only with difficulty and considerable
‘judgment into the saturation/penetration assumptions_and unit.electric |
efficiencies.

of the NERA model with the Oregon model forecasts: sNERA's overall midpoint
projection is for 5.3% yearly growth (AAR) while the DOE projects a 3.49%
AAR growth for 1975-1990.(33,391 to 55,900 MWh/year). This is lower than
the revised NERA Tower forecast. The causes are due to the Oregon Study
assumptions of slower population and electric customer (household) growth,
plus implicit assumptions that industrial electric uses will increase
output/energy efficiencies and 1imit price-induced fuel switchovers to
electric power.

The NERA model deals explicitly with the four private utilities in the
PNUCC/West Group Area: In 1975 these utilities provided 33.6% of Washington
State's actual load (e.g. 16,653 kWh/year). The NERA tables do not show
residential, commercial and industrial demands separately, and do not
show how the utilities' loads were factored to translate service areas
into statewide totals.

Econometric models are particularly useful for simulations with a
variety of assumptions about such basic parameters as forecasted population,
employment, household formation, and purchasing habits--the underlying
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cause of electric saturation estimates. However, it is often difficult to
relate or compare an econometric model to deterministic models such as the
Alternative Scenario, or to trend projection models such as the BPA forecast
of February 1976 or projections presented by the Federal Power Commission

to the Nuclear Regulatory Commission (Reference 15).

The Alternative Scenario and the BPA forecast are based upon identical
basic parameters, as is true for the SOM Study as well. Therefore these
studies can be usefully compared and analyzed for the residential sector.
The discussion above has pointed out flaws in the Alternative Scenario.
However, it has also demonstrated that many assumptibns:bfcihéa'§Eenaﬁf6?
are valid and are improvements upon methods followed in the BPA forecast

< and in the SOM Study. On balance it appears that the projected conservation
savings for the two decades to 1995 are not unreasonable, as adjusted in
this study.

2.3 COMMERCIAL SECTOR DESCRIPTION AND ANALYSIS

The computations which result in the commercial sector portion
of the Alternative Scenario were reconstructed from the data and procedures

specified in Reference, 4. Figure 2.3-1 is a schematic representation of
the computational procedure for the commercial sector. ~~ —~~ — T

——— —— - - — - —— e

) ' Commercial X Energy x (1_% Savings ) = Net Energy
| Building Type Floor_Space Intensity .. From Conservation’ Consumption
i Small Office ’ - e
. . ~=
Large. Office L -
Retail Data given Data given _
by year and for each Data given by year ;
School office type office %ype and office type. - !
Other (fossil and (kWh/fté). _
electrical). T
' 17 total energy
consumption
before on-site
generation

e Saving due to on-site generation (solar, TES) = percentage of I (data given for each year for
solar and TES).

e Final Electrical Energy Consumption = (z1 - S) x Electrical Saturation.

— — -
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TFIGURE 2.3-1. COMMERCTAL SECTOR COMPUTATIONAL PROCEDURE |




Examination of this procedure shows, as was the case with the residential
sector, that there is an implicit projection of énergy requirements before
conservation initiatives are applied, incorporated in the methodology.

This can be computed by following the steps shown in Figure 2.3-1, but
deleting the conservation improvements (i.e., "% savings from conservation"
= 0). The details of these calculations are discussed in the following
paragraphs. '

2.3.1 AlternatiVe Scénario Projection of Energy Consumption Before Conservation 3

The energy consumption for.the commercial sector before the implementation
of conservation was computed on the basis of energy consumption by building
type. The Alternative Scenario computed this on the basis of its prbjectiqns
ofrregjongl floor space by building tybe but utilizing energy intensities
(QWh/ftz) by building type taken from the SOM Study, Reference 4. These
calculations are not given explicitly in the'Alternative Stenafio'report,
and so the difference between the energy consumption before and after the
implementation of conservation is not made éxp]icit there. The calculations
and results are given herein in the first four columns of Tables 2.3-1 and
2.3-2 for 1985 and 1995, respectively.

The A]ternafive Scenario first projects the growth in total regional
commercial floor space according to the gEowth in federal plus "non-basic"
employment as given by BPA. The total commercial floor space was then
allocated among the various building types in the same proportion as the )
forecasted national percentages given in Reference 4. Since thefAlternative--Z
Scenario projected commercial floor space is the total floor space and not
merely the fraction that would be electrically heated and yet is applied to
projected electric intensities from the SOM Study that strictly speaking -
should apply to only "all-electric" buildings, the resulting electrical
energy consumption forecast for the commercial sector is a purposeful
overestimate at this point.] Therefore, this computed so-called "total
effective electrical consumption" has to be converted to actual electrical

It is mathematically correct to use an electric intensity factor rather
- than a total intensity (electric + fossil) factor since the correction

- is applied at the end of the calculation. It would have been more
straightforward (but equivalent) to immediately connect total floor
space to "electrical" floor space, than multiply by the electric intensity
factor.

1
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TABLE 2.3-1

) 1985 COMMERCIAL SECTOR ANALYSIS
( s
t (1) (2) (3) ) (4) (5) (6) (7)
A COMMERCIAL ENERGY ENERGY ENERGY NET ENERGY
. ' - v SPACE © INTENSITY -~ -— - ~USE . SAVINGS CONSUMPTION
BUILDING TYPE (x 106 £t2) (kWh/ft°) (X 10° kun) % SAVINGS (X 10 kyn) (X 106 kyn)
: Alternative 2 Alternative 2 Alternative Alternative
,4 f Scenariol (S0M) Scenario (SOM) Scenario Scenario
ll Small Office 125.1 74.3 9,295 31.32 2,911 6,384
A Large Office 125.1 84.7 10,596 . 37.2 3,942 6,654 )
I Retail 312.75 72.0 22,518 18.8 4,233 18,285
l‘ School 225.18 20.1 4,526 22.3 1,009 3,517
Other Commercial 462.87 42.6 19,718 21.6 4,259 15,459
. “TOTAL 1,251.00 Avg. 53.3
' Total Effective Electrical - 66,653 16,354 50,299
Total Electrical Saturation .423 (24.5%) .423
‘ Actual Electrical Consumption 28,194 21,276
[, BPA Electrical Consumption 2 30,800
(
1Reference 3.
Reference 4. - - .
‘ TABLE 27372
1995 COMMERCIAL SECTOR ANALYSIS
s (1) (2) (3) (4) (5) (6) (7) -
P COMMERCIAL ENERGY ENERGY ENERGY NET ENERGY
4] 1 SPACE INTENSITY USE o SAVINGS CONSUMPTION
BUILDING TYPE - (x 106 ft2) {KkWh/ft2) {x 10 KkWh) % SAVINGS {x 105 Kwh) {x 106 kuh)
Alternatjve 2 Alternative
Scenariol (soM) Scenario (som)2 -
Small Office 161.91 74.3 12,030 43.3 5,209 6,821
] L'arge Office 161.91 84.7 13,714 . 82.9 11,369 2,345
1| retat 447.18 72.0 32,197 25.5 (52)3 8,210 (16,7423 23,987 (15,454) 3
‘ School 246.72‘ 20.1 4,959 50.2 2,489 2,470
Other Commercial 524.28 42.6 . 22,334 48.4 10,810 11,524
TOTAL 1,542.00_ Avg. 55.3 Avg, 45.1 .
“Total Effective Electrical 85,234 38,130 47,147 (38,614)3"
‘ (44.7%)
1| Total Electrical Saturation .461 461
Bl Actuar Erectrical consumption 39,293 21,735 (17,801)°
! BPA Electrical Consumption 50,200

1
Reference 3.
Reference 4.

3Repr‘esents corrected version of Alternative Scenario. — o~
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' the mandatory implementation program (these were the strongest

consumption in order to be meaningful., Although the Alternative Scenario

procedure continues to use units of total effective e]ectr1ca1 consumption
throughout the calculations and does not convert until the final step,

it was converted here immediately in order to compare with BPA's projections
before conservation--a comparison not made explicitly in the Alternative
Scenario report, as mentioned above. The conversion factors are total
electrical saturation factors which are independently forecasted in the
Alternative Scenario assuming a linear .6% per year convérsign rate from
non-electrical (fossil) to electrical energy usage. When this conversioh
to actual electrical consumptlon is made the before conservat1on '
prOJect1ons are sllght]y Tower than those prov1ded by BPA for ¢ B
1985 (28.2 versus 30.8 billion kwh) and significantly lower for 1995

(39.2 versus 50.2 billion kWh) Since the Alternative Scenario independently
prOJects floor space and saturation values for the region, its baseline
energy forecast (the starting point from which reductions due to conser-
vation are applied) is different (and lower) from that given by BPA, The
significant difference between the Alternative Scenario implicit baseline
consumption and the BPA forecast highlights the importance of developing
sound business-;sfusua1 forgcasting methods.

Table 2.3-3 presents SOM floor space projections for electrically
heated buildings and Alternative Scenario projections for.all buildings in
the sector as well as e1ectrica1]y_heated buildings. SOM projections are
shown for each building type for 1980 and 1995. The equivalent 1985
projections were estimated in this study. In both 1985 and 1995 the
Alternative Scenar1o proaectlons - for. e]ectrical]y heated floor space are
significantly lower than those prOJected by SOM. These lower floor space
proaect1ons account for the lower before conservation energy forecasts in

- — -

_the Alternat1ve Scenarlo

2.3.2 Alternative Scenario P?bjectfbn of-Energy Cdﬁéumption After
Implementation of Building Conservation

\

The building conservation measures adopted by the A]ternative Scenario
were exact]y the same as those given in the SOM Study Strategy #6, under

1
;

conservation measures that were still cost-effective to implement according
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| TABLE 2.3-3

+ COMPARISON OF SOM AND NRDC COMMERCIAL FLOOR SPACE PROJECTIONS

- 1980 1995
— SOM RROC SO NRDC
TOTAL TOTAL (1985) TOTAL TOTAL
~- BUILDING TYPE |UNIT FLOOR SPACE (ft2) ¢ UNITS (X 10° ft€) (X 106 ft¢) | # UNITS (X 100 ft2) {x 106 ft2)
Small Off{ice v
Existing 1,500 13,453 20.2 13,453 20.2 )
New 1,500 7,175 10.8 28,700 43.0
Total 31.0 125.1 63.2 161.91
Large Office
Existing - 50,000 236 11.8 ’ 236 11.8
New 50,000 118 5.9 496 24.8
Total ’ 17.7 125.1 36.6 161.91 '
Retail
Existing 49,986 - 889 44.4 889 43.4
New 49,986 500 25.0 1,973 98.6
Total . 69.4 312.78 143.0 447.18
1 .
| School
Existing 44,925 3,212 144.3 3,212 144.3
New 44,925 1,650 74.1 6,091 273.6
Total 218.4 225.18 417.9 246.72
_ Other Commercial
| Existing 36,7564 '3,577 131.5 3,577 131.5
New 36,754 1,724 63.4 6,578 241.8
1 Total 194.9 462.9 373.3 524.3
GRAND TOTAL . 531.4 . 12510 1,034.0 1,542.0 ,
(698.9 in 1985) 59 2 710. 3
1 T e :
The corresponding electrical floor space for 1985 is 529.2. .
2 . -
.The corresponding electrical floor space for 1995 is 710.8. . /J

- - o amm————

to the SOM Study). The. percentagelof energy sav1ngs over the no- conservatlo§‘t]

—— -——

SN

case could be determined by adding the_ kWh sav1ngs from both ex1st1ﬁ§_fff*__;ﬁ
and new buildings of each building type and dividing byithe total amount

of electrical energy that would be consumed if no conservation were implemented.

These percentages were computed based on the data given in the SOM Study
for 1980 and 1995. The computed percentages matched those given in the
i~ Alternative Scenario report for ]995 > (except for retail 1 buildings which w111<‘7

be d1scussed), and the 1985 values fa]] between the 1980 and 1995 values
and so were assumed to be 1nterpo1ated. Only these percentage savings were

T applied in the Alternative Scenario and not the actual kWh savings. This was

\




" due to the fact that the total electrical commercial floor space by
building type was different in the two scenarios as discussed in the previous

section.

#

Based on these percentage savings the actual electrical energy savings
could be computed by applying these percentages to the total effective
electrical consumption by building type computed by the Alternative Scenario. !
From this result the net energy consumption (consumption after conservation
is taken into account) can be determined by subtracting the savings from
the energy consumption before conservation is implemented. These calculations
are shown in columns 5, 6, 7, Tables 2.3-1 and 2.3-2. After summing the
net energy consumptions by building type over all the building types, the
total energy consumption expressed as total effective electrical consumption
for the commercial sector is obtained. These sums are shown near the bottom
of column 7 on Tables 2.3-1 and 2.3-2. Note that it would be invalid to
compare these values at this point to BPA's values for total electrical
energy consumption in the commercial sector for the years 1985 and 1995,
since the comparison would not take into account electrical saturation
effects.

Several numerical or data citation errors were discovered in_the .
course of reconstructing this part of the Alternative Scenario. The figure i
of 50.2 billion kWh attributed to BPA by the Alternative Scenario report for
the 1995 commercial sector consumption is not correct. The correct figure
is 44.2 billion kWh as given in the SOM Study on.p. 121 from data supplied

by BPA.
Two other computational errors are discussed below.

1. RETAIL BUILDINGS - An error in the SOM Study analysis of retail
buildings was inadvertently incorporated in the:A]ternétiVé‘Scehéfio’
analysis. On page 165 of the SOM Study, a total savings of 3,622
X 106 kWh for new retail buildings in 1995 is shown. This
consists of 2,734 x 106 kWh saved due to mandatory compliance with
the ASHRAE 90-75 building codes plus 888 x 10° Kih due to other

miscellaneous mandatory conservation measures. Yet in the summary
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6 \uh savings is

table on page 121, only this latter 888 x 10
shown resulting in a 25.5% savings for retail buildings rather
than a 52% savings for retail buildings based on the correct
savings of 3,622 kWh. Unfortunately, the Alternative Scenario .
Study uses the incorrect value of 25.5% in its calculations

as cited in page 52 of Reference 3.

2. STREET LIGHTING - This category of energy consumption was neglected

" in the Alternat1ve Scenario report. The category 1abe]ed "Other" B 3 N
refers solely to "Other Commercial" Tn the SOM report and does o
not include "Street Lighting." This can be verified by
calculating the percentage savings due to "Other Commercial" and
then "Other Commercial" plus "Street Lighting," which are
48.36 and 45.8, respectively. The former value is the one

cited in the Alternative Scenario Study (Reference 3, page 52).

Two other general methodological problems are described here, First
projecting energy consumption according to total energy intensities by
building type rather than according to end-use service (as is done in the
residential sector) is not the best projection method. However, since
data were not available by end-use service consumption in the PNW commercial
sector; this could not be avoided. Secondly, the conservation strategy
adopted from the SOM Study assumes implementation din 100% of all commercial
buildings by 1995. This assumption may be questioned even for a mandatory
conservation program in terms of its economic and institutional feasibility
(discussed further in Section 4.5).

The resolution of the problem with street lighting is presented in
Table 2.3-4 wherein the energy consumption and savings projected in the SOM

., Study under Strategy #6 (the strategy adopted by the A]ternative'Scenario:fori

commercial building conservation) are given. The 1985 values are !
interpolated assuming an exponential implementation rate between 1980 i
and 1995.

When this street lighting consumption data is incorporated together
with the correction to the .retail building consumption data, a revised or k
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TABLE 2.3-4

PROJECTED STREET LIGHTING CONSUMPTION AND SAVINGS®

(X 106 kwh)
1980 1985 1995

LIGHTING | ENERGY ENERGY | ENERGY ENERGY | ENERGY ENERGY

TYPE USED SAVED USED SAVED | USED SAVED
Existing 500 115 500 115.0 500 115
New 300 69 189° 112.5 | 1,300 299

TOTAL 800 184 989 227.5 | 1,800 414
NET
CONSUAPTION 616 761.5 1,386
(X 106 Kih)

']Data for 1980 and 1995 taken from SOM Study (Reference 4, pages 120 and 121)

2Interpo]ated values between 1980 and 1995 based on an exponent1a1 1mp]ementat1on
rate between the two years with an average 1,450 kWh/1ighting unit consumption,

corrected Alternative Scenario projection is obtained. In Table 2.3<5, a
corrected scenario for the commercial sector is presented alongside the
uncorrected, as given, version. The result is that in 1985 the correct
consumption is slightly higher (4%) than the uncorrected value, whereas

in 1995 the correct consumption is somewhat lower (12%) than the uncorrected
This corrected scenario is only valid up to this point in the ...

In particular, the further savings

value.

~ reconstruction of the entire scenario,
due to on-site energy sources have not yet been accounted for,
the corrected scenario will be carried along through completion of the
scenario reconstruction in the remaining sections.

However,
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TABLE.2.3-5

CORRECTED ALTERNA%IVE SCENARIO FOR THE COMMERCI

- Tm—— e D e L

AL SECTOR*

—_—— e —————

1985 1995
ENERGY CONSUMPTION N ST
CATEGORY (X 106 kWh) UNCORRECTED "CORRECTED UNCORRECTED CORRECTED
Retail Buildings 18,285 18,285.0 23,987 15,454
Other Commercial Buildings 32,014 32,014.0 23,160 23,160
TOTAL EQUIVALENT - 50,299 50,299.0 47,147 38,614
IOTAL ACTUAL
Saturation . 461 21,276 21,276.0 21,735 17,
in 1985, and 19§s 7,801
Street L1ght1ng 0 761.5 0 1,386
GRAND TOTAL 21,276 22,037.5 - 21,735 19,187
% CHANGE +3.6% -11.6%

*
Does not include conservation due to on-site energy sources.

2.3.3 Alternative Scenario Projection of Energy Consumption aftep’ Imp]ementat1on

. 0f On-S1te Energy Sources

R The Alternative Scenar1o a]so 1nc1udes a small amount of on551te

energy sources which: reduce the sector's dependence on centra] f

station sources. These on-site sources consist of solar systems and total
energy systems which reduce the total effective electrical consumption by
the same amount in which they are implemented:

Solar
TES

1985

1%
2%

1995

5%
10%

The effects of these further conservation measures on the total effective
electrical consumption of the sector are shown in Table 2.3-6 which

completes the definition of the (corrected) A]ternat1ve Scenario.
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TABLE 2.3-6

SUMMARY OF COMMERCIAL SECTOR ANALYSIS
ACCORDING TO THE ALTERNATIVE SCENARIO

e - .ﬁ___.___________J
- 1985 1985 (Corrected) 1995 1995 (Corrected)
Total Effective E]ectr1ca1 Energy .
nImplicit Baseline (X. 106 kWh)ikwh ) | 66,653 66,653 85,234 85,234
AP Y o
Total Effect1ve Electrical Energy
After Building Conservation
(X 106 kwh) 50,299 52,098 47,147 41,620
'Percentage On-Site Generation:
Solar 1% 1% 5% 5%
TES 2% 2% 10% 10%
Amount Saved from On-Site
Generation:
Solar 503 521 2,355 1,931
TES ‘ 1,006 1,042 4,710 3,861
TOTAL / 1,509 1,563 7,065 5,792
Total Effective Electrical Energy B
After On-Site Generation
(X 106 kWh) 48,790 50,535 40,082 35,828
Total Effective Electrical
Saturation .423 .423 .461 .461
Actual Electrical Consumption
(x 100 kWh) 20,638 21,376 18,478 16,517
% Change +3.6% -10.5%

is somewhat low for 1985 and somewhat high for 1995,

are not of sufficient magnitude to affect any conclusions, and are not con-

The corrected versions of the Alternat1ve Scenario show that the error !
These differences

sidered in the economic analysis of this sector (3.6).

There are, however, other general methodological problems, Although
it is stated in Table 14 of the Alternative Scenario report that the implementa-
tion of the on-site energy systems provide the stated fractions of the




heating requirements, these fractions were nevertheless applied to the
total effecfive electrical consumption after the implementation of building
conservation, as shown in the summary given in Table 2.3-6. Thus the table
is mislabeled relative to how these systems were actually implemented

in the scenario. The stated procedure would have been a more logical
assumption.

In terms of the manner in which thetﬁlggfpggixe'SEgjégjpiresg[}s_are s R

— —

presented, it is suggested that the following summary Table 2.3-7 would be

more perspicuous. This table immediately reveals that while the ﬁ~p1ic1t '
| baseline projections are only slightly lower than BPA/SOM in 1985, ~
they are much ]ower‘1n 1995 and, more s1gn1f1cant]y, that the absolute magni tude

—_—

of the savings are only s]1ght1y greater than SOM's for both years. Th1s

latter result should not be unexpected since the . Alternative Scenario 'J

used SOM's percentage savings by building type to wh1ch was added on]y a

modest amount of on-site systems. Thus, while thelAlternat1ve Scenar1o _J

projected energy savings are significant (20.8 billion kWh in 1995), they

are not significantly greater than those obtained in at least one other

study, and certainly are not as great as would appear from a direct comparison, _
__pf BPA and A]tgrnative Séena}?ﬁ-bfojéctiqns in any given year (e.q., 50.2 ’
versus 20.8 billion kWh in 1995). |

i TABLE 2.3-7 W

COMPARISON OF ALTERNATIVE SCENARIO AND BPA/SOM
ELECTRICAL REQUIREMENTS (106 kiWh) FOR THE {
COMMERCIAL SECTOR OF THE PNW ‘

|-

P

3~ 1985 1995

BEFORE CONSERVATION! AFTER CONSERVATION SAVING S}f BEFORE‘CONSERVATIO.N'| f.AFTER CONSERVATION SAVINGS

s
L J

. . e
BPA/SOM 30,800 24,224 6,576 50,200/44,2003' 30,660/24,66,6' v+ 19,540

-

ALT: . 28,194 20,638 7,556 39,293 18,478
SCENARIO ) , 20,835

¢ ) "'lmplicit\baseline“ projection for Alternative Scenario. 1830 a4 1?9; Vi reme |'

,zThe 1985 va]ues for BPA/SOM savings were interpolated exponentially between the 1980 and 1995 values
sgiven‘in'Reference 4, p 120, for the mandatory 1mplementation program. .. Cnl s AL,

3The stash| betueen the figures indicates the BPA versus the SOM figures, respectively Only the BPA ‘
sbefore, conservation figure and the Altg'native Scenario after conservation figure are given explicitly

- w—r_in the Alternative Scenario A — ..
. '}5 : - 4 ~ P
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2.3.4 Summary and Conclusions of Commercial Sector Description

The primary prupose of this section\was to aftempt’to reconstruct
the Alternative Scénario commercial sector from the data.and proEéduresYiéf"‘ X
specified in the report. Although some problems with the data, computatid;ZTn l
procedure, and methodology were discovered in the course of this ré635<
struction, these problems are not believed to significantly affect their ~
overall resu]ts. Indeed, the¥“§h9ﬂ that the energy savings derivgg_pg"the,__#_h;;emﬁ

J—

T r— i

o

basis of the assumptions made and procedures used result in a conservative
net error in 1995 (see Table 2.3-6). As noted, much of the reason for
the lower energy projection vis-a-vis BPA's estimated requirements stems

| from a lower (impTicit baseline) projection of energy requirements. A |
schematic of the projected electricity requirements for this sector for
the two scenarios is presented in Fiéure 2.3=2,

{
. POWER PLANT SCENARIO
sor . PROJECTION '

ALTERNATIVE SCENARIO IMPLICIT
BASELINE

S
///

40

30

ALTERNATIVE SCENARIO

20 «——PROJECTION

—_—

" T ———_, ALTERNATIVE SCENARIO
PROJECTION
i : : (CORRECTED)
10 i )

ANNUAL ELECTRICITY REQUIREMENTS, 10° KWH/YR.

16w, PLANT AT 75% LOAD FACTOR
‘ \ : )
] 1975 1985 1995
y . ]
- YEAR Ny ;

L

1 FIGURE 2.3-2. COMPARISON OF ELECTRICAL ENERGY CONSUMPTION FORECASTS FOR
| THE COMMERCIAL SECTOR OF THE PNW, 1975-1995




Next,it should be noted that the final actual electrical consumption
determined depends critically on the electrical saturation values the
Alternative Scenario projects. For example, if the saturation values were
1.0 in 1985 and 1995, then the total actual e]ectri&al‘consumption would
equal the total effective electrical consumption (the latter values are
shown on the fourth row from the bottom in Table 2.3-6). If this were
the case, then the Alternative Scenario would produce higher projections

“than BPA's for the commercial sector for 1985 (48.8 versus 30.8‘bf1110n kWh)
and, while the projections would be lower than BPA's for 1995 (40.0 versus
50.2 billion kWh), they would be more than twice as high as the Alternative ./
Scenario actually forecasts. Hence the assumption of a constant .6% rate
of electrical substitution on which the forecasted saturations were based
is critical.

It is noted in the Alternative Scenario report that differences between the
scenario and BPA projections are the result of the savings achieved by the

adoption of the Alternative Scenario efficiency improvement measures and different
projections of energy requirements, apart from those measurements. Nevertheless

it is misleading to present the final projected consumption figures in juxtaposition
to BPA's projected figures without also presenting the (implicit) baseline fore-
cast (before conservation is implemented). As presented, the misleading impres-
sion is given that the conservation scenario represents an energy savings from

that of BPA's rather than from a different (unstated) baseline projection.

2.4 MANUFACTURING SECTOR DESCRIPTION AND ANALYSIS

The Manufacturing Sector in the Pacific Northwest region comprises
a variety of industries as shown in Table 2.4-1. In 1975 this Sector's
energy requirements represented 48% of the region's electrical energy
demand and 44% of the fossil energy demand, making it the largest of
the four energy consuming sectors in the Northwest. Two dominant
industries in this sector from an energy viewpoint are the primary aluminum
industry and the paper and allied products industry. Primary aluminum
production in 1975 was responsible for over 50% of the sector's electricity
demand, and the paper industry accounted for over 25% of the sector's
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TABLE 2.4-1
PNW MANUFACTURING SECTOR ENERGY REQUIREMENTS IN 1975

i
|

T 7 BPA ALTERNATIVE SCENARIO 5
“J |SUBSECTOR ELECTRICITY? ELEC;RICITY2 FOSS{% FUELS
NUMBER INDUSTRY (109 kkh) kWh) (10'¢ Btu)
1 1 Food & Kindred Products 1.33 1.4840 46.200
| "2 . |Textiles & Apparel o= 0.03146 -
3 Lumber & Wood Products 4.22 4.0890 49.150
4 Paper & Allied Products 6.79 6.5490 95.190
5 Printing & Publishing - 0.1427 1.575
6 Chemicals & Allied Productg 3.21 4.7820 ©18.130
7 Petroleum & Coal Products - 0.6424 59.910
8 Stone, Clay & Glass - 0.5688 18.680
9 Iron & Steel ' 0.72 1.2060 17.280
10 ‘ Non-FeFrous, Non-ATuminum 1.72 2.1860 © 14.240
n Primary Aluminum 26.85 27.2900 4.300"'
12 Fabricated Aluminum ‘ - 0.2642 _ 3.308
13 Machinery & Electrical - 0.4756 5.314
Equipment
14 Aerospace Equipment - 0.7619 8.536
, 15 Other Transportation 0.2808 2.677
) Equipment -
; Other Manufacturing 7.40% 1.8540 14.170
|
L TOTAL 52.24 52.6000 358.700
]Ca1cu1ated from 1974 actual industrial electr1c1ty use data and projections
of industrial electricity use to 1980 given in Reference 4, p. 182,
2Reference 3, Table 45, p. 176. Includes on-site generation existing
in 1975 in subsectors 3, 4 and 7 to the extent of 10%, 60% and 10% of the
respective total e]ectr1ca1 energy requ1rements .
3peference 3, Table 23, p. 73. e -
4]Includes electricity requirements of subsectors 2, 5, 7, 8 and 12 through
5
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fossil energy demand. While the paper industry's electrical energy
requirement ranks second only to that of the primary aluminum industry,
it has the distinction of producing over half its power on-site (60% in
1975), purchasing only the remaining.

The estimation of electrical energy requirements in future yearsCi/”
from the perspective of generation planning has traditionally been in
the domain of the electric utilities. Such estimations usually rely on
past consumption patterns with some modifications, and almost always
represent a business as usual trend. This appears to have been the case
in projections of the manufacturing sector's electricity demands in 1985
and 1995 in the Power Plant Scenario. In contrast, the Alternative Scenario,
included an almost zero-based projection of these same future demands '
for each subsector and derived consumption patterns significantly different
from those of BPA. : *

It is the purpose of this section to analyze the Alternative Scenario
energy projections in the manufacturing sector to 1985 and 1995
and critically evaluate both the methodology -and results of the two
projections.

The 1975 total electrical energy réqﬁiﬁéwﬁhf;:(including on-site
generation) of the individual subsectors of tﬁé Eanufacturing sector
are shown in Table 2.4-1. The BPA 1975 electricity demands were derived
from actual consumption data in 1974 and projections to 1980 given in the!
Skidmore, Owings & Merrill Study (Reference 4). This procedure
could account for the differences between individual BPA and Alternative Scenario
subsector demands in 1975 evident from Table 2.4-1. Rather than highlighting
these differences in 1975, the intent of Table 2.4-1 is to show the much
higher level of disaggregation that the A]Eernat1vé'$cenério provideé in the
sector. Table 2.4-1 also shows the 1975 fossil energy requirements of each
.subsector as given in the ‘Alternative Scenario. BPA has provided no estimates
of the fossil energy demands in any of the subsectors since their concern
s primarily with:electricity demand, S s
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_ ] The A]ternat1ve ‘Scenario ana]ys1s of future electrical energy requf?éﬁgniémww }
——

for the manufacturing sector in the period 1975 through 1995 is based on the
following six assumptions:

a. During the 20-year period of the scenario, improvements in
the energy efficiency in the entire manufacturing sector would
reduce the amount of energy used per unit of product by 20%
.(Reference 3, p. 56). Of this reduction, one-fifth or 4% is
" assumed to occur by 1985 (Reference 3, p. 61).

b. Substitution of electrical energy will occur for the entire non-
electrical energy portion of the manufacturing sector at a linear
rate of 0.6% per year (Reference~3, pp. 62 and 171).

c.. Substitution of energy (e]ectrical and non-electrical) for labor
will occur at a linear rate of 1% per year between 1971 and
1995 (Reference 3, p. 62).

'd. } Small increases in on-site generation of e]ectricity will occur
either by self-generation or by using wastes. The subsector
designated "other manufacturing" would rely on self-generation
for 2% of its total electrical energy needs in 1985 and 8% in
1995. In the lumber and wood products industry, the fraction
of total electrical energy requirements from waste generation
would increase from 10% in 1975 to 20% in 1985 and 30% in 1995.
The paper and allied products industry and the petroleum and
coal products industry would continue to maintain on-site
generation capability at 60% and 10% of their total electrical
energy requirements, respectively (Reference”3, pp, 63 and 177).

€. The supply of electrical energy by BPA to the aluminum industry
would be phasedodown- over-the period 1985-1993 as present fim

power contracts for plants 35 years or older expired over this
time frame. Only two of ten existing plants would continue
operation with BPA power beyond 1995. These two plants (Intalco
at Ferndale, WA,and Martin Marietta at Goldendale, WA) account
for 23% of the present regional aluminum production capacity or
7% of national capacity (Reference 3, pp.-79 and 80).1

The A]ternat1ve Scenario yields an energy surplus by 1995 which would be

sufficient to retain the aluminum 1ndustry if that option were selected. _
Availability of this surplus energy is, however, contingent upon the successful i
achievement of the rates of growth and rates of conservation implementation

def1ned in the scenario. e T
' T 236
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~ developed to compute 1985 and 1995 fossil and electrical energy requirements

f. Employment is the fundamental determinant of future electrical
needs in the manufacturing sector. The total employment projected
for 1885 and 1995 under the scenario is identical to the BPA
projections.but distributed over the ifanufacturing subsectors in
proportions different than those given by BPA (Reference 3, p. 66).
Except in the 4aluminum iindustry, Whe}e the projected level of
employment would decrease by 77% between 1985 and 1995, the
employment levels in each subsector of the modified manufacturing
mix do not vary from BPA's projections by more than 12% in 1995

(Reference 3, p. 64).

The reconstruction of the manufacturing sector energy requirements
in 1985 and 1995 using the Alternative Scenario assumptions described is
detailed below. The Alternative Scenario and BPA stipulated subsector employe«
ment levels in 1975, 1985, and 1995 are shown in Table 2.4-2. The Alternative
Scenario assumption of linear rates of change in fossil and electrical
energy consumption due to substitution effects are assumed to start to
apply to the 1975 fossil and electricity demands in each subsector, rather
than the implied baseline year of 1971. The effect of this interpretation
does result in small but consistent differences between this study and the

Alternative Scenario results. The overall effect is neg]igib]e )

TWO 3190F1thm5 incorporating the Alternative Scenario assumpt1ons were

in each subsector. The fossil energy consumption in subsector j is given by:

j = - J -
F]975+AT { 1975 (0. 006)xATxF]975+(0 01)xATxF1975§ x(1 Ae)XR]975+At

where,

f,F%975 = 1975 fossilienergy consumption in subsector j, Btu's
AT = 10 for 1985 and 20 for 1995
Ae = Fractional decrease in energy demand due to conservation;
0.04 for 1985 and 0,20 for 1995
R]985 = NRDC ratio of 1985 to 1975 émployment levels in subsector j
R]995 = NRDC ratio of 1995 to 1975 émployment levels in subsector j
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TABLE 2.4-2 -
MANUFACTURING SECTQR EMPLOYMENT!

NRDC Report, Table 17, p. 66

& (in 103)
| 1975 EMPLOYMENT |  RATIO OF 1985/1975 RATIO OF 1995/1975
SUBSECTOR & NRDC & BPA EMPLOYMENT LEVELS EMPLOYMENT LEVELS
NUMBER (in 103) NRDC BPA NRDC BPA
1 69.2 1.0884 1.0853 | 1.1642 1.1517
2 13.6 1.2412 1.2132 | 1.5081 1.3971
3 135.6 0.9735 0.9801  |.0.7876 0.8024 |/
4 28.2 1.0528 1.0603 | 1.0475 1.0674 -
5 22.7 1.3247 12952 [1.7119 - 1.5859
6 10.9 1.2211 12000 |1.3862  1.4128
7 3.0 1.2843 1.3333 | 1.3543 1.5333
8 1.2 1.2232 1.2321 | 1.4018 1.4286
9 8.5 1.1800 1.1882 | 1.2588 1.2824
10 4.9 1.1551 11633 | 1.2618 - 1.2857
l 14.4 0.9965 1.1806 | 0.229 1.2708
12 20.4 1.3637  1.3333 | 1.7250 1.5980
13 48.9 1.4370 1.4049° | 1.9051 1.7648
14 52.6 1.2070 1.2034 | 1.3837 1.3688
15 28.3 1.3601  1.3428 | 1.6809 1.6007
23.9 1.4017 1.3975 | 1.8322 1.7782
496.3 11654 1.1656 | 1.2569 1.2569
(Reference 3).: ) \ng}




The first term of the equation represents the change in 1975 fossil
energy consumption in subsector j due to substitution with electricity
and substitution for labor, and indicates the consumption level with all
other factors remaining unchanged (i.e., no conservation and no growth
in subsector output). The second term captures the change in fossil
energy consumption if conservation programs were implemented. The last
term which is the employment ratio relative to 1975 is a surrogate multiplier,
which was assumed to be equivalent to the ratio of subsector output
relative to 1975. Although this assumption is not made explicitly clear
in the Alternative Scenario Report, it is imp]iediin their assumption on
employment effects on energy consumption (Assumption (vi)).

It is interesting to note that the Alternative Scenario employment ratio
is less than 1 only in two subsectors both in 1985 and 1995. These subsectors
are the lumber and wood products and the primary aluminum industries.

The Alternative Scenario assumes the aluminum industry to be phased down
substantially by 1995 starting from October 1986, BPA, however, assumes
continued growth in this subsector. There is no explanation either from
BPA or the Alternative Scenar1o to why the emp]oyment in the lumber lndustry

declines.

The electrical energy consumption in subsector j is given by:

* j = J -
EYo754at {%]975+E1975+AT (0. 01)XATXE197%) x(1-8e)XR1 97540t
Where

E‘%975 = 1975 electrical energy consumption in subsector j in kWh

E]ectrica]'equi?a]ent of fossil energy substituted in kWh. .

E1975+at

(0.006) x At x F%975 X 0.67/3412} by‘Alterhative Scenario
definition

The results of calculated subsector energy requirements for 1985_
and 1995 and those given in the Alternative.Scenario Report are compared in
Tables 2.4-3 and 2.4-4. The differences between the two in the_tota] energy

‘requ1rements are about 1% in 1985 and about 3% in 1995 These differences
are small and arise for reasons stated earlier.
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TABLE 2.4-3
' MANUFACTURING SECTOR ENERGY REQUIREMENTS

IN 1985

CENTRAL STATION REQUIREMENT

1

| FOSSIL ENERGY (102 Btu) TOTAL ELECTRICITY (10° kih) (10° kiih)
SUBSECTOR 1 cavcutaren’ ALTERNATIVE. | caLcuLaTe A TRV caLcuated | PLTERITIVE
1 50.2 49.67 2.274 2.338 2.214 . 2.338
2 - - 0.04123 0.04108 0.04123 .~ 0.04108
3 47.77 47.24 4.745 4.795 37% . | 3.8%
4 100.06 98.98 8.415 8.528 3366 3.41
5 2.08 2.061 0.2232 0.2254 0.2232 0.2254
6 22.10 21.85 6.417 6.424 6.417 6.424
7 76.82 76.69 1.742 1.838 1.568 1.654
22.8) 22.57 0.993 1.023 0.993 1.023
9 20.36 20.14 1.733 1.757 1.733 1.757
10 16.42 16.24 2.853 2.866 2.853 2.866
n 4.28 4.232 28.77 28.67 28.77 28.67
12 4.50 4.455 0.4315 0.4364 0.4315 0.4364
13 7.94 7.541 0.8079 0.8161 0.8079 0.8161
14 10.29 10.17 1.088 1.099 1,088 1.099
15 3.64 3.595 0.444 0.448 0.444 0.448
16 19.83 20.02 2.969 2.986 2.910 2.927
TOTAL 409.1 405.5 63.95 64.29 57.72 57.97

]After subtracting on-site géneration

in subsectors 3, 4, 7 and 16.
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. TABLE 2.4-4 |
MANUFACTURING SECTOR ENERGY REQUIREMENTS IN 1995

. CENTRAL STATION REQUIREMENI]
o FOSSIL ENERGY (1012 Btu) TOTAL ELECTRICITY (107 kwh) (109 Kkuh)
SUBSECTOR CALCULATED Ao e CALCULATED AR Te CALCULATED A EaRIo
1 46.47 45.0 2.672 2.886 2.672 2.886
2 - - 0.04555 0.04526 0.04555 0.04526
3 33.45 32.38 3.821 3.962 2.675 2.773
4 86.15 83.41 8.465 8.839 3.386 3.535
5 2.33 2.256 0.285 0.2951 0.285 0.2951
6 21.7 21.02 6.838 6.903 6.838 6.903
7 70.10 69.21 2.365 2.684 2.129 2.416
/ 8 22.62 21.9 1.259 1.363 1.259 1.363
9 18.79 18.2 1.867 1.949 1.867 1.949
10 15.52 15.03 2.987 3.045 2.987 3.085
n 0.8524 0.8255 6.029 5.995 6.029 5.995
12 4.930 4.773 0.545 0.5661 0.545 0.5661
13 8.747 8.469 1.061 1.097 1.061 1.097
14 10.20 9.88 1.235 1.277 1.235 1.277
15 3.888 3.764 0.538 0.5537 0.538 0.5537
16 22.43 23.81 3.750 3.838 3.450 3.531
TOTAL 368.2 359.9 43.8 45.3 37.00 38.23

N

After subtracting on-site generation in subsectors 3, 4, 7 and 16.
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is predicated on effects of employment mix changes, conservation programs, .

- e m e o  —— - —— ——

Having checked the numerical validity of the NRDC projéctionssof€

__future energy réqgirgmgg;s in_;he.manufactunjgg/sector. it_is_now possible .
L\gg\compaggﬂang_ggptrast it with_the results of the BRA‘projeqtjgngrjn thi

sector to 1985 and 1995.. In this comparison only the central station
electricity requirements of the subsectors are considered,-since it is
?his requirement that fundamentally impacts BPA. Table 2.4-5 shows the
subsector aggregations in the same format as given in the SOM[§;ggﬁ{
(Reference 4) along with the respective subsector electricity requirements
in 1975, 1985 and 1995. It is_important to re-emphasize_that the Power

s

[ ———

Scenario is a business-as-~usual scenario, while the.Alternative Scenario

‘ etc.
. — e e . i e e [ e e e - U U
TABLE 2.4-5 : ' :ﬁ1;} N
N ’ NI
PNW MANUFACTURING SECTOR A ;
, CENTRAL STATION ELECTRICAL ENERGY REQUIREMENTS
/' /& -t 9 . . . ’i »—-——*7\__,‘,-«..4:‘7_‘&
e :;> (107 kWh per year) T—- —_ -’
. . - e e ettt e .
e AN ;
y S
{i/l Alternate 1975} (A]19752 . 19853 (Mwas4 . 19955 9954
v Scenario Industry ternative ternative ternapve
X Subsector # ) (BPA/SOM) Scenario) (BPA/SOM) Scenario) (BPA/SOM) Scenario)
l b
d . .
1 Food & Kindred Products 1.33 1.48 1.85 2.34 2.80 2.89
3 Lumber & Wood Products 3.80 3.68 5.10 3.84 6.84 2.77
4 Paper & Allied Products 2.72 2.62 3.48 3.4 4,32 3.54
6 Chemicals & Allied Products 3.21 4,78 4.68 6.42 7.10 6.90
y 9 Iron & Steel (Ferrous) 0.72 1.21 0.86 1.76 1.00 1.95
A 10 Non-Ferrous, Non-Aluminum 1.72 2,19 1.83 2.87 1.90 3.05.
’ n Primary Aluminum 26.85 27 .29 30.32 28.67 32.70 6.00
| 2,5,7,8 Other Industrial 7.34 4.96 27.43 8.67 65.43 11.40
12 through 16 !
! TOTAL 47.69 48.21 75.55 57.98 122.09 38.24"
il f’s
[ (VR e rrovers .
| (;alcu’lated from 1974 actual industrial electricity use data and projections of industrial electricity use to 1980 given
i in the SOM Study, p. 182 (Reference 4), and modified to exclude on-site generation existing in 1975 in subsectors 3, 4
} and 7 to the extent of 10%, 60% and 10% of their respective total electrical energy requirements (Reference 4), p. 177),
“1 2Alternative Scenario Report, Table 19, p. 69, given as central station electrical energy requirements, i.e., excluding
on-site generation existing in 1975 in subsectors 3, 4 and 7 (Reference 3).
1 3Calcu'lated from projections of total industrial electrical energy requirements for the PNW in 1980 and 1995 given in
; the SOM Study, p. 182 (Reference 4), and modified to exclude on-site generation in subsectors 3, 4, and 7 to the extent
1 4of 10%, 60% and 10% of their respective total electrical energy requirements (Reference 4, p. 177).
Alternative Scenario Report, Table 19, p. 69, given as_central station electrical energy requirements, i,e., excluding
‘ on-site generation in subsectors 3, 4, 7 and 16 (Reference 3).
5Modif'ied from projections of total industrial electrical energy requirements for the PN in 1995 given in the SOM 1
( Study, p. 182 (Reference 4) to exclude on-site generation in subsectors 3, 4 and 7 to the extent of 10%, 60% and 10% of
their respective tota) electrical energy requirements (Reference 4, p. 177). . v
[ , N



The most significant difference between the two projections in
growth rate of electrical energy demand in this subsector as—B;BEEEEEH
by BPA is 14% per year compared to less than 6% per year by the A]fernati{g‘]
Scenario. In 1985, this difference in growth rates accounts for nearly
94% of the difference in the total electricity requirements in the two
projections for the entire sector. This difference, in the same subsector,
is considerably greater in 1995, where BPA's projections of 65.4 x 103 kWh
is almost six times as great as the 11.4 x 109 kWh given by the Alternative |
Scenario. - o

These differences are too large to be explained on the basis of
a conservation versus no-conservation theme. The fundamental reason
that underscores this wide disparity in the two estimates must therefore
be in the different energy projection methodologies adopted by BPA and

" ‘the Alternative Scenario, It appears that BPA‘s trend extrapolation overs=

estimates the energy demand in this subsector for the following reasons,
BPA has projected the total sector requirements to 1985 and 1995 based on
past trends. From this, selected subsector projections for which adequate
energy demand growth data was available were7§u55?55£55’5nﬁ_£ﬂ;Afiﬁgﬁﬁ" 4
difference from the total seems to have been ascribed to the "other
industrial” category.]
of the actual consumption in this category. On the other hand, the

There appears to have been no independent validation

“Alternative Scenario's zero-based projection follows a rather unorthodox

procedure, particularly with regard to the impact of employment mix changes
on energy demand. This may possibly underestimate the requirements due to
consideration of surrogate labor multipliers rather than forecasted output
to estimate future energy demand. |

As part of this evaluation, a scenario for the manufacturing sector
was developed following the above described reconstruction procedure of the
Alternative Scenario, but in which energy conservation was excluded and

_— e e - .

Tgpa personnel verbally indicated (Reference 16) that the “other industrial
category includes unaccounted-for residues from the other sectors as well.
Since no documentation of this was available, it was assumed this category
applied strictly to the manufacturing sector.

. -
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TABLE 2.4-6
MANUFACTURING SECTOR CENTRAL STATION
ELECTRICAL ENERGY REQUIREMENTS
(102 Kkuh)

iALTERNATIVE SCENARIO

POWER PLANT - { [ {IMPLICIT BASEHTNE{ ] ALTERNATIVE SCENARIO® !
YEAR SCENARIO " PROJECTION! -] -~ o _ i
1985 75.6 60.7 58.0
1995 122.1 70.0 38.2 MWith Phasedown of

Aluminum Industry

64.9 Without Phasedownnof
Aluminum Industry

]Determined in this study.

the Alternative Scénario émp]oyment ratios in 1985 and 1995 were replaced

with the corresponding BPA employment ratios, A1l substitution effects

were left unchanged. The results of this calculation are shown in Table 2.4-6
and amply demonstrate that had the Alternative Scenario 1nc1uded an 1mp11c1t
baseline electrical energy projection, it would have shown cons1derabf___§
lower energy .demands ‘relative to BPA's in both years.

This determination has important implications with respect to the electrical
energy demand differences stated in the Alternative Scenario in this sector
relative to BPA projections, i.e., 17.6 x 109 kWh in 1985 and 83.9 x 109 Kkih
in 1995 (see Table 2.4-5). Considered from the hypothetical although logical
baseline projection rather than from BPA's, the 1985 and 1995 demand reductions
possible in the Alternative Scenario are much smaller, i.e., 2.7 x 109 kWh
in 1985 and 31.8 x 102 kWh in 1995 (see Table 2.4-6). Furthermore, if none
of the aluminum plants were retired by 1995, the baseline projection would
not be 38.2 x 109 kWh but rather 64.9 kWh, the difference arising from the
electrical energy demands of those plants that were eliminated in the

Alternative Scenario (see Table 2.4-6).



The A]ternat1vé—§ég;;rlo does consider the possibility of retaining a]] ij -;
the a]um1num.p1ants,~4n-v1ew-of the- 4000 MW surplus generating capacity that'
js available in 1995 in their scenario. However, the allocation of this
surplus capacity to the aluminum subsector effectively removes the margin ;
of reserve that ‘this capacity would have provided in case the[éj}EEEEEfEEZ] .
Scenario implementation levels of energy conservatign measures were not
achieved. The resolution of this problem has not really been addressed.

2.4.1 Summary of Manufacturing Sector Description

The analysis of the manufacturing sector has presented a very interesting
and important aspect of energy conservation studies in that it has shown the
need for very careful and consistent projections of future energy requirements
before judgments of conservation potential can be drawn. In the dramatic
effect created by the "other industrial" category projections of BPA rand .
["the Alternative Scenario, the differences in energy demand between the other Y .

subsectors seem small by comparison. However, these small differences are - 354‘
i significant, but in-depth analysis of them is possible only with much more t:];gqﬁ
detailed data than has been provided by BPA. | T

Figure 2.4-1 displays the projected electricity requirements for this )
sector as specified in the two scenarios, and also shows the calculated
%]tefnative‘ScenarfE‘s projection with no employment mix changes and without ,i

implementation of conservation.

In summary, the following points in the analysis need to be emphasized:

1. The Alternative Scenario for 1985 was successfully reconstructed
following the assumptions given in their study.

2. The procedure followed in the Alternative Scenario for energy
- - - --“demand projections is rather unorthodox. Emp]oyment mix changes
were postulated to achieve an overall 1ess5enengy~1ntens1ye:tf:§ . )
~indistrialrbasey évident1ytwithout verification of viability and
social impact of these changes (these issues are addressed in I VT
Section 4.0 of this report). A@ditionaﬁiy{ across-the-board ] T
energy efficiency improvements were assumed: for all subsectors

without specific analysis.

l . 2:45 l -
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125F POWER PLANT.SCENARIO
PROJECTION

1 =
00 1 GW, PLANT AT 75% LOAD FACTOR s

_ .o ALTERNATIVE SCENARIO IMPLICIT BASELINE
—— (BPA EMPLOYMENT PROJECTIONS,
NO EFFICIENCY IMPROVEMENTS)

\\‘<_ ALTERNATIVE SCENARIO "1"
(NO EFFICIENCY IMPROVEMENTS)*

«— ALTERNATIVE SCENARIO PROJECTION
INCLUDES EFFICIENCY INDUCED
REDUCTION IN DEMAND OF 4% IN

50

ANNUAL ELECTRICITY REQUIREMENTS, 10° KWH/YR.

25 L ) f 1985 AND 20% IN 1995)*
1975 1985 1995
YEAR
, *INCLUDES EMPLOYMENT MiX CHANGES; LABOR AND FOSSIL FUEL SUBSTITUTION WITH . X
ELECTRICITY. \‘

—

-
FIGURE 2.4-1  COMPARISON OF ELECTRICAL ENERGY CONSUMPTION FORECASTS '
FOR THE MANUFACTURING SECTOR OF THE PNW, 1975-1995

3. The implicit before conservation: projections to 1985 and 1995
for the Alternative Scenario gignificant]y differ from the
projections given by BPA.

4. The conservation potential in this sector relative to BPA projections

f~ as spec1f1ed in the A]ternat1vg_§sgpar1o is h1gh This is not by ' ]
virtue of implementing conservation programs, but rather because

~ of a much lower rate of growth in energy demand even prior to

@ conservation compared to BPA's growth rate, -j] _
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3.0 ECONOMIC ANALYSIS

3.1 INTRODUCTION

The specific problem addressed in this portion of the study is‘
whether the total cost to the consumers in the PNW region for their end-
use energy services, e.g., residential space heating, will be less for
the Alternative Scenario than the Power Plant Scenario. The contrast is
primarily between the two scenarios considered independently. However, a
few comparisons will also be made between the before and after conservation
implementation within the Alternative Scenario.

The economic assessment is conducted entirely from the consumer's
point of view in both scenarios. The cost of meeting e]ectricity demand
- in the Power Plant Scenario in terms of capital expendjtureswfor power plants,
fuel costs, and operation and maintenance costs as coﬁBa;é&'to that in
the Alternative Scenario is captured implicitly in the difference between
the (blended) prices of electricity as delivered to consumers in the two
scenarios. Costs for implementing conservation measures are incurred only
in the Alternative Scenario. Since the period of interest is limited to
the 20 years between 1976 and 1995, the capital costs for new power
plants (which typically have a 30-35 year economic 1ffetime) and some of the
capital costs for conservation measures will not be fully amortized within
this time period. The effect of this "overflow" of the cost stream beyond
the temporal boundaries of this study will be discussed in Section 3,2.4,

The economic trade-off between the two scenarios for the PNW can
be stated simply as that between two options that consumers have for the
20-year period from 1976 to 1995:

a. Invest in conservation measures that would reduce the
rate of growth in electricity demand, decrease the need for
additional power plant construction and consequently
result in lower utility bills, both by virtue of the
Towered demand and lower unit electricity prices.

b. Not invest in conservation measures and allow utility
bills to rise with the unit price of electricity resulting
from increasing additions of high-cost thermal power plants
to meet the higher rate of demand.
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The question addressed here is which of these two options is less expensive
for the consumers over the nextt20-years.: 3.

It is assumed in this study that the costs of specific conservation
options (which are defined for the most part by the SOM Mandatory Strategy
#6, Reference -4) are fully borne by the consumer (homeowner, etc.) installing
the options. It is assumed they are financed over a five-year period at a
7% real (i.e., excluding inflation) interest rate} The effect of incentives
(tax rebates) included in the President's National Energy Plan are considered
in Section55.0.

While this economic tradeedff is posed in a general fashion and
therefore could be applied to any region in the United States, there
are features specific to the PNW region. In particular, the hydro-electric
capacity of the region, which presently accounts for approximately 80%
of the electrical generation, is approaching saturation and most future
baseload electrical capacity built there will be in the form of nuclear and
coal-fired thermal power plants. Since the unit cost of new thermal capacity
is much greater than the present unit cost of hydroelectric capacity, the
region will experience a sharp and steady rise in the price of electricity
if the Power Plant Scenario is followed. Conversely, by reducing thenneed
for new thermal generation in the Alternative Scenario, theiinecreaseiin
electricity prices can beasubstantially reduced,

The lower electricity bills in the Alternative Scenario, as men-
tioned previously, would be due to two causes: 1) lower unit prices of
e]ectr1c1ty 1n terms of cents Pper k1]owatt hour delivered throughotit
the entire 20-year per1od 5 and 2) lower actual consumpt1on of e]eé%%x??%}"“ o
These two causes combine to produce a much lower cost for actual energy
consumed than is the case in the Power Plant Scenario. However, this lower
cost for energy is only obtained through a cost expenditure for conservation
equipment. Whether the total cost to PNW consumers for their end-use
energy services (energy cost plus capital and operating costs) will be lower
or higher than the cost they would incur in the Power Plant Scenario is the

trade-off addressed in this analysis.

1\ ower than commercial rates may be available to some of the population
(e.g., through state subsidized low interest loans for solar techno]og1es
and conservation measures). A limited number of parametric excursions

were included in the study to consider lower interest rates and longer
financing periods. o o
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The economic comparison of thesettwo scenarios was conducted for
the residential and commercial sectors. Specific efficiency improvements
in the manufacturing sector are not identified in the Alternative
Scenario and thus could not be individually costed. The most significant
impact of the manufacturing sector employment mix changes assumed by the
Alternative Scenario fell under the category of institutional problems
and is considered in Section 4.0. Similarly, since the difference between .
the two scenarios in energy requirements for the agricultural sector was
relatively insignificant, the economic impact of these savings was not
considered.

The following discussion of the economic methodology employed to
evaluate the economic viability of the Alternative Scenario consists
of: a discussion of the general formulation of the analytic approach;
a description of the computation of blended electricity prices for the
two scenarios (Section 3.3); a presentation of the costs of impkémentation
of conservation initiatives employed in the economic analysis (Section 3.4);
a detailed description of the residential sector analysis (Section 3.5);
and a detailed description of the commercial sector analysis (Section 3.6).

3.2 GENERAL FORMULATION OF THE ANALYTIC APPROACH

The analytic approach quantifies the actual cost streams —— ~
incurred by end-use consumers for the1r energy services in each of the

two scenarios for the 20-year period. The present values of the
cost streams are then computed and compared in order to determ1ne which

cost stream is the most econom1ca1 from the consumer's v1ewpo1nt

The present value of the costs for energy services in the Alternative
Scenario is given by:

;995 P(t) Ej(t)'+ K (t) + M, (t) +7R,(t)

(1 + )(E-1978)

=1 t=1976
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where j = End-use electricity consumer type j (e.g., single-
family house built-prior to 1976).

"P(t) = Price of electricity to the consumer at time t in
the Alternative Scenario.

Ei(t) = Electricity consumption during time t for all

J consumers of type j in the region.

K.(t) = The sum of the amortized capital cost for all

J conservation technology in time t for all consumers
of type j in the region.

M.(t) = Annual maintenance costs for conservation téchno]ogy

J in time t for all consumers of type j.

Rj(t) = The sum of the amortized capital costs for replacement

of any conservation technology in time t for consumer
j (if any occurs from t = 1976 through 1995).

t = Calendar year of scenario.
i = Real social discount rate, assumed to be 4.5%/year.

n = Number of types of electrical consumers j.

In a similar manner, the present value of the cost stream to consumers
in the Power Plant Scenario is represented as follows:

The present value of the costs for energy services: in. the"Power Plant::
Scenario is given by: ;

n 1995 o < . - N
Present Value of Cost = ¢ T P(t) - Ej(t) * Kj(t) * Mj(t) * Rj(t)
j= ——

1 t=1976
~ 3 (1 + 1)(t-1975)

b e e - e

End-use electricity consumer type j.-

Price of electricity to the consumer at time t in
the Power Plant Scenario,

Electricity consumption during time t for all
consumers of type j in the region (i.e., consump-
tion without conservation).

The sum of the amortized capital cost for the con-
ventional alternatives to a conservation technology
(which may be zero as in the case of the alternative
to insulation) in time t for all consumers of type

J in the region.

Annual maintenance cost for conventional technology
in time t for all consumers of type j~in the region,

Ry(t) = The sum of the amortized capital costs for replace-
- J ment of any of the conventional technology in time
| t for all consumers of type j in the region.

As defined previously.

where J
P™(t)

E}(t)

Kg(t)

i M3(t)

o+
-
-—de
-
e J
1]

-y
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While this is the general analytic approach followed, a time-saving
minor transformation is made which is mathematically equivalent. Specifically,
wherever the capital costs Kj(t), Ka(t), maintenance costs Mj(t), Mi(t),
and replacement costs Rj(t), Ri(t) are identical in the two scenarios,
they are not included in either. Furthermore, whenever there is a choice
to a consumer between purchasing a conservation technology Kjl(t) and
a conventional technology KE](t) alternative to it,only the difference
(Kj](t) - KS](t)) in capital costs will be included in the Alternative
Scenario side of the equation. This is mathematically equivalent to the

original formulation since:

m m N ‘m \" )
L : Kf(t) ir . Ki(t) ey Kj(t? - Kj(t)
At = (]+i3At At = | (]+;3At At = ;(]*i)At

This latter difference Kj(t) n‘Ks(t);WT11~beacaT]ed the incremental
capital cost for conservation technology (generally a positive number),
and is treated as:-if it were the total capital-expenditure for the
conservation technology. For example, if the installed cost of an electric
heat pump system is $2206.and the installed cost of a conventional elec-
tric resistence heating p1u$ airfcondftiohing system is $2000, then
the capital cost increment of the heat pump system is counted as:$200.:7 ..
However, in the case of a retrofit installation of a heat pump the full
$2200 must-be charged to the Alternative Scenario. Similar procedures
apply to the case of maintenance and replacement costs.

3.2.1 Specific Analytic Methodology with Reference to the Conservation
Measures Proposed in the Alternative Scenario

The analytic methodology is reformulated.in this. section-in more detail
according to the specific conservation measures proposed in the Alterna-
tive Scenario taking into account the minor mathematical transformation
discussed above.

3.2.1.1 Present Value of the Costs of Implementing the Alternative
Scenario

Only the residential and commercial sectors are considered as: °
these are the only sectors for which cost data are available. The organi-
zation of the computation follows the Alternative Scenario report and hence is
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divided into the following end-use categories:
Passive Measures; Residential Space Heating-Active Measures; Residential
Water Heating, Lighting, and Appliances; Commercial Sector-Passive Measures;

and Commercial Sector-Active Measures,

-Residential Space Heating-

A

The results are then summed over the .

categories.

—

a) Residentia] Space Heating - Passive Measures (RSH-P) -

. 20 4
PV(RSH- P) T
At =1 j
where
‘ j =

ch(t)

8CH(E) + (1) -

Ej(t) + AMj(t) + ARj(t)

(-l + _i)At

Type of residential dwelling unit (j =
single-family existing; j =

new; j = 3 for multifamily existing; and j

for multifamily new).

Total amortized capital cost differential in year
t for all conservation measur

Jj throughout the PNW region.

2 for single-family
=4

1 for

$s in dwe111ng unit

o~

P (%)

E;(t)

AMj(t)

ARj(t)

At =

Price of e]ectr1c1ty at time t in A]ternaiTVE_"“‘“**‘—-—-

Scenario.

Electrical energy consumption by dwelling unit j

in year t according to Alternative Scenario.

Total annual maintenance cost d1fferent1a1 in time

t in dwelling unit j.

Total amortized capital cost differential in year

t forzrep]ac1ng,anyxconservat1on ‘measures in
dwelling unit j.

Calendar year of the scenario.

t - 1975 <

Real social discount rate, (4 5//year)fy§i“%

b) Residential Space Heating - Active Measures

20
PV (RSH=A) =
At = 1

T m———— e o am - -

3
z
k =1

ACk(t) -P(t)

(RSH-A)

:’

£

. Ek(t) + Fk(t) +AMk(t) + ARk(t)

(1+ )5t

- — ———

]Hencefokth, "dwelling unit j" or consumer j represents all consumers of

type j in the region.

2 o .
These measures are additive to the passive measures.
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where

k = Type of space heating conservation measure (k = 1
for heat pumps; k = 2 for solar; k = 3 for total
energy system). i .

Total amortized capital cost differential in year
t for implementing conservation measure k in all
dwelling units j.

ACk(t)

4 .
, In general ACk(t) = %Cﬁ(t), where j = type of dwelling
| - -
unit (3 = 1 single family.existing; j = 2 single
family - new; j = 3 multifamily-existing; and j = 4
multifamily -~new). '

Price of e]éctricity at time t in Alternative
Scenario.

p(t)

Electricity savings in time t associated with
each active conservation measure K.

Product of natural gas consumption at time t
and gas price Pg(t) only for censervation
measure k = 3, i.e. F](t)s Fz(t) = 0.

Total annual maintenance cost differential in
time t associated with measures k as opposed to
their conventional alternatives.

Total amortized capital cost differential of re-
placing conservation measure k in time t during
the period t = 1976 through t = 1995 (if the
lifetime of the measure is exceeded during this
time period.)

At = t -.1975. .. . BN
i = Real social discount rate (4.5%/year).

£ ()

F(t)

AMk(t)

ARk(t)

c) Residential - Water, Heating, Lighting, and Appliances (RWH,L8A):

20 13
PV(RWH,L8A) = = g ACk(t) + P(t) Ek(t) + AMk(t) + ARk(t)




where

P(t)
Eﬁ(ﬁ)

) AMk(t)

Yy

Jo) _ i

14

Type of conservation measure (k = 1 for water
heating; k = 2 for Tighting; k = 3 to 12 for
other appliances; and k= 13 for solar).

Total amortized capital cost differential in

time t for conservation measure k in all dwelling
units j.

Electricity price at time t

Electricity consumption in time t by appliance k,
except for k = 13. For k-= 13 it is the electri-
city savings in time t, i.e. - E]3(t)

Total annual maintenance cost differential in time
t associated with owning appliance k (Note there
is no supplementary fuel cost associated with k=13,
since the backup system is assumed to be a full-

ARk(t)

sized electric water heater whose e]ectr1c1ty -
consumption has been taken into account in k= 1).

Total amortized capital cost differential of re=
placing conservation measure k in time t during
the period t = 1976 to 1985 and from 1986 to

£71995% as opposed to its conventional alternative.

t,at,1 = Samérasiin part (a).

d). Commercial Sector - Passive Measures (CS-PM)

20 5

PV(CS PM) = D

At 1 RN

where

C;(t)

(1)
£, (t)

M (%)
J

ARj(t)

tyat,d

n-

AC(t) + P(£) * E5(t) + aM,(t) + AR, (t)
1 0+ 1)At

Building-type-related ‘Conservation.package valid
for building types j = 1 to 5.

Total amortized capital cost differential in year
t for implementing Conservation package.j.

Price of fuel in year t.

E]ectrica] energy consumed in year t in building
type J.

Total annual maintenance cost differential in time
t associated with conservation package j.

Total capital cost differential of replacing conser-
vation package j duringithe<periodztizwiel t°=
1976-1995.

Same as inpart (a),

T s e i



e) Commercial Sector - Active Measures (CS-AM)
20 2 ACk(t) - P(t) - Ek(t) * Rt AMk(t)
PV(CS-AM) = & pX %
at =1 k=1 (1 + 1)
where
k = Type of active measure implemented in an "average"
commercial building (not one of the five building
prototypes); k = 1 for solar, k = 2 for TES.

Ck(t) = Total amortized capital cost differential in year

t for implementing active measure k.
P(t) = Price of electricity in year t.

Ek(t) = Electricity savings by active measure k in year t
by all "average" commercial buildings in which
measure k is implemented.

Fk(t) = Fuel cost for active measure k in year t; F(t) = 0
and Fo(t) = product of gas consumption in year t and
gas price in year t by all average commercial buildings
in which the measure is implemented.

AMk(t) = Total annual maintenance cost differential in time
t associated with measure k.
Note: No replacement costs were assumed for these active
measures in the 20-year-perijod-of interest. . . ®.
t,at,i = Same as in part (a). '
f) Present Value of Cost of Implementing Conservation in the
Residential/Commercial Sectors
PVTota] = PV(RSH-P) + PV(RSH-A) + PV(RWH, L&A) + PV(CS-PM) + PV(CS<AM)
~g) Present Value of Cost of Implementing the Power Plant Scenario

‘ 20 0 P(t) - E3(t)
PV =z L -

PRV in

3-9




where

| P~(t) = Price of electricity in the Power P]ant Scenario ‘
: in year t. P |
E3(t) = Electrical energy consumption in year t in dwelling ‘
J type or building type j. . |

t,At,i = Same as in part (a).

e — = -y : S

3.2.1.2 Summary Economic Measures Based on Analytic Methodology

Based on the analytic methodology presented above, several summary
economic measures may be developed which make it possible to compare the
cost-effectiveness of the two scenarios for the combined residential and
commercial sectors for the PNW region as a whole, or individually by sector
(i.e., residential and commercial), or to compare the cost-effectiveness
of various conservation measures within the context of the Alternative
Scenario itself. Four measures are discussed: a) the! 20-year cost
streams incurred in each scenario; b) the present value of the benefit
of implementing one scenario over the other (but excluding the Manufacturing
Sector); c) the average unit cost of conservation ¢/kae(in,thq twoti =
sectors in the Alternative Scenario versus the average unit cost of elec-
tricity supplied in the Power Plant Scenario over the 20.year period .5z
(or by individual year and sector); and d) benefit-cost measure of various
conservation technologies within the Alternative Scenario.

a) Comparison of Twenty-Year Cost Streams Incurred in the
Two Scenarios

This initial comparison of the two scenarios is presented
<-graphically™in ‘the form:ofzcurves.ofrincurred.costsuversus=tife. ““These
tresu]ts incorporatezthe-effects oftamortizationzofsnew. generat1ng- .
ﬁ}',hcapac1ty ‘through-higher blénded: electricity prices;:and. where appropf1ate,
 costs of conservation implementation or conventional alternatives to
conservation.

b) Present Value of the Benefit of One Scenario Over the Other
(Manufacturing Sector Excluded)

Benefit = PV~Cost (Power..Plant .Scenario)_= PV Cost(Alternative Scenario)




This is the final comparison of the cost-effectiveness of
following one scenario versus the other (of course, an analogous
comparison could be made between the individual sectors of the two

scenarios).

c) Uﬁit Costs of Cohservation Versus Unit Costs of Electricity

Supply in the Residential and Commercial Sectors )

/

The unit costs of conservation are determined by summing the
incremental capital cost, maintenance cost, and replacement cost

expenditures specifically associated

with conservation technology

in all of the years of the Alternative Scenario and then dividing

by the total electrical energy saved
represented in general as follows:

Conservation Unit Cost (¢/kWhesaved)

The average unit cost of electricity

Supply Unit Cost (¢kWheproduced)

in all of the years. This is

=3 (ac(t) + aR(t) +aM(t))
t = 1976

pX AkWhe(t)
t== 1976

supplied in the Power Plant Scenario is:

1995
=2 (P~(t) - E~(t))
t = 1976
1995 © -
t = 1976

where P~(t) and E~(t) are as previously defined. - ** -

The'above formulations are applicable to individual sector comparisons

és'well.

This is another Qéy'éf measuring the cégt;éffécE%Véﬁegg to thé
consumer in these sectors of the Alternative Scenario relative to

the Power Plant Scenario.




d) Benefit-Cost Measure of Conservation Technology Within the | ' "
Alternative Scenario 'in the Residential andhC@mmerchah Sectors

This is a measure of the benefit to the consumer of implementing
various conservation technologies within the context of the Alternative
Scenario. If the benefit is greater than the cost, it is usually
expressed as a benefit-cost ratio. If not, it is expressed as a net
cost (cost minus benefit) to the consumer. The benefit-cost ratio of
a heasure k in atresidentialedwelling,. for examp]é;}is'represented,ésff;

1995
z Akwhe(t) * P(t)
(B/C) =t = 1976
1995
T (t) + AR (t) + aM (t)
t = l'|976
where
j = Dwelling type
AkWhe(t) = Electrical energy saved by conservation technology
k in year t. R
.7
P(t) = Price of electricity in year t in Alternative -

Scenario. .;
ACk(t),ARE(ﬁ);AMf(ﬁ)ggAs defined previously for Alternative Scenario.

-~
v e

The net cost measure is{the denominator minus the numerator in the i —}

above expression.
7

3.2.2 Scope and Limitations of Analytic Methodology

There are several observations to be made regarding the aone methodology
in order to place it in perspective. These observations affect particularly
the interpretation of the summary economic measures developed in Subsection
3.2.1.2. The first observation regards the effect of the cost stream overflow
beyond the 1995 time boundary on summary measures @aAaandp gFOfUSUbseCt10n
3.2.1.2. The second observat1on regards a caveat concerning summary@measure4ﬂgfﬁ

First the effect of the cost stream overf]ow derives from two different

sources, a power. plant capital cost stream and a conservation technology cost ]
‘stream. Since the amortization per1od (typ1ca11y 35 years in the PNW) for




central station electric power plants is normally longer than the amortization '
period for capital investments in conservation technology, there will be a

Tonger and probably larger cost overflow resulting from the\é§ﬁ§flﬁidﬁt§ l -
committed in this time period than from the conservation technology installed

in this period. The effect of the former overflow in particular is a

"built-in" cost to future electricity prices in the region that will not

be accounted for within the scope of this methodology. Thus, when_comparing |

the present value of the cost streams in the EwoKEEEHEEjBE:ZEEiEEEETa:béf::ﬂ
remembered that more of the total costs associated with conservation tech-

nology are accounted for in that 20-year perlod than are the total cost_rj
associated with the[power p]ants constructed durlng that perlod ~1

Secondly, the effect of the overflow of the conservation technology
cost stream is best seen not in relation to thelpower plant cost Stream but |
in-relationtto*thezconservation technology benefit stream. In particular,

the conservation technology cost stream overf]ow for measures 1mp1emented up
beyond 1995, than is the benefit stream overflow. For instance, a homeowneny
putting in insulation will pay the costs associated with that investment

only for the duration of his loan,{e,g., five years. However, the benefits ]
from that investment will last practically the lifetime of the dwelling,

perhaps 50 or 60 years. So, for example, a homeowner who installs insulation

in 1990 will have paid the total costs for the investment by 1995 according

to our methodology, but will have had less than a tenth of the total 1lifetime
benefits associated with that measure accounted for in the same period of

time. The result of this is that the unit cost measure for conservation

expressed in cents per kWh saved is not a-life-cycle unit cost in most instances?
i.e., for those w1th 11fet1mes extending beyond‘]995 rather 1t 1s a measure |

of the actual un1t*cost incurred in the 1976-1995 time period. Since this

unit cost measure does not take into account the total benefits accruing

from most conservation measures implemented in the Alternative Scenario,

it is a very conservative measure of the unit costs of conservation. This fact
should be noted when interpreting summary measure\“c," part1cu]ar]y wheﬁ"1
comparing it with the price of electricity expressed 1n the same units.
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An observation should also be made regarding the interpretation of the
benefit-cost measure for conservation technology within the Alternative
Scenario. The benefit for an individual conservation technology is the product
of the annual energy savings and the price of electricity in each year. The
price of electricity in each year is that determined for the Alternative
Scenario as a whole based upon the assumption that all conservation measures
recommended in the scenario are being implemented. Therefore, the benefits
calculated for any individual conservation technology are calculated at the
low price of electricity resulting from the totality of all conservation
technologies being implemented. Consequently, the resulting benefits
may not be as great as they would be if each measure were implemented
sequentially and the benefits calculated at the price of electricity obtained
to that stage of .implementation of the full conservation program, Thus,
the benefits are not the marginal values obtained with the implementation

A of a. spec1f1c techno]ogy but rather the actual values for.that scenar1o
S ~\v~ A \‘\ e e N - A\ M ey

T e A VR

As a consequence, certa1n measures m1ghtﬂhave a lower benef1te S
___costr ratio'or may even result in a net cost, in the context
of this scenario. A conclusion that may be drawn is that incentives may
be required not merely to stimulate the initial implementation of a conser-
vation program but also to sustain it throughout the entire duration of

the implementation period.
3.3 BLENDED ELECTRICITY PRICES IN THE TWO SCENARIOQS

As mentioned in the previous section, one of»the principal differences |
between the Power Plant and the Alternative Scenarios arisgs_gge;ggtgbemgffees )
of electricity the PNW region would experience during the 20-year period ﬂ
1976-1995 (and beyond). This difference in price occurs because the present
mix of generating sources (20% thermal, 80% hydro) is only slightly changed
through 1995 in the Alternative Scenario, whereas it changes to approximately

65% thermal by 1995 in the Power Plant Scenario. The large thermal ’ |
component in the power plant mix gives rise to the higher electricity
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prices in that scenario since the marginal cost of adding new thermal
capacity is much higher than the actual cost of present baseload hydroelectric
capacity (which remains practically unchanged in the next 20 years).

Thus, it is important to be able to forecast how electricity prices
will change based on the different blend of costs from the thermal and
hydroelectric generating plants that occurs in the two scenarios. It is
the purpose of this section to present the methodology and data for pro-
ducing these forecasts of blended electricity prices, and then to compare
the results for the two scenarios.

3.3.1° Economic Methodology for Computing Busbar Power Cost @n A Single
Plant Basis '

The busbar Bdwéfféost (cost at the plant busbar, i.e., prior to trans-

mission and distribution) consists of capital cost, fuel cost, and annual
operation and maintenance cost. Each component can be expressed as a unit
cost in mills per kilowatt-hour which, when added together, result in a total
unit cost at the busbar. The transmission, distribution, and any further
general and administrative costs incurred in order to deliver the electric
‘power to the final consumer must be added to that busbar cost in order to
obtain the delivered price of electricity which the consumer actually pays.]
As the busbar cost component of the electricity price is the component of the
electricity price which will vary with a change in generation mix, it will

be discussed in detail in this section according to its three components.

3.3.1.1 Annualized Capital Cost Component

A11 annual charges associated with a utility's construction and ownership
of an electric power plant are known as “"capital carrying charges." When
divided by the number of kilowatt-hours of electricity (kwhe) generated
annually by the plant, the result is what is here called the capital cost

A11 rate structure effects, whether seasonally differential, class dis=
(cr1m1natory, block structured, will be ignored here, and only average prices
considered. The principal users of lower cost, direct service, electricity

- are in the manufacturing sector which, as previously s
considered in this analysis. P y tatEd,Acould not be



component of the busbar cost. To this stage the calculation of this
component may be represented as:

(1) Coptan Gost. Componant (11 - Capitel areying Chars

Each of the terms in this quotient may be disaggregated as follows.
The capital carrying charge is the product of the plant capital and a fixed
charge rate (FCR) representing a fixed fraction. of the total capital cost
paid annually. Total capital cost of the plant, including interest and
escalation during construction as well as principal, is expressed in
constant 1976 dollars.

The number of kilowatt-hours generated annually is simply the number
of hours per year the plant is operating and multiplied by the installed
capacity (kwe) of the plant. Expression (1) may therefore be rewritten
as follows:

. _ Tota] Capital Cost x FCR
(2) Cap]ta] Cost Component = 8760 x C.F. x Ki, -

where C.F., the capacity factor is the fraction] of the total number of

hours in a year (8760) that the plant is operating. Alternatively,
expressing the quotient of the total capital cost and the installed
capacity as a unit capital cost ($/kwé), expression (2) may be rewritten as: |

Unit Eapital Cost ($/kWe) x FCR
8760 x C.F.

(3) Capital Cost Component =

At this point only the FCR requires further detailed explanation, -
| Referr{ng back to expreséidné_(1)‘and.(2), it can be seen that the fixed

charge rate represents a simplified method of ca]cuiating the annual

capital carrying charges. It includes the following factors:

|
|
|
|
|

This fraction also has built into it any fractional reductions from installed
capacity at which the plant operates.
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e Cost of capital.
e Depreciation (retirement of principal).
o Income taxes (includes tax depreciation and investment tax credit).

e Property taxes.

The first two factors combine to produce the capital recovery

factor. This factor represents the fraction'of the total capital investment
which must be paid annually in order to fully amortize the investment

over the specified time period, i.e., the depreciation period. For publicly-
owned plants, the capital recovery factor is the only factor on which the
fixed charge rate is based since these plants are generally exempt from
property and income taxes. A further difference between publicly-owned

and privately-owned plants occurs within the capital recovery factor itself
since the cost of capital in the two cases is different. In particular,

for a completely publicly-owned plant there is no equity involved, and
hence, no return on equity is built into the cost of capital. Furthermore,
the debt is usually financed with low interest, tax exempt bonds. The net
result is a much Tower cost of capital, and hence capital recovery factor,
in the case of a publicly-owned plant.

Given this significant difference between the fixed charge rates for
publicly and privately-owned plants--and in some cases joint ownerships«-
it was important to know both what the different rates were and what rates
applied to which plants. Rather than attempting to calculate these rates
based on average assumptions about all of these factors, and since detailed
data concerning these factors were not available on a plant-by-plant basis,
average rates were obtained directly from the PNW area utilities. Specifically,
BPA and the Washington Public Power System were contacted, and based
on the information provided by them, fixed charge rates of 13.5% and 8%
were obtained as the appropriate rates for private and public utilities,
respective]yl Based on the split between private and pdb]ic ownership
of the plants, fixed charge rates were assigned or computed for each of

the plants operated or planned by the PNUCC, These data are presented in
Table 3.3-1.
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= TABLE 3.3-1
FIXED CHARGE RATES FOR PNM PLANTS

et T e e R et e e T T

: Average
Plant_Name Pub]1c % Pr1vate A __FCR __
Nuclear
Hanford ' 100% - 0.08
Trojan ' : 30% - 70% 0.119
WNP 2 . 100% - 0.08
WNP 4 100% - 0.08
WNP 1 - 100% - 0.08
WNP. 3 70% 30% - 0.097
Skagit 1 ' - - 100% 0.135
Skagit 2 - 100% 0.135
Pebble Springs 1 15% 85% 0.127
Pebble Springs 2 15% 85% 0.127
WNP 5 - 90% ‘ 10% 0.086
Coal

Centralia 1&2 28% 72% 0.120
Jim Bridger 2&3 - 100% 0.135
Colstrip 1&2 , o - 100% 0.135
Boardman 10% 90% 0.130
Jim Bridger 4 _ - 100% 0.135
Colstrip 3&4 _ - 100% 0.135

Note: The table shows only plants for which names and locations have been
specified. Estimates were also made for the future p]ants designated
by PNUCC by letter des1gnat1ons A through L.

With these rates and the unit capital costs and capacity factors for
each plant (to be discussed in subsection 3.3.2), the capital cost
" component of the busbar cost could be calculated according to.expression (3),
and the results expressed in mills (thousandth's of 1976 do}]ars) per
k11owatt hour. "




3.3.1.2 Fuel Cost and 0&M Cost Component of Busbar Cost

The unit fuel cost component of the busbar cost is obtained by
dividing the cost of the fuel to the utility expressed in the appropriate
units by the conversion efficiency of the plant (or, alternatively, by
multiplying the cost by the heat rate of the plant). This is represented
as the fuel. cost component of busbar: |

F.0.B. Fuel Cost ($/MMBtu) . 1400

Fuel cost (m1115/kWh ) X293

where

F.0.B. Fuel Cost = DeTﬁvere§icost to the utility in $ per  MMBtu. -
n = Electric conversion efficiency.. « ~ %,

293 = Number of kilowatt-hours per MMBtu.

The operating and maintenance (0&M) cost component of the busbar cost
is simply the annual 0&M cost divided by the number of k11owatt hours gene-
rated, and is usually supplied as an attribute of the plant in question

expressed in mills per kilowatt- hour {

3.3.1.3 Total Busbar Power Cost

The total busbar power cost for a given power plant in a given year is
simply the sum of the three components given above. It can be represented
as:

Total Busbar Cost (mills per»kWh ) =
Capital Cost Component (m1lls per kWh )
Fuel Cost Component (mills per kith, )
0&M Cost Component (mills per kWhe).

When the transmission and distribution costs to deliver this busbar
power to a particular consumer are added to this cost, a reasonable proxy
to the delivered price of eléctricity may be obtaiﬁed.

3.3.2 Economic Input Data by Power Plant Type

Four basic power plant types were considered for purposes of computing
busbar power costs: nuclear, coal-fired, hydroelectric, and miscellaneous



thermal (e.g., small_gﬁérma1 p]anfg; combustion turbines, etc.). For each
of these plant types except hydroelectric, all the economic input data
described in the previous subsection must be available to compute busbar
costs. '

Unit capital costs for nuclear plants were based on costs projected for
_ the WPPSS - #1-#3 plants.and an assumed 1% real annual escalation rate from 1976.
Unit capital costs for coal plants in 1976 were taken from the Northwest
Energy Policy Project and escalated at a real rate of 1% per year for plants
coming on line thereafter. Capacity factors for both types of plants were
based on projected operating data published by the PNUCC (Reference 1%1) and
shown in Table 3.3-2. Unit 1976 delivered costs of coal ($1.10/MMBtu) were
based on data in the 1977 ERDA "Market-Oriented Program Planning Study" for
~ coal delivered to the west north central region. The unit cost:for=nuclear
. fuel was assumed to be $0.549/MMBtu. For both fuels a 1% per year real
escalation in costs was assumed. The unit fuel cost for miscellaneous thermal
in 1976 was $2.38/MMBtu (assuming an initial 50-50 split between natural
~gas and distillate fuel in combustion turbines at prices of $1.75 and $3.00
per MMBtu respectively; the mix was changed to 100% distillate by 1995),
"Corversion efficiencies were 0.32 for nuclear, 0.36 increasing to 0.38 in
.J995 for coal and 0.31 for miscellaneous thermal (Reference 102). 0&M unit
costs (mi11s/kWh,) were 1.2 for nuclear plants, 2.6 for coal plants, and
3.0 for miscellaneous thermal, with no cost escalations (Reference 102).

~3.3.3 Methodology for Computing Blended Costs‘and Electricity Prices

The methodology for computing blended prices of electricity in a given.
year consists of four steps: 1) average capital cost components of busbar cost
*'byj-plant type; 2) average busbar costs by plant type; 3) blended busbar
*> costs across plant types; and 4) blended electricity prices. Each of these

)

steps is discussed in order.

3.3.3.1 Average Capital Cost Components of Busbar Cost by Plant Type

The first step of the procedure which eventually results in the
blended price of electricity for the PNW region in a given year, is to
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compute the average capita] cost component of the busbar for each p]ant

type nuc]ear, coa], and ‘miscellaneous therma] The m1sce11aneous therma]

plant type has a constant capital cost component throughout the entire

period since no new plants of this type are scheduled beyond "1978." The averag1ng
process consists of weighting the capital cost component of the busbar cost

by the actual power output of the plant in that year as a percent of the out-

put for all plants of that type, that is, it is aimegawatteoutput'weighted-
average capital cost component.

Thus, the effect of a new plant of the same type that comes on-line in
a given year is accounted for through the effect of its unit capital cost
and capacity factor on the weighted average capital cost component of the
busbar cost for that year. Having reached that point in the procedure it
is only necessary to add the fuel and 0&M costs--assumed to be the same for
all plants of the same type in a given year--to the wéighted average capi=-
tal cost component in order to obtain the average busbar costs for those'\
plants. This averaging process may be represented mathematically as \
follows: I

The total average megawatt capacity for plants of type j is:

e n 3
Aj(t) = ? . oy (t)
where
A.(t) = Total average megawatt capacity for all plants of type j in
J a given year t.
| o - T T T
oY (t) = Average me awatt capac1ty for p]ant i of type j (1 e., coal
- 1 or nuc1ear? in year t.
n = Total number of plants of type j.

and, the capital cost component of the busbar cost for plant i is:

] w(t) - K
x? = Alf ) x 1000 in mills per kih,
! ci(t) - 8760
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P where o ,g/
U(t) = Unit apital ‘Gist. for plant i of type j in §/ki, Fintalled in":
year t. e
K = EixédathargerTateFactor.
Cg(t) = Capacity factor for plant i of type j in year t.

The aVenagé'capita1,cost component for qTJJbT&ntStqﬁétypésjtisnthen
obtained from:

xJ(t) - ad(t)

I n
X(t) =z
1 .

A;(t)

where j = 1 for nuclear, j= 2 for coal,.(and j = 3 for miscellaneous thermal).

3.3.3.2 Averagé'Busbar Costs by Plant Type

To obtain the averagé busbar costs by plant type, the fuel and 0&M
components .of the busbar cost must be added to the weighted average capital
cost. component. This operation is performed as follows: The fuel cost is

expressed as: t
37 e t-1975 15
y(t) = y%§@1§91)rT—-25 5i5

where

Yg_F'Pr?éé of fuel for piénfg_a% type j in 1975; j = 1 for nuclear
— fge] and j = 2 for coal (the price of oil and natural gas for
miscellaneous thermal plants were forecasted independently).

=l

t
1.01

Calendar year of generation.-

Base of exponent, representing a 1% per year escalation in
the price of nuclear and!coal fuels.

The operation and maintenance component is assumed to remain constant
in constant dollars and is therefore

73(t) = 29 in mills per kihg. .

Thus the total aVeragesbusbar cost for any plant of type j in year t
is (in mills per kWhe):




B(t) = x3(t) + vi(e) + 23(¢)

3.3.3.3 Blended Busbar Costs Across Plant Types

Having obtained the ‘average busbar costs for plants of each type j
in the form of B (t), these costs must . be averaged to obtain ;J £
the overall b]end for all plant types in the region in a given year. This

is represented as:

B(t) = ijBJ(t)

where
E&(t) = Weighted-averaged busbar costs for plants of type j.
wj(t) = Megawatt-output weight for plant types j expressed as a

decimal fraction of the regional megawatt-output in year t.

Using the notation defined in the previous subsection, w (t) can be |
represented explicitly as:

A.(t)
Wo(t) = =3
J zAj(tS
5
where
A.(t) = Total average megawatt-output from all plants of type j in

J the region in year t. Here j = 1 for nuclear, j = 2 for coal,
= 3 for miscellaneous therma], and j = 4 for hydroe]ectr1c

The difference between the two scenar1os is then man1fest in terms of
both the number of plants of type j, in a given year, and (not independently)
the weighted-average busbar cost B B.(t) in a given year, giving rise to a
different B(t) for the two scenar1os ' Since the power p]ants accepted by the
Alternative Scenario are a subset of those planned in the Power Plant
Scenario, these scheduled capacity additions can be represented on one chart.
Such a chart is shown in Table éiélé;@lTheilqrgerimumbeﬁsiiniihETQQQy‘Of g
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PROJECTED PNW POWER RESOU RCES MEGAWATTS
DATA FROM REFERENCE 11

>
RESOURCES YEAR 76-77 17-78 78-79 79-80 ; 80-81 81-82 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95 95-96
Hydroelectric 11,986 | 12,05 | 12,004 | 12,139 [ 12,119 [ 12057 [ 12,086 [ 12,073 | 12,053 | 12,02 a2z | 12,23 |23 | 12023 [za2e | 12,022 | Az022 | 2,12 92,122 2,02
Potential Hydroelectric 7 na 171 228 285 342 399 456 516
Reserve Requirements (334 {346, (356 (369 (387 {361 (397 (404 {416 {436 (462, {484 (510, (553, (s67 {603 (641 (680 (718, {755
Hydroelectric Maintenance 5 (50 {51 {50 (50 (s1 (52 (53 (53 (53§ (53 (53 (53 (53 (53 (s3 (53 [G] {53 (53
Pumped Storage -50 -50 =50 -125
sos! 167
r Hanford-NPR 506 167 .
i 1130 1130 1130 1130 1130 1130 1130 1130 130 1130 1130 1130 130 1130 130 1130 130 130 130 1130
o Trojan 529 764 847 847 847 847 847 87 847 847 847 847 847 847 847 87 847 847 847 847
ced 1100 1100 1100 100 |- 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 110g 1100 1100
LER W2 550 798 825 825 825 825 825 825 .825 825 825 825 825 825 825 825 825
EEY 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250
WNP 4 562 891 938 938 938 938 918 938 938 938 938 938 938
J 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250
WP 1 562 891 938 938 938 938 938 938 938 938 938 938 938 918
1636 1297 1 2230 2230 2230 3480 v730 4730 4730 4730 4730 4730 w730 4730 u730 4730 4730 4730 w730
1035 9 847 1397 1645 1672 23 3125 3501 3548 3548 3548 3548 3548 3548 3548 3548 3548 3548 3548
Tm‘ A];t,xvesﬁfxréfp:‘:flﬁa;.“ar .632 .18 .75 626 738 .750 642 .661 .740 .750 750 .150 .750 -150 -750 .750 750 .750 .750 -750
g 1240 1240 120 1240 1240 1250 1240 1240 1200 1240 1240 1200 1240
a ®up 3 . 620 899 930 930 930 930 930 930 930 930 930 930 930
“ 1288 1288 1208 2576 2576 2576 2576 2576 2576 2576 2576 2576 2576
g Skagit 1 and 2 708 950 966 1674 1916 1932 1932 1932 1932 1932 1932 1932 1932
= 1260 1260 1260 2520 2520 2520 2520 2520 2520 2520 2520
L Pebble Springs 1 and 2 : 756 945 945 1701 1890 1890 1890 1890 1890 1830 1890
K] 1240 1240 1200 1240 1200 12u0 | 120 1200 1240 1240 1240
3 WHP 5 806 930 930 930 930 930 930 930 930 930 930
1250 1250 1250 1250 1250 1250 1250 1250 1250
Plant 8? 375 844 938 938 938 938 938 9138 938
-~ 1250 1250 1250 1250 1250 1250
A Plant D 750 938 938 938 938 938
1250 1250 1250 1250 1250
Plant F 378 844 938 938 938
. 8 1250 1250 1250
Plant H 750 938 938
- . 1250 1250
Plant J 750 938
1250
X Plant L 750
1636 1297 1130 2230 2230 2230 us0 7258 7258 s758 | 11086 12296 | 13sse | 13ss6 | re806 | 16056 | 16056 | 17306 [ 18556 | 13808
Total PHUCC Nuclear Resource 1035 931 847 1397 1645 1672 2234 4453 5350 7006 8027 8644 9885 | 10,168 | 10,918 | 11,481 | 11,950 | 12,794 § 13,732 | 14,670
Average Capacity Factor .632 718 .15 .626 .738 750 .642 .614 an N8 721 -703 -729 -750 -737 s 744 739 -740 741
1300 1300 1300 1300 1300 1300 1300 1300 100 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300
Centralia ! and 2 910 910 910 910 910 910 910 910 910 910 910 910 910 910 10 910 910 910 910 910
1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 19000 1000 1000 1000 1000 1000 1000
Jim Bridger 2 and 3 488 631 664 664 677 724 698 724 698 724 N9 ne ng ne | N9 ne ne ne n9 ne
e 330 330 330 330 30 330 330 330 330 330 330 330 330 330 330 330 330 330 30 330
Colstrip 1'and 2 267 274 280 255 256 256 256 256 256 256 256 256 256 256 256 256 256 256 256 256
[T w50 460 460 460 60 w60 460 460 460 w50 460 50 60 w50 %60 450
Boardman Coal 230 333 345 345 345 345 345 345 345 345 345 345 345 345 345 345
g R 2630 2630 2630 2630 3090 3090 3090 3090 3020 1090 3090 3090 3090 3030 3030 3090 | | 3090 3090 3090 3090
2 Total Alt. Scenarfo Coal-Fired 1665 | 1815 1854 1829 | 2073 | 2223 | 2209 | 2235 | 2209 | 2235 | 2230 2230 | 2230 2230 | 2230 | 2230 [ 2230 | 2230 | 2230 @ 2230
& gy Average Capacity Factor .633 .690 L1705 .695 67} 79 75 123 s 723 122 122 722 722 722 722 122 qe2 122 122
9 . 334 334 EEY EED 334 334 334 330 334 336 334 EED) 334 33 334 33 a3y
‘é Jim Bridger 4 157 239 239 239 239 239 239 239 239 239 239 239 239 239 239 239 239
= 980 280 980 s80 280 980 380 980 980 980 280 900 980 980 280 280
° Colstrip 3 and 4 . 307 668 747 759 759 759 759 759 759 759 759 759 759 759 759 759
13 1250 1250 1250 1250 1250 1250 1250 1250 1250
:3 Plant A 750 938 938 938 938 938 938 938 938
g . . 1250 1250 1250 1250 1250 1250 1250
< Plant C : 750 938 938 938 938 |- 938 938
1250 1250 1250 1250 1250 1250
Plant E s 844 938 938 938 938
1250 1250 1250 1250
Plant G 750 938 938 938
’ . 1250 1250 1250
Plant 1 315 844 938
. 1250 1250
Plaat K 375 844
- 2630 2630 2630 2964 uuow LugL (Y11 LETTY T uon 4uou 5654 S654 6904 8154 81st u0y 10654 11904 11904
Total PNUCC Coal-Fired Resource 1665 1815 1854 1986 2619 3130 3195 3233 3207 3233 3228 3978 4166 4916 5479.] 5948 6792 7355 8199 8762
Average Capacity Factor .633 .690 .705 .670 .595 m 125 134 728 738 .733 -704 737 -nez -672 .729 .22 -630 .689 -136
. y'l
} Small Thermal and Miscellaneous, » .
N Combustion Turbines {including N -
adjustments) 262 284 283 284 283 283 283 283 283 28 283 138 138 138 . 138 138 138 138 138 . 13§
K . ’
H Total Alt. Scenario R,,wr:e,:’ 14,948 | 15,086 | 15,079 | 15,649 | 16,120 | 16,335 | 16,882 [17,816 [ 18,146 | 18,178 | 18,187 18,039 | 18,039| 18,039 | 18,040 | 18,038 | 18,038 | 18,037 | 18,038 | 18,039 .
Total PRUCC Re&our:esJ'Q 14,948 | 15,086 | 15,079 | 15,806 | 16,666 | 17,202 | 17,868 |20,142 | 20,993 | 22,634 | 23,664 24,990 | 26,926 27.516 | 28,887 | 29,974 | 31,294 | 32,757 | 34.597) 36,084
;’ ==
| T T T pEnotes peak capacity.
2. Division of unspecified thermal power plants (Plunts A-L) between nuclear and cosl-fired generation assumed by TRW.
3. Includes hydro reserve and maintenance requirement:
4. Includes potential hydro, pumped storage charge to base lond subtracted.
b o e e e e e S R T et - ’




the table represent the average megawatts of output while the smaller
numbers above them indicate installed capacity (or peak output) for each
individual power plant from 1976-1995, and are grouped according to
resource: hydro, nuclear, coal, and miscellaneous thermal. Note that
the plants scheduled in the Alternative Scenario are indicated within the
bracket of the Power Plant Scenario.

3.3.3.4 Comparison of Blended Electricity Prices in the Power Plant and
Alternative Scenarios

To obtain the blended electricity price in any year for either of the
two scenarios, a constant was added to the blended busbar costs for that
year. This constant is the transmission and distribution cost that
must be added to the busbar cost in order to obtain delivered electricity
prices. Transmission and distribution costs are assumed to remain constant
over time because, while the unit costs of transmission may decrease
slightly due to more efficient transmission lines being built in the future,
the unit costs of distribution are expected to'inéreasé. fHéIpfedpmfngnt"
offsetting effect is difficult to predict; consequently, it was assumed A
the net result is no change in the combined unit transmission and distri-
bution costs.

While these transmission and distribution (T&D) costs are assumed
to remain constant, and indeed the same constant for both scenarios, there
is nevertheless a large capital expenditure associated with the new T&D
capacity (as is also the case with the power plants) that is required in
the Power Plant Scenario but not in the Alternative Scenario. If the differe
ence is taken between the net firm resources in the Power Plant Scenario
and the Alternative Scenario in 1995 of 24,872 peak megawatts, and assuming
rough]y the national average of $250/kwe for T&D capaqity, approximately
6.2 billion dollars of additional expenditure associated with the Power Plant
Scenario (not including the capital expenditure for power plants - a much
greater amount) results. Thus while the unit T&D costs are the same for
both scenarios, this should not be interpreted to mean that the actual
(total) costs for T&D are the same.
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r:r— This constaﬁt was obtaihed by E&Bfkéé%fng the average busbar cost of
F6.09-mi1ls per-kwhe from the average delivered electricity price of the major
utilities in the region of']6.2rmi1ls,pgr;kWhe for 1976 which yields a delta

LT&Bicost of 10.11 mills.per kwhé, which was held .constant in constant dolilars

for the entire 20-year period. This also has the effect of calibrating the
[1976 computed price ‘to the actual price.

The final delivered blended electricity prices which resulted from

the complete procedure described in Subsection 3.3.3.1 are presented in
Figure 3.3=1,

\\
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‘ELECTRICITY PRICE (MILLS/KWH)

1976 1985 1995 °
YEAR

o

FIGURE 3.3-1. COMPARISON OF BLENDED ELECTRICITY PRICES IN THE POWER
PLANT AND ALTERNATIVE SCENARIOS -




3.4 CONSERVATION TECHNOLOGY COST DATA DOCUMENTATION

3.4.1 Introduction

B

The capital costs of individual passive energy conservation measures
considered in the Alternative Scenario for the residential and commercial
sectors were pr1nc1pa]]y obtained from the SOM Study (Reference 4).
Wherever p0551b1e, these capital costs were compared to costs for similar
measures given in a Department of Commerce Study (Reference. 5). This
comparison showed s1gn1f1cant variations in the costs for identical
measures-=not an unexpected resu]t in v1ew of .the. reglonal nature of
the SOM analysis versus the nat1ona1 average scope of the Department of
Commerce ana]ys1s. Due to the heavy reliance of the Alternative Scedar1o
on the SOM conservation recommendations, which in turn were specific'td
the PNW reg1on, and s1nce each of the passive measures were costed by SOM in

A \m'«:“" -

both sectors, the SOM costs " for those measures were adopted for use in this
study. " Individual pass1ve conservation measures by building type adopted
in the Alternative Scenar1o for the residential and commercial sector are -
shown in Appendix A along with their capital costs as given in the SOM
report (Reference 4).

In the case of active conservation measures, i.e., heat pumps, solar
water heating and total energy systems which to a large extent were not
considered in the SOM Study, costs were obtained from other sources in .
the open literature. This was true in the case of appliances as well,
where, based on data obtained from several sources, estimates were made

on incremental costs of improving appliance energy efficiencies.
Appliance costs estimations are described herein. Costs for the active
measures are discussed in Sections 3.5 and 3.,6.

With some exceptions identified later, consumers in the residential
sector were assumed to finance all energy conservation expenditures
through five-year loans at a real interest rate of 7% (excluding inflation).
Replacement costs of measures whose l1ifetime is less than 20 years and incre-
mental maintenance costs associated with the active measures were considered
wherever appropriate. In the commercial sector similar financing schemes were
considered but with different loan periods and interest rates. These are
discussed in Section 3.6,
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: »Vcostr(Ac)7to kWh savings (Az) was computed for each appliance and was

3.4.2 Appliances

The percentage decrease in annual kWh requirements expected for
each electric appliance (except 1ighting) by 1980 following efficiency
improvements relative to 1975 was obtained from Department of Commerce
data (Reference 5), and applied to respective 1975 appliance energy
consumptions given in the Alternative Scenario. Independently, the
incremental capital cost associated with each new and improved appliance
was estimated from best available information. The ratio of incremental

assumed to remain constant over the 20-year period 1976-1995. The |
incremental appliance cost in the Alternative Scenario in the years
1985 and 1995 was then obtained as the product of the Ac/AI ratio for
each appliance and the respective energy savings specified in the
Alternative Scenario in these years relative to 1975. The appliance
costs in 1985 and 1995 are shown in Table 3.4:1 and related data in
Table 3.4-2,

TABLE 3.:4-1

PROJECTED IMPROVED EFFICIENCY APPLIANCE COSTS
(1976 Dollars)

Appliance 1975 1985 1995
Water Heater 120 155 167
Lighting 6-12 8671611 96/174]
Refrigerator 490 717 721
Range 320 331 . 349
TV Color 390 446 446
TV B&W ' 160 187 187
Freezer 450 460 499
; Dryer 200 210 210
| Clothes Washer 285 285 285
Dishwasher 300 314 321
Air Conditioner 220 266 293

"Materials cost/instailed cost. |

P
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TABLE 3.4-2

- APPLIANCE COST/ENERGY CONSUMPTION RATIOS
(Costs in 1976 Dollars)

- el

! 1985 1995
. ° ° 2 o 2
S 53~ 3% £ 3 £ c S £
— (=2} [ = . c 1] - © <
= 1) — — Q) - + = ™o = = >™o =
2 b4 —~ | 222 Sa grz~| 83 grz~{ 83
4'1 g;’s’m g:;g [ N7, mq&_)a;s_- mu’_\ mgzg mu’_\ ‘
‘ 5 2ebe | B2 | o | =m0~ Tl 859] ¢8| 25| 28
N 0~ 0O S -0 — + + O “ Hadi S N e 4K = ol — 0o O Nadt ol |
= . FE © [X] w0 = — 0 A>§ -u'q_.;mz 4;52 :2«;3 -:-;52 |
APPLIANCE 8; 28%8 :ooo<‘ 3 g:g &= 2L o= & Ew— L Or— e E~— !
~ Ur— IS w +H OV W — <J= ~ [=4 j ST “ = “ ’
n o Qv Y- Or— L w0 e D~ ~ X DW= LD L WD U LD =0 D =L
N b 5 c @ L) ~ ~ n Q2 O~ 0 >~ + O S > - O
N X LV S oo — cC O o © cO0 v <] <~ —_— o — o —C O — o ‘
—— Al - O~ w e — — 0 —Oo g —~—— L - — < = - L — - <C — r—
4 Water Heater 4442 9 400 120 203 05 700 35 932 47 )
“1 Lighting 1662 303 500 [6-12 | 134/ .27/ 255 86/ 384 96/ !
) : 2484 .50- 161 174 i
( Refrigerator 672 - - 49 | - - - 2273 - 2313 J
| Range 1108 | 10 111 320 203 .18 62 1 161 29 |
\‘ TV Color 3 ‘
! (15"-17") 464 42 195 | 390 50 .26 215 56 215 56
! TV B&W (19") 334 ) 48 160 160 253 .16 167 27 167 27
‘ ‘ Freezer 1103 25 276 450 1003 .36 27 10 137 49
| oryer 917 6 55 | 200 | 103 | 18 58 10 | ss 10
‘ Clothes Washer 95 10 10 ) 285 103 1.00 0 0 o] 0
Dishwasher 335 18" 60 300 153 .25 56 14 . 84 21
‘ Air Conditioner | 1008 22 222 220 403 .18 257 46 - 408 73
]A’Iternative Scenario {Reference 3), Table 32, p. 159.
2500 text for details. L L ’
Estimated. ~ o~ o~ o ‘
] o ‘4Hater1als cost/installed cost._;/-r iy \ :
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3.4.3 Water Heater ' T e

R

‘A price ($120) for a water was chosen after reviewing the ]977§'ﬁ'
Consumers Reports Buying Guide (Reference 6) and the Sears Cata1og (Reference 7).
The range was from $117 to $189 for a 52—ga110n electric water heater.

Power consumption of each water heater is between 4500 and 5500 watts. The
$120 price is representative of the "best buy" models.




It was assumed that the price of a 9% more efficient water heater would
be $20. This should cover the cost of additional insulation and increasing
the wall thickness to accommodate the extra insulation (total four to eight
inches).

3.4.4 Lighting

The 1975 cost of lighting was taken as only the cost of the incandescent
bulbs in a household. Assuming that a house has 15 to 20 light bulbs at a
cost of 40 to 60 cents for each bulb, the total base cost in 1975 is $6 to
$12. We have assumed that part of the lighting power requirements in 1985
and 1995 will be met with fluorescent lighting and that a 30% reduction in
1#ghting related energy requirements could be met by 1980. It should be noted
that the assumed 1980 reduction (30%) is large compared to the 1985 (15%)
and 1995 (23%) reduct1ons pred1cted by |t Lbe Alternat1ve Scenario.

______-——

- - - LT - — — —_— _

It was_assumed that each incandescent light bu]b burns approximately one
thousand hours per year and that each bulb is rated at 100 watts (probable
high case). Accordingly, each bulb then contributes 100 kWh/yr to the
1ighting requirements.

White fluorescent lights give off 58 lumens per watt for a 40-watt
four foot bulb. The 100-watt incandescent bulb gives 16 Tumens per watt.
On an equivalent lumen basis, a fluorescent bulb requires 3.625 (58 716) .
times less energy than the incandescent bulb.

The reduction in energy required (kWh/yr) is the sum of the energy
requirements of incandescent bulbs replaced less the energy required by
the fluorescent bulbs which replace the incandescent bulbs. For example,
14 _in 1985 NRDC projects a 255 kWh/yr reduction in lighting requirements.
Assuming that bulbs burn 1000 hours-bé} year, the reduction in the wattége
of incandescent bulbs, Ri to obtain this savings is calculated as follows:

R; (1-1/3.625) = 255
R, = 352 B

The 352 watts of incandescent bulbs will be replaced by 97 watts of
fluorescent lighting.

Table 3.4-3 shows the cost of adding the ﬁTﬁBrescent fixtures required
by the energy reduction proaect1ons in the A]ternat1ve Scenario for 1985

| and 1995. The cost of f1xtures _is included. *1 =3

~

L - —g—— - " - h—

| SR o




Table 3.4-3
FLUORESCENT LIGHTING REQUIREME?TS PER DWELLING UNIT

AND COSTS
Additional Required
Fluorescent Number
Energy Lighting of ' 2,

, Reduction from 1975 Required Fixtures Cost (76 dollars) Replacement Cost<ie
Year | (). (kin/yr) T | _ (watts) . |80watt 40 watt | Materials Installed | Advantage (1976 dollars),
1985 15 255 97 | 1 1 86 161 7 2.00/year
1995 23 384 146 2 0 96 174 2.50/year

oy,

. ]"Bui1ding Construction Cost Datahiﬁif;“]Robert Snow Means Co., Inc., 1976
TN\ e e e = i e

o ZReflects the savings arising from not having to replace four incandéscent 100<watt bulbs each year for the period - -
R 1976-1985 and five incandescent 100-watt bulbs each year for the period 1986-1995. This assumes lifetime of

v iqcandescent bulbs is only 1 year as contrasted with an assumed 1ifetime of 10 years for the fluorescent bulbs
(6p§jmistic estimate).




3.4.5 Refrigerator

The Alternative Scenario shows a trend of increasing refrigerator kWh
consdmption per year. This is probably a result of energy conservation
measures not fully offsetting the increased energy consumption arising from
convenience measures such as automatic defrost and ice digpensers.f The
1985 and 1995 prices are estimates.

3.4.6 Range

Ranges include an oven and four stovetop burners (usually three with
a 6-inch diameter and one with an 8-inch diameter). The base cost ($370)
was chosen after examining the 1977 Buying Guide Issue of Consumer Reports
and the Sears catalog. Twenty dollars was estimated as the probable increased
cost to meet the projected ten percent reduction in energy requirements by
1980.

3.4.7 Color TV

Costs for color televisions were taken from the 1977 Buying Guide Issue
of Consumer Reports for 17-inch models. The majority of the energy used by
a television is consumed by the picture tube. Advances in picture display"

techniques will account for the{méjori;ysbf‘ihé‘reduétidn*ihtthe:energy
requirements. The FEA projection is that a 42% reduction in energy consump-
tion is possible for color televisions by 1980.

3.4.8 B&W Televisions

Costs were also taken from the 1977 Buying Guide Issue of Consumer:
Reports for 19-inch models.

3.4.9 Freezer

Freezer prices were determined for a 16-cubic foot upright freezer from

~the 1977 Buying Guide Issue of Consumer Reports and the Sears catalog. The

cost of increasing the efficiency of the freezer (25% by 1980) was estimated
to be approximately $100. . '

3.4.10,.Drxer

The dryer price was taken from the 1977 Buying Guide Issue of Consumer
Reports as a representative of the cost of a good household dryer. The cbéf of
6% increased efficiency by 1980 is estimated at $10 based on the cost of |
increased insulation and dryer design.

¥

.
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'3.4.11 Clothes Washer

The price was taken from the 1977 Buying Guide Issue of Consumer
Reports. The cost of the more efficient washer is an estimate. The major
cost of using the washing is due to the cost incurred by using hot water.
Manufacturers recommend cold water wash for many types of clothing and almost
always recommend cold water rinse.

-3.4.12 Dishwasher

The prices were obtained from sampling of the 1977 Buying Guide Issue
of Consumer Reports and Sears catalog. The $15 increase for the 1980 models
represents the cost of a switch which turns of the drying cycle.

3.4.13 Air Conditioner

The price was taken from the Sears catalog. The 1980 price increase is
also from the Sears catalog (the high Energy Efficiency Ratio model). Room
air conditioners with 5000 Btu/hr capacity were considered.

3.5 RESIDENTIAL SECTOR ANALYSIS DESCRIPTION

The economic analysis of the kesidential Sector is thetfi?stﬁpart‘of the
overall analysis constructed to determine the present value of the
differences in total cost to the consumers over the time period 1976 to
1995, between the Alternative Scenario and the Power:Plant:Scenario.

_Three major sets of energy conservation programs descr1bed dn the. Alternatlve i

Scenar1o report are addressed in this sector These can be def1ned as fo]]ows.

“a. Pass1ve conservatlon programs for space cond1t1on1ng
encompassing add1t1ons of insulation, storm windows,
weatherstr1pp1ng, “automatic thekhb%tat n1ght setback, |
etc. These are termed passive because their function is
to reduce building heating and cooling loads rather than °

provide these services more efficiently,




‘b.g\Active~conservation programs that result in replacement

of conventional heating and cooling systems with new systems
that provide the same level of service to the consumer with
greater energy efficiency. Measures in this program comprise
heat pumps and solar space heaters. Fuel cell total energy
systems are also included in this category. These measures
are considered in the Alternative Scenario as being additive
to the passive measures.

Both the active and passive programs are evaluated only
in the context of those homes (old and new) that have or would
otherwise have had electric resistance heating (Alternative
Scenario assumption).

~¢. Conservation programs that relate to the use of energy efficient
’ lighting systems, electric water heaters_and electric appliances
in the residential sector and which alsojinclude consideration |
of solar water heaters as an alternative to the conventional
electric water heater. These programs are not restricted to
all electric homes.

The elements 1nf1Uencing the economic anaiyéis-w%1l vary with the
type of the conservation program addressed and type of residence in which
the implementation is done, i.e., existing homes or new homes. The cost
elements for an individual consumer may be broadly classified as follows:

Non-Energy Costs:

e Capital cost of conservation measures, particularly for the passive
measures in a retrofit mode, or incremental capital cost of
active measures in new homes where a choice exists between
conventional and new measures as in the case of replacing
electric resistance heating with solar heating, or-kepiaciqg
Aexiétingeappliances with more efficient ones.

@ Replacement cost of measures such as weatherstripping where the
Tifetime of the measure is less than the 20-year (1976-1995) i
time frame being considered.




‘@ Incremental maintenance costs for equipment such as heat pumps
and solar heating relative to conventional equipment.

8 Cost of capital that is borrowed to purchase and implement the
conservation pieasures.: !

Energy Costs:.:

® The unit price ofeélectricity{{nmilt$/kih) toithecconsumer in
the Alternative Scenario is dictated.by the mix of electric
generation and associated systems given in the Alternative
. ‘Scenario. (This has been discussed in Section 3.3.) Unit
’féhergy'costs{($/MMBtu) for other fuels such as natural gas
for fuel cells are computed herein for each year using data
from other sources.

1o Annua]Lelectrnc eonsumption byevaniousiresidential consumers”innthe two

on this studscenarios. v tas of ~F=nge betwson 1975 and 1995 of the stock of
- hemesyin Gthar ﬁ@gﬁfgﬂi‘gﬂ ments 6f £RE aﬁg]ys1s fihi&h are cORtiderdd
$ﬁp%ﬁ$§n§@5g9 aré %ﬁg Fated of gﬁgﬁae?betweenb]975P§ﬁ39198¥@0$&€Re65€88£d
Aof ‘hom&S Tin wh1c§ conservat1§nﬂﬁé§sagég §an$5pfeﬁéﬁtggﬂ;ng%tﬁe“rateghof
| fmgléﬁéntat;aﬁwéf 'the ﬁeééﬁﬁes themselves, These rates have been derived
X\ using pertinent data from the Alternative Scenario and will be discussed

\ for each individual measure.

The economic analysis allows the déterminatioﬁ.of total costs to
the consumers in the Alternative Scenario in constant 1976 dollars for

each year from 1976 to 1995. This cost stream is then compared to

a similar cost stream in the Power Plant Scenario. It is important to re-
emphasize that the Power Plant cost stream is solely an energy cost stream,
since capital cost effects in the Power Plant Scenario have been accounted
for by considering incremental costs wherever appropriate in the Alternative
Scenario.
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3.5.1 Space Heat1ng and Pass1ve Conservat1on Measures

3.5.1.1 Single-Family Residences Built Prior to 1976 (SF<76)

The total number of single family homes existing in 1975 was 1.68
.million. This stock of homes declines to 1.598 million by 1985 and
1.521 million by 1995. According to the Alternative Scenario,while the
total stpék of these homes declines, the fraction of these homes that '
are e1ectrica11y heated (saturation) increases between 1975 and 1995 due
to conversion from heating with. fossil fue}s to heating with electricity.
The net results in an increasing stock of e1@c¢r1caﬂﬂynmeatethOmes
This trend is shown in Figure 3. 5-1*and ~is’1ineav.” \thcaq-be.exppeggé@éas:;:,
. 5( ‘

H] 3 78x10 +O 1x1074(t- 1975%<t1976< t<1995

S e -

TOTAL NUMBER OF : TOTAL NUMBER
- SINGLE FAMILY HOMES ELECTRICALLY HEATED |
|_YEAR - . BUILT PRIOR TO 19761 SATURATION2 HOMES
| 1975 1.68 x 10° 0.225 3.78 x 10°
1985 1.598 x 10° 0.300 4.79 x 10
6 5

1995 1.521 x 10 0.380 5.78 x 10

: ]Reference 3, Table 6, p. 33.

%Ibid, Table 29, p. 154.
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FIGURE 3.5-1. 1975-1995 TREND OF THE STOCK OF ELECTRICALLY HEATED
SINGLE-FAMILY HOMES BUILT PRIOR TO 1976
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The 1mp1ementat1on Tevel of pass1ve conservation measures in these homes

over the time period 1976 to 1995 is shown in Figure: 3. SsZ‘Q;The~41neaP1t¥'“f<;
of the ‘trend is an Alternative Scenario assumption.and the 11nepr rate of
implementation of each of the passive measures over the period 1976 to

1995 is given by:
e Insulation, I] = 4.55%/year
e Storm Windows, S] = 4,50%/year
® Weatherstripping, w]'=‘3ﬁ70%/year
©. Automatic thermostatlnight set-back, N; = 3.70%/yéar

— : B
= 7]
2|
> |1oo
2.
i ' (91%) Insulation:
) § ! - {90%) Storm Windows
-8 .
‘ . —-
g, 75 o -
z / (74%) + Weatherstripping
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o .
w .
2 ' 5 /
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FIGURE 3.5-2. LEVEL OF IMPLEMENTATION OF PASSIVE CONSERVATION MEASURES
' IN SINGLE FAMILY HOMES BUILT PRIOR TO 1976 ‘3» .
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From the stock of homes H, existing in each year and the corresponding
conservation measure :implementation level, the annual market penetration
(i.e., number of units so]d per year) of each measure can be determined.

It is the difference in the number of units existing in a g1ven year
and the number existing in the previous year. These penetrations can
be expressed by the following equations:

e Insulation, I] = 910(t-1975)+16740, 1976<t<1995
e Storm Windows, S] = 900(t-1975)+16560, 1976<t<1995

o ledtherstrippingsshiiy, = 740(t-1975)+13620, 1976<t<1980

1480(t-1975)+23540, 1981<t<1995

e Night Set-back, N] = 740(t-1975)+13620, 1976<t<1995

-

!

— gt

Weatherstripping is assumed to have a lifetime of on]y‘five years_and !
therefore has to be replaced accordingly, a characteristic which is
incorporated in thequuation for weatherstripping. .

The initial cap1ta1 cost of these conservation measures[was ::

dBta1ned “From the SOM Study (Reference ence 4). These costs in 1976 do]]ars s L__
_were assumed constant over the 20-year per1od and are tabulated below:
W, TN g™ T e, (T W’I
® Insulation = $726 ‘ﬁﬁa“*,

e Storm Windows = $910
e Weatherstripping = $38
° N1ght Set-back = $65

.- .- .
- e e v

—— T i --—""‘b——-; — R AT 5 R »
Each consumer who 1mp1ements the conservat1on measures of 1nsu1at1on, T \;fn

L

storm windows and automatic thermostat n1ght Set= back.ds assumed to < - !

~— p——

JRS—

finance the cost through[_“t1ve year loan at a real interest rate of 7%. ISR S
The costs for weatherstr1pp1ng are assumed to be borne out-of- pocket

—— — e e —————— e, =

The annual cap1ta1 cost of implementation of the passive conservation
programs in these homes in any given year is the sum of the product of

m——— e

the penetrat1on of each measure and its annualized cost (i.e., after f1nanc1ng)
. W

The total cap1ta1 ‘cost outlay in a given year is then the sum of the costs \

associated with that year s 1mp1ementat1on and the cost accruing from

1mp1ementat1on 1n the previous years. Replacement costs foriweatherstripping

1"7

AT

R
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are factored in each year starting with 1981. This accounting procedure in
constant 1976 dollars is truncated in 1995 since this year marks the end of
the period of interest in the Alternative Scenario. :The gffect of_thiéj
truncation on the results has been discussed in Section 3,2.2;'}5

The total cost for space heating borne by all consumers in the Alternative
Scenario owning electrically heated single-family homes built prior to 1976
in any year thereafter is determined by four factors:
a. Total‘capital and operating (maintenance plus rep]acement).cost

outlay in a given year for homes in which one or more passive
conservat1on measures have been 1mp1emented

5 b. The.year S consumpt1on of e1ectr1c1ty for space heating in
homes with the conservation measures.

c. The year's consumption of electricity for space heating in
homes with no conservation measures.

d. Unit price of electricity to the consumer in that year.

The procedure for determining the first factor has been described
herein and the computation of the unit price of electricity has been
shown in Section 3.3. The second and third factors which together give
the total electricity requirements for space heating in these homes in
any year were provided in the Alternative Scenario Report by specifying a
weighted average annual thermal performance coefficient for space heating
in these homes from 1975 to 1995. Consequently, it is possible to calculate
the yearly total cost stream to 1995 for space heating in these single-
family homes following implementation of the passive conservation measures.
The results of this calculation are discussed later.

The procedure described above has been followed for analyzing the
costs of space heating with passive conservation measures in the other three
residential building types as well, i.e., single~family residences
built after 1976 and mu]t1fam11y dwe]llngs built prior to and after 1976,
The pertinent data for each of these building types are shown below.

3.5.1.2 Single-Family Residences Built After 1976 (SF>76)

The yearly stock of residences in this category with electric heat is
given by:

0.274x10° (t-1975), 1976<t<1985

2.74x10°

Hy

+0.425x10°(t~1985), 1986<t<1995
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A linear rate of increase in the stock of these homes has'been assumed
| both between 1976 and 1985 and between 1986:and: 1995. f:TheLA1ternatlve,Scenar1o
assumes a linear rate of implementation of each passive conservation

measure in these homes over the period 1976 to 1995:

e Insulation 12 = 4.9%/year

® Stovm windows S2 = 4.9%/year

|

— ——

() Automat1c thermostat n1ght set back w2 = 3.7%/year

Market Penetration

2685(t-1975)-1343,  1976<t<1995

o Insulation I2

4166(t-1975)-9486, 1986<t<1995
e Storm Windows S, = same as for insulation

o Night Set-back N, = 2028(t-1975)-1014 1976<t<1995
= 3]46(t-]975)-7164 1986<t<1995

\

Initial Capital Costs in 1976 Dollars-(retr €ice

e Insulation=;$539

e Storm windows = $262

e Night set-back = $65

Financing

e Bank loan for 5 years at aZnea]_intenesé rate of 7%.

Space Heating Efficiency

° .Wejgh;edaaverégéhannua]@thérmaﬂnperformandevcdeffjcient5~from the
Alternative Scenario.

- —— — - e — ey

f_# 3.5.1.3 Mu1t1fam1]y Dwe111ngs Bu11t Prior’ to 1976 (MF<76) !

[P SIS S - !

The yearly stock of res1dences in th1s category with e]ectr1c heat
{%.glven.by.bys
Hy = 4.72x105—0.018x105(t-1975), 1976<t<1995

- - T P —— -- — e e
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The linear rate of dec]iﬁé_ﬁh'ihELEfEEE—B?‘?HEEE_HBﬁééﬁﬁiiﬁﬂiﬁfégﬁétiv - —
Scenario assumption. Unlike in the case of single~family homes built
prior to 1976, the rate at which these homes decline is greater than
that with which conversions from fossil fuel to electric heating take place.
Consequently, the stock of these homes with electric heating declines with
time. The Alternative Scenario assumes a linear rate of implementation of

each passive conservation measure in these homes over the period 1976 to

~ 7

1995: . : : - - - — -

e Insulation, I3 = 4.3%/year
e Storm windows, S3 = 4,2%/year

e Night set-back, Ny = 3.45%/year

e Weatherstripping, W3 = 3.45%/year

Market Penetration:

e Insulation, I3 = 20373-155(t-1975), 1976<t<1995

e Storm windows, 53 = 19900-151(t-1975), 1976<t<1995

o Night set-back, Ny = [16346-124(t-1975), 19763_#_1995

o Weatherstripping, W, =[¥§§§§}124(t—1975), 1976<t<1980 ' \

(replaced every 5 ¥
years) =[32712-248(t-1975), 1981<t<1995

Initial Capital Costs in 1976 Dollars (Refeﬁéh§E’” }°

o Insulation = $180
e Storm windows = $338
e Night set-back = $65
e MWeatherstripping = $18
-~ = Financing:
e Bank Toan for 5 years attaZrealtinterest rate of 7%..

Space Heating Efficiency

* Sileightedsaveragetannualy thérmalmperformance: coefficients from:
‘~ithe: AlternativerScenario.




"3.5.1.4 Multifamily Dwellings Built After 1976 (MF>76) |

The yearly stock of residences in this category with electric heat
J":.l'i_,.s"g';1'v‘eh‘.’_-by:by:

Hy = 0.278x10°(t-1975),  1976<t<1985

2.78x10%+0.45x100(£21985),  1986<t<1995

r——— o — e m—rrt = — —_— -

—

A linear rate of increase in the stock of these homes has been assumed

both between 1976 and 1985 and bétweeni19865and.1995.%~ThetAlternativesScenario
assumes a linear rate of implementation of each passive conservation

measure in these homes over the period 1976 to 1995:

° Insu]ation,I4 = 4.9%/year
e Storm windows,S4 = 4,9%/year

e Night set-back, N4 = 3.7%/year

- Market Penetration:

o Insulation, I, = 2724(t-1975)-1362, 1976<t<1985

° 4410(t-1975)=10633, 1986<t<1995

e Storm windows, 54 = Same as for Insulation I4

e Night Set—bafk, Ny 2057(t-1975)-1029, 1976<t<1985

3330(t-1975)-8029, 1986<t<1995

Initial Capital Costs in 1976 Dollars (Reférence )
e Insulation = $171

e Storm windows = $101

e Night set-back = $65
Financing
e Bank loan for 5 years at:é?ﬁeéht}ntéﬁestﬁrate"ofﬁz%y

Space Heating Efficiency

:veﬁaweightediaqér&gérannué]pthéhm9mfﬁérfoﬁﬁéﬁce‘coeffféﬁéﬁtsrfrom
| theé cAlternative S-C'én,_ari 0.

1

————
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The results of analysis of the total annual cost§ to consumers

(capital and energy) in thefesidential sector:in the Alternative
Scenario following the implementation of the passive measures:are shown |
in Table 3,5-1,3.

3.5.2 Space Heating and Active Conservation Measures

Three active conservation measures were described in the Alternative

-{Scenario, all of which are considered to be additive to the passive measures |

just described. These measures are:

N

-

(—;ji The introduction of heat pumps as an alternative heating and
cooling system that would replace the conventional |

. resistance heating and air-conditioning systems i

{ in a fraction of the homes. !

.(lbl Solar, space heaters as an alternative to electric resistance
~ “heating in a fraction of homes built after 1976.

ic,-fTﬁiﬁlienergy systems (which were assumed to be fuel cell __
systems) which are also implemented only in the newer homes. i
The procedure for calculating the economic impact of these active
conservation measures also follows that described for the passive measures.
These will not be repeated here, but pertinent data will be presented for
each active measure. The one additional factor that is present in this
part of the analysis relates to the additive nature of these measures
mentioned earlier. These measures, implemented in addition to the passive
measures, will result in additional electrical energy savings. These
savings will be determined and factored into the overall residential sector
energy demands in the Alternative Scenario. Al11 capital costs were ‘assumed
to be finariced for[five years at a real interest rate of 7%.

3.5.2.1 Heat Pumps in Sing]e-Fam%]y Residences Built Prior to 1976

The Alternative Scenario assumes heat pumps capturé 1% of this .~
market by 1985 and 5% by 1995. Since implementation levels by year were
not specified as in the case of the passive conservation measures,,

"a iinear.rate.was also assumed in the case of the active measures. - For
the heat pump, therefore, the levels of implementation were taken to be

0.1% per year between 1976 and 1985 and 0.4% per year between 1986 and 1995.

1

i




TABLE 3.5:1_°
ANNUAL TOTAL COST STREAM (]O6 $) IN THE ALTERNATIVE SCENARIO
FOR SPACE HEATING FOLLOWING IMPLEMENTATION OF

PASSIVE CONSERVATION MEASURES IN THE RESIDENTIAL SECTOR
(1976 .Dollars)

TOTAL: ANNUAL:.
TOTAL ANNUAL COST BY RESIDENTIAL TYPE* SEcTOR cosTLLl
YEAR SF<76 SF>76  MF<76 MF>76 (10 $)
1976 141 8 63 3 215
1977 148 16 64 6 234
1978 155 24 65 9 253
1979 167 33 68 13 | 281
1980 179 42 7 17 309
1981 181 51 70 20 22| |
1982 186 6 |70 74 341
1983 190 nl | e 28 358
1984 191 79 | 68 31 369
1985 191 87 66 34 378
1986 191 99 e 39 4)§§;,
| 1987 | 188 110] 61 44 403
} 1988 | I 187 1221 60 49 ;418
: 1989 186 133 58 54 431
1990 186 144! sg 59 | 445
1991 184 153 54 63 454
1992 183 162 53 66 464
1993 182 170 51 707 473
1994 | 1180 178 49 73 480
1995 }1;7.:8' 5185 48 iy 487
| Tota | 3574 o2 1228 778 7508 -

]

Costs are to nearest. 106 do]]ars

r —————— P PE— -




Market penetration of heat pumps in the homes considered here was
determined to be:

HP. = 20(t-1975)+368, 1976<t<1985

80(t-1975)+1172, 1986<t<1995

Since single-family homes built prior to 1976 already have heating
and (possibly) cooling systems, the heat pump penetration into this market has
to be treated as a retrofit penetration. Thus,a consumer with this -
tybe of home would have to pay the full cost of the heat pump system
and not just an incremental cost. This cost was obtained from Refékence 8
and is $2198 in 1976 do]]ars The cost is assumed to be constant over
the 20-year period The annual malntenance cost for the heat pump ,
however, can be offset by the annual maintenance cost for the conventional
heating and cooling system. It was . assumed that the annual maintenance
cost would be same in both cases, hence this incremental annual cost is
zero. ‘

The energy savings associated with the use of a heat pump arises
because it consumes only half the energy that an electric resistance heater

::i wou]d consume to prov1de the same serv1ce (th1s 1s an A]ternat1ve Scenar1o

assumption). Since the fraction of homes implementing the heat pump is
known, the electric energy savings in these homes can be determined.

The product of -the annual electric energy savings and the corresponding
electricity price in the Alternative Scenario gives the annual dollar
savings associated with the use of the heat pump. The difference between
the annual capital coststreamand the annual savings stream represents
the net annual cost or savings associated with the heat pump for the
consumer.

3.5.2.2 Heat Pumps in Single-Family Residences Built after 1976

The Alternative Scenario assumes that heat pumps are installed in
5% of these homes in the first year, with implementation levels increasing
to 7% in 1985 and 15% in 1995. Following a linear rate of implementation
over each 10-year period, the penetration of heat pumps in these homes

s
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was determined to be:

HP 1370 units in 1976
122(#-1975)+]248) ]97]:;;]9§5

680(t-1975)-1973, 1986<t<1995

2

Consumers who would own these homes have a cho1ce of either 1nsta]11ng
a heat pump or the combination of conventional resistance heating and air
conditioning. Thus the capital cost to the consumer who opts for a heat
pump is actually only an incremental cost. This cost taken from Reference 8
was $609/per unit and was assumed to be constant over the period 1976-1995.
Incremental annual maintenance costs were assumed to be zero. The annual
electric energy savings in these residences following the implementation
of heat pumps was computed as before.

{

3.5.2.3 Heat Pumps in Mu]t1fam11y Res1dences Built After 1976 K

The market penetrat1on of heat pumps in these homes was determined
to be:

HP, = 111(t-1975)-56, 1976<t<1985

720(t-1975)-4436, 1986<t<1995

4

Incremental capital cost = $294
Incremental maintenance cost was assumed to be zero.

The results of the analysis of the implementation of heat pumps in
the residential sector are shown in Figure 3.5-3.. For sing]e—fami]y'residences ’
built prior to 1976, retrofitting with heat pumps is not cost effective.

In these homes the incremental cost is the full cost of the heat pump. This
results in capital expenditures approximately three times as large as the
energy cost savings obtained. Additionally, since the heat pumps are
installed in homes that have already been made energy efficient with the
passive conservation measures, the total energy savings potential of the heat
pump is drastically reduced. In other words, installing a heat pump in

homes where no passive measures have been implemented would be expected to
have a much better benefit/cost ratio, compared to the present situation
where the ratio is about 0.4.
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In single-family residences built after 1976, the installation of
heat pumps is marginally cost effective with a benefit/cost ratio of 1.2.
This is partly the result of the incremental cost being only $609 compared
to $2198 for the existing homes. However, heat pumps are marginally cost
jneffective in the new multifamily dwellings in spite of the low ihcremehta]
cost of $209. This is due to the much smaller heating loads in these
dwellings and consequently smaller potential for energy savings.




3.5.3 Solar Space Heating

9

Solar space heating systems have been assumed in the Alternative
Scenario to be installed only in the new homes. Furthermore, these
systems provide only 60% of the annual heating load of the residence. It
was therefore assumed that all homes with solar heating would have full
resistance heating backup. Consequently, the incremental cost of the solar

system would be its full installed capital cost [and, in addition, would have ~ S
its specific annual maintenance cost.

The sizing of the solar collectors for individual|Single="and multiple- ]
family dwellings was based on the following factors:

~

e Annual heating load of each building type (assumed to be the
1995 loads given in the Alternative Scenario).

e Distribution of average heating degree days by month in the
Pacific Northwest region.

e Monthly average insolation in the region (Btu/sq ft).

e Monthly average collector efficiency based on heat delivered

into the residence.

The calculation procedure for sizing the collector for residential
buildings is identical to that shown in detail in Section 3.6 and Appendix
E for commercial buildings in which solar heating was implemented and
will not be repeated here. The results are presented in Appendix B.
Following this procedure, it was estimated that single-family residences
require a collector area of 225 sq. ft. to provide 60% of their annual
heating demand and the corresponding size for multifamilv_dwellings was 95

-control of the system. i

sq. ft. One assumption that was made was that each multifamily dwelling unit
would have its separate collector rather than one large collector serving
several dwelling units in one building. This provides each user direct P

' collector was taken to be $20 (in 1976 $) over the period 1976-1985 and

The installed cost of the solar heating system per square foot of 4_}—‘ T

"‘ $15 (in 1976 $) thereafter.] Thus, based on the size of the collector

b

The total system cost, .expressed in dollars per square foot of collector,
includes costs of collectors, fluid 1oops, storage, contro]s, structure,

and installation labor. * _




—-—féﬁuired, tﬁg_ﬁ?é—1§85-insta11ed costs would Bé $4500 for a single-family
residence and $1900 per multifamily dwelling unit. The cost for the single-
family residence is within the range of $4000-$6000 often cited for such
.dwellings, and is near the lower end of that range due to the fact that it is
an-additive-measure-to the passive conservation measures. . Each system -
would also have an annual maintenance cost of $25 (in 1976 $) which remains
constant over the 20-year period. All capital costs were assumed to be
financed for five years at a real interest rate of 7%.

3.5.3.1 Single-Family Dwellings Built after 1976

. The penetration of solar heating in these homes is based on the
t Alternative Scenario implementation of 2% in 1985 and 8% in 1995. The
market penetration obtained was: '

110(t-1975)-55, 1976<t<1985
510(t-1975)-2861, 1986<t<1995

SS

2

Capital Cost (1976%) e
Initial Installed Cost = $4500, 1976<t<1985
= $3375, .1986<t<1995

-

3.5.3.2 Multifamily Dwellings Built AFter 1976]

L The implementation levels in' these homes as given in the Alternative
i §;¢nariqfare 1% in 1985 and 4% in 1995. The market penetration can be

{| expressed as:
‘ $S, = 56(t-1975)-28, 1976<t<1985'

{ - . .~
=270(t-1975)-1551, 1986<t<1995

4

i Capital Cost (1976%) .
Initial Installed Cost = $1900, 1976<t<1985
= $1425, 1986<t<1995

As explained in the case of {heat pumps,] the energy cost savings obtained
by virtue of installing solar collectors will be accounted for by considering
the net difference between the capital cost outlay and the electricity

cost savings.




The annual cost and savings stream associated with implementing solar

fra___ —

heating is shown in Figure -3.5-4. _It¥is evidént_frdm‘theéeirespffgf?"
- - . e e TR
that solar space heating is not cost effective over the 20-year period since

in both cases the benefit/cost ratio is only about 0.2] This results from the 1
high installed cost of solar systems, the relatively small amount of energy _rJ
savings obtained in the already well insulated dwellings in which these

systems were installed, and the low price of electricity at which these

savings are made.

~ financing periods (to_3Q years) would not make solar heating cost effective.
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Parametric analyses showed that lowering interest rates (to 2%) and lengthening:

- —




3.5.4 Total Energy Systems (TESs) |

Total Energy Systems were assumed to be natural gas-driven fuel
cell systems. .The Alternative Scenario-considers these TES units to
penetrate only the newer home market. These penetrations are 2% in 1985
and 10% in 1995 for the single-family residences and 1% and 5% for the

{

, | multifamily residences. The 1mp]ementat1on of TES. e '
obviates the need for utility power supply, since TES un1ts produce electric-
ity on- s1te cnFurther,; theawaste heat from: the systems can ‘be ut111zed

to provide space heatinggand/on water heating=. Consequent]y, thees1z1ng

of the TES capacity in either type of residence is a function only of the

appliance related peak electricity demand. Space heat is a byproduct.

Peak appliance demand in the single~family residence was determined
based on two factors given in the Alternative Scenario and mentioned below.
The numerical details are given in Appendix C .

a. Average hourly e]ectricity demand for each appliance type
assuming 8760 hours/year i.e., average kW.

b. Ratio of individual appliance electricity demand (kW) at
system peak to annual average appliance demand (average kW),

s .
—

The product of the two factors g1ves the kw demand at system peak for each
app]lance The sum of this product taken over all app11ances then”
provides the total appliance kW electricity demand at system peak. It

was assumed that this kW demand also represents the peak app11ance demand

in any year and hence the capac1ty of the TES Th1s capacity was determ1ned
to be 2.4 kWe.

Since both single-family and multifamily dwellings have the same
complement of appliances, identical TES capacity in both residential types
was assumed.

It is necessary to know the extent of waste heat available from the TES,
since this would determine the need for any backup heating systems to ensure
that the building heating Toad is always satisfied. In order to know the
extent of waste heat available from the TES,it is necessary to know the use
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‘ profile of the TES, i.e., ki 6u'tput_f>er hour. ‘THiS profile was assumed - N
'With peak use of the TES occurring in the winter months and is shown in T N

Appendix C.

! In the case of the sing]é-famiiy residence,thé waste heét from the
fuel cell was determined to be 1nsuff1c1ent to meet the bu1]d1ng heating load

in November, February and March However, 1n these months. '

_____ bbbt SIS B -

“the fuel cell was operating only at 50% capacity. Consequently, rather than
provide a backup gas furnace to ensure adequate heating capacity in these

months, it was considered to be possible to operate the fuel cell at a higher
capacity (but within its maximum of 2.4 kwe) and meet the deficit heating
demand by providing an additional resistance heating element in the system.

Thus, no gas backup systems were considered.

In the case of multifamily dwellings, the fuel cell waste heat was
found to be sufficient to meet the space heating demand in all the months.

The incremental capital cost of the TES units and annual maintenance
costs were obtained from data in Reference. 9. The cost of the - = #=-
additional heating element was assumed to be $200 A1l capital costs

were assumed to be financed for‘f1ve years at “a real 1nterest rate of 7% J

i i — —-

The unit fuel costs (1.e., natural gas costs) for the TES units
were calculated for each year based on cost data from Reference 18.

3.5.4.1 Single-Family Residences Built After 1976

It was assumed that TES units would be first available only in 1980.
Market Penetration of TES:

(TES), = 91(t-1975)-228, 1980<t<1985

340(t-1975)-2049, 1986<t<1995

The incremental capital cost of the TES unit was $236 between 1980 and
1985 and $51 between 1986 and 1995 (Appendix C). Annual incremental ~ |} °
maintenance costs were $31 over the period 1980-1995.

Fuel Costs:

e Annual fuel costs in total dollars are given by:
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214.15 + 6.86(t-1981), 1981<t<1995
Based on the assumption of unit costs ($/MMBtu) of:
2.007 + .0643(t-1981) (Reference 10)

S o 2 bm—

3.5.4.2 Multifamily Residences Built After 1976
- . A |

Market Penetration:
(TES)4 185(t-1975)-463, 1980<t<1985
720(t-1975)-4436, 1986<t<1995

Incremental capital costs were $438 between 1980 and 1985 and $353 between

. 1986 and 1995 (Appendix C)E Annua] incremental maintenance costs

; were $31 over the period 1980-1995.

Fuel Costs:

e Annual fuel cost in $/MMBtu are given by:
200.3 + 6.42(t-1981), 1981<t<1995

The annual cost and savings streams associated with implementing
TES in the residential sector are shown in Figure 3.5-5. The results
show that TES units are not cost effective in this application
since the benefit/cost ratio in both cases is less than 1. The ratio in
the multifamily case is only 0.26‘compared to 0.73 in the single~family
case. This is because the incremental cost of TES in the mu]tifanh?]‘}__“‘r
dwellings is much higher due to the smaller conventional system that would
otherwise be required for individual apartments and because the penetration

of TES in these_homes is twice as much. . . -

3.5.5 Appliances

The Alternative Scenario appears to assume a complete turnover of
electric appliances in each 10-year period, i.e., between 1976 and 1985 and
1986 and 1995 all appliances undergo rep1acement.ql Included in the
appliance category are electric water heaters and. electric 1ighting.

Unlike in the implementation of the passive and active conservation
measures, implementation of electric appliances takes place in all
households that have these appliances according to saturation figures cited

Mhe Alternative Scenario seems to have set the market penetration of new
appliances equal to the total saturation of electric appliances.
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FIGURE 3.5-5. TOTAL ENERGY SYSTEMS (FUEL CELLS) IN THE RESIDENTIAL SECTOEj
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in the Alternative Scenario for 1985 and 1995. It was, however, assumed
in this study that appliance saturation changes linearly between the limits

specified for each 10-year period.

The capital cost expenditures for new appliances are shown and
discussed in Section 3.4. In this analysis it was assumed that the
incremental costs to the consumer in any year in relation to the costs
in 1975 remain invariant over each 10-year period. - Annual replacement
costs are assumed to occur only in the case of lighting systems in
which conventional incandescent lights are used. The newer energy efficient
lighting systems are considered to have a lifetime of 10 years, so no
replacement costs are associated with these in either of the two 10-year
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~ " periods under study. As before it was assumed that capital expenditures \
are financed over five years at a real interest rate of 7%. This is a
simplifying assumption&BeEgage the di;tribution of consumers has not been. |
determined according to the number of appliances (retrofit and new)

bought in any year.

—— ),

The sum of the capital and energy costs streams associated with the
use of appliances in the Alternative Scenario is Shown in Figure 3.5<6=: .
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FIGURE 3.5-6. APPLIANCES IN THE RESIDENTIAL SECTOR ‘




These annual costs appear the highest of all the measures considered so
far partly because of their high turnover coupled with their very high
saturations and partly because aggregate appliance electrical consumption
js approximately twice as high as aggregate space heating consumption.

3.5.5.1 Solar Water Heaters

Solar water heaters are assumed in the: Alternative Scenario to .have
penetrated about 2% of the homes in 1985 and about 20% in 1995. 1In
addition, these syétems are said to reduce the annual electrical energy
requirement of conventional water heaters by 60%.

The solar collectors necessary for providing hot water were sized
based on the factors described below and follow according to the same
procedures described for solar space heaters. (See Appendix D fOr%detaiisfzwui

a. The annual energy required for water heating was taken
to be 3510 kiWh equivalent (1995 requirement in the
Alternative Scenario).

~ b. Backup electric water heaters were assumed to be
required wherever solar water heaters were implemented.

The calculated size of collector required to meet the specified
requirements was 60 square feet.

Market penetration of solar water heaters can be expressed as:

SWH

179(t-1975)+4191, 1976<t<1985
2763(t-1975)+20969, 1986<t<1995

The incremental capital cost (1976%) was the full cost of the system
and was determined on the basis of $20 per square foot of collector in
the period 1976-1985 and $15 per square foot: thereafter. RN
maintenance costs were assumed to be $25 per unit (1976%). A1l capital
costs were assumed to be financed for five years at a real interest rate

Incremental annual ]

of 7%. The annual cost and savings stream with the solar water heating
systems are shown in Figure 3.5-7. The benefit/cost ratio for these -
systems is only 0.21, thus making their purchase unattractive for this
application.

\]Th1s total system cost, expressed in dollars per square foot of collector, \
\ includes costs of collectors, fluid ]oops, storage, -controls, structure, \

and installation ]abor o TN e o L
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. 3.5.6 Summary of Residential Sector Cost Analysis

Thus far all the cost factors of the individual elements of the
conservation programs suggested in the Alternative Scenario for the Resi-
dential Sector over the period 1976 to 1995 have been described. Several
variations were shown within the scenario in the benefit/cost ratio of
individual conservation measures and by individual residence type. It is
now possible to extend this comparison between the Alternative Scenario




The total cost (in 1976 dol]ars) in th1s sector in the A]ternat1ve
Scenario adds up to 20.5 x 10 dollars. This compares to a total cost
of 26.5 x ]O dollars in the Power Plant Scenario, Overall, the conser-
vation program in this sector is more cost effective than the Power
Plant Scenario with a benefit/cost ratio of about 1:3. When these
costs are compared on a year- by—year,bas1s, it is found that until 1982 the
Power Plant Scenario costs are either just equal to or less than the costs
in the Alternative Scenario. Thereafter, the BPA costs increase substantially
reflecting the electricity price effect of new thermal generation, while
the impact of the conservation measures on electrical energy demand begins
to manifest itself in the Alternative Scenario. Of the total costs in the
Alternative Scenario for the residential sector, approximately 33% (6.7
billion dollars) are due to incremental investment in capital, maintenance,
and replacement costs associated with conservation technology, and the
remaining 67% (13.8 billion dollars). is the cost of energy. Thus, the
energy cost alone is approximately half the energy cost in the Power Plant
Scenario.

3.6 COMMERCIAL SECTOR ECONOMIC ANALYSIS DESCRIPTION

The economic analysis of the NRDC conservation program for the
commercial sector will basically follow the organization utilized in the
discussion of the reconstruction of the Alternative Scenario for this
sector. Namely, first the cost of implementing the (passive) building
conservation measures will be determined (Section 3.6.1) and then the
costs of implementing the (active) on-site systems, i.e., solar heating
and total energy systems (Sections 3.6.2 and 3.6.3), will be analyzed,
The finai‘section‘(3.6.4) will discuss the overall costs incurred and
total savings obtained due to the totality of proposed conservation
measures in this sector.

3.6.1 Costs of Implementing Passive Building Conservation Measures

3.6.1.1 Capital Costs of Implementing Passive Conservation Measures

The procedure followed in order to compute the costs of implementing
bui]&ing conservation had to be different from that utilized in the
residential sector, but nevertheless led to approximately the same kind of
résuTts.” The procedure had to be different because the Alternative !
Scenario did not distinguish between existing and new construction for each
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of the building types and hence the typical decline in existing stock and
growth in new stock could not be modeled. Nevertheless, the Alternative
Scenario did follow the SOM Study's mandatory conservation program for this
portion of the scenario as was done in the residential sector. Hence, the
cost data and percent energy savings given in the SOM Study were applicable
here as well and only the manner in which they were utilized to determine
total cost differs from that utilized in the residential sector analysis.

The procedure utilized here is described using the 1985 calculation
as an example. The regional electricity savings by building type given
in the SOM Study were computed by summing the savings for the existing and
new buildings of each type. Associated with that savings was a total
capital cost of implementing those conservation measures for both new and
existing buildings which were also summed by building type. Both the
energy savings and costs were those associated with the mandatory conser-
vation program given in the SOM Study and which was utilized in the
Alternative Scenario energy savings calculation, The total savings and costs b
can then be used to compute a unit cost of implementing the mandatory program
for each building type expressed in dollars per kWh saved Then given
the total electricity sav1ngs by bu11d1ng type in 1985 accord1ng to the
Alternative Scenario, the total costs associated with those savings can be i
determined by dividing those total savings by the unit costs.

was somewhat more complicated in order to take into account financing
effects and replacement and maintenance costs. The financing effect on the
total cap1ta1 cost was 1ncorporated through the use of a "loan multiplier."
This "Toan mu1t1p]1er“ is the annual capital recovery factor associated
with the particular type of loan multiplied by the number of years of the
loan. It results in a number greater than one wh1ch when mu]tlplled by . the
initial capital cost, yields the ‘total expenditure for the capital cost

at the time the loan is payed off. The results of these ca]culatibns are
shown in the first five columns of Table 3.6-1 and Table 3.6<2 for the years
1985 and 1995, respectively.

Although this was the conceptual approach used here, the actual approach
|
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TABLE 3.6-1

ALTERNATIVE SCENARIO COSTS OF IMPLEMENTING BUILDING
CONSERVATION IN THE COMMERCIAL SECTOR THRQUGH 1985

h
. . 1985 1985
1980 SOM 1980 SOM Loan 1980 SOM Rand unit Alternate | Alternate
. i Scenario Scenario
Buflding Type Regional Savings Regional Cost | Multiplier | Regionmal Cost! Added Cost Cost S Cost
(x 105 kwn) (x 106 5) (x 106 $) {x 105 $) ks/xnh saveq)f(x 106 kwh) | (x 105 8)
Small Office 613 73.7 1.118) 82.25 1,89 1373 120 169.0
Large Office 374 7.8 1.18812 9.3 .60 .0264 1667 44.0
Retail 812 18.6 1.116! 20.8 1.38 .0273 1790 48.8
School 640 1.8 1.07903 12.7 0 .0199 427 8.5
Other Commercial 1192 33.7 1.18812 40.0 3.29 .0363 1802 65.5
= . 335.8
]71 interest for 3 years.
27% interest for 5 years. .
35% interest for 3 years.
4R!.M = Replacement & Maintenance Cost added for certain conservation measures. See Table 3.6-2
TABLE 3.6-2
TTTE
[ .
4
T 6/ 1985-1995 1995
1995 SOM 1995 S0M Loan 1995 SOM RAM Unit §) ternate Sternate
Building Type Regional Savings Regional Cost Multiplier Regional Cost' Added Cost Cost Savings Cosg'
{x 105 kuh) {x 106 ¢) (x 105 §) (x 105 §) §$/knh Saved)|(x 105 kuh) { (x 105 §)
Small Office i 2034 2.2 1.1167 348.4 1.0 1767 1170 206.7
Large Office 2570 53.5 1.18812 63.6 4,54 0265 3574 94.8
Retail . > 5360 123.2 1.116! 137.5 5.32 .0266 1991 53.0
School == 217y 9.0y 1.07903 85.2 0 .0202 720 14.6
Other Commercial 7689 \ 218.0\ 1.18812 259.0 21,3 .0365 3181 116.0
A \\ \ \\
AT . \ 485.1
W N 'z
173 interestfor 3 years. ¥ 4
273 interest for § years. NS -
35% interest for 3 years. LN )




3.6.1.2 Maintenance and Replacement Costs Associated with Conservation
Measures in the Commercial Sector

For each building type, both existing and new, the conservation 1-
measures implemented in it according to the SOM Study ‘were gxémined: And ‘
those which involved a capital expenditure and which also possessed either a
large number of moving parts or had a relatively short lifetime were
selected as candidates for maintenance and replacement costing.(Reference 4, ,
pp. 146-171). However, due to the lack of data regarding maintenance costs
and lifetimes associated with these measures in the SOM Study, an assumption
had to be made. It was assumed that 10% of the initial capital cost of
implementing these measures would be expended for maintenance and replacement
during the ten-year periods of interest...This 10% figurée may be too Tow for_
measures implemented early in the period and is certainly high for measures
implemented later in the period and on balance is felt to represent a
conservative average cost over each of the periods. The number of units of
each measure implemented through 1980 and from 1981-1995 in the SOM Study
was also determined. Thus, the total maintenance and replacement costs
associated with the mandatory program in the SOM Study could be determined.
The data are shown in Table 3.6-3.

TABLE 3.6<3 ‘ N

COMMERCIAL SECTOR MAINTENANCE AND REPLACEMENT COSTS |
B ASSOCIATED WITH SOM*'S MANDATORY  PROGRAM :

|‘——— = — - -
| 1980 1980 1995
Unit Cost 1980 Total Cost 1995 Total Cost
jlding Type Conservation Measure (1976%) # Units (1976%) # Units (1976%)
Small Existing Office Electric Heat Pump $ 270 2018 .54x108 13,453 3.63x108
Small New Office Electric Heat Pump $ 270 5022 1.35x106 27,265 7.36x106
) 7.89x106 T1x100
Large Existing Office Timer Controls $ 500 34 17,000 236 .12x106
Variable Air Volume System] $3500 35 .122x106 236 .826x106
Large New Office Timer
. Optimizer Controls
Heat Recovery $6500 71 .46x106 557 | 3.6x106
System and Storage .6 xl§)5 7.54x100
Variable Air
Volume System .
| Existing Retail Buildings Modified HVAC Units $2500 133 333,000 889 2.22x106
| New Retail Heat Recovery System $3500 300 1.05x106 888 3.1x106
( . T.383x100 5.32x100
Existing Schools NA - - - - -
New Schools NA - - - - -
| {other Existing Commercial Low Capital Cost $ 550 537 .295x106 3,577 2.0x108
! . High Capital Cost $1560 537 .838x106 3,577 5.6x100
Other New Commercial Actions in Addition to $2087 - 1034 2.16x106 6,578 13.7x106
ASHRAE 90-75 - 3.29x100 2. 13x106
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These maintenance and replacement costs were added to the total
capital expenditures after financing and then this total was divided by the
SOM energy savings in the appropriate year to obtain the unit conservation
costs by building type as explained previously. The unit costs were then
divided into the total Alternative Scenario electricity savings to obtain
the total cost, capital plus maintenance and replacement, of implementing
the mandatory conservation measures by building type. These costs; ,
according to building type, were distributed uniformly throughout each of
these periods for purposes of obta1n1ng an 1mp1ementat1on schedule.

3.6.1.3 Cost of Electrical Energy to the Commercial Sector After Implementat1on
of Building Conservation

Having determined the capital, maintenance, and replacement cost stream
associated with implementing building conservation, the electrical energy
costs to the consumer must now be determined. This determination is made
by multiplying the energy consumption measured in kWhg per year by the price
of electricity in that year for each building type. It should be noted

that the pr1ce of electr1c1ty ut111zed here is based upon the full 1mp1ementat1on
To e oo T

e

of the A]ternat1ve Scenario, and is not merely the price that would resu]t from
the demand reduct1on associated with these spec1f1c measures, nor even from

the demand reduct1on associated with the ent1re commercial sector conser-
vation program per se. Thus the price that is utilized to compute the energy
cost to the consumer is actually contingent upon all the remaining conser-

vation measures occurring as well (including those in the manufacturing
sector)

The actua1 e1ectr1c1ty consumpt1on (as opposed to the effect1ve
electrical consumpt1on presented in Section 2.3) by building type is
shown in Table 3.6-4. These represent the regional electricity consumption
for each building type in the years indicated. The consumption in the
intermediate years was obtained by linear interpolation and multiplied by
the price of electricity in these years. Thus the total cost of electrical
energy in each year may be found.
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Table 3.6-4

ACTUAL ELECTRICITY CONSUMPTIONL:IN THE COMMERCIAL SECTOR
BY BUILDING TYPE - ALTERNATIVE SCENARIO
(x 106kWhe)

Building Type 1975 1985 1995
Small Office 2387 2700 3144
Large Office 2722 2815 1081
Schools 1502 1488 1139
Retail 5390 7734 11058
Other Commercial _6083 _6539 5313
18084 21276 21735 3

Tactual electricity cdnsumpt1on for each bU11d1ng type was determined by
‘multiplying the regional building space by an energy 1ntens1ty and then
by electrical saturation as exp]a1ned in Section 2.3.

These energy costs are then added to capital, maintenance, and replace-
ment expenditures in each year. These data are presented graphically in

Figure 3.6-1.

A comparison of costs with the Power Plant Scenario costs at this point
- shows that the ‘totaliAlternative Scenario cost (in constant 1976$) is approxi- |
maté]y 8.19 bil]qu‘do11ars while the total Power Plant Scenario cost is
14.65 billion dollars. However, it must be noted that the prlce of e1ectr1c1ty
utilized in comput1ng the Alternative Scenario’ energy “cost assumes the T

remaining active conservation measures were also implemented and thus there
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is a remaining cost associated with the Alternative Scenario that is not

f yet accounted for. Neverthé]ess, since the energy savings already obtained.at \

this point is a significant percent of the total savings tp be achieved, '
gbproximaté]y 92% of the total savings inw]985 ang approximately 84% of )

-
v

—— e — - — - . . e s m e o it
the total-savings in 1995 (see Table 2;3-6),.it is evident
that there is a significant cost and energy savings associated with passive
conservation measures alone. , : —
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3.6.7 So]ar Heating Requirements

+
JE— .- . -
"Tl\ii

According to the Alternative Scenario, solar heating can save 1% and 5% of
the total equivalent electrical energy (TEE)] requirements of the commercial.sector
for the years 1985 and 1995, respectively. In order to determine the cost
of implementing this much solar heating,— it must first be determined how much {

of the total sector's space heating service demand is provided through |
this much savings in TEE. This can be determined through the following

table. 4
TABLE 3.6-5' 2
SOLAR ‘HEATING REQUIREMENTS

1985 1995
Percent Savings 1% 5%
Tee? Saved (x 10°KHh) 503 2,355
Electrical Saturation® 423 461
Actual Electricity Saved (x 106kWH) 212.8 1085.7
Space Heat Required‘(n=.95)(X106kWh0 202.2 1031.4 |

Expressed in terms of Btu's, this means a total of 689,9 and 3549.3
X 109 Btu's of space heat must be delivered into commercial buildings of
the PNW in 1985 and 1995, respectively. ‘

3.6.2.1 Solar Collector Requirement for the Commercial Sector

In order to determine the cost of supplying these amounts of solar
heat, the amount of area of solar collectors required to collect and deliver
this heat must be determined.

In order to take into account seasonal and monthly variations of heating
demand, a typical commercial building's heat load characteristics had to be
described so that monthly variations in heat load requirements could be
determined. The typical commercial building chosen here is a weighted average
of the size of the SOM prototypes since the specific types of commercial

ghe TEE represents the electrical equivalent of the sector's total energy
emand.

1

2The total TEE before implementation of solar heating is 50,299 and 47,147

x 100 kWh for 1985 and 1995, respectively (see Section 2.3, Table 2.3-6).
3Reference 3, p. 169.

— e - T -
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" buildings in which solar heating was to be implemented were not specified
[~ in the Alternativé Scenaric report. Its heat load charecpenietiqs”and calculated
heat 1osses shown in the following table were based upon those of the large

office building prototype (Reference 4,5g3.124)}£

voa
.

—_— e e - .
Aa X - — o m

U TABLE 3.6-6___ | e —

AVERAGE COMMERCIAL BUILDING HEAT LOSS
CHARACTERISTICS FOR PNW

(Total Area: 39,500 ft2)
ATTRIBUTE AREA (ft2), U-FACTOR (BtUhéfzféif), Q_(Btu/°F/hr.)_
Walls 16,800 .251 . 4,217
Roof 8,000 .157 A 1,256 o
Floor 8,000 .40 (Btuh/ft) 16,800 |
(160" x 50') ’
-« Windows , 6,700 1.13 7,571
~ Ventilation 10,000 (CFM) 1.008 10,080
- 39,924 Btu/°F/hr. !
E Q (daily) = 958,176 Btu/°F/day

The month]y heat ]oad var1at1ons on the bu11d1ng were then determ1ned ‘ ‘;;
by mu]t1p1y1ng the daily degree-day heat loss Q (daily) by the number of ‘ o
degree days in the month.  The « degree day data represenfed an average for —
the cities of Boise, Seattle, and Port]and as found in the Climatography of
“The United States No. 84 (Table 1, Append1x E). Then, given the monthly 5
solar 1nso]at1on data for the PNW region (Table 2, Append1x E), an —.- “— ‘[zi
hassumed co]]ector size of 50,000 ftz, and monthly variations 1n7c011ector!:h—'”~ ]

l efficiencies, ‘the monthly solar heat supply was determined, (Since the
percentage of of total heat load to be supplied by solar was not specified

. 70% was assumed from which the size 50,000 ft2 was derived.) With this !;
é information, the monthly deficit (or surplus) from which an annual useful

[ Y S Y

‘héat” supp1y can be derived could be determined. These data and éelcdiatfdne :
are given in Appendix E,\ngje 3.

- - i v ————————

Jo— - ‘—ﬁﬁ o Ca fpr.- N A |
: ]"App11cat1on of New Energy Analysis to Cons umer Techno]og1es," Appendix G, l
..l Development Sciences Inc.,“E. Sandwich, Mass. | o e
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3.6.2.2 Capital Costs of Implementing Solar Heating Systems in the
Commercial Sector

R

At this point, the amount of useful heat that can be supp]ied by 50,000 ft2 ;
of solar collectors into a typical commercial building has been determined. ~ ~
This amount of heat supplied per building divided into the total commercial
sector heating requirement yields the number of buildings and hence the
total area of solar collectors required. Given unit costs ($/ft2) for total
installed solar heating systems,]‘the total sector cost can then be determined.

These figures are shown in the following table.
TABLE 3.6-7 ‘ —
PNW COMMERCIAL.SECTOR SOLAR COLLECTOR REQUIREMENTS
| L RS 1985 1995
Total Sector Heat Requirement (x 109 Btu) 689.9 3549.3
Useable Solar Heat Per Building ( 109 Btu) 3.37 3.37
# Buildings 204.7 1053.2
# ft2/Collector (x 106ft2) 10.23 52.66 o
[50,000 gtz/bui1ding]
Cost (x 10 1976$)? _ 204.6 841.0
3.6.2.§; Cost Stream for Solar Heating Systems in the Commercial Sector

Thé_éﬁst stream consists of the annua]vcosts of capital plus the annual

maintenance costs for each year in the period 1976-1995. The implementation t

rate was assumed to be uniform for each of the periods 1976-1985 and 1986~
1995, and the capital costs thus obtained were assumed to be financed atca

~real interest rate of 7% for 5 years. .

The annual maintenance costs were assumed to be $100 per building ' ,7|
throughout the entire period. Given that the number of buildings that
implement the solar heating systems each year is 20.47/yr from 1976-1985 \
and 84.25/yr from 1986-1995 (based on the total number of buildings in -!"
Table 3.6-3), the annual maintenance costs are given by the following F“ ‘
expressions: |

1976-1985: $100 (20.47) (t-1975)
1986-1995: $100 (84.85) (t-1985) + 20,470

]National average costs for installed systems are approximately $20/ft2.
i(References 20¥and 6.) Installed costs beyond 1985 were assumed to be
$15/ft2 due to mass jproduction cost reductions. The total system
cost, expressed in dollars per square foot of collector, includes
costs of collectors, fluid loops, storage, controls, structure, and

\

|

|

j installation labor: (
i 3-67
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Note that the supplementary electric resistance heating costs incurred
because of the 30% deficit have already been_accountgg_fgr~yy‘yjytqp_giﬁjf»ﬁ_

the fact that only the amount of electricity cost savings actually due to

the implementation of the solar systems will be subtracted from the total
sector costs. Hence the deficit is in effect charged at the rate of the
current year's electricity price in each year. The size of the supplementary
electric heating system was assumed to be the same aé for the conventional
system and therefore cancels out in the two scenarios.

The cost savings due to the reduction in electricity consumption
occurred at the same rate at which the solar systems were implemented,
namely uniformly. Based on the electricity savings shown in :

Section 3.6.2, the expressions gaverning these annual savings are:

1976-1985: $21.28 (t-1975) P, (t) x 100
1986-1995: $108.57 (t-1985) P, (t) x 10°

where Pe(t) is the price of electricity in year t expressed in $/kWhe.

3.6.2.4 Results of Economic Analysis of Solar Heating for the Commercial
Sector

The cost and savings streams that result from the imp]ementation of

~ solar heating systems in the commercial sector are shown in Table 3.6-8.

The net cost of implementing solar heating systems is more than half a
billion dollars. However, it should be noted that the implementation
of this conservation measure does not occur in isolation from all the other
measures but rather in conjunc¢tion with them. In particular,| the cost savings
are those associated with the relatively inexpensive price of electricity for
the Alternative Scenario as a whole, and therefore the'savings would, of cqurse,“
be much higher if the solar heating systems were implemented first or in
the context of the Power Plant Scenario. It must nevertheless be concluded
that solar heating is not cost-effective within the context of the Alternative
Scenario taken as a whole for the 20-year period of interest. Furthermore,
given the fact that of the total energy savings in 1995 of 20.8 x 109 kWhe
the solar energy savings is 1.085 x 109 kwhe, or approximately 5% of the
total, it does not seem worth the expenditure of over half a billion dollars
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TABLE 3.6-8
COST AND SAVINGS STREAM ASSOCIATED WITH IMPLEMENTING

SOLAR HEATING SYSTEMS
1976-1995

(1976 Dollars x 1077)

Year Costs Savings Net Cost
1976 0.26 0.03 0.23
1977 0.52 0.07 0.45
1978 0.78 0.10 0.68
1979 1.04 0.14 0.90
1980 1.30 0.18 1.12
1981 1.56 0.22 1.34
1982 1.82 0.27 1.56
1983 2.08 0.31 1.77
1984 2.35 0.35 1.99
1985 2.61 0.39 2.21
1986 3.16 0.20 2.96
1987 3.71 0.39 3.31
1988 4.26 0.59 3.67
1989 4.81 0.79 4.02
1990 5.36 0.99 4,37
1991 5.91 1.19 4,72
1992 6.46 1.39 5.07
1993 7.01 1.59 5.42
1994 7.56 1.80 5.76
1995 8.11 2.00 ~6.11
- - : ; e TOTAL $576.6 x 10E

to achieve this marginal savings when there are less expensive alternatives
available. Of course, if the unit costs of solar heating systems can be
further reduced, or collection efficiencies significantly increased, then
this assessment could change.

P - —— ™ ——— ot

o 3 6.3 Commerc1a] Sector TES Requirements

The determination of the cost of implementing total energy systems
. (TES) proceeds in a similar manner to that of the solar heating cost calcu- ﬂ

': lation. F1rst a candidate TES must be selected since it .is not Specified in tﬁggtl_*
L% iAlternative Scenario report. Among the var1ous types which are currently under ,-aJ

consideration for the near-term are e the e diesell, MIUS 1 qas. gas-fired internal
" combustion engine MIUS, coa] MIUS, organic waste MIUS “and fuel cells.

~ - — o — —-— ——————— " R
___. I e e— — =~ ~ - SR

]Modular Integrated Utility System.

W
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The latter was chosen as the candidate system for purposes of this exercise.

The reason for this is that fuel cells possess characteristics which are
particularly suitable for integration with commercial buildings: quiet
operation, low environmental emissions, high availability, modularity,
and cycling f]exibﬂity.m The specifications for the particular fuel
cell TES employed in the analysis aregz}

e |Rating - 40 kw' T

o _E_ﬁflgm_,:‘,ﬁﬂ%_(_l)art-]oad)‘ o

o {Availability factor - 96%]
o {Water required - None |
o {Fuel - pipeline quality_gas |
[ The 40 kW \fue1 cell TES, a first generation system, is expected to be
commercially available by 1980 according to one manui’actu\r‘er‘{-31

e —

3.6.3.1 Sizing the Fuel Cell TES for a Typical Commercial Building

Following the method utilized in the solar heating requirement calcula-
tion, a typical commercial building was used as the basic unit for
determining the amount of installed capacity required. The typical building -.

chosen here was based on the SOM prototype large office building (Reference 4,..
pp. 124-125). The annual total electrical requirement for this all-electric
building was given as 4,235,000 kWh per year. The portion of this electrical
requirement used for heating was based on the Alternative Scenario average |
percentage of 49.2 multiplied by a 95% delivery efficiency or 1.979 x 106

kWh heat load. This leaves a purely non-heating electric requirement of

2.151 x 106 kWh, or a ratio of about .9 for thermal to electrical load.

This ratio falls within the wide range of .5 to 4.0 usually cited for office
buildings.

e S T e——

The fuel cell requirement for this typical commerc1a1 building is
determined by assuming the fuel cell will be capable of meeting the peak
demand for electricity incurred by that building at any t1me of the year,

—_——— — e —e

]See "National Benefits Associated with Commerc1a1 App11cat1on of Fuel
Cell Powerp]ants,“ United Technologies Corp. Power Systems Division,
February 1976

2~Ib1d 147
@nnd., p. 49.]
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This assumption is implicit in the/Alternative Scenar{o requirement that 100%

|

of the electrical load be met by the total energy system. The peak demand
can be determined from the data concerning non-heating electrical demand

provided in Table 40 of Reference 3. .Thé .peak.to average ratio”that results
is 2.54 as shown 'in Table 3.6-2 below,

_TABLE 3.6-9 |
COMMERCIAL SECTOR: PEAK USAGE FOR NON-HEATING ELECTRICAL CONSUMPTION

\57

Relative
" ' Consumption (%) Component of
End-Use Service Peak to Averagel (1985-1995) Peak to Average
Lighting 3.37 51.1 1.72
Cooling 1.87 25.5 .48
Mechanical . 1.68 - 15.7 .26 .
Other - 1.00 - 1.7 .08 ’
100.0 2.54

The maximum hourly demand for power that occurs at the time of the
system peak (during winter) is calculated as follows:

Annual Non-Heating Demand x Peak to Average Ratio
8760

Peak Demand =

2.151 x 10 x 2.54
8760

632.8 kW:‘Peak Demand

& 245. 6[kw Average Demand

The total number of 40 kw  fuel cells required to meet this max1mum3

demand = 15.6, which may be broken down as follows:

15 40 kW cells
plus '1 25 kW cell

for a total capacity of 625 ki, (with 1.2 kWg reserve).

1Reference 3, Table 40.C. -

__.Calculated from data in Reference 3, Table 41.
3Determmmg the number of fuel cells requ1red based on meeting th]s peak

maximum demand will not result in the most economic number due to the '
amount of idle capacity that remains in off-peak periods. T
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Given this peak demand, which is assumed to occur during the month of

December (since this month is one of the coldest months and has the

shortest daylight hours which accounts for the high Tighting peak to

average ratio), the power demands for the remaining months must be determined
such that the integrated power demand over the year equals the total non-

heat1ng electrical consumption for the building in that year. Since month]y

" power demands were not given in the[A]ternat1ve Scenario reﬁBszma demand. prof1]e
was constructed to serve this purpose, shown in Figure 3.6-2..

v /'4‘ '3__1‘
{{{2“ = —
< té} . 623.8 kW,

e . . 600 —
_’__ 7

I's
! 400 — 400 kW,
' DEMAND
1 (kWg)
200 169.2 kW, : 169.2 kW,
7

- l 1 1 T 1 [ T T T 1 \
- July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June
]

g —————

R

—‘ Assumed profile, based on known average demand and demand at system peak.-
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‘Having determined the monthly demands .for electricity (other than
for heating), the recoverable waste heat output associaggd with these
demands can be determined. Since the electrical conversion efficiency of

the fuel cell is 40%, then 60% of the input energy in theffuel ultimately
becomes a waste heat. Assuming a thermal recovery efficiency of 70% for thlS/{

heat. The ratio of electrical to thermal conversion efficiency is thus

waste heat, then 42% of the input energy in the fuel is recovered as useful &<;

40:42 or 1.01:1.05, i.e., every kWh, also results in 1.05 kWh,. Hence, the 5f,

monthly demands for electricity are multiplied by the factor 1.05 to

determine the amount of useful heat recovered. This calculation yields (N E
the monthly supply of thermal energy (as well as electrical energy) from the <j*

fuel cell, shown in columns 2 and 3 of Table 3.6-10,

[TABLE 3.6-10]

MONTHLY THERMAL SUPPLY AND DEMAND FOR AN :
\ AVERAGE COMMERCIAL BUILDING WITH .A FUEL CELL TEST

Recoverable Supplemental
Thermal Heat Heat
kWe Output Load Requirements

Month Demand _(x103KkWh)__. (x103kWh) _(x103kwh)__
January 400 307 350.3 43.3
February 169.2 130 264.3 134.3
March 169.2 130 258.4 128.4  ~
April 169.2 130 o 175.0 5.0
May 169.2 130 101.0 - g
June 169.2 130 45.4 -
July 169.2 130 13.6 - ”
August . 169.2 130 16.3 - .
September 169.2 130 48.1 -
October 169.2 130 141.6 11.6
November 400 / 307 245.5 -
December 623.8 478 _318.8 -

1979.0 362.6 (18.9%)




~ The monthly thermal loads of the typical commercial building were
determined by allocating the annual thermal load of 1.979 x 106 kWh
according to the percentage of annual degree-days occurring in each month
(these percentages are the same as those occurring for the commercial
building in the solar heating calculation). The monthly thermal demand.
and supplemental heat requirements are also shown in Table 3.6-10.

Table 3.6-10"shows’ that as well.as béing able.to meet.100% of the
annual electric power demand (the sizing requirement), the waste:.heat
from the fuel cell is capable of providing 81.1% of the annual heating
demands. The supplemental heat required could either be made up through a
backup gas-fired furnace or perhaps by operating the fuel cell at a
slightly higher capacity and utilizing the excess electricity for electric
resistance heating. It was decided to test this latter option by
determining whether there was sufficient fuel cell capacity to provide the
supplemental heat requirement for the worst month, namely, February.

The total heat load for the month of February is 264.3 x 103 kiWh
(see Table 3.6-2). The electrical load for that month is 169.2 kg x 730
“hours = 123.5 x 103. The total energy required in that month is therefore
387.8 x 103 kWh. Since the installed capacity of the fuel cell total
energy system is 625 KWg, it is capable of providing 456.2 x 103 kWhe and
479.1 x 103 kWhi at maximum output (see the month of December,ifofaékample, in Table
3.6-2), for a total of 935.3 x 103 kWh. This is more than sufficient to
meet the 1oad.for the month with the worst deficit. Thus it will be
assumed that with the addition of an electric resistance heating element,
similar to that found in a conventional electric furnace, the fuel cell
total energy system is capable of providing 100% of the energy requirements
of the commercial building.

3.6.3.2 Capital Costs of Implementing Fuel Cell TES in the CémmercidallSector

Having determined the installed capacity of fuel cells required to
‘meet the total energy needs of a typical commercial building, the total
{(capital costs of installing such a éyéfém must now be determined. Then,
after determining the number of such buildings required to yield the total
sector's reduction in the central station electricity requirements in
. 1985 and 1995, the total sector cost of implementing these systems can
X \$¢&¢wbe determined.



The costs of each component and of the system as a whole are shown
in Table 3.6-11. The installed unit costs of both fuel cell sizes were
$277/kwe and $200/}<we in 1980 and 1986,-respective1y, as given .in Reference 9 !
(high- and low-range estimates). The fuel cell thermal system cost was also
given in Reference 9. The resistive heat element cost is an estimate
based on the cost of the materials involved, and the equipment cost @
for"the alternative conventional system was found in Reference 2 and
scaled upward to meet the maximum hourly demand of approximately 1.6 MMBtu/hr i,
(month of January). Given the quantity of each component required,

- --",

the cost of the total system whén installed in each of the two time pefiods ’

was found to be $219,025 and $170,900, respectively. Subtracting the
capital cost of the alternative conventional system of $12,700 produces a
delta capital cost of $206,325 and $158,200. These amounts were assumed
to be financed over 10 years at a 5% real interest ra}e.

b

TABLE 3.6-11
FUEL CELL CAPITAL COST PER BUILDING

_(1976%)
: i ! : Buildin ’
- , : Unit Costs Total Cost Per Bui g .
// Component 1980-1985 1986-1995 Quantity 1980-1985 ]986-1995_
46 kW Fuel Cell 11,080 8,000 15 166,200 120,000
25 kW Fuel Cell 6,925 5,000 1 6,925 5,000
A Eue] Cell Thermal System 2,850 2,850 16 45,600 45,600
(including Heat Exchangers)
Resistive Heat Element , 300 300 1 300 . 300
(including Controls) Total  $219,025 $170,900
Alternative Conventiopal ’ ) ) \
Electric Furnace CostB 12,700 12,700
(1"Sta]]Ed) A = $206,325 $158,200

]Based 6n data supplied in "National Benefits Associated.with Commercial Applications of Fuel Cell Power-»‘
plants,"” United Technologies Corp., Power Systems Division, Feb., 1976, pp.38-49. . N

2Bui‘lding Construction Cost Data, 35th Edition, p. 205. Cost scaled for a 1.6 MMBtu unit. \\>




In order to determine the total sector costs of imp]ementingifuel cell

TES, the number of buildings that would have them installed had to be
determined. As was mentioned previously, since the Alternativé Scenario

report did not specify in which types of commercial buildingsstheyTES:would be
installed, the typical commercial building assumed here had to be ut111zed
Hav1ng already determined that each building is provided 4.235 x 10 kWh of

total energy per year by the fuel cell TES, it was only necessary to
determine the total sector savings from the TES in order to finally

determine the number of buildings required.

sector savings is shown in Table 3.6-12%below.

[TABLE 3.6-12)

The calculation of the total

COMMERCIAL SECTOR ELECTRICITY SAVINGS FROM TES

_ - 1985 1995
Implementation 2% 10%
TEE Saved (x 10° kih) 1006 4710
Saturation .423 .461
Electricity Saved (x 10° kun) 425.5 2171.3

Based on the amount of energy provided by a fuel cell TES as stated
above, 100 5 and 512.7 typical commercial buildings would be required to
1mp1ement them in 1985 and 1995, respect1ve1y (the fractional bu11d1ngs

“summarized in Table 3.6-13: be]ow*

‘TABLE 3.6t1§J

CAPITAL COST STREAM FOR IMPLEMENTING FUEL CELL TES

' imply buildings having that same fractional energy load of the typical building
_ assumed here). Assuming a linear implementation schedule, this results in 20.1
._“;and 41.22 buildings per year for the two periods of interest.

Results are

% . 1981-1985 1986-1995

| # Buildings Per Year 20.1 ;.22
Cost Per Building (x 108 $) 0.206 0.158
Cost Per Year (x 108 $) 4,14 6.51

(Financed at a real interest rate of 5% for 10 years)

(’““"“’\
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3.6.3.3 Operating Costs for Implementing Fuel Cells?in the Commercial Sectofiiﬂl

The operating costs for a fuel cell TES consist of fuel costs, and L
operating and maintenance (08M) costs for the total system. The annual input
fuel requirement is determined by dividing the annual output of electrical
energy (thermal output is the waste'heat by-product of this electrical
energy) by the electrical conversion efficiency.

The annual output of electrical energy is the sum of the non-heating
electrical demand of 2.151 x 106 kWhe and the supplemental heating demand
of .363 x 10% Kilh, which equals 2.514 x 10° kiih,. Dividing this total
electrical output by the 40% conversion efficiency yields an input fuel
requirement of 6.285 x 106 kWht or 21.44 x 109 Btu's. This is provided by
natural gas.

The price of natural gas was based on FPC Opinion 770, whichxincludes
_4¢ per year increase in price. With a 1976 year-end price of $1.43 per MMBtu,
the price at the beginning of 1980 would be $1.55 per MMBtu. Thus the T
equation for the price utilized here is:

Price (t-1980) = 1.55 + .04 (t-1980). ) ,
o ——— e e i e N, TN T iee

" " The annual total fuel cost is thus 33.23 + .86 (t-1980) thousand %’

do]]ars o .

The 0&M costs are based on the value of.1 11 m11]s/kwh (1976$) glven o :
AT 1n’Reference 9, P, 39, for a 1arge'sca1e intermediate 1oad type p]ant

e s g 6 R = T

Based on an output of 2.514 x 10 kWh s this results in a cost of $2790/year

Adding this to the fuel cost resu]ts in a total operating cost of
36.02 + .86 (t-1980) thousand dollars per year per building., Thiszoperating
cost per building must be multiplied by the number of buildings in which
fuel cell TES have been implemented for each year of the period of interest.

3.6.3.4 Results of Economic Analysis

The fuel cell TES cost and savings stream in constant 1976 dollars
from 1976-1995 is shown in Figure 3.6-:3. The cost savings stream was
|

determined by multiplying the annual energy savings by the price of e]ectr1c1ty

{._, in that year, The annual energy savings are d1rec£ﬁy related to the ~ . i+ . \\ 3
. ' |

“number of bu1]d1ngs in which the fuel cell TES has been 1mp1emented ‘.




Figure 376-3

COST AND SAVINGS STREAM ASSOCIATED WITH IMPLEMENTATION
OF FUEL CELL TES IN THE COMMERCIAL SECTOR
1976-1995

(1976 Dollars x 10'8)

Year Costs Savings Net Costs

1976 0.000 0.000 0.000

1977 0.000 0.000 0.000

1978 0.000 0.000 0.000

1979 0.000 0.000 0.000

1980 0.000 0.000 0.000

1981 0.013 0.015 -0.002

1982 0.026 0.030 -0.005

1983 0.039 0.047 -0.008

1984 0.053 0.063 -0.010

1985 0.067 10.079 -0.012

1986 0.098 0.040 0.053

1987 0.120 0.079 0.041

1988 0.147 0.118 0.029 | .

1989 0.176 0.158 0.018

1990 0.205 0.198 0.007

1991 0.229 0.238 -0.009

1992 0.254 0.278 -0.024

1993 0.280 0.318 -0.029

1994 0.306 0.359 -0.053

1995 0.334 ©0.400 -0.066
| NET TOTAL = -7.9 x 10° (net savings)|




The net savings over the 20-year,period.is $7.9:million.. Therefore, the

_fuel cell TES.is a-cost-effective conservation measure even at the
relatively low electricity prices of the Alternative Scenario. - Hence,
"it is 1ikely that such a system would be . implemented,”.and that the greater

the magnitude .of implementation, thefgreater the magnitude of ‘cost savings
that would..accrue to the commercial sector? = - '

vy — —

3;6.4 Results and Conclusions for the Commercial Sector Cost Anaqysis

The cost stream that results from the full implementation of NRDC's
conservation measures (both passive and active) in the commercial sector
is compared with the Power Plant cost stream in Table 3.6—1ﬂ%be]owi

[TABLE 3.6-14 |

COMPARISON OF ALTERNATIVE SCENARIO VS. POWER>PLANTSSCENARIO
COST STREAMS FOR THE COMMERCIAL SECTOR 1976-1995

(1976 Dollars x 107°)
1:\,-."“ !‘)
Alternative Power. Plant.
o Scenario Scenario
Year: r Costs Costs
1976 0.334 0.314
1977. 0.341 0.334
1978 0.348 0.354
1979 0.366 0.393
1980 0.383 0.441
1981 0.392 0.469
1982 0.4 0.507
1983 0.430 0.578
1984 0.438 0.602
1985 0.448 0.657
1986 0.478 0.717
1987 0.473 0.785
1988 0.477 0.842
1989 0.48% 0.896
1990 0,485 0.974
- 1991 0.488 1,030
1992 0.492 1.091
1993 0.496 - 1.160
1994 0.499 1.223
1995 0.503 1.287
| TOTAL = $8.76 x 109 TOTAL = $14.65 x 109
S U




Thus, a substantial cost savings of 5.89 billion dollars in real dollars
(not present-valued) is realized in the Alternative Scenario for the
commercial sector. This accounts for nearly half (49.5%) of the total

cost savings in the Alternative Scenario for the residential and commercial
sectors. Similarly, the energy savings in 1995 for the commercial sector

of 20.8 billion kWhe is a1§o approximately half of the total savings of

41.9 billion kWhe in 1995 for both sectors combined. This results despite
the fact that the starting point for conservation in the commercial sector,
i.e., the energy consumption before conservation in the Alternative Scenario,
is considerably less than the starting point for conservation in the

residential sector, 39.3 and 71.8 billiion kwhe, respectively.
———— - - AN .
Another measure of the cost-effectiveness of conservation in the

" Alternative Scenario is the average cost of conservation expressed as cents
per kWhe saved. This measure can be quantified by dividing the total incremental
capital and operating costs associated with the conservation technology
(not including electric energy costs) by the total savings over the 20-
year period. The total capital and operating costs were 1.8 bi]]ionEEﬁ]ars,
while the total savings were approximately 190.4 billion kWhe, which
results in a price for conservation of approximately 1¢/kWhe saved. This
20-year average cost is cheaper than the 1976 price of .electricity of
1.62¢/kWhe (produced) from which both scenarios begin and, therefore,
conservation is generally cost-effective in both scenarios. Indeed the
weighted average price of electricity delivered to the commercial sector
over the 20-year period in the Power Plant Scenario is 2.20¢/kWh |
(as compared with 2.19¢/kWh for residential sector), more than a factor of
two greater than the unit cost of conservation inthis sector. The weighted
average price in the Alternative Scenario is 1.78¢/kWh which is still greater
than the unit cost of conservation. It must be recognized, however, that the

f
“

incentive for the consumer to conserve at any point in time is

always greater in the Power Plant Scenario than in the Alternative Scenario,
and becomes progressively more so as the price of electricity rises. In
summary, conservation is generally economical to implement both in'gross

basis in the commercial sector,

economic terms and on a per unit cost_
even at the relatively low electricity prices of the Alternative Scenario.
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3.7 SUMMARY RESULTS OF THE ECONOMIC ANALYSIJ T e

%Th1s sect1on ‘summarizes the results of the economic analysis of the
resf&entia] and commercial sectors in the Power Plant and Alternative
Scenarios. Additionally, the cost of -energy conservation and the cost
of increased electricity supply within the Alternative Scenario itself
are compared. These comparisons must be viewed in the following context:

The: account1ng procedures for energy consumption,
energy savings and related costs of supply and conservation

are truncated in the year 1995, _consistent with the
f ~20-year period of i 1nterest in the study. 3,.

T U —————

[b- [b. The|costs in the Alternative Scemario reflect both the ¢
~ conservation cost as well as energy costs. In the
Power Plant Scenario only the energy costs are shown with
capital cost effects (relating to use of conventional
equipment) accounted for through considering only
incremental costs in the Alternative Scenario.

fei fﬁE}average price of electricity in thetAlternative
Scenario is derived on the assumption that all of the
NRDC recommendations are implemented, i.e., inclusive

of those in manufacturing and agricultural :Sectors.

d>__Costs]in the manufacturing and agricultural Sectors have
not been considered for reasons cited earlier.

l TheiZd-xggn_costs“jn the residential and commercial sectors acrossg;_j
scenarios are shown in Table 3.7z1. The cost in the Power Plant Scenario for
the combined sectors is $41.2 billion compared to $29.3 billion in the

" Alternative Scenario. It is interesting to note that the energy cost in the
latter is only about half that in the former. This is the net effect
of the inherently lower energy dema?d in the Alternative Scenario and the

Tower average blended price of electricity as a consequence of the much
smaller inventory of new thermal generation in the scenario.

The average unit cost of conservation in the residential sector of
the Alternative Scenario is 2.64¢/kWh, which is much higher than the cost
of 0.92¢/kWh in the commercial sector. This is a result of two factors:




"TABLE 3.7-1
LﬁfﬁTPARISON OF TOTAL TWENTY-YEAR COSTS (1976$)

BETWEEN THE POWER PLANT AND ALTERNATIVE SCENARIO%J

POWER PLANT SCENARIO ALTERNATIVE SCENARIO

Average Average Unit Average A

Energy Total Electricity Energy Censervaticn Cost of Energy Energy Electricity Tote]

Sector Consumption Cost Price Conserved Cost Corservation Consumption Cost . Price Cost?
(10° wa) (10%) (¢/K4n) (10° ) (1) {e/w5r) a0’ ) (10%) (¢/ke) (10%)

Residential 1207 26.5 2.19 254 . 5.7 2.64 773 13.8 1.78 20.5
Cormercial 666 14.7 2.20 199 1.8 0.92 393 7.0 i.78 8.8

'
mhined .

compine ., 1873 41.2 2.20 444 8.5 1.50 1166 20.8 1.78 29.3
(23%) {(71%) (1602)

e ——
-+ —— et e s

1Incremsnta'l Capital, O#M and Feplacement Costs for Conservation Eauipment.

2(Zonservation Cost pluc Energy Cost.

Thehigh marginal cost (¢/kWh) of conservation with the
active measures which, because of being implemented over and
above the passive measures, result in little additional
energy savings. A1l of the four active measures in the
residential sector were found to be cost ineffective as is
shown in Table 3.7-2. In the commercial sector, only-

two active measures were considered in the Alternative
Scenario and of these, one”(i.e., total energy systems)

was found to be cost effective.

The high turnover rate of all appliances over the 20eyear |
period resulting in high capital expenditure for the consumers,
but with relatively small energy savings overall because of

the significant increase in energy consumption in the
"Miscellaneous" appliance category. The commercial sector has
no appliance category.: ’

The high average unit conservation cost in the residential sector of
the ATternative Scenario (2.94¢/kWh) relative to the cost of electricity
supply in the Power Plant Scenario (2.19¢/kWh) must not be interpreted to

mean that implementation of conservation is not cost effective in this sector.

Cost effectiveness must be determined on the basis of cost equivalence
relative to comparable amounts of energy savings and supply. As is clearly

evident from Table 3.7-1 and from earlier discussions, the two scenarios are

widely different with regard to their energy projectiohs and therefore
not amenable to this type of comparison.
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TABLE 3.7-2

NET BENEFITS! OF ACTIVE CONSERVATION MEASURES
IN ALTERNATIVE SCENARIO (1976-1995)

(10° 1976%)

Sector
Active Measure Residential Commercial
Heat Pump -31.8 N.A.
Solar Space Heating -183.7 -576.6
Solar Water Heating -577.7 N.A.
Total Energy System (Fuel Cell) -98.0 +7.,9

S

]A negative net benefit is a net cost (cost minus benefit).

A comparison of this nature can, however, be made within the Alternative

Scenario by sector, by comparing the incremental cost of conservation
and the cost of electricity supply equivalent to the amount of energy

conserved.

involved in the before and after conservation cases.

While energy consumption:costs areinot included in this
comparison, it is nevertheless informative to contrast the capital expenditures

The comparison of costs by sector within the Alternative Scenario is

" shown in Table 3.7-3.

From a capital cost viewpoint, the expenditure *

for conservation in the residential sector is about 22% higher than the
corresponding cost for supplying electricity if the conservation measures

were not implemented.

This difference is reduced to 13% when the high

cost active conservation measures are excluded, since their contribution to

electricity savings is quite small.

The reason for the cost of conservation

being higher even after excluding the active measures results from the
appliance category impact discussed previously.

In the commercial sector, the cost of conservation is significantly

lower than the cost of equivalent supply, even though the savings in this

sector are comparable to that in the residential sector.

Consequently, the

total cost of conservation in the combined sectors is 11% lower than the

cost of providing electricity equivalent to the total amount of energy

conserved.
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| TABLE 3.7<3

HYPOTHETICAL COMPARISON OF THE INCREMENTAL COSTS OF CONSERVATION
AND THE COST OF EQUIVALENT ELECTRICITY SUPPLY IN THE RESIDENTIAL
AND COMMERCIAL SECTORS OF ALTERNATIVE SCENARIO, 7976 1995

- (in 1976 Dollars)

Cost of Electricity Supply
Equivalent to Energy Conserved
) Estimated
Sector Incremental Cost of Conservation 1 3 Fuel Total
(109%) Capacity Required Plans Cost T&D Cgsts® & O0&M Costs CosB
(MW) (10%) (10%%)- (10%) (107$)
Residential With Active Measures . 6.68 3961 2.82 0.20 2.46 5.48
(Without Active Measures: 5.42) (3475) (2.48) (0.17) (2.16) (4.81)
- Commercial With Active Measures : 1.76 31N 2.26 : 0.16 2.00 4.42
r Lﬁ‘ ,
: Ca’lc>u1ated on the basis of 1995 electrical energy savings and assumed load factor of 0.75. '
$713/kw average through 1995. /
3Assumed 7% of plant cost. . (
. -
5

If a marg1na1 pricing “scheme were implemented for electricity generated
by new thermal plants, benefit/cost ratios of the Alternative Scenario active
measures would be improved if implemented by individuals paying marginal
electricity costs. In this study, E]ended electricity pricing was assumed
throughout in accordance with current practice. In any evenf, in the
context of the Alternative Scenario, there would be few opportunities for -
marginal pricing, since few new power plants are required (even without

implementation of the active measures).




4.0 INSTITUTIONAL IMPACT

4.1 INTRODUCTION

This section presents an evaluation of the institutional barriers which might
inhibit or slow implementation of the initiatives postulated in the Alternative
Scenario. The emphasis is directed to the Alternative Scenario in accordance thh‘.
the objectives of the study defined in Section 1.3. Significant institutional 'A a
problems are also associated with implementation of the Power Plant Scenario,
particularly the well-publicized delays currently being experienced-by utilities
in attempting to obtain licenses to construct andoperate new thermal plants.

Particular attention is given to the impact of the Alternative Scenario
recommendation that would lead to phasedown of the regional aluminum industry.
As stated in Reference 3, the recommendation is that BPA renew power supply
contracts to aluminum plants only for those plants that are less than 35 years
old when their current contracts expire. By this criterion, eight of the
ten primary aluminum plants in the PNW would no longer be supplied power by
1995, and it is assumed that this block of power would be available to the
rest of the regional consumers. Although it is noted in Reference 3 that
the Alternative Scenario projects a power surplus by 1995 of 4,092 megawatts
which would be sufficient to continue power service to all aluminum plants,

1 it is recommended‘that this surplus be used instead as a contingency. Conse-

“quently, the analysis presented here considers the impact of the implementation
.ll

of the aluminum phasedown recommendation.

In the manufacturing sector, the Alternative Scenario modifies the

employment mix between industries primarily to offset™the direct loss in
employment in the primary aluminum subsector. The basic BPA employment

mix projections, as well as the Alternative Scenario modifications, are examined-
by comparison to national average projections for the various subsectors.

The induced or ripple effects of these changes in employment mix, especially

in service areas outside the manufacturing sector, are analyzed. Disruptive
direct impacts on local communities are considered, in addition to the

indirect effects on the entire region. A significant regional perturbation

to a major industry such as primary aluminum will also have national impacts,
and these are considered in the context of options available to the‘industry

if the A]ternative Scenario recommendation we[g_i@plemented.

- el ———

e =

]There exists the possibility, regardless whether Alternative Scenario. A
i recommendations are implemented, that BPA may not have access to suff1c1ent »
generating capacity in the 1980's to meet the total power needs of its .
preference customers as well as the aluminum industry.
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The second major institutional problem analyzed concerns barriers that
would affect implementation of conservation measures in the residential
and commercial sectors.

Finally, considerations of capital requirements in both the Power
Plant and Alternative Scenarios are evaluated.

4.2 ASSESSMENT OF REGIONAL IMPACT OF ALTERNATIVE SCENARIO

This section presents an analysis of the manufacturing sector employment
data as shown in Table 4,2-1 (Reference 3, p. 66).

4.2.1 Assessment of the Employment Projections

The thrust of this assessment is directed toward the Alternative Scenario
employment projections, with the BPA projections used as the point of reference.
However, it is relevant to consider the accuracy of the baseline (BPA) employ-
ment projections as well, particularly if energy demand projections were based on
total employment projections, thus using employment as a surrogate for demand. |
Analyses of regional population trends, which are related to total employment
projections, are currently beihg conducted in other studies and were not included
in the scope of this study.

As a means to the end of maintaining the growth rate in manufacturing
employment projected by BPA while reducing the corresponding growth rate
in energy demand, the Alternative Scenario pos1ts its own employment
projections across 16 manufacturing subsectors. By and large, these [
employment projections consist of BPA projections altered to favor employment
in less energy-intensive industries at the expense of employment in energy-
intensive industries. In the end, the Alternative Scenario approximates the
total regional employment figures found in the BPA projections while reducing
the corresponding electricity demand drastically. The proposed growth rates
will be examined in light of locational determinants in relevant subsectors,
existing regional manufacturing mix, and historical regional and national
growth trends

‘ 4 2 1 1 Subsector 2, Text11es and Appare]

The A]ternat1ve Scenar1o posits emp]oyment growth in this subsector of
24% by 1985 and 21% by 1995 relative to BPA rates of 21% and 15%, respectively.

Nat1ona11y, the OBERS] projections show an 1n1t1a1 emp]oyment 1ncrease 1n

]Off1ce of Business Economics and Economic Research Service projections prepared
for the U.S. Water Resources Council by the U,S. Dept. of Commerce, Social and
Economic Statistics Administration, Bureau of Economic Analysis, Régiona]
Economics Division and the U.S. Dept. of Agriculture, Economic Research Service,
Natural Resources Economics Division.
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TABLE 4.2-1
MANUFACTURING SECTOR~-EMPLOYMENT (THOUSANDS OF PERSONS)]

- ' 1975 g 155 j
- <0 RATIG RATI) | _mno g
. | sussector S (% SCENARIO/ SCENARTC/ $CENARTO/
NUMBER SUBSECTOR NAME SCENARIO |  BPA BPA SCENARIO BPA BPA SCENARIO | BPA oA, ||
1 Food & Kindred Products 69.2 69.2 1.000 75,320 751 | 1003 [ 80.560 79.7 on
2 Textiles & Apparel “ﬁé{)lﬁ?ﬁ | Y. 13.5 | 1.co0 16.880 w65 | ros s | om0 | 10 | v.0s %
3 Lunber & Wood Products K?l/ Q1356 | 1.6 | teoe [ 132,000 132.9 | 0.993 106.800 | 108.0 | 0931 |]
4 Paper & Allied Products&_ T 28.2 .28.2 1.000 29.690 29.9 | 0.993 29.540 20,1 0.981
5 Printing & Publishing ;BGSE“'7 22,7 22.7 1.000 30.070 29.4 1.023 ' 38.860 36.0 1.030
6 Chemicals & All{ed Products ’]o.é | 10.9- | 1.000 e U s | 0993 15.110 15.4 0.98)
7 Petroleum & Coal Products . 3.0 3.0 1.600 3.653 4.0 | 0.93 4,063 - 8.6 0.£63
8 Stone, Clay & Glass q,,j |7 ome pome |t 13‘7?°Q§ @ 13.8 | 0.993 15700 | 16.0 | 0.03)
. 9 Iron & Steel 8.5 8.5 1,000 10.030 10.1 | .0.993. 0700 | | 109 | 0.98
ol 10 Non-Ferrous, Mon-Aluminum 4.9 4.9 1.000 5.660 5.7 | 0.993 6.183 6.3 c.s81[7)
NESL | primary Aluminun#z_J";i, 14.4 14.4 1.000 14350 17.0 | - 0.844 13.304 18.3 | 0.8l
12 - Fabricated Al uminumii 20.4 20.4 1.000 27.820 27.2 1.023 35.190 . 32.6.‘!}\ 1.080
13 Machinery & Electrical Equipment 48.9 48,9 1.000 70.270 68.7 | 1.023 93,160 86.3 1.620
14 Rerospace Equipment’ &2 526 52.6 1.000 63.490 63.3 | 1.003 72.780 72.0 ron |}
" L Other Transportation Equipment $28.3 28.3 1.000 38,490 | 38.0 1.013 ) 47.570 45,3 " 1.050 ,)'E
" 16 Otker Manufacturing 23.9 23.8 1.000 33,500 33.4 1..003. 43.790 42.5 1.030 ;
, #f. ToTAL 496.3 490.3 1.000 578.400 578.4 | 1.000 623.800 | 623.8 1.000 |
1These data were taken from the Alternative Scenario report, Reference 3. BPA (Reference 101)
e has noted that certain of the employment figures attributed to BPA are in error. 1995 T
RN =

3

zﬁbinly primary smelting of aluminum, but includes some smelting of copper, lead, and zinc

employment in subsector 11 is overstated by 3000 and subsector 7 by 400 which are offset by
understatements of 1100 in subsector 9 and 2100 in subsector 10. '

and rolling, drawing, and extruding of aluminum (Reference 101).
Actua]]x fabricated metal products, mostly non-aluminum (Reference 101),

-y



4 2 ] 2 Subsector 3 Lumber and WOod Products

this subsector of only 2.09% by 1985 fo]]bwed by a decrease of 2,22% by 1995.
Growth rates as high as projected by the Alternative Scenario for the Pacific
Northwest region in this subsector are unlikely for a number of reasons.

* Traditional location theory identifies the primary factors in location of

textiles and apparel plants as low regional wage structure and proximity

to textile producers (Reference 24). Lately, empirical analysis has shown
this trend to be somewhat offset by the negative consumer market implications
of Tow regional wage structures such as low per capita income. In addition,
the positive impact of spatial isolation markets has also resulted in some :
attraction of this industry to the West (Reference 25, p. 193). However,
given the above considerations combined with the attraction of industry to
warm climates (Reference 25, p. 183), the bulk of domestic production in

this subsector occurs in the Southeast (45%), where average hourly wages

fkﬂ($3 40) are considerably lower than those for all manufacturing
combined ($5.15, Reference 24, p. 268). Given low skill levels required of

workers in this subsector, the tendency of the labor force to be female
(81%) providing a second income source in households, and the relatively low
capital requirements for plant construction, the industry appears to be

lrather flexible in selection of a location, Notwithstanding these factors, it
is doubtful that a s1gn1f1cant share of production in this sector will be

drawn to the Pacific Northwest as assumed by both the Alternative Scenario
and BPA

Interest in th1s subsector stems not so much from the disparity in employ-
ment projections as from the general tendency of the projections to run
counter to regional and national trends. The trend toward technological
displacement due to higher productivity/employee can be seen in the OBERS
projections which postulates employment by 1.78% to 1985 and decrease by
2.44% to 1995. In contrast, the Alternative Scenario and BPA project
decreases by 1995 of 21.5% and 20%, respectively. Government economists
project an upswing in demand for lumber and wood products as the residential
construction market recovers and industrial demand expands (Reference 24, p. 36).
Given the fact that this sector accounts for 30,3% of the regional Tabor force
as opposed to 3.2% nationally (Reference 26, pp. 5-44), along with the optimistic

4-4



I e

" region increased 2.0% compared to 1.7% nationally during the period 1966-72)

' 01] p1pe11ne in Alaska and poss1b1e shipment of the crude’ to the- Pac1f1c -

outlook for demand, the regional rates of decrease in employment in this
subsector put forward in both projections seem overstated.

4.2.1.3 Subsector 5, Printing and Publishing

BPA employment expansions for 1975-85 and 1985-95 are 29.52% and 22.45%,
respectively. The Alternative Scenario figures are considerab]y higher at
32.47% and 29.23%, respective]y OBERS national prOJect1ons indicate 1ncreases .
in the magnitude’ of 15,20% and 9. 50%. Given the increasing importance of the B

region as a government center during the 1960‘s (government employment in the,,

and given regional growth in finance, insurance, and real estate (4.3%
regionally to 2.4% nationally for 1966-72), one might project a demand for
printing and publishing that would lead to_growth rates above the national
average. The printing and publishing industry is heavily market-oriented

and the Pacific Northwest offers the additional advantage of proximity to

paper producers. However, the degree to which this industry will grow relative
to national growth is subject to question, The fact that regionally it accounts
for only 4.3% of all manufacturing employment compared with 5.7% nationally
(Reference 24, pp. 5-44) would tend to weaken the argument for inordinate
growth unless the region can expect to capture a share of the national market.
Given the spatial isolation of the Pacific Northwest, this is not expected.

4.2.1.4 Subsector 7, Petroleum and Coal Products

Though the Alternative Scehario understates the BPA estimates for employ- h
ment growth here (28.43% to 33.33% for 1975-85 and 5.45% to 15% for 1985-1995),
it is the degree to which these figures overstate the national OBERS figures
(1.51% for 1975-85 and -3.35% for 1985-1995) that draws attention to . this
subsector. Of the region's manufacturing employment in 1972, only 0.5% was
in petroleum refining as opposed to 1.0% (Reference 24, pp. 5-44) nationally.
Much petroleum refining tends to occur at ports receiving imported crude
oil or in Tocations proximal to domestic crude sources, The completion of the
Northwest ports for réf1n1ng could explain the inordinately high o
growth rates projected in the region. Again, the degree to which regional



employment growth will supersede national growth is open to conjecture.

A spinoff from petroleum refining activity in the region might be a petro-
1

_ chemical complex with by-products that might iqgludersynthetic.textilés, R

resulting in projected increases in that subsector. However, Reference 3
makes no direct mention of the possibility and hence it is assumed the
projections for the two sectors are unrelated (in direct terms).

4.2.1.5 Subsector 9, Iron and Steel

Again, the two estimates are similar (both around +18% for.1975<85.and  _ _

+77% for 1985-1995) while being quite dissimilar to OBERS projections

(-8.24% for 1975-85 and -8.61% for 1985-95 for all primary metals). As

the relative costs and ratios of inputs to iron and steel production have
changed, the locational dynamics have changed also. Earliest sites were in
areas replete with coal and not distant from ports handling iron ore. The
trend now is toward market locations, the primary market for such goods

being the Northeast and Midwest. The Pacific Northwest has definite
disadvantages in terms of transport costs of raw materials due to its location
(though western coal sites and iron ore from mountain states might provide
useful inputs). As the steel industry seeks to expand, one might posit

that its growth might be tied to an expanding regional market for iron

and steel products and an attempt to produce more iron and steel locally

for the regional market. Even in this case, the noted growth rates for employe
ment in the iron and steel industry seem unduly high.

4.2.1:6 Subsector 11, Primary Aluminum

A major employment loss is projected by the Alternative Scenario
(76.98%, 1985-1995) in this subsector as a direct result of the recommendation
that Tong-term electric power contracts not be renewed with the majority of

the region's primary aluminum producers. Implications of this recommendation
- are discussed later, -

1Such an industrial complex was developed in Puerto Rico utilizing crude
0il Z;zm4¥2nezue]an fields. A detailed account may be found in Reference 27,
PpP. -4/4.
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4.2.1.7 Subsector 12, Fabricated Metal Products

The relative Alternative Scenario/BPA rates for 1975-85 and 1985-95
are as follows: 36.3/33.33% and 26.49/19.85%. The OBERS projections are
9.23% and 5.37%, respectively. The overstatement of BPA figures by the
Alternative Scenario is surprising in light of the suggestion that regional
primary aluminum production be cut from 1,755 short tons/year to 568 short
tons/year. At current levels, the Tower production figure is more than
adequate to meet regional demand. However, it is doubtful how the fabricated
aluminum sector would respond to the loss in regional primary output. In
order for the paradoxical primary/fabricated changes to occur, the 77%
reduction in primary output would have to be allocated totally to markets
outside the region with the remaining 23% used for expanded regional markets.
Given existing long-term contracts between primary aluminum producers and
fabricated aluminum producers, this might not be feasible. Also, given the
rise in the price of primary aluminum products that'might occur due to the

" “shutdown of 77% of Pacific Northwest capacity, the rapid expansion of the

regional fabricated aluminum market is unlikely.  Alternatively, the increase
would have to be achieved by the non-aluminum components of this subsector.

It is doubtful that such would occur without many incentives to metal fabricators

to relocate in the region. This projection is questionable.

4.2.1.8 Subsector 13, Machinery and Electrical Equipment

The Alternative Scenario/BPA figures for 1975-85 and 1985-95 are
43.7/40.49% and 32.57/25.62%, respectively, compared to 5.98% and 10.26% for

OBERS. Machinery manufacturing employment accounts for 8,3% of all manufacturing

employment regionally as opposed to 19.5% nationally. The greatest concen-
tration of machinery and electrical equipment manufacturing is currently in the
East North Central region, though the electronics industry has

had substantial growth in the Pacific Northwest, primarily near Seattle.

Such manufacturers are amenable to economies of agglomeration and proximity

to markets, thus favoring the East North Central region. Regional employment
growth at roughly three times the rate of national employment growth in

the subsector would come only at the luring of both established and new
machinery and electrical equipment manufacturers to the region. It is unclear
to what extent the region is a net importer of goods from this sector, and
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it is equally unclear whether one can expect regional manufacturing

to expand to meet all reg1ona] demands desp1te the relative historical 3
weakness of this subsector in the Pacific Northwest. In the absence of a
greatly increased regional demand for goods produced in this subsector,
great abundance of inputs to this subsector regionally, or changes in
transportation markets making remote production of the subsectors' goods
economically infeasible, it is doubtful that this subsector will grow in
the Pacific Northwest at three times the national rate.

4.2,2 Intersectoral Analysis

The employment data in Table 4,2-1 represent only a partial analysis of
the employment consequences of the scenario differentials. Further ramifi-
cations are described in this section. Again, the BPA employment estimates
are assumed to be the baseline, and the consequences of the Alternative
Scenario revisions are examined.

The Reference 3 assertion "that regional employment will be the same as
projected by BPA" (Reference 3, p. 169) is m1s1ead1ng The data indicate )
only the direct employment effects of the A]ternat1ve Scenario. Cbnsjderagion i
of the secondary effects occasioned by the scenario differential adds another
dimension to the differential. The methodology used here for demonstrating
the ramifications of revising BPA's employment projections should be taken
as a heuristic exercise rather than a definitive forecast as it was necessary
to make certain simplifying assumptions for the purpose of exposition.

The analysis is based on the data in Table 4.2-2 which refer to the same
manufacturing subsectors as those listed in Table 4.2-1. The data in
Table 4.2-2, however, expand on the information presented in Table 4,2-1 by
indicating the total employment effects resulting from the two separate
scenarios. The data in Table 4.2-2 indicate the employment adjustments required
in the manufacuring and non-manufacturing sectors that are implied by the
manufacturing sector scenarios presented in Table 4,2-1. Alternatively
stated, the data 11sted 1n Tab]e 4.2-1 represent only a partial exposition of
the scenarios, whereas Table 4,2-2 is more complete,
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The data in Table 4.2-2 were generated by the data in Table 4.2-1 using
the relationships implied in the 1972 Washington Input-Output Model (WIOM),
Reference 28. The relevant relationships extracted from the WIOM were those
relating to subsector productivity and employment multipliers. These
relationships were applied to the scenarios' employment data in order to
examine the non-manufacturing employment adjustments required by the separate
scenarios. Before proceeding with the methodology and results, it is necessary
to indicate some background information on the workings of input-output
studies and the multipliers derived therefrom.

Generally, input-output models demonstrate the interrelationships among
sectors in an economy. Input-output analysis indicates that changes in one
sector produce effects that "ripp]e" throughout an economy and result in
an ‘expansion or decline that is some multiple of the original changél The
total effect of an initial change has been decomposed into direct, indirect,
and induced effects. These several stages of income effects of an initial
income decrease have been defined by Moore and Petersen (Reference 29) as
follows:

! The direct income effects are measured by the decline in

payments such as wages and salaries made in the (changed)

industry; the indirect effects are the decline in income in

all other industries which supply the original industry; and

the induced effects are those which follow when, as a result

of declines in their income, consumers 'slide down' their

consumption functions and spend less on goods and services. -

Such income cﬁénges aigﬁfhaVé'mﬁ1tiple emp]o&ﬁéﬁfrﬁémifibétibns which are
relevant to an evaluation of the differential in the two scenarios and are
the changes brought out by the data in Table 4.2<2,

In order to proceed with the analysis, the following assumptions were
made:

e The manufacturing subsector productivity relationships
implied in the WIOM are applicable to the region and are
constant over the period 1975 to 1995.

‘o The manufacturing subsector employment multipliers are
the same for the region as for Washington State and are
constant over the 1975 and 1995 period.



o The emp]oyment changes in the scenario are produced by changes
in final demand.

¢ A1l other assumptions relevant to input-output analysis.
(Reference 30, pp. 309-363).
Given these assumptions, the analysis involved testing the total employment
change differential implied between the scenarios in Table 4.2-1 by examining
the total employment effect of the scenarios on the regional economy.

The total employment effects of the scenarios were derived through
several stages. First, the 1975 manufacturing subsector employment data in
Table 4.2-1 are multiplied by the output per man-year data derived from the

. WIOM. This yields dollar values output by subsector in 1975, A similar

procedure is then used to obtain subsector output data for 1995 which

is difféfent for the Alternative Scenario and thé Power Plant Scenario. iNext,

the 1995 output data for each scenario is subtracted from the 1975 output
data which indicates the subsector output change over the period. The
WIOM indicates that a given change in output (i.e., final demand) for any
subsector will provide employment changes in the subsector itself, as
well as in the subsectors that supply the original subsector and in the
subsectors that sell goods and services to the employees in the original
subsector.

The WIOM relates output changes to total employment changes through
the multiplier concept discussed above. Multiplying the output changes by
the WIOM"employment multipliers yields the total employment change
occasioned by the scenarios in each subsector. Adding the data for each
subsector change for the total employment indicates the overall employment
change over the period for each scenario.

At this point, it is necessary to separate the induced employment
change from the total employment change. The induced employment effects
are of interest here because these effects can reasonably be expected to
occur outside the manufacturing sector. It will be recalled that the
induced employment changes result mainly from employee spending in the none
manufacturing sector--the sector not included in the scenario data.
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The data in Table 4.2-1 indicate that after all employment effects
have been considered in the manufacturing sector, 127,500 jobs WiI],”” ]
have beeh gained under each scenario. When expanding the perspective-on
employment change to account for change in the non-manufacturing sector,
the data and methodology embodied in Table 4,2.2 findicate that the employment __
gain made under the Alternative Scenario is less than that made under the Power
Plant Scenario. More specifically, the Alternative Scenario precipitates a
gain in employment in the non-manufacturing sector that is less than that
in the Power Plant Scenario by 20,000 jobs.

Another aspect of the Alternative Scenario modification of BPA's
employment projections needs to be considered. The R&ference 3 statement
that "the projected total employment for the manufacturing sector was dis-
tributed over the manufacturing subsectors in proportions different than
the BPA forecast and in a way that would reduce energy requirements" implies
restructuring the fabric of the economy. Presently, employment growth is a
function of demand which, in turn, is a function of income, consumer prefer-
ences, etc. Indicating the ability to arbitrarily distribute employment
implies an ability to manipulate incomes, consumer tastes, etc. This latter
ability would require an authority which, up to the present time, is
either administratively unobtainable and/or politically unacceptable.

4.3 REGIONAL AND LOCALIZED EFFECTS OF ALUMINUM DECLINE SCENARIO
4.3.1 Introduction

The Alternative Scenario notes that only 0.5% of the total regional
labor force will be directly affected by the phasedown of most of the
region's primary aluminum production. This aggregate figure, however, lacks
sensitivity to the impacts of such an action on the actual communities in
which the plants are located. The degree of impact that a plant has on its
community is largely a function of the size and economic mix of the community.
Changes in the interindustry ecology of the community, the local employment
and earnings situation, and the financial resources of the local governments
can be expected to occur relative to the community's size and economic diversity.



Using available data, these changes can be viewed through employment impacts
and impacts on tax structure, both of which are reviewed herein, Additionally,
one might examine interindustry linkages and spending data for local communities
based on changes in the aluminum industry. However, the availability and
reliability of such data limits this study to employment and tax impacts.

The A. D. Little report to the Western Aluminum Producers, A Regional Analysis:
Economic and Fiscal Impacts of the Aluminum Industry in the Pacific Northwest
(Reference 31), provides a study of county-level impacts of the aluminum
industry. This source was used extensively in the assessment conducted for

this portion of the study.

4.3.2 Employment Impacts

The Alternative Scenario looked only at the regional direct employment
impact of the aluminum industry phasedown. Here it is desirable to examine
emp]oymeht impacts at the local level as well. This is done by examining
the direct, indirect, and induced employment related to the primary aluminum
industry presently as a part of the total county labor force, Due to the
possibility of compounding errors in estimation, this seems more reasonable
than comparing projected layoffs to projected labor force levels at some
future time. The methodology for derivation of the statistics found in
Table 4.3-1 is discussed below, after which conclusions and suggestions for
further analysis will be detailed.

4.3.2.1 Methodology

Direct employment figures on a local level for the prﬁmaryféﬁunﬁﬁym7
industry are unobtainable via the Census of Manufacturers due to disclosure
regulations. However, the A, D. Little study did obtain direct employment
figures from the aluminum companies, supplemented by data from state employe
ment agencies (Reference 31, p. 46). These 1973 statistics were used to
detail direct employment. Two estimates of direct, indirect, and induced
employment are shown. The first is also from the A. D. Little study
(Reference 31, p. 46), and was derived by using a multiplier of 3.6 for
total employment per aluminum employee.

4-13




i

TABLE 4.3-1 '

LOCAL LABOR FORCE ATTRIBUTABLE TO ALUMINUM PRObUCTION,j
INCLUDING DIRECT, INDIRECT, AND INDUCED EMPLOYMENT

. . et et iir i diiomea it ST S
AD Little WIOM as
Manufac- | Total Direct, as percent{ Direct, perceat of
Aluminum | turing County Indirect, |of County |Indircet, | County
A Employ- | Employ- | Employ- & Induced | Labor & Induced | Labor
Company Plant County ment ment ment (AD Little)] Force {WIioM) Force
Alcoa . Vancouver Clark, Washington 1,450 12,543 33,417 5,220 16 / 3,018 9.02
‘ Wenatchee Chelan, Washington 1,000 2,626 13,653 3,600 26 ’ 4., 797 35.13
= Reynolds ’ Longview Cowlitz, Washington [ - 1,200 11,860 N 23,182 4,320 19 5,756 24,83
Troutdale Multnomah, Oregon 750 ‘52, 565 267,015 I 2,700 1 ¢ 3,564 ‘A.‘ 1.33
— = Kaiser Mead Spokane, Washingt.on 3,500 13,944 84,106 12, 600 15 6,031 |, 7,17
» ‘ Tacoma Pierce, Washington 400 20,653 92,889 1,440 2 2,220 2,39
-, | Martin Marietta) Goldendjale Klickitat, Washington 600 1,566 2,826 2,160 7&: " 3,289 | ¥116,40%
) The Dalles Wasco, Oregon ° 500 1,225 5, 305 1,800 3'4 . 2,604 49.09
1 1nualco Ferndale Whatcom, Washingtor] 1,100 6,291 | 22,763 | - 3,960 17 ~ 2085 | 31430
) Anaconda Columbia Falls | Flathead, Montana 850 3,472 | 11,681 3,060 26 4,934 | 42.24 [
Alu‘maxﬂ“ Umatilla Umatilla, Orwe/gon(; {785) -- {9,988) -; -- (5, 126) (51, 32e)

Py 2

*These plants, being less than 35 ye v # Fpati ) . ‘
A1ternative'§cenar$o. years old at'BPA contract expiration date, will not be shut down under the

¥
]
) Dok . . ,
e ' ' The Alumax plant data is not currently on-line. Direct employment estimates are the author's, based on output/employee

Economy Relationships,
The operating date of the

ratio of 0.23 short tons/year, derived from 1972 employment data from Ernst and Ernst, Energy,

for BPA, June 1976, p. V-24, and output data f i
facility has not been determined. Pt ¢ R4 Rothschild and Com99gy, June 30, 1976.




The second figure was derived based on the Washington State Input-

Output Model (Reference 28) which estimated a.totall(direct,,indirect,;and

induced) employment multiplier of 30.8 employees per one million dollars

of aluminum final demand. Assuming the Washington State multiplier to apply -~
to locations in Oregon and Montana as well, and assuming the multiplier to
work equally well for incremental losses in output, the ton per year output
of each plant (Reference 32) is multiplied by the 1976 producer price of

44 7¢/pound or $890/ton (Reference 33) to get dollar output annually. This
figure 1is then multiplied by Washington State's multiplier of 30.8 to get
total employment impact. The use of a regional multiplier in a local con-
text may result in an ultimate overstatement of local effects as... -

the indirect and induced unemployment need not occur in the immediate county.
However, this methodology does yield results acceptable for this study.

4.3.2.2 Results

The statistics in Table 4.3-1 summarize the employment impacts_pf_the_ ]
aluminum industry locally in the region. Again, as seen most explicitly
in the case of Martin Marietta's Goldendale plant, the output-based multi-

S

plier generally overstates the direct, indirect, and induced employment impacts

in certain areas due to its regional nature and lack of geographical sensi-
tivity. A possible explanation lies in the fact that plants in underdeveloped
small towns rely on interindustry linkages and service inputs from larger
regional centers. . Thus, for example, the output-based total-employment impact
exceeds the employment-based totai'ehpfoyment impéct in Wasco County,

Oregon, while it provides a Tow relative estimate in Clark County, Washington,
as part of the Portland SMSA. This is in keeping with the notion of metro-
politan areas being net exporters of services to outlying regions.

4.3.2.3 Conclusions and Further Inquiry

The results show that the magnitude of employment impacts can be expected
_to vary from very slight:in the case of plant closings in_metropolitan regions
(Multnomah County, Oregon; Pierce County, Washington) to very great in smaf]er,
~ less complexly developed regions (Chelan County, Washington; Wasco County,
Oregon). Any decisions to phase out aluminum production facilities must take
into account the net employment effects beyond initial plant employment.




While only impacting 0.5% of the region's total labor force, such a move

as the Alternative Scenario has suggested could effectlvely ruin the economlc

| bases of plant locations other than those in the reg1on 's SMSAs . Deép1te )
recommendations to the contrary, the effective mitigation of the effects of

a relatively sudden unemployment rate increase is debatable.

Given adequate local-based data on employment mix and earnings, one.
might logically extend the employment impact study into the area of total
earnings lost to the local economy by the loss of employment (and hence income)
to households due to plant shutdowns. The issue is addressed in the
A. D. Little study (Reference 31, pp. 47-49). There, the significant point )
is made that average earnings'in‘the primary metals industries, and particularly
the primary aluminum industry, are considerably higher ‘than  the average for all
employment sectors combined. Thus, an estimated 2% of the county's employment
in aluminum accounts for 2.9% of its payroll (Reference 31, p. 49).
Louis Jacobson (Reference 34) details methodologies for estimating earnings
loss via a regression model of income determination based on employment declines
in the domestic steel industry. Such a methodology might be apb]icab]e to
the aluminum industry and might present a viable avenue for future inquiry
(Reference 31, p. 51).

4.3.3 Tax Base Impacts:

As in Table 4.3-1, tax revenues attributable to the aluminum industry
exist in the form of state and Federal personal income tax (except Washington

which has™no~personal income tax), corporate income tax (in Montana and
Oregon), business and occupation tax (in Washington) .and.local property

taxes. Additionally, Washington has a 5% sales tax, which would reflect
aluminum industry earnings via disposable income. Due to data availability

and low reliability of indirect estimation techniques, the only straightforward
empirical analysis comes via the local property taxes, levied on the county
level. It must be conceded that an analysis of local tax base impacts noting
only direct local taxes (excluding intergovernmental transfers) is fractional
at best. Yet even the consideration of direct local property tax loss through
plant closings allows one a clearer local picture of the Alternative Scenario




“impacts than is afforded in that study. The tax impacts discussed here are

solely those that would result from a phasedown of the aluminum industry - " T
~and consequently do not reflect part1a1 of fsets .if the gains.in other subsectors
I'4
postulated by the A]ternat1ve Scenario were realized, : : ]
4,3.3.1 Methodo]ogx
Telephone interviews of county officials and aluminum companies were
used to compile the data in Tables 4.3-2 and 4.3-3. The respondents were asked
to give the assessed valuation of the local aluminum plant (both in terms of
real and personal property),. the appropriate levy rates, and total county
tax revenues. State sales tax revenues in Washington state were estimated. by
/
N .
TABLE 4.3-2
LOCAL PROPERTY TAX REVENUES FROM ALUMINUM INDUSTRY PLANTS
Plant as
Assessed Plant Tax Total County Percent
Company Plant County Value Millage Revenues Tax Revenues |of County
"Alcoa Vancouver, WA Clark, Washington 59, 900, 000 R 19,21 1,150, 679 42,617,740 2.7
35 million
;lanls /25 million|
persons)
-~ Wenatchee, WA Chelan, Washington 49,006, 000 -- ’ 693, 403 11,478,286 6.04
Reynolds Longview, WA Cowlitz, Washington 29,135,310 15.74 785,154 25,009,756 3.14
{also 20, 737, 900 (458, 677) :
.ca_ble)
Troutdale, Oregon Multnomah, Oregon -- - 550, 980 2217, 04'3, 981 0,24
Kaiser Mead, Washington Spokane, WA 13,268, 000] 20.00 265, 360 61, 000,000 0.43
Tacoma, WA Pierce, Washington 25,000, 000 24,69 617, 500 80,033,851 .77
(20 million PP/
5 million RP)
lll Martin Marietlaz - Goldendale, WA Klickitat, WA . - -- 1,154,475 . 3,193, 303. 36.15
The Dalles, Oregon Wasco, Oregon 18,719, 560 - 23.3 438,923 7,360,000 5. 96
(2lso pumps 23,71 436, 165 320, 908,576
ll(:, 380) 2,758
Intalco 2 Ferndale, WA Whatcom, WA 183,500, 000 11.11° 2,038, 685 24,165,000 8. 44
Anaconda Columbia Falls, MT Flathead, Montana - -- 1,667, 546 25,753,503 T 6,48
1 - RO ‘ T
Total of two plants/average. = o .
2These plants will remain on-line according to the Alternative Scenario. .
N ~\




TABLE 4.3-3

APPROXIMATE DIRECT LOSSES IN TAXES
|_ALTERNATIVE SCENARIO ($ 103)}

State -Eederal
Sales Income Incomg Corporation
State Tax Tax ‘Tax (10° $) Tax -
. N
Washington 2432.7 ——— 22052.02 4370.493
Oregon --- Unavailable 2980.0 Unavailable
Montana - 351.8% 2026.4 Unavailable

]Estimated by assuming $7.00/hour average wage for primary metals workers
applies to primary aluminum, giving estimated annual earnings per worker
at $14,000 (@ 2,000 hours/year). Assumed family size of 3. Used 1976
tax tables, Optional Sales Taxes.

.2This assumed $14,000 average wages minus $750 x 3 = $2,250 deductions
based on family size. Taken from U.S, tax tables 1976.

30.00424 = tax rate for manufacturing primary aluminum - only primary

nonferrous metals - mostly composed of aluminum.

4Primary metals tax yield for Flathead County contains one primary metals
plant - Anaconda Aluminum. Took total state primary metals withholding
to total state withholding. Ratio applied to total Flathead County
withholding. From State of Montana, Department of Tax Research.




assuming the statewide average earnfngs of an aluminum industry employee to
be in the $14,000-14,500 range (the average BLS primary metals wage in Washington
for 1976 is $7.00 x 2,000 hours per year). Family size was estimated.at.three.
.
The-sales tax figure, derived from the Instruction and Form 1040, 1976
Optional State Sales Tax Tables, was multiplied by the A. D. Little figure
of 9,250 state primary aluminum employees to approximate direct sales tax
revenues. Data collected reflect fiscal year 1976.

4.3.3.2 Results

Table 4.3-2 shows the relevant tax figures and allows one to view the,,
aluminum companies' taxes as a percentage of local tax base revenues. The sqa
A. D. Little report presents similar data for FY 73 (Reference 31, p. 51). aﬂwﬂ}
The percentage contribution of the aluminum industry to the local tax base = - o
varies from a low of 0.243% in Multnomah County, Oregon (Portland SMSA),
to a high of 36.15% in Klickitat County, Washington. —-Rgain,_the_percentage._ of
importance of thep 'plant to local tax base varies inversely with the size . \
and complexity of the community. Aluminum-based state sales tax revenues "
for Washington are approximately $2,432,700.

4.3.3.3 Conclusions and Further Inquiry

r -
As stated above, the direct impact of plant closings on local tax base j\
revenues varies from very little in large SMSAs to very severe in small,

.

.~ isolated regions. If data and a requ1s1te methodo]ogy were available, a multi- -
l, plier to determine indirect and _induced--losses to tax rolls due to production 1oss,

- —r—

—— o o—————— — -

\ unemployment, etc., would be valuable in this ana1ys1s. TiKewise, fyé&

the addition of data on state and Federal taxes emanating from the aluminum ol .$

industry and returning to the community as intergovernmental transfers wou]d
serve to complete the analysis. Given such a data base, one might be ina i
better position to estimate the ability of the community to finance services ‘; 9}
such as schools, roads, etc., in light of the suggested shutdowns. Such data
would also illuminate the situation of the cutback in public revenue in the

face of necessary public programs to mitigate the negative effects of plant
closings. Given a more complete data base and methodology for such analysis,

one might be better able to investigate the complexities involved in the

public revenue impacts vis-a-vis provision of public services,

[RE—
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4.4 NATIONAL AND INTERNATIONAL LOCATION

4.4.1 Introduction

The Alternative Scenario document addresses the national impacts
of the aluminum industry phasedown by stating, "In the absence of an economic
subsidy in the Pacific Northwest, new plants constructed to provide the
country's requirements for aluminum probably would be Tocated outside the
Pacific Northwest and nearer to the source of aluminum ore (or, hopefully,
recyclable aluminum) or the aluminum market, in order'to reduce the costs
of transportation" (Reference 3, p. 80).

The above statement forwards rather strong assumptions and omits
__consideration of a number of important factors. This section of the

{ report will address the neglected issues while examining.the validity i;::]

of its assumptions. The analysis will deal with each of four locational
alternatives open to the Pacific Nor;hyé%f‘primary aluminum producers if
current contracts are not renewed;*yBriefly, the. alternatives are:

g

_ b

e The Pacific Northwest producers, unable to purchase power from
BPA or power companies at any price, build their own power
. generators, generating electricity at high marginal cost.

—

e Unable to purchase power from any source at any price, primary
aluminum companies active in the region are forced to relocate
W their facilities at sites possibly within the United States or
! ) abroad. This alternative must look at the industry's locational
‘ dynamics, investigating regional variation in power costs and
availability, transport costs, substitution between raw material
sources, as well as the effects of these factors on the price
of domestically produced aluminum. The balance of trade impacts

regarding both the change in price of American.aluminum due to
domestic relocation and the change in import/export ratios due

to relocation outside the United States must be_ addressed.

o__The primary aluminum_producers_active in_the Pacific Northwest }
could close their plants, and make no attempt to shift production ~
. elsewhere. The lost domestic capacity would be made up by
augmenting the currentiimport rate.

o The Pacific Northwest aluminum producers are able to purchase
electric energy at a "blended" as opposed to "marginal" price
either from BPA or individual power companies. The price change
in electricity costs has implications concerning the Pacific
Northwest's regional advantage in the industry.

B ——— -— -
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~problems which would require resolution before plants could be built.

This section draws heavily on a study done by Ernst and Ernst
(Reference 35) for the BPA, as well as investment reports prepared by
L. F. Rothschild and Company (Reference 32) and the Oppenheimer Company
(Reference 36). Additional data sources include the Bureau of Mines,
Mineral Facts and Problems (Reference 37, pp. 37-66).

4.4.1.1 Alternative One: Constrgction of Power Plants by Aluminum Producers

Assuming by virtue of the recommendations of the Alternative Scenario
that BPA power becomes uhavai]ab]e to the eight older Pacific Northwest
plants at any cost (which excludes Alternative Four), this is the only
alternative which would allow the Pacific Northwest aluminum producers to
maintain production at present locations. This option would require the
aluminum producers to enter the electrical energy generatibn arena, with
its attendant problems of financing expensive large-scale power plants, -
satisfying environmental and-other institutional requirements for power plant
siting and location of transmission lines, and operating within contraints
imposed by regulatory agencies. Additionally, producers would need to
decide between construction of power plants at each facility as opposed to
construction of central station facilities to supply more than one plant.
Either choice would pose particular environmental, institutional, and legal

Notwithstanding these problems, this alternative would not be considered
by an aluminum producer unless it could be shown to be economically feasible.
Assuming an aluminum company financed the construction cost of a large-scale
power plant, and recovered the capital expenditures through an internal
"change" for electricity used, it would charge itself the marginal cost
for new thermal generation (plus an acceptable rate-of-return for any
equity investment). Assuming the marginal cost of electricity in the Pacific
Northwest to be on the order of 30 mills/kWh for new thermal generation

‘(relative to the current average purchase price of 3.2 mills/kWh), and

assuming a power requirement of 8 kWh/pound, it is estimated that the price

of aluminum ingot from the PNW plants affected would increase by roughly

20 cents/pound. Such an increased production cost, particularly in view of
transportation cost disadvantage in the Pacific Northwest (Reference 12, p. v-39),

makes this alternative as stated infeasible,




T

4.4,1.2 Alternative Two: Shifting Lost Pacific Northwest Capacity to
Alternate Location

By individual firm, the production capacity lost if the Alternative
Scenario recommendations are followed are tabulated below:

Pacific Northwest Proportion of Proportion of
Company Capacity (igﬁst[y) Cgpa;ityvjn~BNw Capacity Lest
Alcoa 285 18% 18%
Reynolds 340 35% 35%
Kaiser 301 42% 42%
Martin Marietta 215 100% _ 44%
Anaconda 180 60% 60%
Intalco 261 ‘ 100% 0%
Total 1,582 (total capacity lost = 1,201)

The national impacts of the loss of this capacity are felt both by
the aluminum industry as a whole, which must attempt to maintain the
capacity level lost due to shutdowns (1201 x 103 st/y = 21.7 percent national
output), and by each firm which loses a given percentage of its total production

Capacity. 7iﬁgﬁh€¥ifhgffhis aluminum production to alternate locations,

oné mUstvaﬁcept the fact that power costs will inevitably increase over
their Pacific Northwest rates. Beyond that, one must include the capital
costs of new construction, which have been estimated at 9 cents/pound of
plant output (Reference 36), resulting in a total of $217,800,000 of capital
costs for displaced production.

Ernst and Ernst did a limited comparative cost study for a Pacific
Northwest site versus a hypothetical Ohio Valley site. The replacement cost
per pound for a plant outside the Pacific Northwest was estimated at
41.2¢ (Reference 35, p. v-38). The cost of replacing Pacific Northwest
plants, accounting for 21% of our national aluminum output, with installed ‘
costs of 36.2 cents/pound at 80% capacity (allowing for IRE) and with PP ‘.1
alternate locations whose estimated cost per pound is 41,2¢, would effectiveiﬁ}?','
raise the market price of domestic primary aluminum. Though the magnitude L
of change on the average price of aluminum is not readily discernible, one
can only estimate that to raise the price of traditionally low-cost American




‘aluminum re]at1ve to As1an and European aluminum (the price differences are
currently in the area of 8 cents/pound Reference 38) would only augment

the current import rates, which already favor foreign producers, as the tight
American market became tighter.

The decision as to an alternate location for displaced production
raises interesting issues. The added costs of relocation outside the
Pacific-Northwest might be augmented by various other factors. A1l
of the alumina imported from Australia to smelting plants in the United
States is utilized by Pacific Northwest plants. To shift production
eastward, presumably to other low power cost areas such as the Tennessee
Valley or Ohio Valley, would necessitate increased transport costs derived
from the land transport of Australian alumina from West Coast ports or.
from the added water transport costs involved in using Gulf or East Coast
ports. Such a shift in plant sites might lead smelters to seek alumina from
closer sites, presumably Jamaica and Surinam, However, Jamaican and Surinese
alumina is more expensive than Australian alumina ($115,03/ton vs. $93.67/ton.
(Reference 38, pp. 6-~7). The estimated total costs (production plus transport)
of Australian alumina is $101.05/ton versus $120.19 for Jamaican/Surinese
alumina. The cost advantage of Australian alumina derived from its
utilization at least cost West Coast locations may be negated by shifting
its market east. This might also serve to raise the cost of producing
domestic primary aluminum.

Beyond consideration of alternative United States sites for production,
it is 1ikely that American aluminum producers might seek production sites
in foreign countries. The argument growing out of the widespread use of
aluminum by the ordnance industries during World War II and the Korean
conflict that atuminum production for domestic demand, as a "strategic"
industry, must be carried on within the United States has weakened considerably
as aluminum has become more widely used in less "strategic" industries. It
is 1ikely, therefore, that, in order to maximize profits and maintain compet1t1ve
price levels, American aluminum producers might seek fore1gn production sites .

should domestic sites appear unprofitable.

It is suggested that further analysis examine the proclivity of American
primary aluminum producers to locate near sources of bauxite ¢r aluminum
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(Australia, Jamaica, ‘Surinam) or in areas of cheap power. It is doubtful
that American producers would seek European locations as electric power is
extremely expensive (35-50 mills/kWh, Reference 38, pp.}1-2). Regardless

of the specific site chosen, the movement of production to foreign locations
would result in labor displacement, and increase in the already high rate of
imports.and generally, high prices.of aluminum

Of course, location decisions are made at the level of the individual
firm and not on the basis of industry-wide costs. It may well be that
individual firms, by locating in a dispersed manner, can mitigate the
problems caused by agglomeration in the Pacific Northwest, i.e., 0.5% of
the labor force involved in an industry using 26% of the region's power,-
Likewise, the ability of each firm to absorb the costs of relocating might
be a function of the firm's total capacity to be relocated, i,e., Alcoa
only losing 18% of its national capacity may be able to absorb rising costs
better than Anaconda, forced to relocate 60% of 1ts aluminum capac1ty
Perhaps this will act to decide which p]ants will be relocated and which
will merely be closed, Finally, the added costs of relocation may only be
effective in the short run, given new technologies which allow for much more

energy efficiency in production., Some form of this alternative seems
most feasible.

4.4.1.3 A]ternat1ve Three C]os1ng of Pac1f1c Northwest PTants, No

This alternative is unlikely. To begin, the 1ikelihood that aluminum
producers will drop 21% of their national capacity is, in general, dubious,
This would reduce the United States' share of world output, based on 1973
figures, to 26% from 34%, and would have grave effects on the balance of
output between free world and Eastern Bloc producers. This alternative
seems least probable.

4.4,1.4 Alternative Four Purchase of E]ectr1c Power in Pacific Northe

Given the price increases and general market disruption inherent in
the three preceding alternatives, it seems worthwhile to address the
poss1b1]1ty that Pac1f1c Northwest producers m1ght be able top purchase




required electrical power at rates somewhere between the current 3.1 mills/kih
and the projected marginal 25-30 mills/kWh. This lies somewhat outside the
realm of the Alternative Scenario, yet poses the most viable alternative,
The "blended" BPA cost would be figured by requiring consumers of energy to
pay a stipulated "high" rate for one-quarter of their BPA power ‘
(Reference 39, p. 3). Depending upon the mix of high-cost therma® and 1ow-
cost hydroelectric power, the blended price of electricity as sold directly
to industrial customers (thus not including utility distribution charges)
could vary from 10 to 18 mills/kWh. According to the Ernst and Ernst study,
a power price increase to 9 mills/kWh would result in Pacific Northwest
plants losing their short-run operating cost advantage over the hypothetical

LN

Ohio Valley plant. The study goes on to say that, even if Pacific Northwest
plants were to lose their electricity cost advantage over the Ohio Valley,

it would still be profitable to maintain a number of Pacific Northwest plants
to serve West7Coast markets. A breakueVen position for the aluminum industry
could be maintained at Pacific Northwest power rates between 912 mills/kWh
for non-interruptible power (Reference 35, p. v-43). According to Ernst

and Ernst, this would reduce the idle capacity requirement and retain the
Pacific Northwest's competitive position vis-a~-vis other domestic locations.

This alternative would not result in price increases any greater than
those 1ikely to be caused by producer's building power plants, relocating,
or closing down Pacific Northwest production entirely. It?wou1d n6E'iH§§j?é a
the employment and financial impacts imposed upon the region and local areas.
Though it would, in all probability, require the building of new thermal plants,
it would allow the diffusion of the costs of generation by "average" versus
"marginal" pricing across all sectors, avoiding the disruptive effects of
penalizing the aluminum industry.

4.5 CONSERVATION, IMPLEMENTATION, TECHNOLOGICAL CHANGE AND DISTRIBUTIONAL
IMPACT

4.5.1 Introduction

This section briefly analyzes the potential electric power savings
in 1995 central station_power that might_occur in_the Pacific Northwest ___
under the Alternative Scenario conservation plan. Also considered are

questions pertaining to the implementation of such-a plan, the potential
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for new technology to supply electricity, and the distributional impact of

a program of intense conservation,

4.5.2 Residential Sector Conservation Potential

heating, electrical appliances and lighting in the residential sector would
The Alternative Scenario estimates that the 1995
kWh/yr.

total 97.45 x 107 Kih/yr.
residential sector power demands will be only 50.66 x 10

BPA has projected that 1995 end-use demands for space heating,water

9

This

figure was obtained by using the SOM study's projections (Reference 4) |

of savings made possible by a program of conservation.

The:projected savings

are based on a series of conservation actions relating to the end-use demands

for e]ectr1c power.

 Pacific Power and L1ght (PPL) undertook an analysis of the feasibility

of the SOM projected conservation actions and the projected savings from

the SOM conservation actions (Reference 40).
portion of the projected savings in electric power demand that SOM stated -

was possible could not be realized because the conservation

actions had either already been implemented or the projected sav1ngs due to a
‘PPL lowered

PPL concluded that a large

particular conservat1on action were overestimated.
the SOM estimated potential conservation savings (as per SOM Strategy 6)
in the residential sector by 45% (Table 4.551).

TABLE 4.5-1
'ESTIMATES OF REGIONAL ENERGY SAVINGS AND COST OF PROPOSED

Overall,

CONSERVATION ACTIONS IN RESIDENTIAL SECTOR
(COST OF PROPOSED ACTIONS)

[

9.
-

5

.. PPL as New New Existing Existing
Conservation SOM 1 PPL Perceat Sirgle Payback Multi- Payback Single Payback Multi- Paytack
Action Estimate !| Estimate! | of SOM Family in Years Family in Years Family  in Years Family in Years
Space heating actions 5,013 2,284 46 $ 65 1,2 $ 65 31 $103 1.1 $ 83 2.3
Installing insclation 4, 541 4, 541 100 $539 13.6 $171 ‘ 14,0 - $726 9.7 $180 8.4
Installing storm windows 3,602 3,326 92 $262 6.5 $101 6.6 $910 22,1 $338 22.3
Insulating water heater 1,925 1,337 69 $ 8 0.9 $ 8 0.9 $ 8 O.“) $ 8 0.3
4,461 1,561 35 s 5 0.2 s 3 0.3 0.2 s 5 0.3

Constricting water flow
Cold water washing

Hot water applicance
standards

Elcctrical appliance
standards

749

5,175

16, 424

142

500

2,588

7,390

142

67

50

45

100

$ 5

Lighting savings

Total

43,032

23,669

55

$879

$350

$1752

$350

]Millions of kWh.

Source:
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Data on power estimates from Reference 40, p, 4.
and payback estimates from Reference 4, pp. 96-11.

Data on costs (in 1976 dollars)



Tab]e 4.5-1 gives a deta11ed breakdown of the SOM estimated savings
by conservation action and the PPL changes in the SOM savings. Table
4.5-1 also gives cost and payback information (fromithe SOM report) for
the conservation actions associated with various residential housing types.

st T .

There is a.possibility that the PPL estimates of potential con-
servation savings are still overestimated. This consideration is based

on the fact that'PPL did not adjust  the SOM assumed adoption rates

™,

for the conservat1on act1ons. In reality, numerous economic, 1nst1tut1ona1

“and soc1a1 barriers exist for the adopt1on of the proposed conservation .

actions in the residential sector. This is particularly true for capital
intensive  conservation improvements in existing housingstock.

" Table 4.5-2 lists the proposed conservation dctions and some of the barriers

to their adoption in the residential sector,

- —————

TABLE 4.5-2

BARRIERS TO ADOPTING PROPOSED CONSERVATION ACTION
IN RESIDENTIAL SECTOR
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/ R R nf Qo O, I} Tel3 133506 o Mag =S5l &=
- Conservation Action | P w = . W e &Elm el g o Zlew o o
/ . . 3 v e o wa g e Nl AN g o ® % 4 oy
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2 ) a
i <
1. Existing Single/Multi-Family _
Residences i/‘\
A .
Space heating actions X X X X X - X X X X X X X X
Installing insulation X X X X X X X X X X X X X
Installing storm windows X X X X X X X X X X X X X
Insulating water hcaters X X X X X X X X
Constricting water flow X X X 8
Cold water washing X N B,
Hot water appliances stahdards X X X X X il X X X
. Elcctrical appliance standards ' | X X X X X Wy X X X
Lighting savings e L X X s '
. o
2. New Single/Multi-Family .
Residences "
Space heating actions - X X X
Installing insulation > X X X
Installing storm windows X X X
Insulating water heaters X X : X |
Constricting water flow X X X )
Cold water washing X X ‘X
{} Hot water appliance standards X X X
. Elcctric appliance standards . X X X
Lighting savings X | X N
- —
v
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4.5.2.1 Implementation of the Alternative Scenario P1en'

The Alternative Scenario proposes a wide variety of regulations,
educational and technical assistance programs, and financial incentives and’
assistance to implement the intense conservation scenario. In the form of
regulation, energy conserving building codes for new construction and )
required compliance over time to the new code standards by old construction;
performance design standards for industry; and energy efficiency standards
for new appliances sold in the Pacific Northwest are proposed, based on the

- SOM report (Reference 4). o
" The Alternative Scenario independentty proposes a wide variety of
financial incentives including loans and tax credits to encourage the adoption
of the conservation actions. Table 4.5-3 lists the proposed government and
utility actions designed to encourage electric power conservation. Table
4.5-4 1ists estimates of the possible costs of the prqpqsed.actiQns and i

1ncent1ves _computed in this study. ) L

| TABLE 4. 5 3 !
I
. PROPOSED GOVERNMENT/UTILITY ACTIONS FOR
- — 1 IMPLEMENTING ALTERNATIVE SCENARIO PLAN L .
- Residential . Commercial Manufacturing i
l New Existing New Existing New Existing '
r ‘ Proposed Actions Buildings | Buildings | Buildings | Buildings | Buildings | Buildines 1
1, Reéulation ;
New energy-conserving building code for new ;
construction X X X !
Resale requirements for meeting new code ‘
standards X .
Retrofitting by 1995 to new conservation ‘
standards : X
Hot water appliance consumption standards -~
new appliances : X - X X D ¢
New appliance electrical efficiency standards X ' X X X X X
Information, education, and technical assistance X X X X X {
Performance standards design and plant approval X X ’
1 .
2. Incentives ) . ’ . |
Five percent energy tax X X X X X - X [
Low interest loans X X X '
Tax exemptions X X ‘
Tax credits X X ’
|
Grants X X
' ]
Utilities install insulation/conservation
measures X X '
Loans X X X i
!
Source: For regulations, Reference 4, strategy 6, p. 46; for incentives, Reference 4, ’
P 46 and Reference 3, pp. 88-115, |
S L . -
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. | TABLE 4.5-4 |
PARTICIPATION RATE AND COST OF PROPOSED ACTIONS

Participation Rate

1, Educational and Technical Assistance
(E&TA)

Mailing a first class informative letter

Spending $10 per dwelling unit on an
E&TA program

\ Spending $10 per capita on.an E&TA
program

Spendi'h-g—szo per dwelling unit on an
| . E&TA program

' | 2, Tax Credits

$100 credit for homeowners installing
insulation !

! .$100 credit per dwelling unit

‘ 3. Low Interest Loans/Capital Costs

$1500 home insulation loan

$1500 home insulation loan

To all houscholds
in Pacific Northwest

All dwelling units in
Pacific Northwest

Total population in
Pacific Northwest

All dwelling units in
Pacific Northwest

50% of existing
single family homes
in Pacific Northwest

50% of dwelling units
in Pacific Northwest

40% of single family

“homes

40% of dwelling units

Estimatced Cost

$500, 000 per
mailing
$22,780,000

$68, 780, 000

$45, 780, 000

$84, 000, 000

$114, 450, 000

$1,008, 000, 000

$1, 373, 400,000 ¢

Regulations such as the new building codes and new appliance standards
are easily enforced through existing institutional structures, and comp]iance

can be expected. Those actions that run counter to an individual's financial . .

self-interest (such as retrofitting conservation actions on decaying houses),zfﬁ
can be expected to meet resistance in implementation. ‘
of the proposed regulations and incentives may eventually be effective, it

Therefore, while all

may take a lTonger time than expected in the Alternative Scenario.

P



4.5.3 Commercial Sector

The Alternative Scenario projected central station prower demands for
the commercial sector at 18.5 x 109 kWh/yr in 1995, which is only one-third .
of the BPA estimate of 52.66 x 109 kWh/yr. The Alternative Scenario proaect1on
is based on the implementation of conservation actions in end-uses in “the -
many diverse buildings and institutions that constitute the commercial
sectors.

No equivalent of the PPL study of residential sector conservation analysis
was found to exist for the commercial sector. Consequently, it was not L
possible to state if the estimates of potential savings are overestimated.

However, barriers to the adoption of the proposed NRDC/SOM actions
exist. Table 4.5-5 presents a listing of some of the economic and
institutional barriers to the adoption of the proposed energy conservation
actions in the commercial sector. From the listings in Tab]e 4.5-5, it
appears possible to state that barriers exist in the commercial sector that
may act to prevent the total projected Alternative Scenario conservation !
savings in power use to occur by 1995.

T : -

Implementation in the commercial sector would take the form of
building code energy requirements for new buildings, requiring conservation
retrofitting actions by 1995 in existing buildings, and educational,
'techn1ca], and financial 1ncent1ve programs. It is expected that conser-
vation actions that run counter to an 1nd1v1dua]'s financial self~ interest,
particularly in the case of retrofitting older buildings, will be strongly
resisted.

s

4.5.4 Agricultural and Industrial Sectors

The Alternative Scenario and BPA project the following power needs in
these sectors in 1995 (Reference 3), in 109 kWh/yr:

'ALTERNATIVE
SCENARIO BPA
Agriculture Sector 7.3 9.8
Manufacturing Sector 38 129.6
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BARRIERS TO ADOPTING PROPOSED CONSERVATION

TABLE 4.5-5

IN COMMERCIAL SECTOR
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Large office buildings

Inistall equipment, controls
Modify H/C system
Insulate windows

Insulate walls

Small offices - =&

Install thermostat
Install heat pump
Insulate windows

Retail buildings

Air ventilation
Modify HAVC unit
Insulate windows
Insulate walls

2, 'New Buildings

Large offices

Install equipment, controls
* Install chiller and N/R

Air control

Tinted glass

Small offices

Automatic night thermostat
Insulate walls, ete,

Install heat pump

Retail buildings

Heat recovery
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The agr1cu1tura1 power demand is mostly power for irrigation pumps,
Projected power need differences are a function of different projections of
the amount of land to be under irrigation in the Pacific Northwest,

The Alternative Scenario figures for industrial power demand and
' savings are based on the following assumptions:- !

e Electricity will substitute for fossil energy at the rate of
0.6 percent a year;

e Electricity will substitute for labor at a linear rate of
1 percent per year;

e Conservation will reduce electrical energy requirements by
4 percent in 1985 and 20 percent 1n 1995; and

¢ On-site generation will produce a little less than 2 percent
of the 1995 conservation savings.

No data have been obtained that specifically confirm or deny the
Alternative Scenario assumptions as to the potential for conservation in the
manufacturing sector. Projected rising real electric power prices will

' giVéwincenEnggfto iﬁaast;&uiamzdﬂée;Vé. However, the potential for electric
power conservation in manufacturing tends to be industry specific, This
is also true for individual firms within an industry. Hence, only a detailed
analysis of the industrial sector of the Pacific Northwest can provide insight
into the accuracy of the Alternate Scenario projections for industrial sector

power conservation.

4.5.5 Adoption of the New Energy Technologies

Reference 3 discusses the use of solar, co-generation and total
energy systems, wind-power, burning waste products, and geothermal energy
as potential new sources of electric power in the Pacific Northwest in the
post-1995 period. Certain barriers need to be overcome before any of these
new technologies will be a significant force in the supply equation of
electrical energy in the Pacific Northwest:
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e Successful technological innovation in a field tends to come

from demand pull within a field, rather than technological
push. This means that the ecohbmics of electric power from
these new technologies will have to be competitive with
-alternative power sources in the Pacific Northwest .

e The current technological state of some of the new technologies
such as solar and wind power is.in the product jtechnology and ;.
development stage and requires large commitments of capital

to bring the new means of power production to w1despread use.

e Institutional barriers, 1nc1ud1ng legal, soc1a], and informational
problems, must be overcome before widespread adopt1on of these
new technologies can occur.

i The Alternat1ve Scenarlo states that so]ar-powered sources
would be employed for space and water heating respectively in 6% and 20%

‘ of the new homes built between 1975 and 1995. On a national level,

‘ ERDA is predicting 10% of housing starts to have some form of solar-
power in 1985, which includes the many areas that are much better suited
(i.e., sunnier) for so1ar power than the Pacific Northwest. j

Adopt1on of other new techno]og1es that are not as we]] deve]oped
as solar power in the time per1od before 1995 seems doubtfu]. Even
if sufficient demand developed, it would be doubtful if many of the
institutional barriers could be quickly overcome. Any estimates of
the future power sources to come from a currently non-conventional source
(i.e., wind, co-generation) is to be viewed very cautiously.

4.5.6 Distributional Impacts

Any program of energy conservation will have distributional consequences.
A few of the distributional issues related to the Alternative Scenario are |
noted below:

e Any plan that involves higher electricity prices to residential
users will impact low income groups more than affluent
households. This occurs for two reasons: low income persons
have fewer discretionary uses of electricity than upper income 2 .
persons and utility costs are a greater part of low income AL T
_households budget. While more affluent persons consume more -
power, they will be less impacted in their lifestyle by price
1ncreases, at 1east in the short run,

e
Yoa "
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costs and thus has distributional impacts. Costs for such
items as rents and appliances may go up due to conservation
regulations. The impact of such increased costs on income
groups depends upon their consumption patterns and relative
importance of the items impacted by the price increases to
the various . income groups.

o A plan of conservation instead of expansion of utility thermal
power plants will act to redistribute property tax_base away__ )
from the communities that would have benefited by the construction |
of the utility plant to the cities and suburbs where the value _ .
oflpropertw will be increased by conservation 1mprovements

e Any plans of a utility installing free insulation, tax
incentives, low interest loans to pay for the cost of conservation
improvements, etc., will have major distributional consequences.
The exact impact of the program will depend upon how it is
structured, but any type of government/ut111ty economic incentive
~must be carefu]ly planned for both maximum efficiency and for

e A pIan of regu]at1on and standards requirements acts to boost
the desired income distribution consequencés'
|

e e e . Sl

4 6 CAPITAL CONSIDERATIONS

4,6.1 Introduction

The analysis that follows addresses the impact of capital constraints
on implementation of the Power Plant and Alternative Scenarios. While the
scope of this analysis and the intricacy of the topic preclude comprehensive
statements, the analysis does indicate relevant trends and variables that
will affect the capital input to scenario implementation.

Capital markets determine the direction and level of an economy's
activity to some extent. An understanding of the workings of this market
will enable more accurate forecasts of the future economy. The material
that follows is an attempt. to isolate several capital-related phenomena and
present some insight into their ramifications for the two scenarios.

The analysis is divided into two sections. The first section considers
capital constraints impacting the Power Plant Scenario, including investor
information, rate of return, and capital supply. The second section
considers the Alternative Scenario in 1ight of several capital-related
phenomena and suggests several areas for concern with regard to scenario
1mp1ementat1on



4.6.2 Capital Constraints and the Power Plant Scenario

This scenario forecasts expansion in 15 of the 16 manufacturing sectors N
listed in Table 4.2-1. To facilitate this expansion, the scenario

requires the construction of power facilities. These two aspects of the
scenario can be brought to fruition only if the investment capital is avail-
able for expansion and replacement of existing plant, equipment, etc.

Investment capital is made available through a variety of financial inter-
mediaries. Access to the available capital through intermediaries. for Pacific

Northwest projects will-be a function of: (1) investor's information_about

_’_T

the projects; (2) the project's rate of return as perceived-by the investor;
and (3) the supply of investment capital. Each aspect is discussed below.

4.6.2.1 Investor Information.

For capital to be made availab1e to a giVen investment project, investors
vmuSt be aware of a project's existence. This awareness can become s
‘clouded when spat1a1 and institutional arrangements separate capital <
" demanded from cap1ta1 supp]zed To'the’ extent .that cap1ta1 prOJects
occasioned by.the.scenario.are marketed in national’ arenas, the. 1nformat1on
impediment is mitigated. Trading in national markets wou]d genera11y seem’fj

[_-—ta be an eventua11ty for investment projects in this. scenario as these ‘T“pg

, Projects are corporate in nature, arising as. they do in.the. manufactur1ng
and utilities sectors of the.economy. In this regard, Straszhe1m indicates
that "Corporate stocks and bonds and government securities are all traded
in national markets, ‘with essentially equa]\#ecess" (Reference 4])._ J
Therefore, information about the demand for capital in the Pacific Northwest
under this scenario would not seem to preclude the availability of capital

for these projects

e P TTTY =7 -

4.6.2%25. Rate ofuReturanm

In a money market constrained by limited capital, investors will
rationally assign their investment funds to the most lucrative investment

alternatives. To achieve maximum efficiency from their capital, investors

will give priority to those investment opportunities which offer the highest
rates of return. In assessing the rate of return likely to be associated




with the expansion attributed to the industrial and utilities sectors under
the BPA scenario, investors need to'assay how well the planned expansion
matches 1ikely demand.. '

It has been suggested in other sections of this report that BPA's esti-' 4%
mates of future power requirements in the manufacturing sector seemed high,"‘glcw
possibly due to the nature of the BPA method for forecasting electricity
demand. To the extent that BPA's forecasts may overstate demand, increasing
output capabi]ities will yield excess capacity and Tow return on investment.
These considerations indicate that investors would be hesitant to make funds
ava11ab1e for all the projects implied in the Power Plant Scenario.

ot

4. 6 2 3J,Ihe Supp]yaoflLoanab]es?undsﬁhnﬁs

It was stated above that the capital projects implied in the Power Plant
Scenario would probably be financed in national money markets. It is appro-
priate, then, to address the issue of whether capital will be in sufficient
supply nationally to finance the projects required by this scenario. To
determine.the 1ikelihood of capital availability, it is necessary to define

a capital shortage.. Upon defining.the’phenomena,,it.{s. then appropriate to >
search for manifestatlons of . the def1n1t1on s tenets. This procedure follows
below. . . |

A capital shortage is- deflned by -Brenner,as "double- d1glt 1ong—term 1nterest
—rates, nrising. _debt-equity_ ratios_ and dec11n1ng cash f1ow-cap1ta1 expend1ture

[ﬁfRat1os" (Reference 42). The latter part of th1s definition shows some J

evidence of developing as evidenced by the data in Table 4.6-1.- (Reference 42)4£“}

Columns 5 and 6 of this table indicate a rather steady dec11ne in the."Internal L_
L1qu1d1ty Ratios" der1ved by each of the alternative methodologies. [_nese data

‘pated to 1984 and that at least one symptom of a cap1ta1 shortage .

indicate that a dec11n1ng cash flow-capital expenditure ratio can be antici-

= —T

is developing. The implication of the capital requirements attendant to
BPA's growth scenario is that some projects will not obtain the required
capital and therefore will not occur.
A study by the Stanford Research Institute indicates that_capital
. S !
shortages will not be a problem for BPA utilities (Reference 43). If :
this is true and if the deve]opment of a national credit squeeze as forecast




’ TABLE 4.6-1
INTERNAL LIQUIDITY RATIOS

(1) (2) (3) (4) (5) . X, | (6)
Fixed Nonfarm Retained - {Inv. Internal Internal
Business Inventory | Earnings |Val. Liquidity® { Liquidityb
Investment|Investment| & Deprec. | Adj. Ratio (IVA)| Ratio (II)
1947 23.4 1.3 19.7 -5.9 0.716 0. 644
1948 26.9 3.0 22.6 -2.2 0.799 0.704
1949 25.1 -2.2 19.2 1.9 0.803 0.914
1950 27.9 6.0 24,8 -5.0 0.799 0.638
1951 31.8 9.1 23.3 -1.2 0.714 0.553
1952 31,6 2.1 22.5 1.0 0,728 0. 688
1953 34.2 1.1 24,7 -1.0 0.708 0. 680
1954 33,6 -2.1 26,3 -0.3 0.778 0.827 Q G?
1955 38.1 5.5 33,9 -1.7 0.867 0.748 |
1956 43,7 5.1 34.8 -2.7 0.765 0.676
1957 46,4 0.8 35,0 -1.5 0.738 0.719
1958 41.6 -2.3 32.8 -0.3 0. 785 0.828
1959 45.1 4,8 39.4 -0.5 0. 868 0.782
1960 48.4 3.3 38.1 0.2 0.789 0. 740
1961 47.0 1.7 39.7 -0.1 0.843 '0.814
1962 51,7 5.3 46.1 0.3 0.895 0.813
1963 4.3 5.1 48.4 -0.5 0.887 0. 808
1964 61.1 6.4 54,5 -0.5 0.888 0.801
1965 71.3 8.6 63.1 -1.7 0.873 0.773
1966 81.6 15.0 68.6 -1.8 0.830" 0.697
1967 83.3 7.5 68.3 -1.1 0.813 0,743
1968 88.8 6.9 71.0 -3,3 0.781 0.717
1969 98.5 7.7 72.4 -5.1 0,709 0. 650
1970 100,6 4,3 70.6 -4,8 0.678 0. 644
1971 104.4 4.9 82.9 -4,9 0.771 0. 726
1972 118.2 7.8 94,2 -6.9 0.776 0.716
1973 1356,2 11, 4 114,0 |-17.3 0.773 0.691
1974 149,2 11.9 129.1  |[-35.1 0.748 0. 658
1975 147.9 -17.7 121,5 |-11.4 . 0.783 0.858
1976 174.1 9.2 147.1 |-13.7 0.806 0.747
1977 201.7 20.1 165.2 |-18.1 0,774 0.689 - )
1978 215.9 8.6 161.4 |-17.1 . 0,708 0.668 14
1979 220, 6 2.7 167.7 |-14.4 0.728 0.706
1980 243.0 14.8 192,1 -16.4 0,757 0.701 O
1981 274.6 21.9 213,0 |-14.7 0,749 0.684 ?
1982 3iz.2 25.7 230,5 |-14.4 0,715 0. 654 Q
1983 351.7 28.3 250.5 |-16.6 0.689 0.632 T
1984 390. 7 29. 8 275.4 | -21.5 0. 677 0.623
a3y +1/2(4)] + 1
b(3) + [(1) + (2) - (4)] &
g & :\3‘1 —
o “Fmt,




" by Brenner, Evans, et al- (Reference 42) is assumed, then the manufacturing
sector will be impacted by the tight credit market. TIf this Tatter sector
cannot obtain credit for expansion and/or replacement investment, its output
will contract. If output in the manufacturing sector contracts (or at least
does not expand), BPA's estimation of future electrical generation requirements
needs to be reevaluated.

To summarize, national capital market experts are forecasting a tight
credit market over the next ten years. Assuming that all regions feel the
effect of the tightness equally, the Pacific Northwest can expect that some
investment projects will experience insufficient funding. The sectors thgtrwjlli
feel the effect of credit unavailability most dramatically can only be
revealed by an in-depth regional analysis.

4.6.3 Capital Constraints and the Alternative Scenario

The Alternative Scenario calls for expansion in 14 of 16 W
industrial sectors. The expansion is selective and ostensibly does not
require much investment spending in the utilities sector. However, it does
presume expens1ve 1nvestment 1n conservat1on act1ons 1n the manufactur1ng,r
commercial, and'residential sectors which may offset the utilities spending
requ1red by the Power Plant Scenario. . The A]ternat1ve Scenario calls for
a tota] expans1on of .the industrial sector equa1 to.that forecast by BPA.

As a result, the’ 1mp1ementat1on of :the Alternative Scenario will also be
susceptible to national capital market constraints similar to those discussed
in regard to the Power Plant Scenario above.

In order to specify precisely the extent of the two scenarios, further
detailed regional and sectoral analysis would be required. However, there is
evidence available which indicates that at least segments of the residential
sector may face capital constraints in attempting to meet the conservation

actions required by the Alternative Scenario. . N,
For households to implement many of the conservation initiatives suggested by

the Alternative Scenario, they will need to demand capital, Normal household
credit channels are small and medium size commercial banks. Straszheim'suggests
that there can be significant regional credit cost differentials in the small
and medium size commercial bank credit markets resulting from institutional
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arrangements prevent1ng these _banks from_ tapp1nq _into_national cred1t

streams (Reference 41) These differences resu]t in certain banking

gy -

areas facing capital account shortcomings and manifest themselves to the
consumer in the form of high interest rates. The ability of a local banking
area to meet loan demands is a function of the savings habits and income of
the area's residents, as well as prevailing interest rates. If regional
income decreases, the volume of credit available at local commercial banks
through resident savings would be expected to decrease and the price of
that credit (i.eﬂ, the interest rate) wog]d be expected to rise, perhaps to
- the point where some consumers are priced out of that market.

The above set of phenomena can be expécted to occur, at least in the short run,
in areas where the Alternative Scenario recommends aluminum industry phase-out.

For example, it was earlier indicated that in Che]an County, Nash1ngton a large ’

portion of the county labor force will be unemp]oyed if the aluminum p]ant
there closes. It was also pointed out that average earnings in the aluminum
industry are considerably higher than in other industries. Closing the
aluminum plant in Chelan County would decrease county income considerably.
If it is assumed that county residents deposit their savings in local com-
mercial banks, the lending ability of these intitutions would be contracted

due-to the phase—out and consumer requests for loans for conservation actions

‘would go unf111ed Again, th1s is:a hypothes1s centerlng on a specific.set .

of circumstances.  As.such, the: magn1tude and probab111ty of :such a deve]op-
ment remains unresolved. However, this situation is indicative of the k1nds
of phenomena that may arise under the Alternative Scenario.

The Alternative Scenario pos1ts con51derab1e public intervention as input

to such processes as labor training, conservation initiative, etc. The.

analysis presented above suggests that private mechanisms for motiVating.theSe

[P,

. 79 )
b

economic processes will face some difficulty. It appears then that the capz -

ability of the public sector to manipulate these processes to.achieve the
desired results will be severely tested.
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5.0 IMPACT OF NEW NATIONAL ENERGY POLICY

During the period this study was being conducted, a new National Energy
Plan (NEP) was announced by President Carter (April 20, 1977). As the corner-
stone of the new energy policy concerned energy conservation, it was decided
to conduct a detailed examination to assess how the implementation of
the new energy policy--including its energy supply components where appro-
priate--would affect the previous results, particularly with regard to any
changes in the differences between the Power Plant and the Alternative
Scenarios.

Many of the specifics of the new energy policy have yet to be fully

. defined. Therefore, only those policy measures which were felt could have
the greatest impact and which also could be quantified within the economic
anafysis framework already developed were examined in detail. These
quantifiable impacts fell into three general categories around which this
section is organized:

o [ Impacts on .electrical energy consumption |

e s ¢ e i s L e s e e e

(3 /Impacts on the cap1ta1 costs of implementing. conservatlon
\——-

i

) [Impacts on fuel pr1ces .

A11. three categories are discussed in terms of how Ehey affect the
results in both the Power Plant and the Alternative Scenarios and hence
the differences between thefm. The net impact on the difference in total
costs between the two scenarios is also assessed. Other policy measures
which could not be quantified within the genéra] framework developed here
. 'but which probably have 2 def1n1te impact on the. scenqrios have™ Eééﬁ/aggTE‘hﬂ

/"‘——‘k T D

B \w1th qua11tat1ve1y /f* S *”E;L?ff3‘7[§

_ A genera] comparison of the hat1ona1r£nergy Policy with the Alternative
Scenario in terms of its suggested levels of conservation implementation
and 1ts proposed tax credits and other financial incentives is provided in

1Tab1e 5.0 «1 ' Note that the NEP's proposed levels of implementation are
generally higher than the corresponding 1eve]s in the Alternative Scenario

5-1



TABLE 5.0-1

COMPARISON OF NATIONAL ENERGY PLAN (NEP)
CONSERVATION MEASURES WITH ALTERNATIVE SCENARIO

SECTOR

END-USE SERVICE(S)

CONSERVATION
MEASURLS

HROC 1985

NEP 1985 Measures

Tmplementation .°°

Implementation &

RESIDENTIAL

COMMERCIAL

MANUFACTURING

AGRICULTURE

Space Heating

Hater Heating,
Lighting,
Appliences

Space Heating

Water Heating

Lighting

Production
Processes

Irridation

Lower thernostat
68-70° day, 62°
night; auvtomotic
thermostat night
setback; weathor-
strip homes
Insulate ceilings,
walls, floors
Retrofit storm win-
windows on existing
and new dwellings

Heat pumps

Solar Space Heating
Systeuns

Total energy sys-
tems

More efficient
appliances (water
heating, lighting,
other).

Solar water heaters

Lower temperature to

72° in winter; raise

to 78° in summer.
Reduce window glass
area. Insulate.
Semiautomatic night
sethack of thermo-

" “stat. .
Packaged heat pumps |

in small office
buildings
Central heating and
cooling systems;
heat recovery from
refrigeration comn-
pressors and water
chilling.
Solar hrating
Total encrgy systems

Reduce water heating
tenperature

Reduce lighting
levels but maintain
80-10C fi.-candles
on work surfaces

Reduction in energy
intensity by-4% in
1988 *°

On-site electrical
generation thru
self-generation
or utilizing pro-
duction process
waste.

Use of wind-hydraulic
and solar driven
pumps.

60%

(Llectric Building
35% - 37%

46% - 50%
424 - 493

4% - 3%
47 - 1.9%

1004 (A1) Homes)

2% (A1 Homes)
30% - 73% w

30% - 732

43% - 733%
1%
2%

30% - 73%

1002

20% (Lumber)
(Paper)

10% (Petroleum)

Tax Credits

s)

9%

.393

Mandatory std. for

.2.7%

G2Y in general

1004 for

Federal Build-
© ings

(& other incentives)

a1l new appliantes.

25% of first
$800; 15% of
next $1,400

Solar: Starts at
40¢ of first %1,000;
25% of next $6,400
in 1977. Declines

‘o 25¢ of first
$1,000; 15% of next
$6,400 by 1985.

10% Investment
tax credit

10% Investment
Tax Credit

Flus
Fair Utility Rates
for surplus & backup
povier ‘from cogenera-
tion. .

102 Investment Tax
Credit i

Ve

*Implementation levels unsbéiified.

]NaturaI Resources Defense Council, "Choosing an Electrical Energy Future for 'the Paci

Final Draft, Januvary 31, 1977.
2Skidmore. Owings and Merritt, “Bonneville Power Administration Electvic Energy Conservation Study," June. 1976,
3Based on requirement for 2.5 million water heaters and .25 millior space heaters by 1985. SEIA background report to NEP.

’
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for 1985 déspifé fﬁérfact fﬁafrfﬁngEP is based largely ubﬁn incéhig;ggf

while the Alternative Scenario is based upon a mandatory implementation
strategy.

The remaining conservation measures where no implementation levels
were specified in the NEP should not be interpreted as being omitted from
consideration by the NEP, but only as havinginogspecifieddimplémentationn
levels.

5.1 IMPACT ON ELECTRICAL ENERGY CONSUMPTION

The National Energy Plan calls for 'strong reliance upon cohservation,
measures in all sectors of the economy. The measures include those which
are mandatory, as well as those which are voluntary. Three specific NEP
policies were identified as having definite bearing on the current study.
These are the following:

e Implementation of insulation in residential buildings (inténtiva)‘,.ﬁ

e Implementation of solar space and water heating units in
residential and commercial buildings (incentive).

e Mandatory building efficiency standards (mandatory).

"While all of these items were assessed for their potentia]rkmpact in
both scenarios, only the implementation of insulation was determined to
have an actual effect on them.

It should be emphasized here that since the Alternative Scenario is
concerned with homes that are electrically heated, the impact of the

NEP implementation is determined relative to these homes only. Consequently,

this study does not reflect NEP effects on fossil fuel consumption.

5.1.1 Implementation of Insulation in the Residential Sector

The National Energy'RTén ha§'théfihsdTﬁfﬁhgmof,90%] 6? ai] residences
and other buildings by 1985 as one of its goals. The primary impact of

this goal is to accelerate the implementation of insulation in the residentia1

sector. Consequently, both the Power Plant Scenario and the A]ternative
Scenario assumptions were modified to include this feature. These modified

——— - e —————

]As this report was going to press, there were indications that the 90%
penetration goal might be reduced to 60%.
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scenarios will be referred to as excursion cases, and the non-modified
scenarios referred to as base cases hereafter. For the Power Plant
Scenario, the NEP initiatives represent the only conservation effort to '
be implemented since the general pattern of this scenario does not include
conservation within its structure.

" The percent of electrically heated residences insulated by 1985 was
set equal to 90% in all cases for both scenarios. From 1985 through 1995,
the level of implementation of insulation was held constant at 90% for the
Power Plant Scenario, but allowed to rise to the previous 1995 levels in the
Alternative Scenario.] Since the procedures for implementing this measure
in the two scenarios were somewhat different, they will be discussed separately.

In the case of the Alternative Scenario, thecchapgeiinttheiiimplementa--
tion level of insulation required that the thermal performance coefficients
(TPCs) for each electrically heated dwelling type in 1985 be recalculated.
It will be recalled that the procedure for calculating theTilPCs as explained
in Section 2.2 was to multiply the percent implementation of a given measure
in a given year by the number of electric homes of a given type in that year
and then, based on the annual kWh, savings per home from that measure,
determine the total sector savings. When this is done for each conservation
measure in each given dwelling type and the result summed, the total sector
savings is determined. By dividing the total savings by the total before
conservation consumption, the fractional sector savings is obtained. This
fractional savings subtracted from unity is defined as the average TPC
for that type of dwelling.

When this:pfbcedure”was performed fbfrinsulation by chéﬁéingmfhéd198§ﬁf
level to 90% while retaining the previous levels of all the remaining
passive measures, the following results were obtained:

]In the case where the housing stock declined after 1985, j.e., MF<76,

1985 was the cut-off-date for installation of insulation.
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" COMPARISON OF TPCs IN ALTERNATIVE SCENARIOl
h BASE AND EXCURSION CASES

I

(Electrically Heated Homes)

1985 1985 . 1995

Base Case Excursion Case Base Case
SF<76 737 .636 .473
SF>76 .769 .706 .538
MF<76 71 .689 .542
MF>76 .785 734 .569

It can be seen from the. above table that while the implementation of this
level of insulation improved the average TPCs of a]]-é]ectrica]ﬂy'heated.dwelling
types over their 1985 base case_]eve], it.did not improvesthem to their.1995 levels.
These TPCs were then assumed to change linearly from unity in 1975 to their
1985 excursion case levels and from there linearly to their previous 1995
levels. When substituted for the base case TPCs these excursion case TPCs
provided a reduced level of energy consumption for space heating in the
residential sector.

S e T e e — — — - -

In the Power Plant Scenario excursion case, data from the SOM Study
(Referencetﬂ) were used to determine the residential sector energy consump-
tion profile following the NEP recommended level of insulation. Since pertinent
data were given only for the years 1980 and 1995, the projection is based

on calculations for these years only.

A comparison of the residential sector energy consumption inthebbase
and excursion cases in both scenarios is plotted in Figure 5.1-1.. It.-
is obvious from this figure that the implementation of the NEP level of
insulation makes a greater difference in the electrical energy consumption
of the Power Plant Scenario than in the Alternative Scenario.

The cost savings
effect will exaggerate the difference in the two scenarios even more due

to differences in the prices of electricity at which this energy is being
saved. This is a consequence of the substantial level of implementation of
insulation measures already considered in the base case Alternative Scenario in
contrast to much lower Tevels of insulation implementation in the base case
Power Plant Scenario.
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CONSUMPTION OF ELECTRICITY (kWh x 10°)

BPA BASE

BPA EXCURSION
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FIGURE 5.1-1.
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The cumulative savings over thelzo-year period resulting from the
implementation of the NEP recommended level of insulation is 18.2 x 10° kWh
in the Alternative Scenario. The maximum annual difference in this scenario
occurs in 1985 and is 1.7 x 10° kuh. The cumulative savings is 84 x 10° ki
in the Power Plant Scenario, with a maximum annual difference of 4.4 x 109 Kih

9

occurring in 1995. These maximum annual differences correspond to 195
average Mwe in the Alternative Scenario and 500 average Mwe in the Power
‘Plant Scenario (which equates to roughly one 750 Mwe power plant,. assuming
a .67 capacity factor). The savings may, of course, be viewed as a power
reserve rather than a reductionnin the number of power plants required.

5.1.2 Solar Heating Implementation

The goal of the solar heating program of the NEP is to have over 2.5
{ million installations in residential units by 1985, This goal is very
‘ close to that projected by the Solar Energy Industries Association (Reference\T7)
with the same incentives. Currently there are 74 million residential units
in the United States (Reference {18, p. 40). Based on an expected 1.3 million 4
new housing starts per year overrtthe next decade (Reference®22, p. 8),

- this would result in approximately 83 million residential units by 1985.
Equipping 2.5 million of these units with solar heating systems (NEP goal) .
would represent 3% of all residential units. Assuming a 90%/10% split
between solar ﬁater heating and space heating as approx1mate1y indicated
on Table 5.1, 3,1& 2. 7%(1mp]ementat1on»1eve1¢resu1tstforawatergheat1ngnand,r -

TABLE 5.1-3
]
EFFECTS OF NATIONAL ENERGY PLAN: ON RE%IDENTIAL
SOLAR HEATING IMPLEMENTATION e
/ ~ e et ——————————————— T T
— ¥
§ - ) Proportion
e Total Number of Total Number of Combined Water and 0f Water
1. Water Heaters (Thousands) Space Heaters (Thousands) Heaters and
Year New Retrofit Total New Retrofit Total Space
Units Units Units Units Units Units Heaters
1980 64 183 247 7.0 1.8 8.8 96%/4%
1985 392 1560 1952 . 216 70.2 286.2 - 85%/15% ‘-\
1990 1071 3030 4110 783 1660 2443 ) 59%/41% : r
\',- ‘ e ————— - N ]
' ;Assumes adoption of solar. incentives identical to those in the NEP. '
* “keference 17. ' ’
| - . - o
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a 0.3% level for space heating. Th1s compares w1th the A1ternat1ve Scenario
assumptions of 2% space heating in new single-family homes and 1% in new
multifamily residences in 1985, or ,3% of all residences in the region. .
Thus the nationa] average figures imply an equal implementation of solar
space heating systems compared to the A1ternat1ve Scenar1o However for
solar water heat1ng, the 1mp11c1t NEP target of .2, 7% is somewhat h1gher than
the 2% level assumed in the Alternative Scenario.

1

Of primary interest, however, is the fraction of the 2.5 million residences
Vrexpected to have so]ar heating in 1985 that will be located in the PNW

reg1on Accord1ng to the Execut1ve Director of the Solar Energy Industries

Association, few of these installations will occur in the PNW region, even

with incentives, due to current low prices of electricity and not too favorable

sun]ight conditions there (Reference 23), This opinion was confirmed

in the analysis of solar heating in both the residential and commerc1a]

sectors conducted in this study, wherein solar heat1ng showed a net cost to

consumers in all cases. Therefore, it was decided not to increase the imple-
-mentation Tevel of solar water heating beyond the level alreadyyassumed’

in the Alternative Scenario.

While there would be no impact on the Alternative Scenario from
- so]ar heating 1mp1ementat1on, there would be an impact on costs due |,

to the tax credit provision in the NEP. This impact is dnscussed in subsection
5.2.2.

5.1.3 Mandatory Building Efficiency Standards

The NEP calls for advancing the effective date of the mandatory
efficiency standards for new buildings required by the Energy Policy and
Conservation Act from 1981 to 1980. Unfortunately, those standards have not
yet been defined in detaillsoothattaacomparisoniwitht thecefficienciess
stated in the Alternative Scenario for commercial buildings cannot be made
at this time.

However, for federal buildings, spec1f1ca11y, the NEP standards have been
defined. The objective is to reduce by 1985 the energy intensity of existing
federal buildings by 20% and that of new federal buildings by 45% relative
to 1975 levels. While the exact proportion of federal buildings in the PNW

was not known, the large office building prototype (10,000 ft2 floor area)

5-8
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may be assumed to be representative of this type. Based on the data presented
in Table 2.3-1 of subsection 2.3.2.1,.it can be seen that the average energy
savings for this type of building is 37.2% for both new and old structures
combined. This is well within the rate of 20%-40% specified in the NEP

and so it is 1ikely that the NEP goal would have no impact on the energy
savings for this type of building in the Alternative Scenario.

Whether the above statement can be genera1iied”to jnclude all the
building types in the Alternative Scenario cannot be determined prior to
publication of the mandatory building efficiency standards. ‘

As was the case for solar heating systems, the effect of tax credits
for investments in the building conservation technology assumed in the
Alternative Scenario will be assessed in the next subsection.

5.2 IMPACTS OF IMPLEMENTING CONSERVATION ON THE CAPITAL COSTS .

5.2.1 Tax Credits for Passive Conservation Measures in the Residential Sector

The national energy program provides for a tax credit of 25% of the first
$800 and 15% of the next $1400 of the cost of passive conservation measures
implemented between April 20, 1977 and December 31, 1984. In the case of the
Alternative Scenario, these tax credits were computed for: individual ¢t
electrically heated residences based on the total initial (unfinanced)
capital cost outlay for each]rofthe passive measures incurred in each
residence type. The implementation levels of all the passive measures
except insulation were left unchanged from those specified in the:Alternative
Scenario. The implementation rate of insulation was increased to conform to
the national energy program goal: of 90% by 1985. Following this procedure
and knowing the stock of homes in which the conservation measures are
implemented each year from 1977-to 1984, the total tax credit” for this:
sector was determined for-thése years. The credits. were“then reflected
in the cost accounts starting in the year 1978 and ending in the year 1985.

A similar procedure was used for computing the tax credits’in the Power Plant
Scenario as well, but with insulation considered as the only conservation
measure of relevance in that scenario.

1This procedure was followed since the distribution of consumers who install
more than one conservation measure at a time was not known.
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The results of implementing the passive conservation part of the
national energy program guidelines in both scenqrios, determined on the
L basis of the 20-year costs to the consumers, are shown in Table 5,21, |
Note that relative to the Alternative Scenario, the costs shown in
T551E£3:2—1 reflect the situation prior to the imp]ementafion of any i Y
of the active conservation measures. Consequently, the residential sector .X

o . -

1

‘ i

costs shown in this section will be different from those discussed in

—— - = ———

IMPACT OF THE NEP ON THE COST COMPARISON OF THE RN
TWO SCENARIOS IN THE RESIDENTIAL SECTOR -7 \\\

. ’ -~ ’
. \
7 ) ~ \ N\
N . i \

N . Twenty-Year Cost Totals
C ($ x 109 in 1976 $)

,// \\\\ TABLE 5.2-1
a )

* Base Excursion Net Savings In
. Building Type Case Case Excursion Case

f -| Alternative Scenario
' ith Passive Measures onl
;£7 (w ve Measu y)

Existing Single Family 3.573 3.306 0.267

. New Single Family . 1.927 v 1.864 0.063
) 4 Existing Multifamily 1 1.228 1.157 0.071
ﬂNew Multifamily 177 _.756 0.021

Total Sector 7.505 ‘ 7.083 0.422

Power Plant Scenario :
Total Sector 26.461 . 25.927 0.534

T T i
!
{

¢
';_____,____1___

}

- e i e
.

Section 5.4, where the Alternative Scenario was considered in tota]ity J
(i.e., with both passive and active measures implemented). In contrast, 'f
the cost§ for the Power Plant Scenario are complete, since no active |
measure implementations were assumed.




T . . . - ’ T
The results, indicate that there is a net cost savings of over $400
million in both scenarios following the implementation of the national energy
program. While the sav1ngs in the two scenar1os are comparable, it must be

e e e e ——— - © e e — Y

recalled that the Alternative Scenario is both less energy intensive (due
to built-in conservation) and less cost intensive than the Power Plant
Scenario. Consequently, while the magnitude of net savings is slightly
Tower in the Alternative Scenario, it represents a greater percentage of the
costs incurred in the base case. Despite the fact that the tax credits

were applied to all passive conservation measures in the residential sector

of the Alternative Scenario, but only to a single conservation measure
(i.e., insulation) in the Power Plant Scenario, the cost savings were greater

in the latter case.

5.2.2 Tax Credits for Passive Conservation Measures in the Commercial Sector

According to the NEP (Reference 18, p. 42), "businesses would be
entitled to a 10% tax credit for investments in approved conservation measures,
in addition to the existing investment tax credits." As the list of approved
measures was not included in the NEP, this statement was interpreted to apply
to all the passive conservation measures that were costed in Section 3.5
for the Alternative Scenario. Since the minimum Federa] eff1c1ency standards
for bu1]d1ngs have not yet been set, it was not poss1b1e to Jjudge which
conservation measures and what level of implementation would be required so

that no comparable assessment could be made for the commercial sector of the
Power Plant Scenario.

The manner of implementing this portion of the NEP policy is defined as
follows. Referring to Table 3,6-1, the third column entitled "1980 SOM
Regional Cost" idisplays the total unamortized capital costs of implementing
conservation through 1980 by building type. The tax credits for these
measures were computed by first dividing the 1980 cost by 5 in order to obtain
the annual cost from 1976-1980, and then mu1t1p1y1ng this annual number by _
10% to obtainethe annual tax cred1t The computed_tax cred1j;flgure~l§
shown in column 3 of Table 5.2-1 by multiplying: this annual tax credit
by four. The total tai_thedftfapplicable in the fouh—giiowable years of
this period, 1977-1980, was determined, as.shown under the column
labeled (e). Then the procedure implemented previously in section
3.6 was app]iedvtaking into account the total allowable tax credits, This
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procedure and the results are presented in columns 1abe1ed (a)-(1) in Table

{ 5.2-2. In this way, total A]ternat1ve Scenar1o costs for 1mp1ement1ng *‘7
conservation in the commercial sector under the NEP “tax incentive program
_were obtained. The total costs in the base and excursion case are compared in
Table 5.2-3. These costs were then distributed uniformly from 1977-1985
~"in accordance with the previously assumed uniform implementation levels,’

_ TABLE 5.2-2
COMMERCIAL SECTOR CONSERVATION COSTS WITH 10% INVESTMENT TAX CREDIT

(a) (-) (b) (¢) (d} (e} (f) (¢) ... (h) (i)
i Cost of 1985 1985
. 1980 SOM 4-Year Unit Alternate Alternate
1580 SOM 1980 SOM Annual Financed Tax Energy Scenario Scenario
Building Type Regional Savings Regional Cost Tax Credit Regwnal Cost REM Credit Savings Savings Cost
I 3 {x 106 k«h) {x 106 §) (x 106 3) {x 105 3) (x 166 ) (x lofg 3) ($/kWh)  (x 100 kwh)  (x 106 s)
4xb f/a hxg!
Small Office €13 73.7 1.474 82.25 1.89 5.896 78.24 1276 1231 157.1
targe Office 374 . 7.8 0.156 9.3 .60 .624 9.28 .0248 1667 41.3
Retail 812 i8.6 0.372 20.8 1.38 1.468 20.69 .0255 1790 - 45.6
Schoo! 642 1i.8 0.236 12.7 0 .944 11.76 .0183 427 7.8
Other Commercial 1192 33.7 0.674 40.0 3.29 2.696 40.59 L0341 1802 61.4 i

4
Total = 321.0 =~

-y - -
llt is assumed that cost of unit energy savings is identical in 1930 and 1985.

a— — -

5.2.3 Tax Credits for Solar Heating Systems in the Residential and
Commercial Sectors

As discussed previously, the implementation levels of solar space and
water heating systems were assumed to remain unchanged from the levels in
the base case Alternative Scenario despite the tax 1ncent1ve program.
'Hence, the tax credits were applied .to the base case levels in the Alternative
Scenario. Aga1n, 1mp1ementat1on of solar heating systems was not cons1dered
for the Power Plant Scenario and so no tax credits were involved.

1

The tax credit program for solar heating systems, as stated in Reference 18
on page 75, differed between the residential and commercial sectors. In the
"commercial sector, solar heating systems were considered to be treated 1ike

any other conservation measure and hence the 10% tax credit was applicable




TABLE 5.2-3

TOTAL COST COMPARISON IN THE COMMERCIAL SECTOR
WITH/WITHOUT TAX CREDIT T

CPPOTUEPYSURS U P

1985 1985
‘ Base Case Excursion Case
. Building Type (x 106 §) (x 106 §)
Small Office 169.0 157.1
-Large‘Office 44.0 41.3
Retail 48.0 45.6
School 8.5 7.8
“'Other Commercial _65.5 61.4
\\ 335.8 321.0 v
Al - ‘L ke
A

to them as well.

systems.

In the residential sector,

a different and time-varying

tax credit was applicable to both types of solar (space andiwater) heating
The tax credit starts at[40% of the first $1,000 and 25% s
{of the next $6,400 in. the latter part of 1977 (after April 20).. “D).;
th then declines. in stages to 25% of the- f1rst~$1 000 and 15%
of the next $6, 409 by December 1984.

L Tab]e 5.2-4 provides an illustration of what PNW homeowners wou]ﬁ pay

- p— -

for their solar heat1ng systems with and without the tax cred1t

[ﬁ_;j;;:]

" ——




TABLE 5.2-4

EFFECT OF TAX CREDIT IN 1977 ON COST -
OF PNW SOLAR HEATING SYSTEMS

(1976%)
)
No Tax Credit Tax Credit2
. : Unamortized Amortized! Total Unamortized Amortized! Tax Total
Solar Application Cost Total Cost Investment Cost Jotal Cost Credit Investment

Space Heat SF>76 $4500 $5346 $5346 $4500 $5346 $1275 $4071

Space Heat MF>76 $1900 $2257 $2257 $1900 $2257 $ 625 $1632
Water Heating (all) $1260 $1497 $1497 $1260 $1497 $ 465 $ 752 ’
— |

;5 year loan; 7% real interest, compeundea on monthly balance.
Tax Credit is 40% of first $1,000 and 25% of next $6,400 in 1977.

The results of the tax credit program in the residential sector for
the solar systems are tabulated below;

TABLE 5.2-5

EFFECT OF TAX CREDIT PROGRAM ON RESIDENTIAL SECTOR
SOLAR HEATING COSTS (1976%)

Total Net Cost' Total Net Cost'
without Tax Credit| with Tax Credit % Cost Reduction
Solar Application (x 100 §) (x 100 §) ‘Due to Tax Credit |
Space Heating
(inc1. SF>76; 184 180 2%
MF>76)
Water Heating 578 562 3.0%

1Rounded to nearest million.

Aithough there is a minor cost reduction resulting from the solar tax
credit program, the net cost of solar heating systems remains positive and
therefore these systems are still not cost-effective within the 20-year '
period considered here.

_For the commercial sector, the 10% tax credit was applied and the credit

was given to the commercial user in the second year after his purchase (as
was the case with the residential user). The effect of the tax credit program

on the commercial sector solar heating costs is presented in Table 5.2+6.




region, a cost rang1ng from 80¢ to $1.10 per MMBtu was computed depend1ng

on the exact transportation distance involved. The higher price of $1.10

was then used as a conservative estimate in computing coal-derived electricity
prices in the base case calculations. Hence it was felt that no change had

to be made in the excursion case to these previously computed coal-derived
electricity prices for the two scenarios.

The overall effect on electricity prices due to increased natural gas
and oil prices was negligible due to the extremely small fraction of
electricity generation in the region that is obtained from gas- or oil-fired
turbines (less than 1.5% in the Alternative Scenario and 1.2% in the Power
Plant 5ceH£F§6“?H'Té85) ﬁg?ﬂ?%ﬂermore natural gas was assumed to be phased out
of utility use in combustion turbines and was replaced by distillate fuel
in the base case computat1ons, thereby SImu]atlng the effect of the NEP
natural gas price p011cy

5.3.1 Effect of Natural Gas Prices on Total Energy System Costs in the
Residential and Commercial Sectors

Residential and commercial consumers of natural gas will not pay the
users' tax proposed in the NEP for industrial and utility consumers. However,
they will pay the increased price of natural gas as it begins to reflect
marginal production costs. Based on data provided in the NEP, a natural gas
price schedule was constructed. The NEP (Reference 18, p. 53) states
that all new gas sold in the country would be subjéct to a price Timitation

-of $1.75 per Mcf at the beginning of 1978, but this would increase to
$2.20 per Mcf in 1985. With this price range and assuming an average of
1000 Btu's per Mcf, a price schedule can be constructed based on a linear
interpolation between the two dates. That schedule is given by the
following equation:

Price (t) = $1.75 + .0643 (t - 1978) per MMBtu for 1978 < t <1981  ~~ = ~—

Since the fuel cell total energy system assumed for residential and
commercial consumers in the Alternative Scenario will not be implemented
until 1981, the equation may be rewritten based on that year, and extrapolated
to 1995 as we]]



for 1981 < t < 1995.

Based on this natural gas price schedule, the <annual.-fuel=plus<fuel-> us
0&M costs were obtained for the two residential and one commercial building
types which were assumed to have implemented such TES systems in the Alternative
Scenario (see Table 5:3s1). ~These per=building fuel-plus-0M costs were
then multiplied by the number of buildings of each type in each year that had
such systems,based on the same implementation schedules assumed in the base
¢~ case.

TABLE 5.3-1 .

. REVISED ANNUAL FUEL AND 0&M COSTS FOR THE FUEL CELL TES |
IN THE RESIDENTIAL AND COMMERCIAL SECTORS BASED
ON NEP NATURAL GAS PRICES

Annual Fuel
Cost Schedule (1976 $)

Annual TES
Gas Consumption (Btu's)

Annual Fuel Plus

Annual
Building Type 08M Cost (1976 §) 0&M Cost Schedule (1976 §$)

i Single Family (>76) 106.7 x 106 207.32 + 6.86 (t-1981) 3 1238.32 + 6.86 (£-1981)
l Multifamily (>76) 99.8 x 106 193.91 + 6.42 (t-1981) 3 224.91 + 6.42 (t-1981)
f Average Commercial 21.44 x 109 41,658 + 1,379 (t-1981) 2,790 44,448 + 1,379 (t-1981)

A comparison of the effects on these increased natural gas prices with
the base case prices are shown in Table 5.3-2.

TABLE 5.3-2

COMPARISON OF FUEL CELL TES COSTS
IN THE BASE AND EXCURSION CASES

Net Cost Net Cost
TES Sector Base Case Excursion Case

(x 10° $) (x 100 $)
Residential 98.00 140.43
Commercial -7.90! 37.35

]Net savings.




—

Thus, while the natural gas prices increased the net cost as expected in
“both sectors, in the case of the commercial sector TES it was sufficient to
change the TES from marginally cost-effective to cost-ineffective within
the 20-year period of interest considered.

Since it was not specified in the Alternative Scenario report the type
’ of total energy system that might be implemented, the fuel cell TES was assumed
‘ for purposes of this study. A different type of total energy system,
particularly one based on coal rather than natural gas, could prove

@dneseffective.ﬁ}

5.4 TOTAL IMPACT ON COST DIFFERENCES BETWEEN THE TWO SCENARIOS

; This section describes the impact of the NEP on the two scenarios
j“\ - individually (5.4.1 and 5.4.2) and then the impact on the cost difference
_}4/ between the two scenarios (5.4.3).

5.4.1 Alternative Scenario

The economic impact from the consumers' point of view of the implementation
of théggtesident's National Energy Plan on the costs incurred in the base
Iy case Alternative Scenario is described herein, subject to the following
assumptions described earlier and summarized here.

5.4.1.1 Residential Sector

The implementation levels of insulation specified in the Alternative
Scenario in all electrically heated dwelling types have been modified to
reflect a uniform 90% level of implementation by 1985 across all residences.
Thereafter these levels rise to the Alternative Scenario levels for 1995,
The implementation levels of all other conservation measures, passive and
active, are unchanged in these residences.

I N

. . . Tax credits-are-reflected-for all conservation programs that fall™ "f '3%1

under the NEP Guidelines, i.e., insulation, storm windows, weather stripping, </f
solar space heating and solar water heating, to the tax credit levels

LA . N - - k3 . ) "
et ® rather than average demands (an Alternative.Scenario requirement) is not ;;ﬂ;;iif‘-
£ - economically optimum. , R

@

L)
‘ e ﬂAdditionaﬂy, as noted previously, sizing the TES to meet peak ) éi;&;g;‘--?'




'specified in the program. No tax deductions are considered for interest
payments on consumer loans. Natural gas prices follow levels recommended
in the NEP, which are higher than those assumed in the Alternative Scenario, .

5.4.1.2 Commercial Sector

‘ The assumptions in paragraph 2 of subsection 5.4,1.1 also apply to the
commercial sector with tax credit levels specific to this sector.

The comparison between the 20-year (1976-1995) total residential
and commercial sector costs (in 1976 dollars) in the Alternative Scenario
and the respective costs in the excursion case incorporating the recommendations
of the National Energy Plan are shown in Table 5.4-1. In the residential sector,
the implementation of the NEP results in a net benefit of $394 million to the
consumers. In contrast, the commercial sector experiences a small cost incre-
ment of about $6 million in the excursion case. In this sector for the
Alternative Scenario, the implementation of natural gas total energy systems was
a marginally cost-effective measure (by $7.9 million). This trend is signifi-
cantly reversed when the NEP is implemented (net cost increment of $37.35
million) implying that the increase in natural gas prices inherent in the program

TABLE 5.4-1 -
TWENTY-YEAR TOTAL COSTS IN THE RESIDENTIAL AND COMMERCIAL

SECTORS BEFORE AND AFTER IMPLEMENTATION OF THE
NATIONAL ENERGY PROGRAM IN THE ALTERNATIVE SCENARIO

($109 in 1976 Dollars)

—————

——

.,
-

Net Savings In
Excursion Case

Alternative Scenario

( e (Base Case) Excursion Case

Residential
d | Sector Costs 20.452 20.058
b
~ Commercial . ’ S
Sector Costs 8.764 . 8.770
Total Costs in Both \\\\ 2 %
Sectors Combined %2:?15p§ : 28,828 0.388

e




F shifts the balance. In the residentia]isector, the total enérgy éystems in
the Alternative Scenario were not cost effective {hitia11y anarbeééﬁéxiegs
cost effective following the implementation of the National Energy Plan,

For solar heating systems the NEP tax credits were not sufficient to make
them cost effective in the 20-year analysis‘period considered here,

5.4.2 Power Plant Scenario

In considering the Power Plant Scenario excursion case, only one con-
servation measure recommended in the NEP was implemented. This measure
was building insulation, which was assumed to be implemented only in
the residential sector. The impact of the implementation of the NEP in
this scenario results in a cost savings of $535 million as is shown in
: Table 5.4-2.

{ R - —_

TABLE 5.4-2

TWENTY-YEAR COSTS IN THE RESIDENTIAL SECTOR BEFORE AND AFTER
IMPLEMENTATION OF THE NEP IN THE POWER PLANT SCENARIO

($]09 in 1976 Dollars)

: Power Plant ' .
Scenario Excursion Case 252u§2¥éﬂgéa£2
(Base Case)
26.462 25.927 0.535

5.4.3 Impact On Cost Difference Between Two Scenaries

One interesting comparison that can be made between the Power Plant
Scenario and the Alternative Scenar1o is the difference between the two
scenarios of the 20-year cost streams to the consumers before (base case)
and after (excursion case) the implementation of the NEP. This is shown H,,
in Figure 5.4-1. The comparison before the program implementation was
the primary emphasis of this study and has been described in detail

———

earlier.
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From Figure 5.4-1 it is seen that, in the initial years, the implemen- ~

‘tation of conservation programs in the Alternative Scenario in both the
excursion and non-excursion cases results in a net cost to the consumers -

relative to those in the Power Plant Scenario.” However, the cost difference

between the scenarios is smaller in the excursion case.up to 1985 because

of all the tax benefits that accrue to the Alternative Scenario in contrast

to the single tax benefit (i.e., for insulation) in the Power Plant Scenario.

The two cost curves cross over in 1985 reflecting the effect of two trends

in the excursion case: 1) the cessation of tax benefits beyond this year
tending to increase the conservation costs in the Alternative Scenario:

&

o | "\@ |

NON-EXCURSION CASE
+1800 | /4

NEP
EXCURSION |
CASE

+1400

+1000 ¢

+600 |

SCENARIOS (MILLIONS OF 1976 DOLLARS)

+200

COST DIFFERENCE BETWEEN POWER._PLANT AND ALTERNATIVE

400 . 4
1975 1985 1995
YEAR

"FIGURE 5.4-1. ANNUAL COST STREAM IN THE POWER PLANT SCENARIO LESS ANNUAL .
COST STREAM IN THE ALTERNATIVE SCENARIO BEFORE IMPLEMENTATION !
OF THE NATIONAL ENERGY PROGRAM (NON-EXCURSION CASE) AND
AFTER (EXCURSION CASE)
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and 2) the increasing impact of energy savings from the implementation

of cost effective insulation in homes in the Power Plant Scenario which lowers
the cost in that scenario. In other words, the consumers in the Power o
Plant Scenario achieve a new energy cost savings with {mplementing insulation
in their homes that makes the cost difference between the scenarios smaller
than it would otherwise be. Annual kWh demand in the two sectors in both
scenarios before and after impliementation of the National Energy Plan i

was presented in Figure 5.1-1, .- |

The net present value of the difference in costs for the two scenarios
is $6.3 billion. This is almost identical to the cost difference in the
base case. Given the expected accuracy of making 20-year cost projections, ;
it can be stated that the NEP had no impact on the net present value of the
cost differences between the two scenarios. However, in terms of net-
present-valued constant dollars, the difference was $146 million less in
the excursion case than in the base case, sufficiently large to state that
the NEP had a net beneficial impact on the Power Plant Scenario since the
cost difference between the two scenarios decreased by this amount.

5.5 CONSERVATION PROGRAM COMPARISON: ALTERNATIVE SCENARIO AND THE

NATIONAL ENERGY 'PLAN °

The Alternative Scenario recommendations for the implementation of
energy conservation measures in the PNW region are similar to those in
the President's National Energy Plan., In the residential and commercial
sectors, both programs recommend similar passive conservation measures |
(i.e., insulation, storm windows, weather strippiﬁg).' This is - K
true in the area of active measures as well, where, although the near-term
emphasis in the national program is on solar space and water heating,
measures such as heat pumps and.total energy systems are also considered
as viable options--heat pumps today and TES probably in the 1980s. The
Alternative Scenario considers all of these as viable in this time period
as well. Also, both programs are concerned with improving the energy effi-
ciencies of appliances, which taken as a whole is the largest energy consuming

category in the residential sector,

T 522




O

In the industrial sector, with the exception of co-~generation, neither
program disaspétd fiittwithjregard itoameasurésr forprimphoy ings théfefficiency of
energy utilization. One major:difference, however, exists in this sector
between the two programs. The Alternative Scenario recommends a rather
drastic change in the:industrial mix as a viable method for reducing the growth
in energy demand. Even though this recommendation is specific to the PNW, such
an approach does not constitute energy conservation in the spirit suggested
by the NEP. In this respect it significantly differs from the perspective
of the national program where no such industrial mix changes are suggested.

In the analysis addressing the economic impact of the NEP on the Alternative
Scenario, it was not possible to include the industrial sector because of the
lack of specific details concerning conservation measures and related costs.
However, even if such data had been available, this fundamental difference

in the ggglggk_gj;jbggfwo programs:would have prevented a meaningful comparison,
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APPENDIXAAE
COSTS OF CONSERVATION MEASURES
Conservation measures in the residential and commercial sectors

implemented in the Alternative Scenario and associated capital costs
from the Skidmore, Owings & Merrill study (Reference 4).
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Table il

~ CONSERVATION COSTS IN THE
RESIDENTIAL/COMMERCIAL SECTORS
(Reference 4)

(1976 Dollars)
>/o vollars)

e :
‘ ‘ D SOM
BUILDING TYPE CONSERVATION .MEASURES COST
Single Family - | Install semiautomatic 3
Residence - Existing night thermostat § -
‘ 103
(1,400 ft; 3.01 - 3.09 | Weatherstrip doors &
1 people per unit) windows
| - Insulate ceilings from
| 3" to 12" (R37)
‘ - Insulate walls with 3 1/2" $726
: .of U.F. foam
R s Insulate floors from 1" e
to 6" (R19)
Install storm windows $910
Single Family Install semiautomatic- $ 65
; Residence - New | night thermostat o
| | (1,550 ft%; 3.01-3.09 Insulate ceilings from \
people per unit) 4" to 12" _
. Insulate walls from 3 1/2" 11$539
i to 5 1/2" .
' A A
1 Insulate floors from 2" . /
' to 6"
‘ | Install double glass storm $262
‘ ‘ windows insulated glass '
. r/
Multi-Family Insta]] semiautomatic-
Residences - Existing night thermostat
- $ 83
(675 ft2 per apt., Weatherstrip doors and
2.16-2.11 peop]e per windows .
unit) " .

. Insulate ceilings from
2" to 12" (R37)

)(See Next Page)
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CONSERVATION COSTS "IN THE
RESIDENTIAL/COMMERCIAL SECTORS

(1976 doTlars)

=
= Y SOM
BUILDING TYPE CONSERVATION MEASURES COST
z ' s
(Continued from previous | Insulate walls with 3 1/2" |} $180
page). . ' of U.F. foam
Insulate floors from 1"
to 6" (R19)
Install storm windows $338
I
Multi-Family Install semiautomatic $ 65
Residences - New night thermostat
(775 ft2 per apt., Insulate ceilings from \
2.16-2.11 people per 4" to 12" (R37)
apt.)
. Insulate walls from 3 1/2" ) 11
to 5 1/2" (R19)
Insulate floors from 2" J
to 6" (R19)
Install double glass - $101
storm windows
" Small office building - Install semiautomatic $3300
.gExisting night setback thermostat
(12500 £t2; 74.3 kiWh/ Install an all electric $2700
- ft2/yr) packaged heat pump
" [or]
Add single glass sheet $2000
to inside window ‘ '
7




& »
CONSERVATION COSTS IN THE
RESIDENTIAL/COMMERCIAL SECTORS

(1976 dollars)

=0

BUILDING TYPE

~ CONSERVATION MEASURES

SOM
COST

Small office building - |

New

(1,500 £t2; 74.3 Kih/
ftc/yr.)

Large office buildings -
Existing

(50,000 ft2; 84.7 kWh/
ftc/yr.)

Install automatic night
setback thermostat

Decrease glass area from
33% to 25% and install
double glazing

Insulate walls reducing
U value from .15 to .08

Insulate roof reducing U
value from .10 to .05

Add high performance edge
insulation to floor,
reducing from 40 to 25
Btuh the U value (per
lineal foot)

Install a heat pump
Install timer and optimizer
controls on mechanical

equipment

Install chiller with heat
recovery system

Modify:constant air A
distribution system to
variable-air-volume

Install double glazing or’
storm windows :

Insulate walls

'$5500

'$2700

$5000

$35000

$50000




CONSERVATION COSTS IN THE R
RESIDENTIAL/COMMERCIAL SECTORS

(1976 do]]ars)

ﬂgﬁ Ty SOM-
BUILDING TYPE LONSERVATION MEASURES cosT
/::. :j (\,- - . T .

1 Large office building - Insta]] timer and optimizer

New - controls on mechanical
equipment
(50,000 ft2; 84.7 1Wh/
fte/yr.) Install chiller with
storage tank & heat
recovery system $65,000

Install varijable air
volume distribution
system

Use tinted glass & inside
window shades

B

Retail buildings - " Adjust dampers to reduce $15,000 (?)
Existing | outside air ventilation
rate fyom .10 to .075 cfm-.
| 8 ,000 ft2; 72 kwh/ per ft
? te/yr/) o
i Modify HVAC units to use |  $25,000-

fresh air for cooling when
outside temperatures are
suitable

Install double glazing or
storm windows

; ' : $21,000
Insulate walls
Retail Buildings - Recover heat from
New refrigeration compressors
9 000 ft2; 72 kWh/ , Use doubie'g1azed windows
_ tc/yr.) 1 & window shading

j_{. $35,000

: S Reduce glass area from
40% to 20% - building
o front wall

 Lower.ceiling height from
20 to 12 ft




CONSERVATION COSTS IN THE .
RESIDENTIAL /COMMERC IAL SECTORS

(1976 .dollars)

' 1 4 SOM
BUILDING TYPE "V CONSERVATION MEASURES . COST
/y School buildings - Install double glazing or
/j Existing : storm windows
/ 2 $21,600 |
r (45,000 ftc; 20.1 kwh/ Insulate walls |
: ft)
School Buildings - (see (Reference 4) $0
Other Commercial Low capital cost conser- . $5,495
Buildings - Existing vation systems (average
) of three previous building
(36,750 ft2; 42.6 kih/ types)
ft/yr.) ' . » '
High capital cost conser- | $15,555
vation actions (average
of three previous building .
types)
Other Commercial _ Comply with ASHRAE 90-~75 $825
Buildings - New ‘standards (average of :
' four building types
analyzed)
Actions in addition to $20,873
ASHRAE 90-75 (average of
office & retail building
types) '




APPENDIX B

SOLAR SYSTEM DATA

This appendix presents the data supporting the size of the solar
collector required to provide 60% of the space heating requirements

in residential dwelling units. Table 1 sizes the collector for new: ic ' -

single-family dwellings and .Table 1 sizes the collector for new
multifamily dwellings. For regional monthly average heating degree-day
and insolation data see Appendix E.
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Table 1.
SOLAR COLLECTOR REQUIREMENTS FOR A SINGLE-FAMILY DWELLING (>76) AFTER

L , IMPLEMENTATION OF PASSIVE CONSERVATION
(Assumes 225 ft2)

o (\Assumes 225> Tt%)
- | B -
; Monthly Collector
f Average Heat Load Incidence Useful Heat
{ Month HDD (x_108 Btu) (x 106 Btu) n (x 106 Btu) Supplemental Heat
g { || vanvary 896 5.56 BN 467 1.20 4.36
February 675 4.19 4.65 .476 2.21 1.98
March " 660 410 7.72 .483 3.73 0.37
April 447 2.78 .2 .409 4.58 -
| May . 258 1.60 14.16 .244 3.46 -
| June 116.3 .72 13.70 .324 4.43 -
A outy 34.7 .21 15.44 .454 7.01 -
August a.7 .26 14.16 .417 5.91 -
September 123 .75 9.96 .439 4.37 -
October 361.7 .24 . 6.44 457 2.94 : -
November 627 3.89 3.74 A7 1.76 2.13
December 814.3 - 5.06 2.57 .462 1.19 3.87
A ©3T.gE T2.77 (40.5%)
Provides 59.5% of Heat Load
3
. - - . \\
*May not add due to rounding. . ) ) N
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: Tab]e 2.. e

SOLAR COLLECTOR REQUIREMENTS FOR A MULTIFAMILY DWELLING (>76) AFTER
' IMPLEMENTATION OF CONSERVATION
(Assumes 95 ft2)

— —_— |
»‘ Monthly Collector
- Average Heat Load Incidence - Useful Heat
" Month . HDD (x 106 Btu) (x 106 Btu) n (x 106 Btu) Supplemental Heat
January 896 2.26 1.09 .467 .50 . 1.76
February 675 1.70 1.96 . .476 .93 0.77
March 660 1.66 3.26 .483 1.57 0.09
April 447 1.13 4.73 .409 1.93 -
May 258 .65 5.98 .244 1.46 -
‘- June 116.3 .29 5.79 .324 1.88 o -
S July 34.7 .09 6.52 - .454 2.96 -
August Q.7 10 5.98 417 2.49 -
September 123 .31 4.21 .439 1.85 : -
October 361.7 L9 2.72 .457 1.24 -
| | November 627 1.58 1.58 A7 0.74 0.84
| December 814.3 - , 2.05 1.09 462 0.50 1.55
12.73* 5.01 (39.4%)
Provides 60.6% of Annual Heat Load
. \
*May :\‘B/t add due to rounding. & |

\
|
)
|
)




APPENDIX C
TES DATA

This appendix presents the data upon which the size and cost of fuel
cell total energy systems (TESs) determined for implementation in the
residential sector were based.

Table 1 presents the data required to compute the peak electricity
demand from (non-space heating) appliances in the residential sector.
Table 2 presents the data regarding the amount of supplemental space
heating required as back-up for a fuel cell TES in a.new single-family
. dwelling. Table 3 presents similar data for a new multifamily dwelling.
Table 4 presents the cost data for both new single-family and multi-
family dwellings for fuel cell TESs.
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Table 1.
FUEL CELL TES CAPACITY. REQUIREMENTS

PEAK/AVERAGE
RATIO AT PEAK APPLIANCE DEMAND (kw)
AVERAGE kw ELECTRICITY DEMAND' . SYSTEM- AT SYSTEM PEAK
~— APPLIANCE 1985 1995 PEAKZ 1985 1995

Water Heater 0.427 0.401 2.215 0.946 0.888
Lighting 0.161 0.146 .97 0.156 0.142
Refrigerator 0.081 0.079 7.33 0.594 0.579
Range 0.119 0,113 3.19 0.380 0.360
TV Color 0.028 0.028 3.19 0.089 0.089
TV B&W 0.019 0,019 1.00 0.019 0.019
Freezer
Clothes Dryer
Clothes Washer
Dishwasher 0.504 0.548 0.47 0.237 0.258
Air Conditioner

_ Miscellaneous |

- J : : 2.42 2.34
T gmere, ==
Average kw is based on 8760 hours/year.
Except for water heating where the ratio increases slightly between 1985 and 1995, the ratio .

i for all other appliances is assumed in the Alternative Scenario to remain invariant with time.

See Reference 3 , Table 35, p. 162. The high ratio shown for refrigerators is very likely in ’ v
4 error. - T
\\, s
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Table 2.

. FUEL CELL WASTE HEAT PREDICTION FOR SF >76
(Peak Demand 2.4 kwe)

AVERAGE USEFUL MONTHLY
1 HOURLY POWER DEMAND | MERMAL
11 MoNTH FROM FUEL CELL OUTPUT . HEATING LOAD DEFICIT
Tkw) T (x 10° Btu) (X706 Btu) (x 100 Btir)
- . JAN 2.40 6.29 5.56 -
o FEB 1.20 3.14 4.19 1.05
MARCH 1.20 3.14 4.10 0.96
APRIL 1.07 2.80 2.78 -
MAY 1.07 2.80 1.60 -
1-- June 1.07 2.80 0.72 - \
JULY 1.07 2.80 0.21 -
AUG 1.07 2.80 0.26 -
" SEPT 1.07 2.80 0.75 -
ocT 1.20 3.14 2.24 ' -
NOV 1.20 3.14 3.89 0.75
DEC 2.40 6.29 , 5.06 -
. 31.40 x 10% Bty 2.76 x 10° Btu
.

*
i ) "~ Assumes 70% of waste heat captured as useful heat. Fuel cell efficiency
is 40%. ' :

— [ - -
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_Table 3. _ =

[
4

—

FUEL CELL WASTE HEAT PRODUCTION FOR MF >76

(Peak Demand = 2.4 kW)

AVERAGE USEFUL
HOURLY .POWER DEMAND  THERMAL
MONTH FROM FUEL CELL - OUTPUT HEATING LOAD DEFICIT
(kw) (x 106;§fu) (Xﬂloﬁ.sth) ‘ (xa10° Btu)
JAN 2.4 6.29 2.26 -
FEB 1.2 3.14 1.70 i}
MARCH 1.2 3.14 1.66 -
APRIL 1.07 2.80 1.13 -
MAY 1.07 2.80 .65 -
JUNE 1.07 2.80 .29 -
JULY 1.07 2.80 .09 -
AUG 1.07 2.80 .10 -
SEPT 1.07 2.80 .31 -
ocT 1.20 3.14 .91 -
NOV. 1.20 3.14 1.58 -
DEC 2.4 6.29 2.05 -
12.73 o

C-4



\___ Table 4.

CAPITAL COSTS FOR FUEL CELL TES
IN THE RESIDENTIAL SECTOR

(Based on 2.4 kW, Installed Capacity)

I. TOTAL COSTS

COMPONENT (f} UNIT COST TOTAL CAPITAL -COST
1981-1985  1986-1995 1981-1985  1986-1995
2.4 kWy ﬁ$?z7fkwe $?OO[kWé $665 ‘ $480
Fuel Cell TS v e ‘
Heat X'changer $90/kWg $90/kWg $216 $216
Heating Element $200 $200 $200 - $200
| $1081 - $896
II.  INCREMENTAL COST FOR SF >76 | '
’COnVenf{gﬁ&Tfﬁeaiﬁng¥3 -845 -845
S | T —
ystem Cost Acapital Cost =  § 236 § 51
III. . INCREMENTAL COST FOR MULTIFAMILY >76
(No heating element)
Fuel Cell TES Cost ' 881 . : 696
.Conventional-Heating.
‘System: Cost . - -343 -343
AcCapital Cost $538 $353

*prorated to SF>76 based on heat load (40.54% of SF>76)
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APPENDIX D

SOLAR WATER HEATER SYSTEM DATA

This appendix presents the data supporting the size requirement assumed
for a solar water heating collector which provides 60% of the annual water
heating requirements of a typical residential dwelling in the PNW. For
regional monthly average insolation data, see Appendix E.
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| : Tab]e/].ln

: SOLAR COLLECTOR REQUIREMENTS
‘ FOR RESIDENTIAL1WATER HEATING
| (Assumes 60 ftz)

_ MONTH (QE?gﬁLgQB) (iNfé Eggﬁ) n USEFUL HEAT | SUPPLEMENTAL HEAT
[ January 2.24 .65 467 .29 1.95
Fegruary 1.11 1.18 .476 .53 : .58
March 1.11 1.95 483 .89 .22
ApriT .50 2.84 409 1.16 -
May .50 3.57 .244 .87 -
June .50 3.46 .324 1.12 §
July .50 3.90 454 1.77 -
August .50 3.57 417 1.49 -
September . .50 2.51 .439 1.10 -
October 1.1 1.62 457 .70 L
November 1.11 .93 471 42 .69
December 2.24 .65 462 .29 .80
11.96 . 4.65 (39%)
Provides 61% of annual heat load.




APPENDIX E

HEATING DEGREE-DAY AND INSOLATION DATA

This appendix presents the basic climatelogical data used in the
solar and fuel cell TES sizing calculations. Table 1 presents monthly
heating degree-day data for three major cities in the PNW. Table 2
presents daily and monthly average solar insolation data for the PNW
region as a whole.

E-1



\}

/
e

HEATING DEGREE DAY DATA*FOR THREE MAJOR CITIES IN THE PNWC)

Table 1.

N

Boise, Idaho

[*National Climatic Center, Ashev

ille, N.C., 1941-1970:°

Portland, Oregon Seattle, Washington Av.

Month HDD HDD HDD HDD

January 1116 834 738 896

i February 826 622 574 675
. March . 741 598 592 660.3

April 480 432 429 447

May ’ 252 264 258 258
June 97 128 124 116.3
July 0 48 56 34.7
August 12 56 57 41.7

September 127 119 123 123
‘October 406 347 332 361.7

November 756 591 534 627
December 1020 753 670 814.3

~ Total ' 5055

L
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L Table 2.
MONTHLY AVERAGE INSOLATION DATA FOR THE PNW REGION

1,2 Da11y2 Monthl
Month - Langleys Btu/ft Btu/ft
January 100 369 11,439
February . 200 738 20,664
March: .. 300 1107 34,317
Apri 450 1660 49,800
May 550 , 2030 62,930
June T 550 , ‘ 2030 60,900
Ju]y/:jax/ﬁ SN 600 2214 68,634
August =" - 7 - 550 2030 © 62,930
September 400 1476 44,280
October 250 ° 922.5 28,596
November 150 553.5 16,605
December 100 . 369 11,439
Average: 350 1291
Total 4200 1.55 x 10°

Ilimatic Atlas of the United States, U.S. PO, 1968.
) 21 Langley = 3.69 Btu/ftz/day.

v -

i
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Table 3. ol

EXPECTED SOLAR HEATING DELIVERED TO AN AVERAGE
COMMERCIAL BUILDING IN .THE PACIFIC NORTHWEST REGION .

’ (Assuming 50,000 £t2 Collector) :
~ ; -
lad -
A
i _
% _ ‘ ' - . |
Month ~ ° * HDD Heat Load Insolation Ul Useful Heat  Deficit (If Any)
(x 108Btu) (x 10%tu) (x 1068tu)
January 896 858.5 571.9 .467 267.1 591.4 -
February 675 646.8 1033.2 .476 491.8 155.0 -
"+ March 660 632.4 ©1715.8 .483 828.7 -

April © 447 428.3 2490.0 .409 1018.4 -
May 258 247.2 3146.5 .244 767.7 - ’
June _ 116.3 m.1 3045.0 324 986.6 -
July 347 33.2 3431.7 .454 1558.0 -

_ August 4.7 40.0 3146.5 417 13121 -
September . 123 117.8 2214,0 .439 971.9 -
Oc tober 361.7 346.6 1429.8 .457 653.4 -
November 627 600.8 830.3 47 391.1 209.7
December *  814.3 - 780.0 572.0 .462 264.3 515.7

’ 4843. 478 | |
, % Heating Load = 69.6% or 3371.1 x 10° Btu per year. o

L




