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ABSTRACT 

The comparative impacts of substituting a conservation 
investment program on Long Island in lieu of completing the 
power plant at Shoreham is quantitatively assessed. In con­
trasting the two resource planning alternatives, analytic 
focus is placed on technical achievability, costs and benefits, 
and relative scarce fuel savings. 

Preliminary sections are devoted to issue definition, 
qualitative identification of the types of tradeoffs involved, 
and clarification of the framework employed for investigation. 

Using a detailed end-use oriented computer model, a yardstick 
Reference forecast is established. Then, a set of some forty 
conservation measures affecting the efficiency with which energy 
is converted at the end-use are described in detail. These 
measures satisfy the twin criteria of technological availabilty 
and social cost-effectiveness (the cost to ratepayers of 
saving a unit of energy must be less than the cost of supplying 
a unit of energy). 

A policy program for promoting and financing conservation 
investments is assumed to effect a gradual phase-in of the 
measuresover twenty years as the existing stock of equipment is 
replaced and retrofitted. No change in end-use amenities, 
consumer behavior, or economic activities is posited in the 
conservation case. The conservation alternative is designed to 
represent an illustrative real world program, not a maximal 
or optimal conservation scenario, and thµs includes only a sub­
set of energy reducing options. 

A.second run of the forecast model incorporating the 
impacts of the Conservation measures at the end-use over time 
is produced. The stream of measure implementations and 
associated costs are also computed as well as attendant oil, 
gas, and electric energy savings. The results are collected 
in the form of the costs and benefits of the Conservation versus 
the Shoreham approach. Roughly speaking, the capital costs 
for the two scenarios are comparable in present worth terms 

./ 

(even assuming full ratepayer responsibility for utility recovery 
of sunk costs in the Shoreham project). However, the fuel 
reductions are far greater in the conservation scenario 
amounting to a net savings of some 53 million barrels of oil 
to 2000 (and 76.2 billion cubic feet of natural gas). The 
first order cumulative cost difference to ratepayers shows 
a net savings of over $3 billion (discounted to 1980). 
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Relative affects on the electric generating system are 
comparable with each scenario achieving adequate reliability 
(peak load reduction in the Conservation program case 
eventually matches the capacity expansion in the Shoreham 
completion case) . Other factors such as indirect economic and 
employment stimulation and environmental impact appear to 
favor the conservation alternative. 

On the basis of its relative cost-effectiveness, scarce 
fuel husbandry, and long term system reliability, the 
conservation approach is shown to be a feasible and meritorious 
option. The results suggest that detailed consideration of the 
conservation investment alternative by policymakers is warranted 
at this time. 
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1. OVERVIEW 

In this report, two energy investment strategies for 
Lon~ Island are compared. In the first, the nuclear facility 
cutriently under construct_i~m at .$D,9reham is completed. In 
th1 isecond, that pr~ject is ~anc~~~~~ and instead a_ 
pr0gram promoting and financing conservation measures is adopted. 
Iniparticular, we wish to establish which strategy would be 
less expensive and which would save more scarce fuel (especially 

• I 
oil) . 

I Recently, it has become widely acknowledged that conserva­
tion offers tremendous potential to save energy at a cost 
gerte;rally much less than the cost of delivering additional 
enJr

1
gy (e.g., Refs. 10 -17, 28,32). That realization has lead to a 

nutiioFr of attempts at the national, state, and local levels 
to ~remote and finance investments in conservation equipment 
to o~ercome the various impediments to their market penetration. 

I 

I At the same time, the electric utility industry has 
exE>efienced a fundamental alteration since 1974. The long 
te:i:hn1 prognosis for demand growth as well as cost-estimates 
foi pew power plants has changed dramatically -- the former 
is JmFch less, the latter much more. Before 1974, the mandate 
fo~ F well-managed utility seemed self-evident: try to 
de~eU.op an optimally reliable and efficient electric generation 
and ~istribution system to meet a rapidly growing market for 
el~c ric power. Long range planning was based on massive 
certs ruction programs to keep power supply comfortably above 
expo entially increasing customer demand; growth rates were 
tyP,ipally at 7% annually and higher still in areas undergoing 
robust economic development, such as Long Island. 

I The problem this posed for supply expansion -- doubling the 
size of the generation system every decade or so -- had, it 
apcleared, a felicitous resolution. Large numbers of nuclear 
f i~s~on power plants were to be constructed producing power 
wh~ch was anticipated to be unprecedentally inexpensive, safe, 
and,lwith the parallel development of fast breeder reactor 
tedhnology, virtually inexhaustible. The question of moderating 
de~ahd growth through conservation-oriented policy was simply / 
not bn the agenda. Indeed, the utility industry contributed 
si~n~ficantly to the high growth levels through promotional 
ad~eftisement and rate structures that rewarded intensive 
e14ctric energy usage. 

- 1 -
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Such indefinite extrapolation of the pre-1974 tren-ds 
seems, retrospectively, to have been a terribly naive vision 
of the last quarter of the century and a misguided basis for 
the development of a rational energy strategy. All of the 
major determining variables of demand growth -- energy price, 
economic pace, demographic trend, governmental policy, 
technological development, consumer attitudes and values -­
have radically altered. The interruption in post-war patterns 
was not anticipated by the utility industry (and perhaps 
could not have been) and then not accepted for many years as 
the transformation it is now widely acknowledged to have 
represented. 

The dilemmas currently facing Long Island Lighting 
Company (LILCO) and its customers present a textbook case 
of these patterns from the recent history of the utility 
industry. Over the years, the Company has inexorably adjusted 
its annual long range forecast of future demand in lagged 
recognition of the complex forces marking the 1970's as a 
watershed in energy growth dynamics. This historic cascade 
in LILCO's forecast is illustrated in Figure 1 (along with 
the forecast sequence developed using ESRG's engineering/end­
use model for comparison) . Experienced growth in annual energy 
requirements in LILCO's service area has averaged less than 1% 
in the 1973-1979 period. By contrast, the Company's 1974 
ten year forecast of average annual growth was 6.3% (the 
Company's most recent forecast is moderated to 1.8%). 

The series of revisions _6_f -its demand forecas·t -f>"y"-_t]le __ 
- Company ___ suggests the extent of the fundamental- -transformation 

-- in the planning framework used as the basis for designing 
a long term construction program. The corresponding adjustments 
in that program have been correspondingly drama.tic. As of 
1974, LILCO's generation expansion schedule included the following 
elements: 

TABLE 1 

LILCO 1974 EXPANSION PROGRAM1 

Facility 

Shoreham Nuclear 
Jamesport 1 - Nuclear 
Jamesport 2 - Nuclear 
Additional Required2 

Notes: 

Size 

820 MW 
1150 
1150 
2430 

In-Service Date 

1978 
1981 
1983 
1983-1994 

1. Source: Ref. 1, Vol. 2, p. 43, 99-101. 
2. Based on 18% reserve requirement. 
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Figure 1 

HISTORICAL COMPARISON OF PEAK FORECASTS,.:, LILCO AND ESRG 

1974 LILCO (Ref.1, pg.I-2) 

1975 LILCO (Ref.2, pg.I-~ 

1976 LILCO, Ref.3, pg.13) 

1977 LILCO (Ref.4, pg.15) 

1978 LILCO (Ref. 5, pg. 16) 

1979 LIL CO 
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By contrast, the current plan looks as follows: 

TABLE 2 

LILCO CURRENT EXPANSION PROGRAM1 

Facility 

Mitchell Gardens -
Solid Waste 

Shoreham - Nuclear 
Nine Mile Pt. 2 - Nuclear 
Jamesport Coal 

Notes: 

Size 

32 MW 
820 
1943 
400 

In-Service Date 

19802 
1983 
1987 
1989 

1. 
2. 
3. 

Source: Ref. 7, Vol. 1, p. 412, 423, and Ref. 16. 
Ref . 18 , p. 4 . 
LILCO's 18% share. 

The one item that appears on both lists is the subject 
of this inquiry: the Shoreham Nuclear Power Station (hereinafter 
"Shoreham"). Conceived during the pre-1974 period, it stands' 
as an artifact of the unrealistic forecasts of need, premature 
commitment to supply expansion, and extreme optimism about 
nuclear construction costs that characterized that era. The 
time sequence of Company forecasts of Shoreham on-line dates 
and costs are summarized below in Table 3. Other analyses indicate 
that even these last figures may remain overly optimistic (Refs. 
12 and 13). 

TABLE 3 

LILCO ESTIMATES OF SHOREHAM COST AND COMPLETION DATES 

Date of Forecast 

December 1973 
December 1974 
April 1976 
April 1977 
April 1978 
May 1978 
September 1979 
May 1980 

Source: Ref. 19 

Target 
In-Service Date 

Mid 1977 
Mid 1978 
May 1979 
May 1980 

September 1980 
September 1980 

May 1981 
January 1983 

- 4 -

Total Cost 
(millions of dollars) 

350 
498 
699 
969 

1,190 
1,240 
1,600 
2,235 
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The escalating costs of the Shoreham project coupled to 

the 'lil.nrealized growth in the demand for electricity, have put· 
seve~e stress on LILCO's financial health. Access to financial 
markJts and the ability to raise capital at acceptable terms 
is b~ntingent on the Company maintaining sufficiently high 
levbis of cash flow to minimize investor risk (as measured by 
var~~us indices such as "interest coverage"). In order to 
adeg~ately satisfy these tests of financial health and 
the~~by permit the continuation of its heavy construction 
cornkitments, the Company has regularly come before the 
New/ 1ork State Public Service Commission to request increased 
rate~. For example, the gist of Case #27774, the latest in 
a sk~uence of similar rate cases over the past several years, 
is ~ILCO's putative need to increase its cash flow to enable 
the' ~arly completion of the Shoreham unit. 

I I Given the prospect of such financial problems -- and 
att

1
eirdant rate increases -- continuing into the future and the 

Comlp?nY' s poor track record in estimating ultimate cost and 
completion dates, it is natural to explore the viability of 
al tiel-natives to the Shoreham nuclear facility. The 
coskjeffectiveness of other options is complicated by the 
dis!ppsition of the $1400 million already sunk into the Shoreham 
faciility. Indeed 1 the Company has developed a set of comparative 
anallyses of completing Shoreham according to their current plan 
ver!shs delaying the in-service date (Ref. 14) and versus 
co~v~rsion to coal or building a new coal unit (Refs. 15 and 16). 
Th~s~ studies -- based of course on Company assumptions and 
metlhbdologies -- find the rapid completion of Shoreham to be 
mo~tjbeneficial to the customers. These conclusions on the 
ecdnomics of LILCO's Shoreham completion strategy versus various 
pow1'e~ plant construction alternatives will not be critically 
exam~ned here.* 

. linstead, the focus is on the potential for economic merits 
of a alternative to Shoreham completion not considered by 
LIUCb in their extant documents: the development and financing 

I 
I 

I 
*rtl ls worth no£ing .that in a 1977 rate case r_,r:r_.co ....... . 
a~gf~d that a construction delay from the the~ projected in­
ser[· ice date of 1979 would not be cost-effective. Based on 
t~e assumption that a rapid construction schedule would lead 
td f egative impacts on customer rates due to the cash flow 
pt~blems discussed in the text, other analysis showed that 
LiDCO's conclusion was erroneous (Ref. 17). The passage of 
tim~ has confirmed the validity of that assumption. Analogous 
cd>rrlplaints would need to be voiced as part of any thorough 

I i. h • 1 f r~~iew of t e more recent Company economic ana yses o 
al1J'ernative construction programs. 

I 
I 
I 
I 

I 

I 
I 

I 
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of an intensive conservation program on Long Island over the 
next twenty years. The goal is to test the validity of the 
Company's fundamental assertion that the option of abandoning 
the Shoreham project would be "against the public interest" 
from the point of view of economics and oil savings (Ref 0 18., 
p. 12) • 

As mentioned earlier, a number of utilities have already 
made substantial reorientations in their development program 
by stressing conservation financing as a ~ost-effective sub­
stitute for at least part of their capacity expansion require­
ments. It is recognized that the energy policy and regulatory 
community need not have electric utilities simply respond to 
conjectured long range demand growth through power plant 
construction. Rath~r, they alo11g with other actors could 

··--· _· - manage the level of demand growth to a siqnificant degrE!e ... 
through conservation investment programs.* 

Should construction at Shoreham be terminated? To the 
Company, on grounds of minimizing costs and oil consumption, 
the answer must be negative. In this study, however, the 
question is treated as an open hypothesis requiring careful 
investigation. It is indeed the point of departure for our 
analysis. 

It will be shown that even at this late date in the Shoreham 
construction trajectory, there is the practical potential to save 
more oil at lower cost to the people of Long Island over the 
next twenty years by redirecting funds from continued construction 
to a program of investment in conservation. 

* In this report, "conservation" refers to increasing the 
efficiency of devices providing end-use services, not de­
creasing the level or quality of those services. Consequently, 
no decrements in the quality of life (e.g., turned down winter 
thermostats), or in the level of service (e.g., decreased 
street lighting) are included. 

- 6 -
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2. THE ISSUE 

~he issue under investigation can be put crisply. The 
relat~ve merits cf two energy investment scenarios are to be 
ass~sbed. In one scenario, the Shoreham plant is assumed to 
be dokpleted. In the other, the Shoreham construction ceases 
andlipvestment capital flows instead to implem'2!'Ilting a set 
of me~sures on Long Island designed to improve the efficiency 
of e!n~rgy use. 

I ~h~_t~§~ of the analytic work in this study is to care­
fully! specify the menu of realistic conservation <?pportu~~-t~~s, 
est4blish reasonable targets for. their ph?i,S~-in over time,_ _ 
deve~op cost estimates for each implementation, and quantify 
the!Vmpacts on consumption of electricitv and other fuels 
from ibenchmark (or "business-as-usual") usage levels for 
thejmyriad of appropriate end-use categories. Estimates of 
costd and construction schedule for Shoreham will be drawn 
fro~ independent analyses. 

I It i~ essentia~ here to cl~rify the character ~f th~ 
conservation scenario to be designed and evaluated in this study. 
To bJgin with, there are two types of functions it is not 
meahtl to serve. First, it is not offered as a blueprint for 
progJam action over the next twenty years. Rather, it 
reprJsents one choice of plausible target conservation levels 
in b~der to test the proposition that a conservation alterna­
tiv~ jto Shoreham com~letion is feasible by showing that the 
tec]:i4ologies are available, the costs acceptable, and the fuel 
sav~~gs superior. While it represents the main contours of 
any/ ~andidate program, there is no claim that the scenario 
is rf.ecisely what would emerge in an actual program. 

lsecond, the scenario does not incorporate the full 
techmological potential for conservation. In other words, a 
dif~Jrent question from the one addressed here could be asked: 
whatl jis the long range potential for demand reduction through 
imp~ementing the full set of conservation measures which are 
techAologically available and cost-effective?* This would cast 
the! J:onservation net far wider than we intend to here, to include 
ext1r~me improvements in appliance efficiencies, community energy 
syst~ms, maximal insulation levels, and so on. In reality, there 

* su1ch a question was indeed asked recently by the California 
PUd !(Decision No. 91107) and then answered in Ref. 11. A conserva­
ti~n measure was considered "cost effective" in this instance if 
the cost of saving a unit of energy were less than the cost 
of s pplying an additional unit of energy. 

- 7 -
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of course are other significant constraints, such as the timing 
and level of the commitment of regulators, utilities, and other 
institutions in designing, promoting, financing, and administering 
a program capable of assuring high levels of conservation measure 
penetration. While the technological potential approach defines 
the universe of cost-effective actions, the scenario defined here, 
as will be amply demonstrated below, is oriented toward a modest 
subset of these. 

In summary, we may locate the function of the conservation 
scenario in the terrain between a detailed programmatic 
blueprint for conservation and a general technological 

potential for conservation. Reference to the stages of large 
scale projects might be suggestive. The possible "project" 
in this case is the adoption of the conservation program. 
The analysis here is offered as a "proof-of-concept" or feasi­
bility study designed to indicate whether the next stage -­
the development of the actual program elements analogous to 
the detailed engineering construction plan -- ought to be 
pursued. 

Rather than specifying either the ultimate potential, 
on the one hand, or the blueprint for action, on the other 
hand, the conservation scenario represents a set of plausible 
targets to test the feasibility for a conservation investment 
pr0gram to save more energy at less cost than would the 
alternative strategy of completing the Shoreham plant. 

Once the conservation scenario has been defined and 
modelled, a number of issues emerge for assessment. The 
quantitative analysis is aimed at answering two central 
questions: 

• Which scenario displaces more oil? 

Decreasing oil consumption is a priority in national 
energy policy, especially in heavily oil dependent 
areas such as Long Island. Both scenarios under 
consideration would bring a substantial reduction 
in oil use on Long Island. The Shoreham plant would 
reduce the need for generating electricity from 
LILCO's oil-fired power plants. The conservation 
scenario would, like the Shoreham plant, displace oil­
fired generation. It would also reduce oil consumption 
for space and water heating in buildings. 

- 8 -
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Which scenario costs less? 

There are costs and savings associated with each 
choice -- capital, fuel, operation and maintenance. 
The stream of costs over the twenty-year time frame 
of investigation needs to be computed, accumulated 
in constant dollars and compared. 

I · ssuming a feasible conservation scenario with the 
pot~n~~ial of displacing more oil than the Shoreham scenario 
low~r direct social cost, other important areas of concern 
may b addressed: 

Electric system reliability 

The Shoreham and conservation scenarios affect the 
long-term electric power supply/demand balance in 
quite different ways, the former by increasing 
generating capacity and the latter by decreasing 

at 

the demand for new capacity. The reduction in peak 
load demand resulting from the conservation strategy 
must be comparable to the additional capacity of 
the Shoreham plant in order that the two scenarios 
not have significantly different impacts on the degree 
of reliability of the electric power system. 

• Indirect economic impacts 

The Shoreham versus conservation cost comparisons 
referred to above__c~~pute only the .direct costs of . 
providing or saving energy. The· two strategies have 
very different indirect effects on on-site employment, 
demand for local materials (and labor to produce 
those materials), local spending of wages and increased 
disposable income resulting from savings in energy 
costs, and so on. Recent investigations have 
suggested that significantly higher levels of 
employment result from the conservation approach 
(Refs . 21 , 2 3 , 2 4 ) . 

• Natural gas demand 

In comparing the two scenarios, direct cost and oil­
savings are highlighted. Though the emphasis in 
today's policy climate is on reducing oil consumption, 
in the recent past the policy imperative to conserve 
"scarce fuels" has included natural gas conservation. 
Furthermore, if the level of switching from oil to 
natural gas usage is constrained by the latter's 
availability, a scenario which conserves natural gas 
will indirectly promote oil savings by increasing 
the supply of an attractive alternative. 

- 9 -
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• Risk 

In comparing the two scenarios we shall focus on 
such factors as energy savings and direct. costs_ to 
ratepayers. In addition, there are risks associated 
with each scenario which, while not lending them­
selves to statistical analysis, should be identified 
for completeness. For the case of the Shoreham 
scenario, the risks include the possibilities (1) 
of extreme errors in current cost and completion date 
estimates, (2) of extraordinary periods of downtime 
due to plant malfunction, (3) of a nuclear power 
moratorium at some point during the lifetime of the 
plant, (4) of unanticipated harm to human health, 
and (5) of severe radioactive waste disposal problems. 
For the case of the conservation scenario, the 
primary uncertainty lies with the capability of the 
utility and other relevant actors to mount a sufficiently 
rigorous and coordinated effort for the design, 
promotion, and financing of an adequate set of programs. 

One of the more complex issues to be addressed is the 
quantification of the cost tradeoffs between the scenarios. 
There are a number of factors involved in computing the direct 
cost benefits and penalties between the stream of conservation 
investment compared to the Shoreham completion strategy.* 
These are sketched in Table 4 below. 

Of these, the most significant costs are in the capital 
and fuel related categories. The capital related items include 
the costs of the stream of conservation investments (both 
equipment and financing charges). These include such items, 
as we shall see, as improved building shells and more efficient 
electric using devices. In the next section of this report, 
the conservation measure implementations constituting the 
conservation scenario will be specified and their costs and 

~energy savings identified. An additional capital related 
penalty of the conservation alternative is shown in Table 4~ 
This is the need for the Company to recover the capital and 

Linterest charges already expended on the Shoreham project. 
The magnitude of the penalty is a function of regulatory policy 
on the amount of the loss to be borne by the ratepayers and on 

* ' Throughout this study, the issue is posed as conservation 
versus Shoreham. While in principle there could be oil-saving 
and cost benefits in both completing Shoreham and promoting 
the high levels of conservation envisaged here, capital 
raising constraints are assumed to require exclusivity. 
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TABLE 4 .. 

MA~OR DIRECT BENEFITS AND COSTS OF THE CONSERVATION ALTERNATIVE 

I I 

CapiLl 
Rel~ted 

FueU for 
Elb

1 
~tricity 
I t' Genera ion 

I 
I 

i I Othler 
Fu~l 

OpJltion 
ankij 
Maliril tenanc e 

11 
I I 

Taxies and 
Ijnkurance 

I 

E 

Benefits 

Avoided Cost of Shoreham 

Displaced oil-fired 
generation due to 
conservation 

Avoided cost of Shoreham 
nuclear fuel 

Decreased oil use for 
heating and hot water 
in buildings 

Decreased natural gas for 
heating and hot water 
use in buildings 

Avoided Shoreham O & M 

Avoided Shoreham insurance 
Conservation investment 

tax credit 
Avoided Shoreham property 

tax 
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Costs 

Conservation equipment 
investment 

Cost of Shoreham cancel­
lation passed to 
ratepayers 

Displaced oil-fired 
generation from 
Shoreham 

None 

Conservation equipment 
maintenance 

Conservation program 
administration 

Make-up local property 
taxes 

G 

' 



the accounting treatment adopted for the recovery of that amount. 
We shall return to this issue in Sec. 5. The major benefit in 
the capital-related category is, of course, the avoidance of the 
costs of the completed Shoreham facility: depreciation, return, 
and income taxes. 

Regarding relative fuel savings, both Shoreham and conservation 
decrease the need for producing electricity with LILCO's oil-fired 
generators. In comparing the scenario~,we shall compute the savings 
from each and credit the most efficacious oil generation displacing 
scenario appropriately. Additionally, due to the improvement in 
buildings1 shells, decreases in oil and natural gas used on-site 
for heating and hot water must be credited to the conservation 
altern.ative. The scorecard on the various cost and fuel tradeoffs 
will be present_~d -~n Sec. 6, 
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3. THE REFERENCE FORECAST 

IT1 e aim of this study is to compare the costs and energy 
benefiifs of a long-range program of promotion of conservation 
on Lqn~ Island to the costs and benefits of an alternative strategy, 
comp]e~ion of the Shoreham generating station. In order to deter­
mine jthe costs and energy savings of the twenty-year conservation 
progrcrin, it is necessary to measure its impacts relative to 
cons~rration. nctivity which is likely to occur anyway. 

JT~us a "business-as-usual" yardstick is needed to identify 
reasonably likely levels of future energy usage.* This yardstick 
is oJr "Reference" forecast. The Reference forecast attempts to 
capttlr the effects of existing policies, cost inducements, and 
othe~ ~elevant trends upon energy demand during the forecast period. 

ls~stematic long-range forecasts of energy use on Long Island 
are ati present available only for electricity. The Reference 
foredJst that we establish can thus draw upon three analyses, the 
recerttl detailed electric load forecasts for the LILCO service 
area !d!eveloped by the State Energy Office (SEO), LILCO and ESRG 
(Refs.j 23, 7 and 10). Variationsamong the three forecast results 
are do

1
t significantly dependent on differing assumptions about the 

degrJe or kind of conservation activity. Rather they are due 
primJriily to certain differences in modelling methodology.** 
In Ofdier to establish a Reference forecast whose assumptions were 
consensual with the SEO and LILCO, effort was made to "zero out" 
the di~ergences. The result is a Reference forecast for electric 
demart1 growth that falls between the SEO and LILCO forecasts. 

I T,he Reference forecast adopted for purposes of this analysis is 
summaJized below. In Table 5, the Reference forecasts of annual peak 
load i !aggregate energy requirements, and sales by major customer 
sect0~ are displayed.*** In Table 6, the Reference 
foreJast is further disaggregated by selected end-use subcategories. 

I 
I 

1 *Thel~erm "business-as-usual" as employed here is not meant to 
impl~ invariance of policy, economic, or demographic variables, 
or in levels of conservation .'ictivi ty, but to connote the incorpora­
tioh jof currently identifiable trends. The conservation scenario, 
in 69ntrast, assumes a quantum change in energy policy toward a j 
vigb]·ous promotion of cost-effective demand reducing measures. 

** The ethodological differences between the ESRG long-range 
foredast results and the corresponding SEO and LILCO forecasts 
are discussed in Refs. 27 and 10, respectively. 

*** I . Detailed explanation of the mathematical structure and basic 
datk source used in generating these outputs was offered in 
Refl 10. 

I 

I 

I 

-l 
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The relationship of the Reference forecast to the most 
recent long-range forecasts of the State Energy Office and LILCO 
are shown in Table 7. The mid-range Reference forecast is a 
suitable basis for our subsequent analysis. Forecasters may 
disagree on where the absolute level of future demand is likely 
to be and still accept estimates of the change in demand which 
would attend the introduction of the conservation measureso 

TABLE 5 

AGGREGATE REFERENCE FORECAST 

LILCO EHERGY IN GUii PEAK POWER LOAD IN Ill RESIDENT. COHltER. INDUSTR. OTHER TOTAL SUltltER WINTER 
1978 5559. 5020. 1239. 1901. 13719. 2870. 2390. 1979 5720. 5140. 1280. 1940. 14080. 2930. 2470. 1980 5860. 5270. 1320. 1980. 14430. 3000. 2550. Im 6010. 5390. 1360. 20~0. 14780. 3050. 2630. 6150. 5520. 1400. 20 o. 15130. 3110. 2710. 1983 6280. 5640. 1440. 2110. 15470. 3160. 2790. 1984 6410. 5770. 1480. 2150. 15800. 3220. 2860. 1985 6520. 5900. 1520. ~M8: lf!JO• J~: ~US: 1986 6610. 6000. 1540. 1 o. 
1987 6690. 6100. 1570. 2260. 16610. 3340. 3040. 1988 6770. 6190. 1600. 2290. 16850. 3380. 3090. 1989 t~8: km: lS8: ~Ha: llm: l:M: JI~: 1990 
1991 1000. 6490. 1680. 2400. 17560. 3490. 3240. 1992 7070. 6590. 1710. 2430. 17800. 3520. 3280. 
1993 7130. 6690. 1730. 2470. 18030. 3560. 3330. 1994 7200. 6790. 1760. 2510. 18260. 3590. 3380. 1995 7260. 6900. 1790. 2540. 18490. 3630. 3430. 1996 7320. 7000. 1810. 2580. 18720. 3660. 3470. 1997 7380. 7100. 1840. 2620. 18940. 3700. 3520. 1998 7440. 7210. 1870. 2650. 19170. 3730. 3560. 1999 7500. 7310. 1900. 2690. 19400. 3770. 3610. 2000 7570. 7420. 1920. 2730. 19640. 3800. 3660. 
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TABLE 6 

DISAGGREGATED REFERENCE FORECAST 

1978 1983 1988 1993 19'1ls 
. t: REFRIGERATORS 1146 • 1283. 1323. 1307. 1242. 

RESIDE.TIAL 2: FREEZERS ~~~: ~a!: 401. 411. 41~. ; . 3: RANGES 30 • 316. 32 • SEG:'TIOR 
4: LIGHTING 798. 834. 857, 864. 859. 
5: TELEVISIONS 359. 377. 387. 399. 4i5. 
': CLOTHE~ DRYERS 37a· 4~~: 475. 5i3. 547. 
: CLOTHE WASHERS 6 • 75. 78. 81. 

8: DISH WASHERS 153. in. 186. 199. 212. 
9: WATER HEATERS 239. 293. 324. 353. 385. 

to: ROOM A/C 29~. 211· 281. 275. 2~. 11: CENTRAL A/C 24 • 2 • 327. 366. 4 • 
12: SPACE HEATERS 266. 454, 605. 722. 836, 
13: HEATINGAUXILIARY 436. 429. 422. 4i4. 407, 
14: liISCELLAHEOUS 586. 693. 804. 9i8. 1038. 

1978 1983 1988 1993 1998 
1: OFFICES 
1: HEATING 32. 61. 81. 98. 114. 

COMME CHAL 2: COOLING 307. 330. 348. 362. 376. 
I ' 

3: LIGHTING 447. 474. 500. S26. 552. 
SECTOR 4: AUX & POWER 378. 47i. 569. 669. 776. 1: RETAIL : HEATING 1s. 28. 38. 46. S4. 

2: COOLING 302. 336. 36i. 379. 396. 
3: LIGHTIHS 1124. 1237. 13is. 1368. i42i. 
4: AUX & POWER 433. S44. 657. no. 889. 
3: HOSPITALS 
1: HEATING 3. 6. 1. 9. 11. 
2: COOL.ING si. s1. 5i. 51. 50. 
3: LIGHTING 137. 142. i45. 146. i47. 
4: AUX & POWER 81. 98. 113. 129. i44. 
4: SCHOOLS 
u HEATING 13. 17. 22. 30. 37. 
2: COOLING 86. 79. n. 78. 79. 
3: LIGHTING 352. 316. 302. 304. 307. 
4: AUX & POWER 226. 234. 253. 283. 313. 
5: OTHER 
u HEATING 11. 22. 28. 32. 36. 
2: COOLING 22i. 237. 246. 250. 2S4. 
3: LIGHTING 469. 524. 553. 562. sn. 
4: AUX & POWER 334. 435. 525. 602. 680. 

I 

I 1978 i983 1988 1993 1998 

I 
20: FOOD S6. 63. 68. n. 75. 
22: TEXTILES 31. 38. 43. 47. so. 
23: APPAREL 24. 23. 23. 23. 22. 

INDUST1 IAL 24: LUliBER 1. 8. 9. 9. 10. 
SEOTbR 25: FURNITURE s. 6. 6. 7. 1. 

~'i ~~rR¥1;0Y~i. ~: 41. 39. 3~. 37. 
87. 101. 11 • 129. 

28: CHEtiICALS 61. 58. S3. 46. 37. 
29: PETROLEUli & COAL 12. i4. 1s. i6. i1. 
33: PRiliARY liETALS 43. s2. 58. 63. ~: 34: FABRICAT. KETALS 68. n. 76. so. 
JS: liACHIMERY 102. 120. 137. 154. in. 
36: ELECTRIC EQUIP. 2i0. 238. 258. 279. 299. 
37: TRANSPORTATION 305. 360. 406. 443. 48i. 
30: RUBBER & PLASTIC S9. 82. 102. 122. 143. 
31: LEATHER 1. 1. 1. 1. i. 
32: STONE,CLAY,GLASS 24. 26. 28. 30. 31. 
38: INSTRUliENTS 95. 132. 155. 169. 183. ,,.>,· 

39: liISC. ~ACT. 12. 1s. 17. 19. 21. 
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TABLE 7 

COMPARATIVE FORECAST ELECTRIC ENERGY CONSUMPTION 
GROWTH RATES 

(% Per Annum, 1978-1994) 

SE0 1 REFERENCE LILC0 2 

Total Energy 2.1 

Residential Sales 1. 6 

Commercial Sales 2.6 

Industrial Sales 3.0 

1 Ref. 23 (Appendices, p. 46-48) 
2 Ref. 7 

1. 8 1. 7 

1. 6 1. 9 

1. 9 1. 7 

2.2 1.1 

The detailed structure of the model used for the Reference case electricity forecast was also employed to prepare a Reference case forecast of fossil fuel use. The sectors considered were the residential and commercial/institutional sectors. Industrial fossil fuel use on Long Island
1 at about 2% of total/is dwarfed by usage in other customer sections. 

The end-uses considered were space and water heating, and the fuels considered were oil and gas. The forecasted qrowth rates for these fuels and sectors for the same period as used in Table 7 are given below in Table 8. No independent detailed long-range forecasts for these fuels are available for comparison with these forecasts. 

TABLE 8 

REFERENCE FORECAST FOSSIL FUEL CONSUMPTION 
GROWTH RATE 

(% Per Annum, 1978-1994) 

Oil 
Total Energy 1 

- 0.3 
Residential Sales - 0 2 
Commercial/Institutional Sales - 0.7 

Gas 

- 0.6 

- 0 6 

- 0.7 
1 For residential/commercial, space heat/water heat usage. 
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'Dhe structure of the residential forecasting model is 
outlirled in Sec. 4 .. 1 below, while that of the commercial model 
is o~~lined in Sec. 4.2 and then discussed in greater detail in 
Appe~dix C. The disaggregated Reference case forecast of fossil 
fue1jJse on Long Island is set out in Table 9. In order to 
permf~ fuel comparability, values are expressed in terms of Btu 

contijnt. TABLE 9 

DIS};\ ,,GREGATED REFERENCE CASE FORECAST OF OIL AND GAS USE 
BY SECTOR AND END-USE, 1978-2000 

( 10 Btu) 

i Residential Sector Commercial 
I TOTAL Oil Gas 011 

YEAR CONSUMPTION Heating Hot Water Heating Hot Water 

1978 188.3 98.3 12.1 21.4 4.2 45.6 

1983 185.2 96.7 12.5 21.1 4.3 44.1 

1988 181. 7 95.1 12.7 20.7 4.5 42.5 

1993 178.1 93.3 13.0 20.3 4.5 41. 0 

1998 179 .1 91. 7 17.9 19.7 4.6 39.4 

20001 175.4 88.8 18.0 19.4 4.7 38.8 

I 
I 
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4. THE CONSERVATION SCENARIO 

In this section, we shall specify the package of measures 
and policies which define the conservation scenario, the timing 
for the practical phase-in of these measures, and the costs for 
their achievement. Descriptive summaries of the conservation 
measures will be presented in the subsections below. In some 
cases supporting data has been collected in technical appendices 
referenced in the text and found at the end of the report. 

Several guidelines are used in selecting the measures which 
comprise the conservation scenario. The first guideline to be 
satisfied is technological availability. Only "off-the-shelf" 
equipment is considered. Fuel conserving measures which require 
further technological development (e.g., the heat pump water · 
heater) are not considered. 

The second guideline employed in measure selection is cost 
effectiveness. All measures satisfy the general criterion of 
social cost-effectiveness inthe sense indicated earlier: the 
cost of saving a unit of energy with the measure is less than 
the cost of delivering an extra unit of energy.* Thus measures 
requiring further development before they approach direct cost­
attracti veness (e.g., photovoltaic cell conversion of sunlight 
to electricity) are excluded. Indeed, for almost all of the 
measures utilized here, there is no contest -- conserving energy 
is far cheaper than producing it. We shall return to a discussion 
of conservation costs by measure below. Some additional clarifi­
cation on the concept of cost effective criterion is presented 
in Table 10. 

The third guideline is the notion of program achievability. 
The conservation scenario is not meant to exhaust the potential 
for technically feasible conservation. Indeed, even the 
objective of promoting maximal levels of cost-effective conserva­
tion technology is tempered by the need to phase in elements only 
as the existing stock of equipment turns over and to develop 
moderate program targets to allow for incomplete market penetration 
and possible error margins in the program design. 

full social cost/benefit analysis would consider such factors 
as environmental and health impacts, long-term repercussions 
on depletable resource usage and employment impacts in addition 
to direct tradeoffs. Since we know of no non-controversial 
methodology for quantification of such factors, we shall restrict 
"social cost" here to total direct expenditures by society for 
the alternative energy strategies. However, the conservation 
measures generally have more benign "external" impacts than the 
energy growth alternative, so that the narrow direct social cost/ 
benefit assessments should be seen as merely suggestive of 
lower bounds on conservation measure cost attractiveness. 
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Let 

PVIC 

i 

t 

d 

' I 
1' 

I 

l 
I 
I 

1I 
1-

/l 

TABLE 10 

COST EFFECTIVENESS CRITERION 

present value of incremental benefits 
achievinq conservation scenario; 

incremental costs of "saved" energy; 

minus costs of 

incremental costs of implementing conservation resources; 

conservation measure; 

year; 

social discount rate reflecting time value of money. 

ThenPVIC / = l I [I~ c~l 
11 i t (1 + d) t 

This expression gives the relative savings of the conservation scenario 
measure o~~r Reference case assumption. "Incremental" signifies the 
extra cos 1t~ and savings in making the transition to the conservation 
case. Cos!s incurred in both cases "wash," cancelling out in taking 
the differ4nces in the stream of costs. 

Typibl11y, one compares the cost of delivering an extra KWH (or Btu 
, of oil) with the cost of saving a KWH (or Btu). To see this, let 

1 
T 

p price per unit of energy 

llE I = energy saved annually by a given conservation measure. 

Then, ass
1
1ing an investment c0 is made in year "O" in a conservation 

measure, r~ have (ignoring operation and maintenance costs) 

I 

PVICi = 

i 

Pt x llE 

(1 + d)t 

where thJ !limits on the first sum run over the lifetime of the 
measure 'lid- Finally, we may simplify these relationships by 
assuming ,I heuristically, that escalation in marginal energy costs 
is rough]y at the level of the discount rate which, after some simple 
manipula,i ns, implies: 

PVI9/(llE x TL) =Po - Co/(llE x TL) 
I 

So that d
0

VllExTL ~ P is a rule of thumb test for conservation cost 
effectivinrss. a 

I 
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Conservation program assessment is an emerging analytic 
discipline which is undergoing a period of clarification of 
conceptual formulation. In the literature, the notion of 
cqnservation potential is used in several senses. In the hope 
of better situating the present project, a variety of alterna­
tively defined conservation levels is illustrated as a series 
of embedded sets in Figure 2. Let the radii of inscribed 
circles in the figure represent the level of conservaton (not 
to scale, of course). At the center is the current level of 
conservation activity. Next the circle broadens to include 
the "likely trend" of increased conservation, corresponding to 
the levels incorporated in our Reference forecast. Beyond 
these is the further expanded circle of heightened activity rep­
resenting the conservation scenario program targets under 
investigation in this study. Beyond this level is the set of 
all conservation activities satisfying the criterion of social 

·cost effectiveness -- the marginal cost of saving-s .is less. _than 
or equal to the marginal cost of supplying energy. This 
level in turn may be e~compassed by a larger set of currently 
available or evolving technologies which would save conventional 
energy resources. And, ultimately, the universe of conservation 
options is constrained by inherent physical limitations imposed 
by the physics of natural processes and expressed by the second 
law of thermodynamics. 

Thus, the conservation scenario described in this study 
is a moderate one seen against the larger definitions of 
conservation potential that can reasonably be employed. The 
scenario is bold only in hypothesizing that institutionally 
feasible programmatic initiatives that are not at this point 
likely are in fact taken and their benefits r~alized. 
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Figure 2 

CONSERVATION LEVEL TYPOLOGY 

Second Law Limit 

Technological Availability 

Social Cost Effectiveness 

Current 
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4.1 The Residential Sector 

The conservation scenario is based on both a set of con­
servation measures and a modelling approach to computing their 
effects over time. Our description of the scenario proceeds 
on a sector-by-sector basis for the three major energy-consuming 
sectors, beginning with the residential sector. 

The component end-uses of residential energy consumption 
are treated in fourteen separate submodels. This level of detail 
allows the incorporation of the central factors affecting overall 
demand. These factors can be lost in methodologies which forecast 
aggregate demand alone. The residential end-uses for which submodels 
have been developed are listed in Table 11. 

TABLE 11 

RESIDENTIAL END-USE SUBMODELS 

Input 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

End-Use 

Refrigerator 
Freezer 
Electric Range 
Lighting 
Television 
Clothes Dryer 
Clothes Washer 
Dishwasher 
Water Heater 
Air Conditioning - Room 
Air Conditioning - Central 
Space Heat 
Heating Auxiliaries 
Miscellaneous 

The residential forecast for each end-use can be viewed as 
a combined forecast of (1) the number of end-use units, on the 
one hand, and (2) the average annual energy consumption per unit, 
on the other. Thus, at the most elementary level, annual con­
sumption for one of the end-uses (i) in one of the forecasts 
years (t) is given by the equation: 

Et . = Nt . x Ct . ,i ,i ,i 
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where 

I 
' 

I 
I 
I 

Et . ,1 

Nt . ,1 

= Total annual energy consumption of end-use (i) 
in year (t) 

= Total number of corresponding units 

Ct . = Average annual energy consumption per unit 
,1 

Tien the total energy consumption in the residential sector 
for yb!r (t) becomes 

I I 
I i Et,i 

the number of units for a given end-use is itself computed 
as thelproduct of the number of households and the end-use 
saturbtion. Saturation is defined here as the average number 
of un~ts per household. The number of household units is further 
divid~cft into single family units (SF) and units in buildings 
contaji!j ing multiple dwelling units, denoted simply as "multifamily 
units" (MF). This breakdown is desirable because appliance 
ownership and usage patterns may vary significantly by housing 
type.J IA shift in the mix of SF and MF in the forecast period 
thus affects ultimate demand. 

I I · 
~he second term in the equation above, the average annual 

ener~lconsumption for each end-use, is rather complex. Once 
the bl'ase year energies are established, the time dependence of 
averag~ energy consumption must be computed. The major factors 

h . h1 
' • t w 1c · can 1mpac average energy use are: 

I 
I • • 

• • • 

appliance efficiency increases 
thermal integrity improvements of 
building shells 
new technology market penetration 
population per household decreases 
energy consumption reductions induced 
by electricity price increases. 

T e end-use submodels are designed to permit the quantification 
of tnel effects of such trends on energy consumption. The submodel 
energy forecasts are sensitive to varying input assumptions 
concerning these trends. As the first three factors listed 
suggdst, the effects of a conservation program such as hypothesized 
for th~s study are tracked at the level of specific end-use 
equitjmbnt assumptions. 
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Figure 3 

COMPUTATION OF YEARLY ENERGY INCREMENTS 
FOR A GIVEN RESIDENTIAL END-USE 

Consumption in 
Year t ...__ 

Changes in 
Customers, Saturations, 

Efficiencies, Equipment, 
Use Patterns 

l 
Consumption by 

New Additional Units 
¥ear t + 1 

I 
Consumption 
Year t + 1 

Consumption by 
Retired Units 

Year t 

Consumption by 
Replacement Units 

Year t + 1 
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I , 

I I 

/Ar though the end-uses have particular characteristics which 
requ~r~ unique model elements, the overall forecasting strateqy 
dispJJa~ed schematically in Figure 3 is used throughout. The 
year~yl ii:icrement in energy cons~ption is. c':'-lcula~ed by. ( 1) 
subtl:jafting the energy consumption of retiring mu ts, (if any) , 
(2) adoing the energy consumption of replacements, and (3) 
addirlglthe energy consumption of additional new units due to 
custdmrr and saturation growth. Once the base year breakdown 
is e~trblished, we can use this iteration technique to compute 
energy consumption for each year of the forecast under a given 
set df assumptions on changes in saturation, customers, technology 
mixes

1
, efficiencies and patterns of equipment usaqe. 

. !The conservation scenario developed for this study applies 
a numb~br of technically feasible conservation measures in the I . 
end-us

1 
submodel forecasts. The measures will affect both the 

leve] pf electricity consumption and the amount of fossil fuel 
consJmrd on-site for heating and hot water. The following 
classe of measures are incorporated in the scenario: 

• Improved weatherization levels in residential 
buildings. 

• Restriction on future unassisted electric resistance 
space heating. 

• High efficiency levels for several major appliances 
(refrigerators and freezers, air conditioners and 
heat pumps, hot water heaters, electric ranges and 
cloth~s dryers). 

T1he scenario attempts to capture the additional conservation 
that wiill occur above and beyond that which is incorporated in 
the Re~ference scenario. In other words, it quantifies the effects 
of hlgher appliance efficiencies than are likely without the 
adoptilon of a major conservation strategy program, more weatheriza­
tion lt~han is likely without such a program, etc. As is evident 
from dhe discussion of findings earlier in this report, the ' . . . aggregate effect of such incremental conservation measures on 
resid~ntial conservation'is very substantial. 

. 1. . 
• Buil4~ng Shell Quality 

. /~important component.of th7 conserva~ion ~cenar~o ~s . 
imprcpv!ement of the thermal integrity of residential buildings. 
Bothlt:he federal government and the states have begun the process 
of prdmoting improved thermal integrity through legislation. 
Impr6~1~ement in residential thermal integrity slows the rate of 
heat ]oss in winter and the rate of heat gain in summer. It 
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thus reduces the electricity and fossil fuel requirements of 
households by reducing the heating and cooling load for a given 
type of dwelling unit. 

Considerable detail is required to adequately capture 
the variations in usage across building categories and over time 
as a function of alternative forecast assumptions. Specifically, 
in the model used here, the two major housing types (single- and 
multifamily) are broken down further by primary heating system 
(electric and fossil fuel heated) , and then again by vintage 
(existing and new construction) for a total of eight building 
type/heating system/vintage combinations for each forecast 
scenario (Reference and Conservation). Within each of these, 
the impacts of changing building shell characteristics on heating 
and air conditioning energy requirements are evaluated separately. 
All of these energy adjustments -- or thermal integrity factors 
are required inputs in the ESRG end-use model forecasting 
machinery. A separate building energy flow model has been 
employed in computing these thermal integrity factors. The 
algorithms, data, and assumptions used in generating the 
quantitative estimates of annual heating, ventilating, and air 
conditioning (HVAC) requirements will be found in Appendix A. 
There also is presented a detailed tabulation of results. We 
limit the discussion here to a summary of findings. 

Basically, the Reference forecast incorporates two assump­
tions. One is that new residential units will be built to the 
thermal integrity levels that are mandated in the state code 
(Ref. 51) or to the levels of current new construction (whichever 
re higher) during the forecast period. The second assumption is 

that existing fossil fuel-heated homes that remain in the housing 
stock will be gradually "retrofitted," i.e., their thermal 
'ntegrity levels will be improved. We do not assume any im­
provement through the retrofitting of electrically-heated 
buildings, for their thermal integrity levels are already well 
above average. Building thermal integrity upgrade is occurring 
due to the state energy conservation buiTl.diing code, weatherization 
programs, fuel price trends, and increased awareness of the value 
of conservation. The measures consist primarily of higher levels 
of insulation, double-glazing of windows, and weatherstripping 
in new houses (compared to previous building practices) and to 
the retrofitting of existing structures with these features. 

The analysis indicates that under business-as-usual conditions, 
typical new electrically heated dwelling units will consume 10 
to 15 percent fewer kwh per year as a result of higher levels 
of insulation, multiple-glazing, and weatherstripping than dwellings 
typical of the existing stock of electrically heated homes. 
Typical new oil heated units will consume over 30 percent less 
oil (and over 30 percent fewer kwh for the electrically driven 
fans or pumps associated with their fossil heating systems) than 
do average existing units. · 
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I ·~ 
~n the Reference forecast, the space heating energy 

consum~tion of all new units was reduced in accordance with the 
aboveli li:indings. Electricity consumption by new air conditioners 
was al$o reduced due to improving thermal integrity -- 15 
erce~t for room air conditioners and about 3 percent for central 

air cbfuditioning systems. It should be borne in mind that other 
facto~~ affecting energy use for space conditioning -- such as 
changie$ in equipment efficiency -- were treated sequentially 
in th:el model used for the analysis in order to avoid "double 
countling" of energy savings. For example, the potential for 
savinjg§ from improved air conditioner efficiency must be reduced 
as aifjconditioning requirements decrease due to improved building 
shell/s. 

I I ~$$'"°~~ 
IF©recasting the long-term rate of retrofitting of existing ~: 

housin~. uni ts that remain in the housing stock necessarily ~-J _ J 
requi,'res judgmental estimates. In establishing the Reference s 1-,l,(i,.{-\i .\ 
foreca~t benchmark, we assume that,by 1998,on the average 1 one-half r 
of ttielexisting single-family units will achieve the heating 
savinlg§ associated with the higher thermal integrity of new uni ts. 
The rfauctions are phased in gradually for these existing units, 
from ~~ro in 1978 to the full unit reduction in 1998. We assume ~~ 
that f~r multifamily units, where lower rates of owner occupancy 
reduc jthe conservation incentive, one-quarter of existing 
units! will be so retrofitted by 1998. Air conditioning usage 
is alls~ reduced appropriately due to the retrofitting of 
existiAg units. 

plce the ongoing conservation through improved building shells 
is captured in the Reference case, we are in a position to 
quantjify the additional conservatioffthat could be secured 
through the conservation program. Using current local insulation 
and weitherizatiOn 01'.DStS I On the One hand I and CUrrent electriCi ty 
and o!ii prices, on the other, the housing prototypes used in 
the R6ference forecasts were taken to higher conservation thermal 
~ntegjr}ty.levels that are cost-:-effective.for coi:sumers. As shown 
in Appendix A, the payback periods associated with Reference 
forecla~t are quite short. 

61 found a very substantial potential for additional 
<?onsejryation thn~u.~h ~urther investment in ~mpro".in~ therma~ . 
integ!rl. ty. In principle, any payback falling within the lifetime 
of thle I conservation measure purchases is acceptable within the 
frame~ork of this analysis (see Table 10). In practice, caution 
dicta~~d using much shorter paybacks. Through additional 
weatherization (specified in Appendix A), consumption of electricity V"' 
and f~el oil for space heating is reduced by about 30 percent 
(rela!tlve to the Reference case) in new units. Cooling kwn 
savinlg~, ~hile smaller. than. he~t~ng energy sa".ings both absolutely V 
and r!en.atively, are still significant: over five percent further 

p.) '111111 
~ffej "36~ s.VV''l 
~ 
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savings in both room and central air conditioner kwh use are 
realized (relative to the Reference case) through investment 
in improved new-dwelling weatherization alone. In addition 
there is a potential for further reducing the fuel needed for 
heating and cooling by incorporating passive solar elements 
in building design. This potential is treated later in a sub­
section on solar energy. 

~· A major problem for a conservation strategy is to increase 
' the rate of weatherization retrofits in existing units. In 

the Reference case, we assume the existence of such programs 
as the federal low-income weatherization program, tax credits, 
the new federal solar-conservation bank, and the federal/state 
Residential Conservation Service and/or the state's Home 
Insulation and Energy Conservation Act (HIECA), and LILCO's 
customer information program. It is clear that such programs 
are moving forward at a slow pace. Most eligible homes have 
not been weatherized. Very few of the customers of LILCO have 
taken out conservation loans pursuant to HIECA. As we have 
indicated, in the Reference case we assume gradual growth of 
such programs and a gradual increase in weatherization retrofits 
to cumulative totals of 50% of existing single-family and 25% 
of existing multifamily units retrofitted after twenty years. · ~otrw For the Conservation strategy, we assumed that ~ome degree .. __ r) of retrofitting to higher weatherization levels occurs in 100% 

,)ll~ of homes remaining in the housing stock. By the end of the 
,r 

2
..s z orecast period, the oil usage of typical single-family units 

!~ ~ has been reduced almost 25 percent (beyond the Reference case 
~.r levels) and of typical multifamily units, 30 percent (with kwh 

usage for fossil heating auxiliaries being reduced by the same 
percentages). In addition to the savings described, there is a 
real potential for reinsulation of existing electrically heated 
homes, though this is not included in this Conservation scenario. 

• Equipment Efficiency 

An important component of the residential Conservation 
scenario is the set of measures to improve the efficiency of 
operation of home appliances. Conservation criteria of technical 
feasibility have been used in establishing target levels for 
efficiency improvements. The improvement must meet one or more 
of these criteria: 

• The improvement is already embodied in appliances 
on the market. 

• The improvement has been demonstrated in tests for 
the United States Department of Energy (DOE). 

• The improvement is under active commercial development 
for near-term marketing. 
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I ~onsequently1 additional savings beyond those quantified 
here 1n the Conservation scenario may be attainable over the 
twe~~f year.forecast period through additional appliance 
eff7ftency im~rovements. Furtherrno7e, adoption of programs 
to ir~lement improvements ~o~ technical~y and economically 
feasr~le may encourage additional technical progress in 
resiaJntial appliances. 

$est.of the conserva~ion ~cenario efficiency levels employed\ 
were ~btained from an engineering analysis conducted for the 
U.S.I ~epartment of Energy (Ref. 46). In fact, they are the 
leve~7 proposed by DOE as minimum efficiency standards for new 
applrinces to apply to most manufacturers by 1986. Since these 
stanpards are only proposed, since they would not apply to all 
manu~4cturers, and since they have encountered significant 
oppo~ttion from t~e U.S: Small Business Administration, the U.S. ~ 
Regulatory Analysis Review Group, and manufacturers, it would 
be up~ise to forecast their implementation at the time or in 
the ~0rm proposed by DOE, and they are therefore not incorporated 
in tp~.Reference forecast. However, the detailed engineering 
analysis performed for DOE supports pursuit of the proposed 
1986/ ~evels as targets for a Long Island conservation program. v-1 
The pse of these levels in our conservation scenario is cautious. 
':,he pdrn engineering analysis shows that there is a higher, 
bestjtechnology" level for these appliances, and an analysis 

perfofmed for the Pacific Gas and Electric Company suggests that 
the ~Rcremental costs of producing appliances at this highest 
leve~jof efficiency (compared with the D.O.E. 1986 level) might b 
modest relative to energy saved (see Appendix B) . Other studies · 
illu~~rating potentials for conservation through improvement of ~ 
elect!ic equipment efficiency are summarized in the recent ESRG 
reoo~t submitted in connection with the state of New York's 1979 

,_ I i 
Ener/gy Master Plan hearings (Ref. 10, Sec. 3) . 

I ihe Conservation forecast computes the incremental savings 
that, ~ill be achieved if conservation investment subsidies lead 
cons!uihers to purchase new equipment that on average is at the 
eff~clency levels proposed by the D.O.E. for 1986 as minimal. 
(Thusjif some consumers purchase equipment that is either more or 
lessl efficient than the indicated levels, the effect on aggregate 
usagel is the same as if all purchases were at the average levels.) 

! [t is commonly anticipated that equipment efficiency will 
imp~ote even in the absence of the Conservation program. Indeed, 
the jR~ference forecast assumes that unit usage of electricity and 
fossi~ fuel will decrease throughout the 1980's for major classes 
of tier equipment. For the electrical appliances, most of the 
impi:loyements were computed on the basis of the "Energy Conservation 
Pro~riarn for Appliances" developed by a predecessor agency to the 
D.Q.El(tre Federal Energy Administration, or F.E.A.). Final voluntary 

. "en~rigy efficiency improvement targets" for fourteen types of 
app]irnces were issued by the F.E.A. during 1978 (Refs. 47, 48). 
The/annual energy use reductions implied by the voluntary targets 
for le~lectrical appliances were sununarized in the recent ESRG report 
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submitted in connection with the 1979 Master Plan hearings 
(Ref. 10, Vol. I, p. 69) and were programmed into the Reference 
forecast. 

Thus, the Conservation forecast incorporates only the 
additional energy conservation beyond Reference case levels that 
will occur should efficiencies be further improved. Beginning 
in 1982, the Reference level improvements are -interrupted and 
the additional energy savings for new appliances listed in the 
following table are computed and folded into the forecast output. 

Technical details concerning the characteristics of the 
prototype appliances used in making the savings computations may 
be found in Appendix B. The question of measures affecting 
space heating usage requires separate analysis and treatment, 
which follows. 

TABLE 12 

INCREMENTAL UNIT ANNUAL ENERGY SAVINGS AND UNIT RETAIL PRICE 
INCREASES FOR NEW RESIDENTIAL EQUIPMENT 

AT CONSERVATION EFFICIENCY LEVELS 

liance Unit Ener Unit Price Increase 

Refrigerator /2· 4% $24 

Freezer 49% $17 

Room air conditioner 16% $41 

Central air conditioner 26% $260* 
I 

Heat pump I 25% $543* 
I 

Electric 2% J $2 oven l 

I 
I 

Electric clothes dryer 8% I $16 

Water heater (electric I 
I or fossi 1) 5% I $0 
I 

Light bulb 48% 
J 

Plumbing fixtures 36% I 
/ 

* Tlie price given is for a unit in a 
home. For an air conditioner, the 
smaller unit required for a home in 
is taken at 50 percent, i.e., $130. 
price increments, see Appendix B. 
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I . . 

E ect ,ic Space Heating 
. I 
aurrently, about four percent of households served by LILCO 

have ~lectrical space heat (ESH). However; the Company expects 
the p~netration of ESH (the fraction of new ESH customers to 
~ota~lnew customers in a given year) to be at quite high levels = 

0 
in tpe f~ture. Indeed, the Reference case inc~rporates an average~J 
penet1ation of 50 percent for the forecast period; fully 30 ~'171~ 
perc~rlt of residential electric energy growth is accounted for by $ 

the ~dd-use. Therefore, conservation alternatives to allowing 
such Jnrestrained growth deserves special policy scrutiny. 

~or purposes of analysis, we may divide the ESH category 
into

1 
subdivisions: direct resistance heating, electrically 

drive4 heat pumps, and supplementary electric heat for solar 
heatl systems. We posit here an ESH policy regulation referring 
only ~o the first of these alternatives. Specifically, the 
recornrltended regulation is to ban additional unassisted resistance 
h t i. I ea il.ng. 

Jhere are two major alternatives for the customers who other­
wise yould have selected electric resistance heating: heat pump 
or conventional fossil-fuel heating systems.* Indeed, the 
consbi':vation model is designed to allocate the new resistance 
ESH bbstomers proportionately to the relative market penetration 
ratib~ of these alternatives in the Re.ference case, a process 
begihting in 1982. 

I The energy consumption tradeoffs in substituting a heat 
pump ~r fossil fuel system for direct electric resistance heat 
are J~~ite favorable. For the case of the heat pump substitution, 
energy consumption is more than halved. This is traced to 
the j"pumping" property of heat pumps in which delivered indoor 
heat, i.s composed of both thermal energy transferred from outdoor 
air (~r water) and the electricity delivered to run the pump. 

the energy savings resulting from substituting fossil fuel 
for 1E~H are also quite favorable. For example, it takes over 
twicjel as much primary energy to satisfy a unit of final heating 
demand from electric heating than from fossil-fired boilers. 
Thi~ ~s illustrated in Table 13 below. 

I 

I 
I 

I TABLE 13 

PRIMARY ENERGY COMPARISON 
(Arbitrary Units) 

I Primary Conversion Delivered Heat-

I Energy LOSS ing Energy 

Rbsistance Heating 3.3 2.3 1 
Fpssil Fuel Heating 1. 5 o.s 1 

J~ 11 
. *Ac~~ve solar applications are. assumed 

on'l1ong Island throughout th~s study. 
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The energy penalty for resistance heating is traced to 
the large conversion losses inherent in the thermodynamics of 
electricity production. The conversion losses in the table 
are based on a 33 percent plant efficiency (electrical energy 
out to primary energy in) and another 8 percent electric line 
loss in delivering the electricity through the transmission 
and distribution grid. For the fossil fuel system, boiler 
efficiencies are on the order of 70 percent (the value used 
in Table 13), but may be more like 80 percent in newer units. 

We have shown that the ESH ban dramatically satisfies 
the criterion of energy conservation and scarce fuels preservation 
(displaced generation is primarily from oil fired units on 
Long Island) . To see if it also satisfies the criterion of 
cost effectiveness, we utilize the following estimates (for 
single-family units): 

* 

Fossil Fuel System 

Heat Pump 

Incremental Capital 
Cost* 

$1826 - oil 
1032 - natural 

gas 

1726 

Above baseboard resistance costs. 

Equipment 
Life 

15 

10 

Incremental 
Energy savings 

13,000 KWH 

7,000 KWH 

The capital cost penalty for the fossil fuel oil 
investment is about 1¢/KWH (see Table 10.), while oil fuel costs 
are the equivalent of about 3¢/KWH so that the sum is less than 
the marginal cost of delivering electricity. These costs are 
of course much less for the natural gas alternative.* Similarly, 
for the heat pump we compute the cost of saving electricity 
at a satisfactory 2.5¢/KWH. In sum, the ESH regulation appears 
to be oil-reducing, cost-effective, and implementable. 

* The residential fossil fuel 
ratio of 80 percent otl and 
the period of this study. 

split is taken at its current 
20 percent natural gas throughout 
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• Sola~ Energy 

ITlhe conservation program scenario includes the incorporation 
of minimal passive solar specifications in new construction. 
No a94i~e solar promotion and.finance is i.ncluded. Thi~ should~~ 
not b~ interpreted as a negative assessment of the possible 
role)of active solar as a worthwhile conservation option, but 
rather.I as a recognition that its cost effectiveness is much 
less certain than the other program elements considered and 
that numerous programs already support its use. 

1Jassive solar strategies are based on architectural techniques 
for advantageously coupling building interfaces and the insolation 
envirqnment. These considerations include building orientation, 
mate~~als choices, fenestration, and shading design. Active 
sola~J on the other hand, generally includes the solar collector, 
a worMing fluid for heat transport, a heat storage device, and 
supp~,ting pumps and fans. 

I Estimates of likely construction cost additions and energy 
savin4s in incorporating selected passive solar measures in 
buil<liiJng design appear in the literature (e.g., Refs. 4·1, 43). 
Cost~ jtypically vary from $450 to $1000 for the achievement 
of ftom 12 to 50 percent heating energy savings per household. 
For pJrposes of this analysis, a conservation policy target of 
a 25,percent reduction in heating requirements (at a $730 
incremental expenditure) in new single-family units is assumed. 
Thisj~easure easily meets the social cost/benefit criterion. 
The c4st per KWH of saving electricity (or the equivalent in 
fossil fuel) is less than 1¢ given the assumptions above and 
a cahttious 25 year lifetime assumption for the structural 
meashtes involved. · The cost of delivering the electricity in 
the k~sence of such a measure is (and will be), of course, 
cons~clerably higher. It should be noted that passive solar 
desigJ measures also have energy saving implications for summer 
air c~nditioning loads. This additional credit has not been 
inco~~orated in this study. 

! ' 
! 
I 
I 
i 

E 
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4.2 Commercial Sector 

In symmetry with the residential sector, the conservation 
program affects energy use in three areas: building characteris­
tics, equipment efficiency and operations, and electric space heat 
regulation. Other promising but still developing energy saving 
techniques -- e.g., solar applications, cogeneration -- are not 
included. · 

The model for energy consumption for the commercial sector 
tracks demand for five building types, four end-uses, or twenty 
combinations each for existing and new buildings. These are 
displayed in Table 14 along with the commercial category allocated 
to each building type. The space heating end-use is further 
segmented into electric and fossil fuel categories. 

The modeling strategy for the commercial sector is analogous 
to that of the residential sector. In the commercial sector, the 
measure of energy using activity is the magnitude of floorspace 
while the energy intensity is expressed in terms of average annual 
energy consumed per square foot for each end-use and building type. 
The elements of the model are displayed schematically in Figure 4. 
The commercial sector is considerably more heterogeneous than the 
residential and must be treated on a more aggregate basis. The 
specifications of base year floorspace, average consumption per 
square foot of each end-use ("electrical use coefficients"), and 
saturations (fraction of floorspace with end-use) gives the base 
year breakdowns. Folding in the time dependences of floorspace, 
conservation, and saturations, one arrives at the yearly forecasts. 

The commercial forecast model, therefore, divides conceptually 
into two separate submodels: one for floorspace and the other for 
electric intensity. The mathematical formulation and relevant 
data base were presented in complete detail in the New York State 
Energy Master Plan Proceedings (Ref. 10) and are not rebapitulated 
here. Rather, we limit this discussion to a definition of the 
conservation scenario elements and their impacts relative to the 
Reference forecast. 

• Equipment Efficiency and Building Standards 

For each of the building types, we wish to identify 
a package of cost-effective, technologically available 
conservation measures to indicate the possible impacts 
of commercial sector conservation policies. A hierarchy 
of three levels of conservation are identified for each 
building type and vintage. Associated with each level 
are mean fractional reductions in energy requirements 
for each end-use category and the capital costs required 
to achieve the level. 
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Index 
i 

1 
2 
3 
4 

TABLE 14 

I 
COf1M~RCIAL MODEL END-USES, BUILDING TYPES AND COMMERCIAL CATEGORIES 

I 
I 

Space~Hiating 
Cooling I 
Lighdnk 

I ,, 
Aux. & Power 

I I 

Index 
k 

1 

2 

3 

4 

5 

Building Type 

Office 

Retail 

Hospitals 

Schools 

Other 
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Index 
J Commercial Category 

1 Finance, Insurance and 
Real Estate 

2 Federal Government 
3 State & Local Government 
4 Professional Services 

5 Retail and Wholesale 

13 Hospitals and Health 
Related Establishments 

14 Schools and Educational 

6 Trucking and Warehouse 
7 Other Transportation Serv. 
8 Communications 
9 Lodging & Personal Services 

10 Business & Repair Services 
11 Amusement & Recreation 
12 Railroad 
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Base Year 

Floorspace 
by 

Commercial Category 

Electri.cal Uae 
Coefficients, by 
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End-Use (EU) 
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Air-Ccnditioning 
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Electr,ic Space Heat­
ing Saturations 

Electrical & Fossil 
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FIGURE 4 
COMMERCIAL SECTOR MODEL SCHEMATIC 
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b BT & EU 
New Construction Market 
Electrical Con·sumption 
by BT & EU 

Couunercial Sector 
Electrical Consumption 

by 
BT & EU 



The elements comprising each of the Conservation 
levels, costs, and fractional savings have been collected 
in Appendix C. The particular commercial sector conserva­
tion elements contained in the three levels are not meant 
to be exclusive or exhaustive. Rather the levels are used 
to establish reasonable cost/saving curves for conservation 
investments in each building type which could represent 
a variety of alternative strategies for saving energy in 
commercial/institutional buildings. 

In the Reference forecast, the penetration of 
conservation technology is based on s-shaped market 
penetration curves and assumptions concerning payback 
criteria for investment. While it incorporates significant 
increases in conservation from current practices, the 
Reference case is tied to the investor's perception of 
cost-effectiveness (implying very short paybacks for 
investments). This level of penetration, however, far 
from exhausts the potential under the social cost 
effective standard used as a criterion for Conservation 
scenario targets. Indeed, the strongest level identified 
easily satisfies our cost criterion and is the basis for 
the Conservation scenario. The specification of conserva­
tion level targets, the market penetration of conservation 
investments, and costs and energy savings in the Conservation 
vs. the Reference case are presented in Appendix C. 

• Electric Heat Regulation 

As we saw in the residential sector discussion of the 
previous subsection, the use of resistance heating for 
space heating (rather than on-site boilers or heat pumps) 
increases the consumption of scarce fossil fuels by a 
factor of approximately two. In the commercial sector, 
as in the residential, the Conservation scenario therefore 
assumes that no new unassisted resistance heating is used 
after 1982. 

The Reference case assumes an average ESH penetration 
of 15 percent in new and retrofit commercial/institutional 
floorspace. In the conservation runs, this floorspace 
is switched to electric heat pumps. The incremental cost 
associated with this shift -- above the Reference case cost 
of resistance heating equipment and air conditioning since 
the heat pump replaces both -- is about $250 per 1000 
square feet (Ref. 45). Based on a 15 year equipment 
lifetime, this converts to an incremental cost of the ESH 
restriction of less than 1¢ per saved KWH (see Table 10) 
or comfortably less than the costs of delivering an 
additional KWH. 
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4.3 Industrial Sector 

Nationwide the industrial sector consumes more than one-third 
of primary fuels and over forty percent of electrical energy. 
The situation on Long Island is strikingly different. Here, 
industry accounts for only ten percent of total electric energy 
consumption and less than five percent of all energy forms. 
The potential impact of a conservation program for industry is 
small compared to the other sectors. Nevertheless, an industrial 
conservation scenario has been included for completeness. Three 
broad areas for industrial conservation are building-related 
usage, manufacturing process requirements, and cogeneration levels. 

• Building and Process Use 

' 

There are two major categories of electricity 
consumption in industrial installations: energy for 
buildings (lighting and space conditioning) and 
energy for process (machinery, pumps, materials 
control, and so on). The former typically amounts 
to some 20 to 30 percent of electricity consumption, 
though this breakdown will vary by category of 
industry. Electrical energy for buildings (especially 
the office sections of industrial structures) would 
be subject to the types of building shell equipment, 
and operational improvements found in the commercial 
sector (see Sec. 3). 

In addition, there is the potential of increasing 
the efficiency of energy used in the manufacturing 
process itself. Recently there have been several 
major attempts to develop analytic models for analyzing 
the potential for efficiency improvements among the 
multitude of processes used in industry (Refs. 29-31). 
The analysis is hampered by insufficiency of a 
detailed data base on industrial energy flows, on 
the necessity to use prototypical representations 
(generally at the 2-digit Standard Industrial Classi­
fication (SIC) level) of heterogeneous industrial sub­
categorres, and incompleteness in available characteri­
zations of the array of process technology options. 

In view of these limitations, a simplified 
approach is used here. First, we do not consider 
conservation measures (e.g., improved boiler 
efficiencies) which would affect the level of on-
si te oil and natural gas usage, for the fossil fuels 
consumed directly in Long Island industry are 
relatively inconsequential. 

* According to the Census Bureau's 1975 Survey of 
Manufactures, direct oil and gas use by industry 
was some 8 trillion Btu; this was much less than a 
tenth of the residential-commercial-industrial total. 

- 38 -
E s R G 



• 

With regard to electricity, consumption by 
Long Island manufacturers is heavily concentrated 
in SIC's in which electricity is used primarily 
for machine drive (SIC electricity consumption 
levels are displayed in Table 6). If we can 
assume that the end-use electricity patterns within 
Long Island SIC's reflect the generic pattern for 
each SIC (Ref. 29, vol. 3, page 33), then over 97 
percent of electricity consumption in LILCO service 
area manufacturing is for electric motor drive. 

Savings potential and associated costs for motor 
drive efficiency improvements are given in Ref. 32 
(Technical Appendix, p. 23). There it is estimated 
that one-half of all motor drives can be equipped with 
variable speed controls which reduce power requirements 
by a mean value of 30 percent. These estimates are 
utilized here to characterize the Conservation scenario 
improvement levels. Specifically, a 14.6 percent 
improvement (.97 ~ .5 x .30) target for industry is 
phased in from 1983 to 1990. The capital costs for 
the measure average to 13¢ per saved KWH.* 

There is no doubt that the analysis would benefit 
from development of a detailed inventory of Long Island 
usages and savings potential. However, the savings 
target appears to be reasonably moderate, especially 
in light of the large additional savings for the 
building usage component that are available at 
generally attractive costs, and have not been in­
cluded explicitly in this scenario. 

Cogeneration 

Cogeneration has tremendous energy conservation 
potential regionally and nationally (Refs. 33-38). The 
term cogeneration as defined here refers to the 
simultaneous production of electricity and useful 
thermal energy. In essence, cogeneration combines 
two otherwise nonintegrated energy flows. Steam 
(or hot gas) is needed to drive the turbines which 
produce electricity and also needed for industrial 
processes and space conditioning. Without cogeneration 

*These are based on Ref. 32 values of $1.07 x lo-5 per 
saved Btu of primary fuel (1978 $) , a 33 percent power 
plant conversion efficiency and an eight percent cost 
escalation rate. 
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the energy lost in electricity production -- roughly 
two-thirds of the fuel inputted ~- is lost. With 
cogeneration, this "waste energy" is captured and 
utilized, thereby reducing boiler fuel requirements. 

In New York State, approximately 7 percent of 
industrial electricity requirements are currently 
produced in-plant. The corresponding national 
figure is 10 percent. By contrast, industrial 
generation alone accounts for 13 percent of total 
electricity production for West Germany. The 
potential for cogeneration in the United States is 
vast, with one recent study concluding that some 
68 percent of total electricity requirements could be 
economically produced (Ref. 33). 

Despite this promise, there is no evidence of 
significant cogeneration currently in place on Long 

j \Island. Indeed, the Reference forecast includes no 
cogeneration throughout the period. The limiting · 
factor to increased cogeneration is not the availabilitY, 
of sufficient demand for steam. Rather, as discussed 
in a recent ESRG report to the State Energy Office 
designed to identify policy opportunities for 
overcoming hurdles to increase cogeneration develop-

; \ment, there are several substantial ins~itutional 
impediments to the cogeneration investment in New 
York as perceived by plant managers. The removal 
of these barriers -- the requirement for high rates 
of return on cogeneration investment, the discomfort 
with regulatory review, unfavorable rates for back-up 
electricity -- could greatly increase the penetration 
of socially cost-effective cogeneration.* 

One policy approach to eliminating major 
obstacles to the development of cogeneration is 
an active role for the utility in owning, constructing 
and maintaining cogeneration facilities at industrial 
(or commercial/institutional) sites. Specifically, 

with_ utility involvement the required rat,e of return 

* Here, the emphasis on social cost-effectiveness is 
particularly significant. Cost-effectiveness from 
ti.he point of view of, say, industrial decision-makers 
might be interpreted as requiring a rate of return 
on the cogeneration investment of perhaps 4 0 percent, 
whiU.e from society's perspective the much weaker 
.conditiQn is that the incremental cost be less for 
cogenerat~rlthan for conventional electricity 
product.ton. 
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is lowered of the order of 12 percent versus 20 to 
40 percent) , the expertise and skills are available 
in-house, familiarity with the regulatory climate 
already exists, better integration into the existing 
generating system is possible, and more optimal plant 
sizes can be built because the supply and demand 
balance of an isolated industry would be less of a 
factor. 

Detailed estimates based on analysis and survey 
of industrial and other facilities on Long Island are, 
of course, beyond the scope of the present conservation 
scenario feasibility study. Indeed, were the conservation 
alternative to be pursued, LILCO at an early stage would need 
to identify potential industrial and other sites in its 
s~rvice area which satisfy the cost-effectiveness criterion* 
-- an exercise that has not yet been done. Then, various 
arrangements for utility ownership, financing, and 
interface would need to be designed for pursuing this 
potential . 

.,,/', Utility involvement in cogeneration development 
' has been widely recognized as having tremendous potential 

to increase the likely level of cogen~ration potential 
(Refs. 34-36, 40-41). The Public Utility Regulatory 
Policies Act (PURPA) would probably have to be amended, 
as has been recommended by the Institute of Electrical 
and Electronics Engineers, to permit utility ownership 
of decentralized cogeneration systems. In the utility 
ownership mode, economic potential for in-plant generation 
has been estimated to increase by 75 percent (Ref. 34) 
and over 100 percent (Ref. 35). Given the current 
underdevelopment of the.data base on cogeneration 

/potential, it is difficult to develop hard estimates 
on reasonable conservation program goals. In the 
interest of analytic caution, the Conservation scenario 
is targeted to achiev~ extremely ~odest levels of 
cogeneration in the forecast period. Specifically, it 
is assumed that the fraction of industrial demand supplied 
via cogeneration reaches current New York State industrial 
fraction cogenerated by the year 2000. This is equivalent 
to 10 MW of cogeneration capability in-place on Long Island 
by 1990.** Bycomparison, the State Energy Office's 

*In this instance the statement of' criterion is that ' I 
the·incremental cost of producing electricity and steam 
above that of producing steam alone be less t~a~ the cost 
of suppl,ying an equivalent quantity of electricity from 
a conventional power plant. 

**in terms of the reduction of central station generation 
.requirements, cogeneration saves 69 G~H; the power equi­
valent is derived by assuming a generic 80 percent capacity 
factor. _ 41 -
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"Proposed Case" goal is 12 MW for 1990 without the 
assumption of special utility involvement. 

The cost-effectiveness of this investment is 
favorable from society's point of view. The 
incremental costs of installation are taken on a generic 
basis at $700 per KW, cautiously on the high side of 
the most recent estimates for New York State (Ref. 42, 
pp. 40 ff.) . These capital costs compare favorably 
with the construction alternative (the Shoreham 
facility is now estimated to cost over $2500/KW). 
Incremental fuel costs are almost 2¢/KWH*. Therefore, 
the combined costs associated with electricity production 
through cogenerati0n is on the order of 4¢/KWH. 

4.4 Voltage Regulation 

Electrical utilities in the United States widely observe the 
national voltage standards of the American National Standard 
Institute (A.N.S.I.). The A.N.S.I. standards prescribe a service 
voltage range to be provided around a nominal voltage. For 
example, the minimum service voltage standard on a 120 volt line 
is 114 volts and the maximum is 126 volts for the type of service 
provided most residences. 

Since 1974 there have been several studies and experimeats 
designed to explore the potential for saving energy through voltage 

/[
reduction. A number of these analyses are summarized in a report 
on voltage regulation issued by the Energy Conservation Branch of 
the California Public Utility Commission (Ref. 20). The energy 
conservation potential suggested by pertinent studies and 
experiments led the California P.U.C. to begin implementing 
voltage regulations keeping allowable service voltage on the lower 
half of conventional voltage ranges. Thus, on 120 volt circuits, 
allowable customer service voltage would be between 120 and 114 
volts rather than between 126 and 114 volts. This program is 
referred to as the conservation voltage regulation (c.v.r.) program. 
We shall use the abbreviation c.v.r. here to refer to regulations 
keeping service voltage on the lower half of the acceptable (A.N.S.I.) 
range and the nominal voltage, as in California. 

Studies carried out at the behest of the P.U.C. showed that 
energy would be saved and that appliance performance would be 
enhanced through decreased maintenance, longer lifetime, and, in 
the case of 1/4 to 1/2 horsepower electric motors, greater 
efficiency and a higher power factor (Refs. 20, 25, and 39). 

* Figured at an incremental heat rate (extra fuel 
above that required to produce steam alone in the 
absence of cogeneration) of about 6,000 BTU/KWH 
and a fuel cost of $4 per MMBTU. 

- 42 -

E s R G 



I 

I 

Th$ first phase of the California program is limited to 
distribution feeder circuits serving primarily residential and 
commerb~al customers and requiring no significant capital 
expendi~ures. The regulation is being implemented on a ~ 
utilityiby-utility basis. The P.U.C. staff have concluded that 
even though the program is only in its first phase it is already 
the sih41e most effective conservation program in the state 
of Cal~fornia. Apparently the extension of the Phase I 
regula~ions alone to all utilities wi11 result in an energy 
saving~jof up to 3 percent. The savings are not distributed 
evenly

1 
along the system load curve. Off-peak, they may be 5 

percen~jor more; at daily peak, more like 1-2 percent. At 
annual! system peak, where many circuits may be loaded at or 
near c!apacity, the P.U.C. engineers expect very small savings. 

Ildially, the specific responses of major commercial and 
reside'ntial end-uses to a voltage reduction would be separately 
quant~fled. For most appliances, including thermostatically 
contro.11i.ied ones, energy is reduced; for some, it is not. Examples 
of th~ ~atter include air conditioners operating in the hottest 
weather/ and certain small resistance loads like toasters (Ref 39). 
Logically, thermostatically controlled electric water heaters 
and re!s[istance space heaters would not experience energy 
reduc~~ons, either. 

JJe second phase of the California program involves the 
impleih~ntation of the c.v.r. on circuits where significant 
capit~] expenditures may be necessary for reconductoring, . 
instai~ation of shunt capacitors, or installation of substations 
to for~ shorter circuits. Where it is cost-effective the 
regul~~ion is to be implemented. The P.U.C. criterion of cost­
effect~veness is the same as that used in this scenario generally, 
namelyJ the value of the energy saved on a life cycle basis must 
equal/~r exceed the life cycle cost of the measures necessary 
to acpleve the savings. (Ref. 25, page 67). Margina~ costs are 
the measure for the value of energy saved. The precise energy 
savin~~ portion of full implementation of cost-effective voltage 
regul~tion in California will not be known until all circuits 
have ~~en assessed, but P.U.C. staff anticipate possible total 
progrlcub additional savings of two percent or more. 

/Ib neither Phase I nor Phase II does the California c.v.r. 
p:ogri~ p:esently con~emp~ate sig~ifica~t v~ltage ~hanges on 
dist~ibution feeder circuits serving primarily agricultural or 
indust~ial loads. Industrial reduction potential exists, but 
some /cµstomers require no change in voltages, othe:rsregulate 
theiL" high voltages internally, and in any case, more testing of \ ...../ 
the ~f~ects of industrial voltage reduction need to be undertaken. 

1 
I 
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In addition to California, Connecticut has adopted a new 
voltage regulation in order to conserve energy (Ref. 53). The 
state's utilities had operated with a voltage range somewhat 
more demanding than A.N.S.I.'s, one of +5 to -3 percent of nominal 
voltage. The regulation changed this to +3 to -5 percent of service 
voltage. Thus, for a iL20, '.Volt circuit, the standard is being 
changed from a range of 126 to 116.4 volts to one of 123.6 to 
114 volts. This two percent voltage reduction regulation will not 
realize as great an ultimate savings as will the c.v.r. in 
California. By April of 1980, virtually all of the circuits of 
Connecticut's largest utility had been converted, as had most of 
those of the other major utility. Thus the bulk of the conversions 
have been effected. No definitive report of energy savings from 
this new program is available but the experience of the California 
tests and c.v.r. suggest that the energy savings will be at least 
as great as the two percent voltage reduction being implemented 
in Connecticut. The Connecticut order permits temporary waivers 
from conversion of circuits based on technical need (e.g., a very 
specific voltage need) or economic hardship. Some technical 
waivers have been .granted, but no economic ones have been 

J l{ requested (Ref. 5 4) • Apparently, the voltage regulation in 
Connecticut is not requiring major utility expenditures. 

~ LILCO now uses voltage reduction as a peak load management 
method, but this is different from the systematic narrowing of the 
band of service voltage in order to conserve energy, i.e., it is 
not c.v.r. LILCO believe9 implementation of a c.v.r. would 
require technical improvements in its distribution system whose costs 
and benefits would need to be studied on a circuit-by-circuit basis 
(Ref. 55 , Response 22). The extensive experience of California, 

/ the recent experience of Connecticut, and the technical promise 
of energy savings have led us to program a tentative commercial/ 
residential total energy reduction of 2.5 percent commencing in 
1982. The peak savings are programmed at a tenth of that reduction. 
There is insufficient information to include LILCO-specif ic costs 
for the c~v.r. expenditures. Whatever they precisely are, energy 
savings that accumulate year after year for the lifetime of the 
regulating equipment (capacitors, meters) that may be required 
are likely to prove strongly attractive. 
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5. THE POTENTIAL FOR CONSERVATION 

In Sec. 4, the measures considered as part of the 
cons rvation program alternative were introduced. They were 
justified on grounds of technological availability and social 
cos~leffectiveness. In specifying the Conservation scenario, 
effort was made to include only reasonable end-use improvement 
tar~~ts and plausible phase-in periods for achievement of the 
targ~ts. 

//In the interest of caution and realism, only a subset of 
ava,i.ilable measures satisfying the cost criterion are incorporated 
in ~fue Conservation scenario. Furthermore, no claim is made 
tha1t I the particular mix of targets selected here would emerge 
in leyery detail were a major effort launched at this time to 
go /from the program feasibility assessment offered here to 
the aevelopment of a blueprint for program action. The goal of 
th~sl study is thus to construct a specific plausible Conservation 
sc~n~rio and to determine whether implementation of that scenario 
woJ1~ be competitive with the option of completing Shoreham. 
Th~ ~mpacts of the Conservation program in four important areas -­
el~ci ricity savings, oil savings, natural gas savings, and 
co~trs are summarized in the sections below. 

I 5.l Electric Generation Displacement 

l
lJ The end-use forecasting model builds up aggregate demands 

in he service area from an enumeration of the physical stock 
and jthe engineering characteristics of electricity using 
eqbipment.* The model therefore has the capability of tracking 
th~jimpacts of alternative forecast assumptions with precise 
attention to stock turnover constraints, interrelated effects 
of/rhultiple conservation measure implementations, and policy 
pha~e-in assumptions. The Conservation scenario forecasts are 
prbduced by perturbing the Reference case driving variables 
wi~fu the adjustments of end-use demands and conservation 
impiementation schedules indicated in the previous section. 

I I The Conservation scenario forecasts are presented in 
agigregate form in Table 15 and by selected end-use classifi­
ca1tlons in Table 16. To identify Conservation · 
sde:hario impacts, these results can be compared to the 
Re1ference case forecast results of Sec 3. This comparison is 
prf$ented visually in Figure 5. The annual electricity savings 

I I 
*~hb modelling approach was outlined at the beginning of Sec. 4. 
I 
r 
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TABLE 15 

AGGREGATED CONSERVATION CASE 

CONSERVATION SCENARIO 
LIL CO ENERGY IN GWH PEAK POWER LOAD IN ltll 

RESIDENT. COKltER. IHDUSTR. OTHER TOTAL SUHtlER II INTER 
1978 5559. 5020. 1239. 1901. 13719. 2870. 2390. 
1979 5720. 5140. 1280. 1940. 14080. 2930. 2470. 
1980 5860. 5270. 1320. 1980. 14430. 3000. 2550. 
1981 6010. 5390. 1360. 2020. 14780. 3050. 2630. 
1982 5730. 5310. 1400. 2040. 14480. 3050. 2630. 
1983 5620. 5140. 1400. 2010. 14180. 2980. 2590. 
1984 5500. 4980. 1410. 1990. 13890. 2900. 2540. 
1985 5520. 4840. 1410. 1990. 13770. 2860. 2520. 
1986 5530. 4680. 1400. 1970. 13580. 2810. 2490. 
1987 5540. 4520. 1390. 1960. 13410. 2750. 2460. 
1988 5540. 4600. 1370. 1980. 13490. 2760. 2470. 
1989 5550. 4680. 1360. 2000. 13580. 2780. 2480. 
1990 5550. 4760. 1340. 2010. 13670. 2790. 2490. 
1991 5560. 4840. 1360. 2030. 13790. 2810. 2510. 
1992 5560. 4920. 1370. 2050. 13910. 2830. 2520. 
1993 5560. 5000. 1390. 2070. 14030. 2840. 2530. 
1994 5570. 5090. 1410. 2090. 14150. 2860. 2550. 
1995 5570. 5170. 1420. 2110. 14270. 2880. 2560. 
1996 5560. 5250. 1430. 2140. 14390. 2900. 2580. 
1997 5560. 5340. 1450. 2160. 14510. 2920. 2590. 
1998 5560. 5430. 1460. 2180. 14630. 2940. 2600. 
1999 5560. 5510. 1480. 2200. 14750. 2960. 2620. 
2000 5570. 5490. 1490. 2220. 14890. 2980. 2630. 
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SECTOR I 
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COMMERCIAL 
SECTOR 

I 
I 

INDUSTRIAL 
SECTOR 

I 
I 

TABLE 16 

DISAGGREGATED CONSERVATION CASE 

1978 1983 t9es iOOi 1998 J.11\J 1: REFRIGERATORS 1146. 1229. 1157. 1029. 847. ~. FREEZERS 340. 363. 344. 315. 277. L+ 
"'!• RAiiGES '1C"~ '10i .... ,-.. -, 312. 324. "' ,;.J/ t 4.VJ. + ,;.7Ut 1+ LIGHTING 798. Cf:'.C• 41·' 454. 471+ ... 

..J>Jit ""' C"• TELEVISIONS 359, ~.,, 

10/ 399. 415. Jt ..J .. 1. -.JV/ t L • CLOTHES DRYERS 372. 423, 457. 487. 514t u+ ..,, CLOTHES WASHERS 68. /") 75. 78. 81. It ,,_, 
8: DISH WASHERS 153. 172. 186. pa 212. ,,, 
9! WATH' HE!nERS '"'.•10 269. 261. '"'.·L 7 282. '-""'. ..:..uv• :o: ROOM >\.': ... 293. 280. 250. 231. 220. r-i• ,.,, 

1' I mnr:AL A/C 245. "'.•LC.1 271. 282. 298. L.UI t 1 .-, • Sf1r:;CE HEATH\S '1i. L 382. 403. 4·~C" 448. J .:.. ~ ..:.\.."..!+ 4.Jt 
13! HEATI~G~UXILIARY 436, 4'11 ,,-q 344. 305. A..!J+ "'Ovt 14: ilISCELUif!EOUS 586. : ,-,, 804. 918. 1038. 07~+ 

1c.,o 
"" 1933 1938 1993 1998 

1! OFFICES 
-; + HEATING 3'1 51. 50. 51. 53, . . ... 
·--:.• COOLING 307. ~'" 266. 277. 287. ... J 1J7 t 
3! LIGHTING 447. 439. 365. 394. 423. 
4: AUX & F'OWER 373, 445, 448. 537. 633. 
2! RETAIL , . HEATING 15. 23. 23. 23. 24. . . ,,. 

COOLING 302. 320. 304. 316. 32a. "' 1 + 
j, LIGHTING 1124. 1131. 1110. 1156. 1202. 4: AUX & f'OUtR 433. 507. 4a5. 5a3. 6aa. 
3 : HOSf' IT ALS 
1: HE,mNG 3. 5. 5. 5. 5. .., . CQ:jLHW 51. 49. 39. 39, 39. ... ., . 

LIGHTING 137. 13a. 126. 128. 130. .:.io 

4: AUX i POWER at. 93. as. 102. 116. 
,1; SCHOOLS r 
lt hEH TING 13. 15. 11. 12. 12. 
1')4 COOLING a6. 71. 3a. 41. 43. ... .,. LIGHTING 352. 292. 197. 208. 219. .:it 

4! AUX & POWER 226. 212. 139. 165. 192. 
5! OTHER 
1: HEATING 11. 1a. 17. 17. 17. 
2: COOLING 221. 224. 190, 193, 196. 
3: LIGHTING 469. 500. 446. 457. 468. 
4! AUX & POWER 334, 409. 392. 455. 520. 

197a 1983 19a8 1993 1998 
20: FOOD 56. 62. 59. S7. S9, 
22! TEXTILES 31. 37. 37, 37. 40. 
23: APPAREL 24. 23. 20. 1a. 17. 
24: LUMBER 7, a. 7, 7, a. 
25 ! FURNITURE s. 6. 6. 6. 6. 
26: PAPER PRODUCTS 42. 40. 34. 31. 29. 
27! PRINTING & PUBL, 73. as. a7. 92. 101. 
28! CHEMICALS 61. S7. 46. 37. 29. 
29: PETROLEUM & COAL 12. 14. 13. 13. 14. 
33: PRIMARY METALS 43, Sl. so. so. 53. 
34! FABRICAT. METALS 6a. 71. 66. 6S. 66, 
35: MACHINERY 102. 117. ua. 124. 13S. 
36: ELECTRIC EOUIP, 218. 232. 222. 224. 234. 
37! TRANSPORTATION 30S. 3S2. 349. 356. 377, 
30! RUBBER & PLASTIC 59. so. aa. 98. 112. 
31: LEATHER 1. 1. 1. 1. 1. 
32! STONE1CLAY1GLASS 24. 25. 24. 24. 24. 
3a: INSTRUMENTS 95. 129. 133. 135. 143. 
39! HISC, MANUFACT, 12. 1s. lS. 1s. 16. 
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produced by the Conservation program are shown in Figure 6. 
The Conservation and Reference forecast comparison for annual 
peak load growth is depicted in Figure 7. Figure 8 charts the 
growing saving in peak demands in the Conservation case 
forecast. 

The results display the gradual takeoff of conservation 
impacts as the measures phase in with new equipment and retrofit 
schedules. The figures also suggest that the savings brought 
about by the Conservation program will continue to increase 

1tt'nto the next century. Consequently, the cutoff of the study 
time-frame at the year 2000 is likely to bias the findings on 
ong-run cumulative savings against the Conservation scenario. 

Nonetheless, the cumulative electric energy displaced during 
the study period __ is substantial. This is shown in Fiqure 9 
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CONSERVATION PROGRAM PEAK LOAD REDUCTIONS 
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in units of million kilowatt-hours (GWH) saved and million (10 6 ) 
barrbis.* 

5. 21 !il Savings 

1

,1 I . . . 
The conservation measures decrease oil consumption from 

Refer~nce forecast levels in two distinct ways. First, the 

! I 
*In /cbnverting electric energy savings to primary oil displacement, 
the' bonversion efficiency of displaced oil-fired electric plants 
mus'tlbe estimated. Expressed as a heat rate, the efficiency 
as~utned for these studies is 12,000 BTU/KWH, and the conversion 
fadtpr used is 6.227 x 10 6 BTU/BBL (Ref. 49). At a 60 percent 
caP,apity factor, the Shoreham plant is assumed to displace 8.6 x 
10 

6jB~L/oil in Ref. 14. This implies a heat rate for displaced 
plants at about the same level used here. 

I 
! 
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Figure 9 

CUMULATIVE ELECTRIC GENERATION DISPLACEMENT 
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~lower electric energy requirements imply that the least efficient 
generating units will at least in part be idled. In other words, 
the generating system will be dispatched to meet a decreased 
demand so that LILCO's oil-fired power plants may be run 
correspondingly less. The cumulative oil savings from this 
effect were displayed in Figure 9. 

/ Second, the improved building characteristics and energy 
management practices incorporated in the Conservation measure 
targets would lead to decreases in oil requirements for on-site 
heating and hot water requirements, as discussed in Sec. 4. The 
computer program evaluates the impacts with respect to the 
Reference forecasts for on-site oil use reported in Sec. 3. 
Just as with the electric demand analysis, the on-site oil savings 
resulting from the relevant conservaton measures are computed by 
submodels disaggregated by building or housing type, end-use and 
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I 
fuel l x. In addition, the Conservation scenario includes a a,/' 
measubk -- the ESH regulation -- that increases oil (and natural 
gas) Ju$age. Buildings and homes that would have used unassisted 
elect

1

1ric resistance heating are shifted to on-site fossil fuel 
usage /<or ESH with heat pump assist) . The fossil fuel savings 
reportrd here are net savings reflecting this penalty. 

T~e oil savings associated with the shift from Reference 
case cpnservation levels to the higher levels of the Conservation 
scenar~·o are displayed in Table 17. Also included in the 
table are the savings already discussed from electric generation 
displa ement, total annual savings, and the running cumulative 
totat ril savings identified with the Conservation ?rogram measures.* 

5. 3 / N:,atural Gas Savings 

Jince oil is the major fossil fuel used on Long Island and 
oil u~e reduction has been given national energy policy priority 
recehttly, it has received primary focus here. Nevertheless, 
naturAl gas does supply approximately 15 percent of building 
energy demands and should not be ignored. 

lpplying the end-use energy demand model to natural gas 
usagejallows the computation of the savings resulting from the 
redu¢ed requirements in the Conservation scenario relative to 
the R~ference level demands. The Conservation measures affect 
oil lahd gas end-use usage comparably, including the penalty for 
the !additional natural gas usage resulting from the shift induced 
by tth~ conservation program away from resistance heating.** The 
streia!n of savings, not surprisingly, is similar to the building oil 
sav/n/s we have just seen, though on a smaller scale. The 

*rt Jshould be noted that the ESRG model allows for a furnace 
effiEiency improvement conservation measure. However, since 
sulistantial improvements in furnace performance seem to be 
ocdurring already on Long Island (e.g., retrofits to retention 
heJ~ burners), no additional efficiency improvements are included 
injthe Co1:1servation.scenario a1:1d no oil savings credit ~a~en. 
Mor~ detailed scrutiny of the issue could reveal an additional 
opb]drtunity here for oil savings. 

**No/ easure for the gas range is included in the Conservation 
. ' . scenario. 
I 
I 

I 
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TABLE 17 

ANNUAL CONSERVATION CASE OIL SAVINGS (10 6 Barrels) 

I 
(1) ( 2) (3)=(1)+(2) ( 4) (5)=(3)+(4) ( 6) 

Total Generation Total Oil Cumulative 
YEAR Residential Commercial On-Site Displaced Savings Oil Savings I 

1980 - - - - - - I 
1981 - - - - - -
1982 .1 - .1 1.3 1.4 1.4 
1983 . 4 • 3 . 7 2.4 3.1 4.5 I 1984 .6 .6 1. 2 3.7 4.9 9.4 
1985 . 9 . 9 1. 8 4.6 6.4 15.8 
1986 1. 2 1.1 2.3 5.3 7.6 23.4 I 1987 1.5 1.4 2.9 6.2 9.1 32.5 
1988 1. 8 1. 3 3.1 6.5 9.6 42.1 
1989 2.1 1. 3 3.4 6.7 10.1 52.2 \ 

1990 2.4 1.3 3.7 7.1 10.8 63.0 I 
1991 2.6 1. 2 3.8 7.3 11.1 74.1 
1992 2.8 1.2 4.0 7.5 11. 5 85.6 
1993 3.1 1.2 4.3 7.7 12.0 97.6 I 1994 3.3 1. 2 4.5 7.9 12.4 110.0 
1995 3.5 1.1 L6 8.1 12.7 122.7 
1996 3.7 1.1 4.8 8.4 13.2 135.9 

' 
1997 4.0 1.1 5.1 8.5 13.6 149.5 
1998 4.2 1.1 5.3 8.8 14.1 163.6 
1999 4.4 1. 0 5.4 8.9 14.3 177.9 
2000 4.6 1. 0 5.6 9.2 14.8 192.7 I 
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I 
cumuiative natural gas savings to the year 2000 for the residential 
and ~~mmercial sectors are 61. 0 MMBTU and 17. 0 MMBTU, respectively. 
The ~otal natural gas savings traced to the conservation measures 
is, ttlerefore, 78.0 MMBTU (or 76.2 million cubic feet). 

11 
5.4 /1/he Costs 

I Jhe first analytic task in evaluating the costs of the 
conse!vation alternative to LILCO ratepayers is to compute the 
capit~l cost increments associated with the imolementation of the 
consb!vation measures in the scenario. Costs per measure imolemen­
tatibA have been discussed in Sec. 4. For the purposes of ~ 
Consb!vation scenario capital cost calculations, a computer program 
was reveloped and coupled to the forecasting program. Its function 
is tolcompute the stream of implementations for each of the 
some/ forty conservation measures and, applying the incremental 
costj per measure to each implementation 1 to output costs of each 

J \t
,measlule ovher t~me. . 

We t en wish to evaluate the costs of the conservation 
.· lterhative in a framework that renders them comparable with the 
' ost!sj of completing an<d I.operating Shoreham. This framework, using 
the /nomenclature of utility resource planning, consists of 
·the 11 lrequired revenues" for conservation program achievemE.nt. The 
requiked revenue method provides a mechanism for comparing the 
attriabtiveness of alternative projects. In this approach, the 
annJaQ flow of money to support a project (depreciation, interest 
or teturn on capital investment, operations and maintenance, 
tax~sj, fuel costs) are established. To compare expenses at 
di f~e,rent points in time, these expend~ tures c;ire generally brought 
bac~ to present worth dollars by applying a discount rate 
ref+lcting the time value of money. For convenience, we annualize 
ca pi tjal investments in equal installments over the life of the 
investment such that the cumulative present worth of the stream 
of ~dch annuaJJ.ized investments equals the cumulative oresent 
worttt of the actual time varying costs. This introduces the notion 
of tiixed charge rate" -- ratio of annualized to initial capital 
cosrs a concept which is specified mathematically in Table 18. 

I The costing program has been designed with a high degree of 
fle~~bility in specifying discount, inflation and interest rates 
and!dapital recovery periods. Output is disaggregated by 
cons~rvation measure investment for each year (by applying 
thej fixed charge rate (FCR) over the lifetime (L) of the 
inv~Stment) and reported as annual and cumulative required 

~
reve$ues in both current and present worth dollars. The J ~onftrvation program is predicated on the development of financing 

rograms to overcome the first cost hurdles which deter consumer 
urbfiases of cost-effective conservation items. There are a 

I 
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Let: 

PWRR 
c 
L 
d 
r 
t 

FCR 

Then: 

= 
= 
= 
= 
= 
= 
= 

TABLE 18 

CAPITAL COSTING METHODOLOGY 

Present worth of required revenue 
Initial capital cost (inflated to year of investment) 
Capital recovery period (life of loan or investment) 
Discount rate 
Interest rate or pre-tax rate of return 
Year (year of investment = 0) 
Fixed charge rate 

L-1 
PWRR = 

(in year t=O) 
E rxcx(l-t/L)x(l+d)-t 

t=O 

(interest on 
unamortized part) 

By definition: 

PWRR = 

+ 
L-1 

E (C/L) x (l+d) -t 
t=O 

L-1 -t 
E FCRxcx(l+d) 

t=O 

(straightline 
recovery of 
principal) 

Summing and -simplifying: 

FCR 

where a 

= 

= 

r+(l/L)x {l-r(a/(1-a)) - LaL/(1-aL)} 

l/(l+d) 

[Note that in the special case of d=r, FCR renuces to the_familiar 
mortgage formula.] 
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TABLE 19 I 
I CONSERVATION CAPITAL COSTS BY,. SECTOR 

I 
RESIDENTIAL SECTOR: 

I I 
COHttERCIAL SECTOR: 

CURRENT DOU.ARS CURRENT DOLLARS PRESENT WORTHS PRESEHT WORTHS YEAR AHHuAL Cllltll.ATIIJE AHHUAL CUitULATIIJE YEAR AHHUAL CUttlll.ATIVE AHHIJAL CUHUL.ATIIJE 
1980 / o!o o.o o.o o.o 1980 o.o o.o o.o o.o 1981 oio o.o o.o o.o 1981 o.o o.o o.o o.o 1982 •op 10.3 s.1 s.1 1982 2.6 2.6 2.0 2.0 1983 28 1 38 .. , 19.8 27.9 l;f l ld:l ll:l B:9 23.9 1984 ~7l2 85.6 29.4 57,3 61.6 1985 6UO 146.6 33.9 91.2 1985 90.3 184.4 50.1 111.7 1986 7418 221.4 36.9 128.1 1986 121.0 305,4 59.7 171.4 1987 1~!~ 311.0 39.3 167.4 1987 153.1 458.5 67.1 238.5 1988 416.2 41.0 208.4 1988 152.5 611.0 59.4 297.9 1989 12H9 538.2 42.2 250.6 1989 151.8 762.8 52.6 350.5 1990 13916 677.8 43.0 293.6 1990 151.1 913.9 46.5 397.1 1991 1ss[4 836.2 43.4 337.0 1991 150.4 1064.3 41.2 438.2 
H3~ ~~~~s l~li:S n:; l~~:~ 1992 149.5 1213.8 36.4 474.6 

228!5 
1993 148.6 1362.4 32.1 506.8 1994 1446.5 43.9 468.3 1994 147.7 1510.1 28.4 535.2 1995 255 3 1701.8 43.6 511.9 1995 146.7 1656.8 25.1 560.2 1996 283~6 1985.4 43.1 555.0 1996 145.6 1802.4 22.~ ffi·3 1997 3,14; 7 2300.1 42.5 597.5 1997 144.5 1946.9 19. .0 1998 ~sro 2648.1 41.8 639.3 1998 143.3 2090.1 11.2 619.0 1999 383.3 3031.4 40.9 680.2 1999 142.0 2232.1 15.1 634.2 2000 420 6 3452.0 . 39,9 no.1 2000 140.6 2372.7 13.3 647.5 

INDUSTRIAL SECTOR: 
CURRENT DOLLARS PRESENT UORTHS 

YEAR AHHUAL cuttt.ILATIIJE AHHUAL CUHULATIUE 

1980 o.o o.o o.o o.o 
" 1981 o.o o.o o.o o.o 

1982 o.o o.o o.o o.o 
1983 0.9 0.9 o.6 0.6 
1984 1.9 2.s 1.2 1.a 
1985 3.1 S.9 1.1 3.6 
1986 4.4 10.3 2.2 5,7 
1987 5.8 16.1 2.6 8.3 

HH ~:~ ~~:3 ~:~ U:~ 
1990 11.2 43,9 3.4 11.s 

-1991 U.6- 55.5 3.2 21.0-
1992 12.1 67.6 2.9 23.9 
1993 13.6 81.2 2.9 26.8 
1994 1s.2 96.4 2.9 29.8 
1995 11.1 113.5 2.9 32.7 

H~ U:) l~:I ~:i fi:~ 
2.9 41.4 

1999 26.7 204.6 2.8 44.2 
2000 29,7 234.4 2.s 47.0 

TOTAL CURRENT DOLLAR EXPENDITURES: 6059.0S 
TOTAL CUltULATIVE PRESEHT UORTH EXPENDITURES: 1414,60 

COSTS ARE EXPRESSED IN HIUIOHS OF DOLLARS. 
DISCOUNT RATE: 12.5% IHFLAT.: 8.0% CAPITAL: 12.~ DISCOUHT RATE 
PRESENT WORTHS ARE DISCOUNTED BACK TO 19801 USING • 
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number of promising financing strategies which would have somewhat 
different impacts on interest rates, capital recovery periods and 
so on. Since we do not wish to prejudge the precise institutional 
arrangements, the costs have been computed using generic fixed 
charge rates. 

Measure-specific output is too voluminous for presentation 
here. Instead, we offer summary running costs by major demand 
sector in Table 19. Note the financial assumptions: inflation 
at 8 percent, interest at 12 percerit, discount rate at 12.5%*, 
and capital recovery periods taken as equipment lifetime or twenty 
years for building improvements. These will be taken as the 
axiomatic set of financial assumptions for further cost com'?·arison. 
Based on this, we see from the table that the conservation 
capital-related investment PWRR is $1414.60 million dollars. 

It is also of interest to test for sensitivity against 
variation in financial assumptions. Selected sets of assumptions 
are presented with resultant PWRR values in Table 20 for 
comparison. 

Although our primary goal is to determine how the conservation 
investment strategy competes against the Shoreham completion 
strategy, a word about conservation cost attractiveness on its 
own terms is in order. The major terms in the computation are 
shown in Table 21. Based on the capital cost and fvel savings 

·trade-offs there is a net benefit of over $4 billion dollars 
over the next twenty years. Other factors not included in this 
simple cost/benefit exercise are: 

• Income tax credits to conservation investments, 
• Cred.iit for avoided power plant construction cost, 
• Any penalty for the administration and management of 

the conservation program, 
• Indirect economic benefits,(e.g., higher employment) 

for dollars spent in the local economy rather than 
exported and 

• Credit for continued savings in the post-2000 period. 

The first calculation leads to an inescapable conclusion: 
the conservaton implementation program on its own merits holds the 
promise of saving Long Island energy users billions of dollars. 
The more difficult and subtle analytical problem concerns which 
of two strategies (that both displace large amount of oil) is more 
advantageous: implementation of the conservation program or 
completion of the Shoreham plant. 

* In conformity with Refs. 14-16. 
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TABLE 20 
. ' 

PRESENT WQRTH OF REQUIRED REVENUE RELATED TO CONSERVATION CAPITAL: 
$ijNSITIVITY TO ALTERNATIVE FINANCIAL ASSUMPTIONS* 
I 
I 

I 
I 
Ra1te* Capital Recovery PWRR Discount 

(%) i I 
Interest Rate 

( % ) Period (10 6 1980 
I 

I 12.5 i 
12.5 
12. 5 I I 
12.5 / 
12. 5 I 
11. 5 I 
12. 5 ,. 
12.5 

9.0 
12.0 
12.0 
12.0 
12o0 
12.0 
15.0 
*** 

** $1216.88 
20 1354.53 
** 1414.60 
15 1450.41 
10 1521. 29 
** 1547.91 
** 1612.33 

1 1681.64 

$) 

* Inflatil rate taken at 8% throughout. Row 3 represents assumptions 
used in! this study. 

** Equipmeht lifetime/20 years for building improvements 
*** f , I i, . th' No ina~~ing in is case 

I -
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'rABLE 21 

CONSERVATION CASE COST TRADEOFFS TO 2000 

Capital Costs 

Residual Oil ( 1) 
126Xl0 6 BBL x $20/BBL 
67xl0 6 BBL x $42/BBL 

Natural Gas 
7 6 x 10 9 c . f . x $ 4 . 7 5 /MCF ( 2 ) 

Notes 

( 3) 

PWRR 
(xl0 6 ) 

$ (1,415) 

$ 2,520 
2,814 

361 

Net Savings $4,280 million 

(1) 1980 LILCO Average (Ref. 52, p. 41). Fossil fuel costs 
are for simplicity assumed to escalate at the discount 
rate (or 4.5% real). By comparison, the NYS Master Plan 
(Ref. 23) quotesreal growth rates of 4.4% natural gas 
(Ex. Summary, p.13) and 4.6% for oil (Appendix, p.92). 

(2) From 1979 LILCO average costs (Ref. 22) escalated at national 
rate to 1980 estimate. 

(3) Not included: conservation investment tax credit, reliability 
or power plant capital cost credit for decreased electric 
demand, conservation program cost penalty. 
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6. THE TRADEOFFS 

· /w now wish to join the issue. Which scenario is preferable, 
invest~ng in the prototype conservation program as designed 
above fnd abandoning the partially completed Shoreham facility or 
comp~e,ting the Shoreham facility as currently intended by LILCO? 
Reca11I that these are posed as oppositional under the assumption 
that!L~LCO's severe capital raising constraints render unrealistic 
the pJrsuit of both simultaneously. 

. I! I'n the review of issues in Sec. 2, the important trade-offs 
were ~l~entified. They concern relative fuel savings, comparative capital 
costs, electric system reliability, and various qualitative 
issu~1· Our findings are summarized here. 

6. 1 I du Consumption · 

l
lJhe oil savings resulting from the conservation program 

were Jeported in Sec. 5.2. The Shoreham facility would also 
save1di1 by substituting nuclear generation for.oil-fired 
genercltion. The cumulative oil savings comparison between the 
two i4vestment strategies is displayed graphically in Figure 10. 

I Jur assumptions concerning Shoreham are summarized at the 
bottpf of th~ figure. Size a~d capacity factor assumptions are 
conslistent with LILCO assumptions (Refs. 14-16) . * The in-service 
date ls of course uncertain at this time. The Company has offered 
threelin-service date scenarios -- early 1983, late 1983, and 
mid-/1984 -- dependent in part on favorable disposition by the 
Publit Service commission of its request for additional electric 
rate' ~ncreases. Other analysis has indicated that delays of six 
mont/hs to a year from Company estimates are to be expected 
(ReD.j 12). The in-service date assumed here (January 1, 1984) 
app~ars to be reasonable for purposes of this study. 

) ~igure 10 shows that the likely levels of oil displacement 
for/tte two ~cenario options a7e indistinguish~ble to 19~8 .. 
Aft~r that time, the conservation approach begins to dominate. 
T~e/s,tructure of t~ese curv~s reflects the different cha7acteris­
tics of the scenario. The impact of the Shoreham plant is 
imm~diate while that of the conservation stream builds up slowly 

l I 
*Th~,Company uses two capacity factor scenarios: 50/60 percent 
an~ 60/70 percent, respectively, where the first value applies 
to I tihe. first four years of operation and the second value 
th~teafter. Other statistical research suggests 53% for 
th~ Shoreham type of reactor (BWR) with no maturation (Ref. 44). 

I 
! 
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210 

180 

150 

120 

Cumulative 
Savings 
(10 6 Barrels) 

90 

60 

30 

* Assumptions: 

E 

Figure 10 

COMPARATIVE OIL SAVINGS 

YEAR 

Size: 813 MW 

O'I 
O'I 
M 

Inservice Date: 1/1/84 
Capacity Factor: 60% 

Conservation 
Case: Total 

Savings 

Shoreham case: 
.Oil Generation 

Displaced* 

Conservation 
Case: Oil 
Generation Dis-

placed 

Conservation 
Case: On-site 

Savings 

Displaced Oil Heat Rate: 12000 BTU 
Heat Content: 6.227 x 10 6 BTU/Bbl. 
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with ~he turnover and retrofit of existing equipment. Indeed, 
the conservation impacts are sti 11 at the take-off phase at the 
end 6~ the study time frame. By the year 2000, the cumulative 
diff~rence is about 53 million barrels of oil. 

6 .2 /Jost 

IJhe major categories for the scenario cost comparisons 
have ~een identified in Sec. 2 (See Table 4). Table 24 
prese4ts the benefits and costs for capital and fuel-related 
factbrs. The conservation side costs have already been 
disch~sed in Sec. 5.4. The treatment of Shoreham costs is 
summ~fized in notations to Table 22. Shoreham completion costs 
rema~~ an area of uncertainty (see Table 3). The Company's 
currlb$t prognosis is $2.4 and $2.7 billion for 1983 and mid-
1984 in-service dates, respectively (Ref. 18, p.4). Our choice 
of $;2 l 5 billion for the January 1, 1984 in-service date should 
be v'ikwed as an illustrative estimate. As Table 24 reveals, 
conclhsions are not sensitive to second order variations in this 
assclnption. Furthermore, although the costs of cancellation in 
the 'conservation scenario are charged fully to ratepayers in the 
cost1 bomparison, the financial disposition of the abandonment 
would have to be deliberated through the proper PSC forum.* 
Insof r as responsibility for the investment in an abandoned 
plant would be charged to stockholders (or split between stock­
holde s and rate~ayers in some fashion) , the cancellation costs 
charg d to the conservation alternative would need to be suitably 
adj~s ed. 

, he table indicates a benefit of over $3 billion for the 
Conservation alternative. Roughly speaking, the capital related 
costs are comparable (with full ratepayer responsibility for the 
canc]llation) , while the conservation ap~roach saves considerably 
more fuel. 

I 

A number of costs and benefits have not been included in 
the. able. Other significant conservation benefits include 
the Avoided costs of Shoreham operations and maintenance 
(abotlt $30 million/year), decommissioning, property taxes, and 
insu~ance. On the conservation cost side are the incurred costs 
of cdnservation equipment maintenance, the lost local property 
tax: I income from Shoreham, and (perhaps most significantly) 
the. Jests associated with developing and administering the 
conpJrvation program itself. (This last issue is addressed in 
Ref. 13.) 

The detailed refinements of the various other impacts seem 
unne,,essary at this point. The conservation alternative has 
lar'g economic advantages; the net benefits are measured in 
bill ons of dollars to Long Island ratepayers. 

I 

*No' Jpecific policy recom..Ll-=ndacion is proposed in this study. 
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TABLE 22 

PWRR OF CONSERVATION BENEFITS AND COSTS TO 2000 
AS ALTERNATIVE TO COMPLETION OF SHOREHAM (10 5 $ 19~0) * 

BENEFITS COST 

Capital Related (1) 
Avoided Cost of Shoreham 

Conservation(~~uipment 
Investment 

Cost of Shoreham 
Cancellation(3) 

Fuels Related 
Electric Generation - Oil( 4 ) 

- Nuclear 
Fuel (5) 

Direct Oil 

Direct Gas 

$2100 

300 
2800 

400 

$5600 

Net Benefit = 3.2 billion 

* Costs rounded to nearest $100 million 

-

$1400 

700 
. 

300 

• -

-

$2400 

. 

(1) Based on $2.5 billion capital cost, 1984 ISD and 17% fixed charge 
rate. 

( 2) See Sec. 5. 4 
(3) Based on $1500 million cancellation charge (Ref. 15), amortized 

over 20 years net of income tax write-off of non-AFUDC part (75%), 
and full pre-tax recovery from ratepayers. 

(4) Cost represents difference between oil fired generation displaced 
by Shoreham and conservation (14xl0 6 BBL) priced at $20/BBL 
(see Sec. 5 . 4) . 

(5) Based on $35 million in 1984 escalated at general rate of 
inflation. 
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6.3 System Reliability 

Tie system reliability features of the two scenarios are 
comparable. In the Conservation case, the reserve margin 
(capacity in excess of annual peak load) remains above 25 
perceni throughout the study period with existing equipment. 
This i comfortably in excess of the reliability target of 
18 per ent reserve. Indeed, by 2000, the conservation measure 
has re uced system peak by 820 MW or slightly more than the 
power hich Shoreham is designed to supply. 

6.4 her Factors 

number of other differing impacts of the two options 
were ;i traduced in Sec. 2, and we return to them here. The 
indirect impacts of the conservation investments on the local 
econom1 seem far superior to the power plant construction 
altern,ati ve (Refs. 10 1 Vol. III; 21; 24) . The environmental 
externalities also seem a priori favorable: the lower levels 
of fu~l combustion should pass through to improved air quality 
conditjions, while whatever deleterious human health implications 
of n~cjlear production may emerge are avoided. At the same time, 
the possibility of nuclear accident or policy induced extraordinary 
down;iime is not a factor. 

6.5 donclusion 

.Jmplementation of a conservation program such as we have 
outl~~ed here requires a coordinated and serious redirection 
of epergy development strategy on Long Island. We have shown 
that14n grounds of technology availability, scarce fuel savings, 
cost. tttractiveness, and long term system reliability a 
conse::vation alternative to completing Shoreham is not only 
feas11le 1 but is far superior. The question for policymakers 
remai s: will the conservation alternative be foreclosed 
or v~ orously pursued at this time? On the basis of this 
inve~-igation, the latter course is indicated. 
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APPENDIX A 

THERMAL INTEGRITY IMPROVEMENTS 
RESIDENTIAL HEATING AND COOLING MODEL 

~ simple model is used to calculate annual electricity and 
fuel aonsumption for prototypical residential structures with 
diff~'ent thermal integrity levels. In addition to calculating 
the ount of fuel used as thermal integrity levels are increased, 
the ~ del is able to compute (1) the incremental dollar costs of 
incre sing thermal integrity from one level to the next, (2) the 
incre~ental annual dollar fuel savings, and (3) simple payback 
(yea:r~ to recovery of incremental investment through the stream 
of r;eJ.ultant annual energy savings). The overall structure of 
the m del is depicted in the following flow chart (Figure A.l). 

t the present time the model computes the fuel consumption 
uences of thermal integrity characteristics for three 
ypical structures adapted from a study by Daifuku (Ref. 

Two of the prototypes are employed for this study. These 
single-family unit of 1600 square feet and multifamily 
ures containing 10 units of some 1000 square feet each (and 

som~ ublic space). In addition, units can be treated separately 
as a function of primary space heating source (electricity, oil, 
gas; r other) . 

nput data used in the model includes the physical character­
istics of these prototypes, design heating and cooling loads, 
reg~o -specific climatic data, the efficiency of fuel use by 
heati g and cooling systems, fuel prices, and the costs of energy­
con~erving thermal integrity improvement measures in the prototypes. 

' 
The annual heating demand of the building is calculated by 

the ollowing equation: 

wher 

HD = HL x DD x 24 x CD 

6T 

HD = Annual Heating Demand (Btu) 
HL = Design Heating Load (Btu/hour) 

DD = Heating Degree Days* 

24 = Hours in the day 

6T 

= Correction factor for heating effects 
vs. degree days (from Ref. A.2) 

= Winter design temperature difference 
(°F) for space heating 

' ! . Heating degree days constitute the summation of the number of 
degrees by which the mean outdoor temperature is less than 65° F 
for every day in the year. 
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Figure A. l 

STRUCTURE OF RESIDENTIAL HEATING AND COOLING MODEL 

Architectural Thermal Integrity Local Prices for 
Characteristics Characteristics Installed Weatheri~ 

!Design Temperature I of the Structure of the Structure zation Materials 
I \ I I 

l r' 

I Design Loads I Degree Daysi 

Costs of 
Thermal Iniegrity 

Annual Demands Fuel Heating Values Measures 
and Ef ficienc¥ Factors 

. I 
1 

Annual Fuel I Fuel Prices Consumptions 

I I 
l 

Annual Heating/Cooling 
Costs 
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The a nual fuel use for space heating is calculated by the 
follQ ing equation: 

Fuel use 

where HD 

N 

HV' 

= 

= 

= 

= 

Annual heating demand 

Heating system correction factor for 
rated full load efficiency, part load 
performance, oversizing, and energy 
conservation devices (from Ref. A.2) 

Heat value of the fuel 

he design heating load, upon which both of the above 
equations depend, must itself be initially computed as the sum 
of (l~ the heat loss due to infiltration of outdoor air and (2) 
the h4at transmitted through the building envelope. The relevant 
equations follow: :L 

Infiltration Heat Loss (Btu/hr) = I x V x .018 x 6T 

whe:i:re: 

where: I = infiltration rate (air changes per hour) 
= volume of building (cubic feet) v 

.018 

6T 

= density ·x specific heat of air 
(Btu/cubic foot 0 p) 

= temperature difference (°F)* 

T (used for the ceiling, walls, windows, doors, and infiltra­
calculations) is the difference between the living space 
rature and the outdoor design temperature and the basement 
rature. The basement is assumed to be unheated except by 
lost from the furnace and ducts in the case of fossil fuel 

The basement temperature is calculated by this equation: 

TB = 
TA = 
TL = 
UB = 

= 
UL 

= 
UF 
F = 

G = 

E. 

= TAUB + (l+F)TLUF+F[TL-TA)UL-G] 

UB+(l+F)UF 

basement temperature 

outdoor design temperature 

living space temperature 

Btu/hr. °F lost from the basement 
(including infiltration) 

Btu/hr. °F lost from the living space 
(including infiltration) 

Btu/hr. °F transferred through the floor 

% heat delivered to basement/% heat delivered 
to living space 

Internal heat gains 
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2. Transmission Heat Loss (Btu/hr) = U x A_ x 6T 

where: U = coefficient of transmission (Btu/hr-ft 2 -°F) 

A = area (ft 2 ) 

6T = temperature difference (°F) 

The procedure for calculating the fuel use for summer 
cooling assumes the use of central air conditioning. The 
total design cooling load is the sum of five separate 
sources of heat gain: heat transmitted through opaque materials, 
heat gain through windows, heat gain due to infiltration, 
internal heat gains, and latent heat gains. 

The cooling load calculation for opaque materials 
includes the ceiling, walls, and doors. The u-value of the 
component is multiplied by its area and the appropriate 
design equivalent temperature difference from ASHRAE 
(Ref. A.2, Ch. 25, Table 35). The u-value used for 
the ceiling includes the effects of the ceiling, the attic 
soace, and the roof. Values for the "effective resistance" 
o~ attics are listed in Ref. A.2 (Table 6, Ch. i2). 

The heat gain through the windows is a combination of 
transmitted heat and solar radiation. The orientations and 
shading levels of the windows are taken from Ref. A.l. 
For each direction and level of shading the glass area is 
multiplied by the appropriate heat gain factor from 
Ref. A.2 (Table 36, Ch. 25). The infiltration/ventilation 
load for summer is calculated by the same equation used 
for the calculation of the winter infiltration load. The 
part of the cooling load due to occupancy is estimated 
using available data for residential electric use for 
appliances. The cooling load due to latent (humidity) gains 
is estimated to be 25 percent of the sensible cooling load. 

Using the calculated design cooling load, the annual 
cooling demand of the building is calculated by the following 
equations; 

where: 

C x DD x 24 Cooling demand = L ---,6-T __ _ 

CL = design cooling load 

DD = cooling degree days 

24 = hours per day 

(Btu/hr.) 

( °F-days) * 

6T = summer design temperature differences 

The number of kilowatthours used annually for cooling 
is calculated by the following equation: 

(OF) 

*cooling degree-days are the summation of the number of degrees 
Farenheit that the mean outdoor temperature is more than 65° ~ 
for each day of the year. 

A-4 
E s R G 



KWH = CD 
3413 x COP 

where: CD = Annual cooling demand (Btu) 

3413 = Btu per kilowatt hour 

COP = Air conditioners' coefficient of 
performance 

A summary of the architectural characteristics of the 
pr totypical units is given in Table A.l. The subsequent 
t,a:Ole (Table A. 2) lists other input data (climatic and 
thtrmal). Some additional input data may be found in the 
~;!b~~:si~~ ~~d t~~~al_ integrity levels which follows 
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TABLE A.l 

ARCHITECTURAL CHARACTERISTICS OF RESIDENTIAL PROTOTYPES 

Area (ft 2 ) SF Structure 

Total floor 1,610 
Single floor 805 
Ceiling 805 
Wall 1,806 
Windows 242 
Doors 40 
Basement above grade 158 
Basement windows 16 
Basement below grade 580 

Volume (ft 3 ) 

Living space 14,490 
Basement 5,233 

TABLE A.2 

CLIMATIC AND THERMAL INPUT DATA FOR 
RESIDENTIAL PROTOTYPES 

Parameter and Measurement 
Unit 

Internal gains (Btu/hour) 
Winds factor (Btu/hour/ft 2 ) 

HDD (Heating Degree Days) 
CF for heating effect VS. HDD 
Winter design temperature (°F) 
Winter living space tempera-

ture ( °F) 
Cooling degree days 
Air conditioner C.O.P. 
Effective attic resistance (R) 
Design equivalent temperature 

difference: 
Vertical 
Horizontal 

Summer design temperature (°F) 
Fuel heating values: 

SF Structure 

2,590.0 
27.5 

5,415.0 
.75 

12.0 

70.0 
740.0 

2.75 
3.1 

18.6 
39.0 
90.0 

Oil (Btu/gallon) 
Electricity (Btu/kwh) 

144,000.0 
I 3,413.o 

MF Structure 

10,260 
5,130 
5,130 
5,790 
1,080 

50 
416 
103 

1,730 

102,600 
33,345 

MF Structure 

11,300.0 
20.5 

5,415.0 
.75 

12.0 

70.0 
740.0 

2.75 
3.1 

18.6 
39.0 
90.0 

144,000.0 
3,413.0 



** 

'( 

THERMAL INTEGRITY LEVELS, COSTS, AND BENEFITS 

Given any particular configuration of weatherization 
chara~teristics (insulation, fenestration, weatherstripping, 
const'tuting a "thermal integrity level") the model computes 
fuel' se for heating and cooling the prototypes as described 
above.I In addition, once fuel prices and installed weatheri­
zatiort component prices are inputted, it computes annual fuel 
billsiand the total capital costs of providing the given thermal 
in teg i ty leve 1. 

1 I prototype with better weatherization characteristics (a 
highet thermal integrity level) can then be compared with a 
baseli'ne prototype dwelling. The model computes the annual 
energ costs for the improved prototype, the incremental costs 
of th, additional thermal integrity, and the dollar amount of 
annual energy saved due to the thermal integrity improvements. 
Simp,lt payback for the movement from the baseline to the 
impr~yed level of thermal integrity is then computed. "Payback" 
refe·rs to the period (in years) required to recover the capital 
cost.sl of the improved weatherization through the stream of annual 
energy savings.* · 

ny number of thermal integrity levels may be developed and 
payba k calculated relative to each previous level. In this 
study, we have developed three levels for various of our oroto­
types. In all cases, the baseline level (Level I) represents 
est~ ated average Long Island thermal integrities in the base 
year.** Level II represents a "business-as-usual" or Reference 

thermal integrity level. For new homes, this means 
ruction to current building code or local building practice 
al integrity levels (whichever are higher) . For existing 

*At tlhis point in the development of the model, no adjustments to 
thi~ simple payback are made, a practice which may be quite 
realistic if we assume that fuel prices will increase at roughly 
th~ldiscount rate. These paybacks are, at any rate, only rules 
of tthumb for selecting conservation measures. The component 
costs (including maintenance, if any, which is not included in 
thi! model), properly discounted, are added up in the cost 
anaiysis model for the conservation scenarios as a whole. 

year insulation levels were estimated by consulting the 
e insulation survey (Ref. A.3), the Long Island jobs study 
. A.4, Appendix B), and making inquiries of local contractors. 
n the range of uncertainty as to the precise level that obtains, 
same Level I weatherization characteristics were used to 
ribe MF and SF units. (There is, of course, a significant 
erence between electrically heated and fossil heated homes 

at evel I.) 
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h:>mes, a Level II is designed that represents a weatherization 
retrofit that will place the structure at the same performance 
level as required of new structures by the state code. 

Level III was designed to represent thermal integrity 
improvements (relative to Level II) that are consistent with the 
criteria for this Conservation scenario. Levels II and III and 
the accompanying energy and cost analyses were not developed 
for existing electrically heated residential buildings. These 
buildings represent a very small fraction of the base year housing 
stock. Moreover, they are relatively well insulated (Ref. A.7, 
Response 5). However, Levels II and III were developed for all 
other housing types used in this study (SF and MF, electrically 
heated and fossil heated). 

For the cost analysis, we used $1.00 per gallon as the fuel 
oil price, 6¢/kwh as the winter electricity price, and 8¢/kwh 
for electricity during the summer. For new buildings, the price 
of installed weatherization measures were obtained from the 
"Means Cost" catalogue (Ref. A.5). This catalogue contains 
regional adjustment factors for prices. For the SF prototype, 
the catalogue prices were inflated by 15 percent, since the 
catalogue prices are designed for medium scale (or larger) 
construction projects. The catalogue cannot be used for those 
costs that are distinctive to the retrofitting process (primarily 
putting insulation in the walls of existing structures); to 
obtain such costs inquiries were made of Long Island contractors. 
Weatherization characteristics and costs for the three thermal 
integrity levels are given in Table A.3. Essential detail 
regarding the entries in the table is contained in the notes 
thereto. 

In Table A.4, we summarize the heating and cooling demand, 
fuel use, and fuel costs at the three thermal integrity levels. 
The data are the annual resul.t..s computed by our model for the 
SF and MF prototypes. 

In Table A.5, we summarize the savings and paybacks associated 
with the movement from Level I to Level II or Level III. The 
magnitude of the incremental savings is striking, as are the 
reasonable payback periods. For new retrofitted oil heated 
homes, a higher weatherization level than that now recommended by 
the utility is clearly justified. For an incremental energy 
savings of 20 percent (Level III compared to the Reference level, 
assuming central air conditioning as well as electric space 
heating) the simple payback period is but 5. 6 years (without 
cooling it would be 6.1 years). Note that this is the very highest 
payback of the six conservation level prototypes (SF and MF; 
electric (new), oil (new), and oil (retrofitted)). Clearly, 
constructing a conservation scenario around the conservation levels 
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Building Type and Level 

New Electrically Heated Home 

Level I (existing) 

Level II (Reference) 

Level III (Conservation) 

New Oil Heated Home 

Level I (Existing) 

Level II (Reference) 

Level III (Conservation) 

Retrofitted Oil Heated Homes 

Level II (Reference) 

Level III (Conservation) 

TABLE A.3 

THERMAL INTEGRITY LEVELS AND PRICES FOR RESIDENTIAL PROTOTYPES* 

Variable 

Thermal value 
Price 

Thermal value 
Price 

Thermal value 
Price 

Thermal value 
Price 

Thermal value 
Price 

Thermal value 
Price 

Thermal value 
Price 

Thermal value 
Price 

Building Characteristic 
Ceiling Wall Window Door Floor Basement 

19 
.39 

30 
.49 

38 
• 72 

8 
.20 

30 
.49 

38 
• 72 

8 
.20 

19 
.39 

11 
.28 

11 
.28 

19 
.39 

5 
.13 

11 
.28 

19 
.39 

5 
.22 

8 
.35 

2 
3.43 

2 
3.43 

3 
4.44 

1. 7 
3.09 

2 
3.43 

3 
4.49 

1. 7 
3.09 

2 
3.43 

2.5 

3 

4 

2 

3 

4 

2 

3 

7 
.18 

11 
.28 

19 
.39 

0 

11 
.28 

19 
.39 

0 

11 
.28 

Above Window Below 

2 • 9 

5 2 
.33 3.43 

8 2 
.67 3.43 

2 .9 

2 2 
3.43 

5 2 
.33 3.43 

2 .9 

2 .9 

5 

5 

11 
.67 

5 

5 

5 

5 

5 

* Notes. For ceiling, wall, and floor values only, R-values represent only the insulation. 

Infiltration 
A.C. hour 

.92 

.75 

.5 

1.03 

.75 

1.03 

.83 

Infiltration is measured in air changes per hour (AC/hour). The infiltration rates given in the table 
are for winter. For summer ventilation rate used was 1 AC/hr. 

The prices listed are for multifamily construction for the detached single-family prototype, prices 
greater by 15 percent were used. Prices are in $1980/ft. 2

• Window prices represent reduction in losses 
due to transmission and infiltration. 



TABLE A. 4 

TOTAL WEATHERIZATION COSTS AND FUEL USE FOR RESIDENTIAL PROTOTYPES 
AT THREE THERMAL INTEGRITY LEVELS* 

Building Type and Annual Heating Energy Annual Cooling Energy 
Thermal Integrity Requirements Requirements 

Level MMBTU Gallons $ 1980 MMBTU KWH $ 1980 
. -· ·-

OIL HEATED: 

Level I SF 72.1 835 835 35.6 3,776 302 
(Existing) MF 371.1 4,295 4,295 156.5 16,604 1,328 

Level II SF 55.8 646 646 31. 9 3,388 271 
(Retrofit) MF 284.6 3,295 3,295 139.3 14,781 1,182 

Level II SF 50.1 579 579 30.4 3,221 258 
(New) MF 254.5 2,945 2,945 132.1 14,017 1,121 

Level III SF 41. 5 480 480 30.0 3,180 254 
(Retrofit) MF 206.6 2,391 2,391 130.2 13,819 1,105 

Level III SF 35.4 410 410 28.7 3,050 244 
(New) MF 177.4 2,053 2,053 126.3 13,400 1,072 

ELECTRICALLY HEATED: MMBTU KWH $ 1980 MMBTU KWH $ 1980 

Level I SF 56.4 16,531 992 31. l 3,302 264 
(Existing) MF 293.7 86,126 5,168 136.5 14,485 1,159 

Level II SF 50.4 14,783 887 30.4 3,221 258 
(New)· MF 255.0 74,782 4,487 132.1 14,017 1,121 

Level III SF 35.6 10,435 626 28.7 3,050 244 
(New) MF 177.7 52,118 3,127 126.3 13,400 1,072 

* MF structure has 10 dwelling units, each accounting on the average for 1/10 

I 
I 
I 
I 

I 

I 

I 

~ 
of building consumption. Cooling calculations assume central air conditioning. 
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TABLE A.5 

ANNUAL SAVINGS ASSOCIATED WITH IMPROVED THERMAL INTEGRITY LEVELS 
AND PAYBACK PERIODS FOR INCREMENTAL WEATHERIZATION INVESTMENTS 

' -- - . ~ - -- " - -- ~-~·~ 

Wi.n.ter_Sfill:in .s 
-

--- Summer Savin s- - .Total .Savin 
Investment Payback -~-

Payl5acl< 
($ 1980) 1980 Percent Years KWH 1980 Percent Years 1980 Percent Years 

Oil Retrofit,· SF 808 189 189 22.6 4.28 387 31 10.26 26.07 220 19.33 3.68 
Level II ·MF 3566 1001 1001 23.3 3.56 1823 146 11.0 24.45 1147 20.39 3.11 
vs Level I 

New Oil, ·SF 1006 256 256 30.6 3.94 555 44 14.7 22.67 300 26.38 3.36 
Level II ·MF 4555 1350 1350 31.4 3.37 2587 207 15.6 22.01 1557 27.7 2.93 
vs Level I 

Oil Retrofit, 
Level III ·SF 1019 166 166 25.8 6.12 208 17 6.2 61.10 183 20.0 5.56 
vs Level II ·MF 4433 903 903 27.4 4.91 962 77 6.5 57 .58 980 21,9 4.52 

• Oil Retrofit,·SF 1827 355 355 42.5 5.14 596 48 15,8 38.33 403 35.4 4.53 
Level III ·MF 7999 1904 1904 44.3 4.20 2785 223 16.8 35,90 2127 37.8 3.76 
vs Level I 

New Oil, ·SF 881 170 170 29.3 5.19 171 14 5,3 64.28 184 21.9 4.80 
Level III 'MF 3583 892 892 30.3 4.02 616 49 -.·4·;·.4 72.64 941 23.2 2.81 
vs Level II 

New Oil, ·SF 1887 425 425 51.0 4.44 726 58 19.2 32.49 484 42.5 3.90 
Level III 'MF 8138 2242 2242 52.2 ·3.63 3203 256 19.3 31. 75 2498 44.4 3.26 
vs Level I 

KWH $ 1980 Percent Payback KWH.$ 1980 Percent Payback $ 1980 Percent Payback 
New Electric,·SF 311 1748 105 10.6 2.96 81 7 2.5 47.75 111 8.9 2.79 
Level II vs ·MF 1529 11344 681 13.2 2.25 468 37 3.2 40.79 718 11.4 2.13 
Level I 

New Electric,·SF 1326 4348 261 29.4 5.08 171 14 5.3 96. 72 275 24.0 4.83 
Level III ·MF 4736 22664 1360 30.3 3.48 616 49 4.4 96.03 1409 25.1 3.36 
vs Level II 

New Electric,·SF 1636 6096 366 36.9 4.47 253 20 7.7 80.95 386 30.7 4.24 
Level III ·MF 6264 34009 2041 39.5 3.07 1085 87 7.5 72.17 2127 33.6 2.94 
vs Level I 



L___ __ _ 

described in Table A.4 is cautious, it is well within the 
rule-of-thumb cost benefit criterion and does not represent 
exhaustion of the economically attractive (let alone. 
technically feasible) conservation potential. 

Some of the data on heating energy reductions in Table A.5 
is used directly in the Conservation scenario forecast. Consider, 
for example, a new electrically heated home. For a new SF or MF 
unit, the Reference case winter percent savings (11 percent) are 
used directly to reduce unit kwh usage for heating. Then, in 
the Conservation case, the Level III to Level I percentage 
reduction (37 percent) is substituted for the Reference case 
unit reduction. The effective conservation reduction is the 
difference between Level II and Level III, or 29 percent. The 
same procedure is used for new oil-heated homes. Not only is 
fuel usage directly reduced in an analagous fashion, but 
the usage of the electric heatinq auxiliaries of the fossil 
heating system are reduced in direct proportion to the oil 
reduction. The basis for the working assumption of direct 
proportionality between the electrical and fossil energy 
use is a formula for auxiliaries in Ref. A.6 (Ch. 43). 

For oil retrofits, the heating calculation involves two 
steps. In the Reference case the retrofit assumptions are that 
50 percent of SF units and 25 percent of MF units attain the 
prototype reduction attained from going from Level I to Level II. 
The reductions thus attained, on averaqe, are: 

·SF: 
·MF: 

22.6 x .50 
23.3 x .25 

= 11.3 percent 
= 5. 8 percent 

The resulting reductions are phased in linearly from zero 
to the full reduction (11 or 6 percent) at the end of the 
forecast period. They are applied to both oil fuel unit usage 
and the associated kwh annual usage. Then, in the Conservation 
case, higher retrofit assumptions are applied to greater thermal 
integrity improvements. In bhe Co.nservation case, we assume 
that due to conservation program implementation all existing 
oil heated homes are retrofit by the end of the forecast period 
(we assume no shift from oil to gas, because supply constraints 
and deregulation may erode its temporary advantage over the long 
run), 50 percent to Level II and the rest to Level III, for a 
weighted average reduction (relative to Level I) of 33 percent. 
Again, this is phased in linearly over twenty years and applied 
both to the fuel oil usage and the associated kwh usage. 

The cooling load model gives the impact of thermal integrity 
improvements upon central air conditioning usage for the six 
housing type/heating fuel combinations discussed above. The 
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reduct ons in usage by new central air cbnditioners in the 
Refere ,, ce and Conservation cases were taken from the Table A. 5 
entrie~ for new electric units (Level II versus Level I and 
Level ±II versus Level I, respectively). The percentage 
reductions relative to existing units are 2.5 and 7.6 (SF) and 
3.2 an· 7.5 (MF) for the Reference and Conservation cases, 

ively. The heuristic assumption is that new central 
ditioners will be located in new electrically heated 
This is extremely cautious, as base year saturations 

ral air conditioning are considerably greater than base 
ectric heat saturations. In reality, some new central 

air do ditioning will be in fossil-heated homes, new or 
retrof'tted to higher thermal integrity levels. 

T e higher thermal integrity levels associated with a 
new oil-heated home were used to estimate reductions in new 
room:air conditioner usage. The percentage reductions (taken 
from·~able A.5) are 14.7 (SF) and 15.6 (MF) in the Reference 
case~ and 19.2 (SF) and 19.3 (MF) in the Conservation case. 
(As indicated in the text, savings due to new equipment efficiencies 
are t~eated separately.) 

n terms of savings, the effects of thermal integrity 
impro. Jements on heating fuel use are much more important than 
their effects on cooling savings. Within the cooling area, 
the t1~ermal integrity improvements for new units (summarized 
in the preceding paragraph) are much more important than linearly 
phased in improvements for existing air conditioners. Nevertheless 
we estimated modest Conservation scenario reductions in unit 
usagejfor existing cooling systems~ the incremental conservation 
gain; ranged from some 2 1/2 percent for central air conditioning 
in SFlunits to 11 percent for existing room units in MF dwellings. 

he thermal integrity improvements in new and retrofit 
gas-'f el SF and MF dwellings were taken from the analysis for oil­
fuele 1 dwellings above. All parameters except heating system 
effi'c'ency and fuel price are the same for gas and oil, and the 
short paybacks for oil mean that even if gas were to retain its 

t price advantage, a situation that in the long run is 
unlikely, our conservation (Level III) improvements are 
ied within the framework of the social cost criterion. 
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APPENDIX B 

RESIDENTIAL EQUIPMENT EFFICIENCY IMPROVEMENTS 

The following table presents a summary of the equipment 
prototypes used in computing the incremental energy savings and 
unit price increases between Reference and Conservation efficiency 
levels. For appliances covered in the D.O.E. engineering analysis, 
referred to in the text of Sec. 4, energy savings were computed 
on the basis of a change from the efficiency rating targeted for 
1980 in the old F.E.A. appliance program to the efficiency rating 
proposed as a 1986 minimum standard by the D.O.E. in June of 
1980 (Ref. B.l). These appliances are: refrigerator, freezer, 
air donditioner, electric oven and clothes dryer. The savings 
achieved by the prototypical appliances used in the D.O.E. 
analysis were assumed likely to characterize average savings for the 
given type of appliance, as the prototypes are close to the average 
capacity of new appliances being sold currently. (The D.O.E. 
engineering analysis demonstrates that significant savings are 
achievable for the array of diverse subtypes of appliances, 
e.g., manual defrost refrigerators, refrigerators with automatic 
defrost and bottom freezers, etc., with different volumes.) 

The D.O.E. analysis gives.costs at several efficiency levels, 
making it possible to develop the incremental price increase from 
the 1980 F.E.A. target efficiency to the 1986 D.O.E. proposed 
minimum efficiency through interpolation. The costs for the 
improved central air conditioner are based on a split system of 
30,000 Btu/hour cooling capacity. For a dwelling unit in a 
multifamily structure, a much smaller system is likely to be 
required. Therefore, our Conservation scenario cost program 
uses 50 percent of the SF increment, or $130, in computing the 
incremental costs per MF unit. 

Before analyzing the improvements that are not based primarily 
on the D.O.E. analysis (i.e., those for heat pumps, water heaters, 
plumbing fixtures, and lighting), it would be useful to reproduce, 
in Table B.2, some data on energy consumption and retail price across 
a range of appliance efficiency levels. These data were developed 
by Arthur D. Little, Inc. (ADL), the consultants for the D.O.E. 
engineering analysis referred to in Sec. 4.1. The table is 
reproduced without its footnotes from the ADL report (which 
constitutes the Pacific Gas and Electric Company assessment of 
conservation potential referenced in Sec. 4.1). 

The measures of efficiency for refrigerators, freezers, air 
conditioners, electric ovens, and clothes dryers in Table B.2 
are defined for those appliances in Table B.l. For these (and 
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TABLE B.l ···' 

INCREMEjNTAL UNIT ANNUAL ENERGY SAVINGS AND UNIT RETAIL COSTS 
FOR NEW RESIDENTIAL EQUIPMENT AT CONSERVATION EFFICIENCY LEVELS 

Freezer 

Air cond1-
t ioner, I 

Air condi­
tioner: ~SF) 

Heat pumb 
(SF) 

Electric 
oven 

Clothes 
dryer: 

Water 
heater 

Plumbin 
fixtur~s 

Light I 

bulb 

Automatic defrost, 
17 cubic feet 

Manual defrost, 
15 cubic ft. chest 

Room unit, 
8 1 500 Btu/hour 

Central system, 
30,000 Btu/hour 

38,900 Btu/hour 
at 47° F 

Non-microwave, 
3.9 cubic feet 

Electric, 
6.5 cubic feet 

Electric or fossil, 
SO gallons 

Two faucets and 
one showerhead 
combined 

incandescent, 
100 watt 

B-2 

Energy 
Ef ficienc 1 Savings 

8 ft 3 /Kwh 
per day 

18.7 ft 3 /Kwh 
per day 

9.5 Btu/ 
watt-hour 

10.·8 Btu/ 
watt-hour 

Coefficient of 
Performance=3 

13. 7% useful I 
cooking output 
per energy 
input 

3 pounds/ 
kwh 

30 lumens 
per watt 

34% 

49% 

16% 

26% 

25% 

2% 

8% 

5% 

36% 

48% 

Price 
Increment 

$24 

$17 

$41 

$268 

$543 

$2 

$16 

$0 

$10 

$5 



TABLE B.2 

CONSERVATION OPTIONS RELATED TO RESIDENTIAL OPTIONS 

Average 
Yearly Retail 

Product Energy Price 
~ Class Capacity Efficiency Consumption (1980) 

Refclgeca tor Top-Mount 18 Cubic Feet 4.5 
Automatic Defrost 

1666 kWh $ 530 

s.o 1484 $ 533 
5.5 1352 $ 540 
6.4 1165 $ 548 
7.3 1021 $ 555 
8.2 909 $ 558 

10.4 716 $ 580 

Freezer Chest Freezer 15 Cubic Feet 11.8 749 kWh $ 350 
14.6 604 $ 355 
16.1 550 $ 357 
18.7 471 $ 361 
22.5 393 $ 375 

Wa tee Rea ter Gas 40 Gallon 47.S' 366 therms $ 171 
58. 7 296 $ 176 
61.2 284 $ 188 
63 276 $ 197 
86 202 $ 312 

Electric 52 Gallon 77 6621 kWh $ 143 
85 5998 $ 145 
89 5728 $ 153 
92 5572 $ 158 
93 5482 $ 162 

140 3641 $ 350 

Furnace/Bo 11 er Gas Forced Air 100,000 BTU/HR 65, 1217 therms $ 356 
Indoor ~8 1155 $ 405 

72 1099 $ 408 
76 1034 $ 456 
81 970 $ 521 
94 836 $ 750 

Central A/C Split System 30,000 BTU/RR 1.0 4286 kWh $1125 
8.5 3529 $1181 
9.2 3261 $1236 

10.4 2882 $1313 
11.1 2710 $1453 
14.0 2143 $1553 

Room A/C 6,000 - 20, 000 8 , 500 BTU/RR 6.5 981 kWh $ 330 
BTU/HR 7.3 871 $ 337 

8.6 737 $ 372 
9.1 701 $ 370 
9.5 670 $ 389 

12.1 527 $ 421 

Clothes Dryers Gas 6. 5 Cubic Feet 2.38 481 therms $ 225 
Drum Capacity 2.58 385 $ 230 

2.67 372 $ 240 
2. 72 365 $ 248 

Electric 6. 5 Cubic Feet 2.65 1099 kWh $ 183 
Drum Capacity 2.87 1015 $ 189 

2.98 977 $ 199 
3.03 961 $ 207 

Ranges/Ovens Electric Oven 3.9 Cubic Feet 11.3 417 kWh $ 200 
Standard Oven Cavity 

12.0 392 $ 201 
13.6 346 $ 212 
14.1 334 $ 216 
14.2 332 $ 222 

Gas Oven 3.9 Cubic Feet 3.6 45 therms $ 200 
Standard Oven Cavity 4.0 40 $ 211 

5.4 30 $ 234 
6.4 25 $ 247 
6.5 25 $ 256 
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the otHe products described in Table B.2, several efficiendy 
e listed in order of increasing efficiency. The proposed 
dards for the consumer products of the indicated class 

and capa ity are at or near the penultimate efficiency listed. 
The final level represents the best technology likely to be 
available by 1985 or soon thereafter. The retail prices for the 
"best technology" levels, unlike the other prices listed, are 
based dnj limited rather than mass-production assembly. While they 
therefqJe do not incorporate any capital costs of manufacturer 
retooli g, as do the other retail prices, they nevertheless 
suggest the possibility that higher levels of efficiency than 
those t~rgeted here are in fact cost-effective. · 

ES G did not employ the A.D.L./D.O.E. analysis in targeting 
higher: fficiency leve·1s for water heaters, heat pumps, plumbing 
fixture , and lighting. For heat pumps, we examined independent 
studiesl(Refs. B.2, B.3). They show that heat pumps with 
relatiyJly high efficiencies are becoming commercially available. 
Improved compressor efficiencies, larger heat exchangers, lower 
valancelpoint, and new defrost control are some of the changes 
involv~d. They can increase coefficients of performance (COPs) 
by 15 tcb 25 percent over conventional systems. Related COPs 
are available at over 3.0, compared to a nominal value of 2.4 
used inlthe Reference forecast. Replacing a heat pump that has 
a COP of 2.4 at standard testing conditions· with one having a 
COP of; t would reduce annual energy by 25 percent, or some 1500 
kwh pe,r year in a single-family home. 

i 
Th installed costs of an electric heat pump under commercial 

develop ent (high efficiency I)) relative to a standard heat pump 
were ob ained from a study by Gordian Associates (Ref. B.3, p.228) 
for a '.N w Hampshire location, and scaled up to 1980 dollars, 
yieldin an incremental cost for a prototypical SF home of 
$543. ! o New York location was used in Ref. B. 3, but the 
increme tal installed costs for the "high efficiency I" system 
in Philadelphia were estimated to be considerably less than for 
the Ne England location, so using an incremental price figure of 
$543 seems cautious. ESRG developed the estimate for a 
multif bily unit by adapting the Gordian analysis to a heat pump 
design large enough to serve our prototypical MF dwelling building. 

F r water heaters, we did not target an increase in the 
effici ncy of the water heater per se beyond the 1980 F.E.A. 
target levels (e.g., 94 percent efficiency for an electric heater 
with a 52 gallon tank). Rather, we posited a reduction in the 
factor setting of the thermostat from 140° F to 130° F. The 
F.E.A~ test temperature and assumed setting in the 1980 targets 
prograqt was 145° F. In an energy and cost analysis of hot water 
heaters, Hoskins and Hirst found that a 10° F reduction in the 
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setting yielded a 5 percent savings (Ref. B.4). It is thus 
cautious to take 5 percent as the annual savings implied by 
this essentially costless measure, implying a reduction of 
some 7 gallons of fuel oil (for.an oil-fired heater) or some 
170 kwh (for an electric heater) over a year. 

Lighting is treated somewhat differently from the other 
appliances in the Conservation scenario. Due to the rapid 
turnover in electric lamps, especially in the incandescent 
market, energy efficiency improvements can rapidly begin to 
substantially reduce electricity demanded for lighting. 

More energy-efficient lamps, especially incandescents or 
those intended to replace incandescents, tend to cost from three 
to ten times as much as conventional bulbs. They are, and/or 
are expected to be, cost-effective over their lifetimes with 
respect to replaced bulbs. Assume that measures are developed 
to promote efficiency in lighting. A vigorous promotion of low­
energy electric lamps, by state programs, and/or through 
mandated utility information dissemination, could produce rapid 
penetration of new low-energy lamps. 

Energy savings are targeted to be at levels consistent with 
the more efficient bulb being developed by the Duro-Test 
Corporation under contract with the Massachusetts Institute of 
Technology (Ref. B.5). This bulb is being developed now for 
marketing within a year (Ref. B.6). It will replace a conventional 

00 watt bulb and consume approximately 50 percent of the energy 
(i.e., it will be rated at 40 to 60 watts). The net incremental 
cost of the bulb (over the three shorter-lifetime conventional 
bulbs it would replace) is anticipated to be $5.00. The cost 
of saving the electrical energy comes out to about 2¢ per kwh 
over bulb lifetime. ·The Conservation scenario assumes a vigorous 

remotion campaign beginning in 1982 and building toward a target 
of a fifty percent reduction with respect to base year levels due 
to efficient bulb penetration. Compared to the Base Case, which 
builds toward a total lighting energy reduction per household of 
5 percent with respect to base year levels by the end of the 
forecast period, projected savings in the Conservation scenario 
are substantial. In using the fifty percent figure, we assume 
that, while some consumers do not purchase energy-efficient lamps, 
like the Duro-Test prototype, the promotion policy would tend 
to stimulate the interest of others in higher-priced but longer­
life and even more highly energy-conserving lamps, such as the 
General Electric "Electronic Halarc" or "Circlite" lamps. 

Plumbing fixture standards for new fixtures are assumed 
implemented in the Conservation scenario. They apply to faucets 
and showerheads. The standards utilized here are those now in 
effect in California. According to the California Energy Commis­
sion (CEC) , substantial hot water demand reductions will be 
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achieve (Ref. B.7). Forty-four percent bf hot water for 
showers will be saved and twenty-nine percent of faucet hot 
water. Daily use will be reduced from 26.8 to 17.1 gallons 
per d~y, or thirty-six percent overall. 

Cost increments are minimal, at about $10 more for a 
set of three fixtures. The model uses resultant hot water 
saving to reduce electricity for heating hot water. Approxi­
mately ten percent of plumbing fixtures are replaced each 
year. Standards are assumed to be effective in 1982 with 
new fi tures phased in over the subsequent ten years. 

b e to insufficient analysis being available to date, 
additi~nal efficiency improvements for remaining appliances 
(cloth~s washer, dishwasher, TV, etc.) are not incorporated 
in thi~ scenario. Socially cost-effective options may exist, 
but we have not endeavored to quantify them. 
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APPENDIX C 

COMMERCIAL SECTOR CONSERVATION MODEL 

The general structure of the model was summarized in 
Figure 3 of the text. This appendix is "restricted" to a 
discussion of the treatment of conservation in the two 
scenarios. The interested reader.will find a complete 
explication of the conunercial model in Ref. 10. 

As mentioned in Sec. 4.2, the basic structure employed 
in simulating energy use for each building· type/vintage 
combination is to decompose consumption into floorspace 
square footage times use per square foot. It is the latter 
factor (which we call "intensity") which concerns us, for 
measures of economic activity (such as active floorspace) 
are assumed to be the same for the Reference and Conservation 
scenarios. 

As shown in the lower two rows of boxes of Figure .3, 
the evaluation of int~nsities involves two phases: first, a 
specification of initial values of demand coefficients 
(defined as average annual consumption of a given BT/EU/ 
service territory combination); second, an estimation of 
conservation penetration. We shall discuss these two phases 
sequentially. 

Average energy demands by end-use and building types have 
been adapted from the "theoretical building loads" developed 
for the Department of Energy by Arthur D. Little, Inc. (Ref. 
C.l). The study combined engineering design parameters and 
survey research to arrive at estimates of average building 
requirements for each of the EU/BT combinations treated in 
the conunercial model. The adaptation of the relevant regional 
building loads to demands by service territory requires the 
adjustment of weather sensitive loads to the prevailing climatic 
conditions. Adjustments for Long Island are based on heating 
and cooling degree day values of 5415 and 740, respectively. 
The intensity estimates are shown in Table C.l. 

The computation of forecast year intensiti'es is described 
in Table C.2. Electric intensities are, by definition, the 
product of the saturation (fraction of floorspace with end-use) 
and the electrical use coefficients (average annual kwh/ft2 of 
floorspace with end-use) . Note that the intensities are speci­
fied by 4 end-uses and 10 building types. In practice, however, 
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TABLE C.l 

COMMERCIAL ENERGY INTENSITIES 

Heating Coolinq Li hting Aux.&Power 
Electric FOSSl. 

(KWH/SQ FT) (KBTU/SQ FT) (KWH/SQ FT) KWH/SQ FT (KWH/SQ FT) 

Existinl 
Offices 9.01 150. 5.94 7.00 5.30 

. I 
4.06 82. 6.72 18.20 6.40 Reta1l 

'·I 1 9.60 131. 7.62 17.60 9.40 Hosp.i fa 
Schop s 8.12 160. 5.04 7.60 4.40 
Other 4.65 80. 6.72 10.00 6.40 

New 
Offi'.c s 12.77 96. 4.13 7.00 4.40 
Reta i[l 6.34 52. 4.52 18.20 5.90 
Hos pi al 15.64 84. 3.49 17.60 8.80 
Sc ho ols 11. 58 103. 3.49 7.60 3.50 
Other 6.93 52. 2.58 10.00 5.90 
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Indices 

t 
i 
k 
n 
m 

Variables 

IN TEN 
EUC 

SAT 
PEN 
PIMP 

PENS UM 
HPFRAC 
COP 
AUPFAC 

Equations 

From definitions: 

where. 

EUC . k t,i., ,n 

PENSUMt . k ,i., ,n 

and 
INTENt . k . ,i., ,n 

TABLE C. 2 
ELECTRIC ENERGY INTENSITIES 

Year (1975 = 1) 
Commercial end-use (i = 1 to 4) 
Building type (k = 1 to 5) 
Existing or new buildings (n = 1 to 2) 
Conservation levels (m = 1 to 3) 

2 
Electrical intensity (average annual KWH/FT ) 
Electrical use coefficient (= INTEN with all 
saturations = 1) 
Saturation (fraction floorspace with end-use) 
Market fraction ("penetration") 
Fractional enerav savinqs (i,k,n) 
at given conservation level (Table 4.5) 
Fractional energy decrease 
Fraction new electrically heated buildings 
Heat pump coefficient of performance 
Fractional increase of terminal year auxiliary 
power intensity over base year 

= (1 - PENSUMt . k ) x EUCl · k ,i., ,n ,i., ,n 

= E PIMP x PEN . m t,k,n,m t,i.,k,n,m 

= SAT . k x EUCt · k t,i., ,n ,i., ,n 

except for Auxiliaries and Power, where growth is incorporated: 

INTEN = (l+AUPFAC x YEAR-BASEYEAR) x INTEN 
t,4,k,n 25 

and for new electric space heating building where heat pumps 
are phased-in: 

INTENt,l,k, 2 = (HPFRACt/COP + (1-HPFRACt)) x 

SATt,l,k,2 x EUCt,l,k,2 
where HPFRAC is given the following linear parameterization: 

{r t-11 = ,IQ{ HPFRAc11 
HPFRACll 
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many· f the inputs are trivial. (E.g., saturations are defined 
as 1: or i = 3 and 4). Analogous relationships apply for 
foss~] fuel demands for heating and hot water. 

Jhe time dependence of the electric use coefficient ("EUC") 
is obiained by incrementing the 1975 values by changes in end-use 
deman~s due to conservation oractices initiated in the oost-
1975, kra. Three levels Of efficiency improvements are considered*: 
(1) i~provements which provide quick payback and require minimal 
engin~ering expertise (e.g., insulation, reduced lightinq 
requi ements, and other "housekeeping"); (2) level 1 improvements 
plus · ff-the-shelf technologies that require building and 
equ~p ent modifications (e.g., night setback, FNA/C system 
contr~ls); and (3) levels--r&° 2, plus capital intensive 
modif'cations requiring considerable engineering support (e.g., 
bui 1:-d

1
ing au~omated systems, waste heat reclamation). These 

three groupings are labelled "m" in Table C 2 

,~The energy savings that the technology
0

a~d modifications 
asso iated with each conservation level would achieve are 
prov'ded in Ref. C.2 for each United States region. These 
savi~gs are to be applied against the base line loads discussed 
above. The matrix of percentage efficiency improvements is 
giverl in Table C.3 by level, building type and end-use. They 
are; Ji.1so broken down by new buildings and 1975 stock ("retrofit"). 

!The overall savings are functions both of the energy 
req.ulrement reductions related to the conservation level and 
the, benetration of these levels .. Here, level "penetration" 
is d fined as the .fraction of floorspace in the given year and 
BT /:E combinations at the given level. The -average savings are 
them given by the sum over levels of tre product of level 

ration ("PENt . k ") and percent improvement ("PIMPt . k "). 
, i , ,m , i , ,m 

The time dependence of the electrical use coefficient can 
th~n be written as the initial value multiplied by a decreased 
dem~nd factor. The penetration of the conservation level te. chnology 
gr9 pings is dependant on a number of factors: initial costs, 
con umer preference, capital availability, payback time and 
ele tricity costs. The penetration levels are calculated by 
usi1g an economic model which applies the estimated payback 
period to S-shaped acceptance curves. The levels of penetration 
wh;L¢h result are functions of inputted economic assump1r.iJ<Dns. 
Conkequently, the forecast scenarios· can incorporate sensitivity 
to.! range of assumptions on, e.g. 1 fut~re fuel costs. 

The methodology for incorporating future adjustments to 
eie trical intensities is described in Table C.2. Penetration 
of he conservation levels in the Reference case is based on 

* . I 
More detailed level descriptions are given in Table C.9 at 
th4 end of this appendix. 
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TABLE C.3 * 
FRACTION OF LOAD SAVED 

Conservation Level 

Building Type End-Use Retrofit Market New Market I 

1 2 3 1 2 3 

Off ice Heating .11 .15 .23 .25 .35 .40 
Cooling .13 .17 . 34 .20 .35 . 4 7 
Lighting .25 .50 .50 .15 .25 .25 

Aux.&Power .17 .28 .38 .10 .16 .20 

Retail Heating .08 .23 .25 . 30 .42 .50 
Cooling .12 . 20 - .20 .25 .37 .46 
Lighting .13 .25 .25 .15 . 24 .30 
Aux.&Power .18 .36 .45 .10 .16 .20 

Hospital Heating .07 .15 .16 .20 .32 .40 
Cooling .07 .24 .28 .15 .25 .33 
Lighting .08 .12 .17 .10 .15 .15 
Aux.&Power .19 .25 .30 .10 .15 .15 

Schools Heating I .14 .21 . 29 ' .30 .42 .50 
Cooling .16 .26 .56 r. .25 .35 .41 
Lighting .12 .30 .42 .15 . 20 .20 
Aux.&Power .26 .33 .53 .20 .25 . 30 ! 

Miscellaneous Heating .09 .15 .26 

I 
.30 .42 .50 

Cooling . 0 5 . ::..2 .24 .25 .35 .40 
Lighting .09 .15 .24 .15 .15 .20 

I Aux.&Power .14 .23 .32 i .15 .20 . 20 
I 

* Northeast Region, Re f . B . 2 . 
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the a plication of a payback analysis to s-shaped market 
accepltance curves. These are logistic curves which are 
defi~ed in terms of 50 percent acceptance levels (i.e., for 
a gi en payback period appropriate for a typical mrx-0f 
owne s of a given type of building, that conservation option 
woul·~ be economically acceptable to 50 percent of the building 
owne s). If the payback period is shorter, the acceptance 
is p oportionally greater; if longer, the acceptance is less. 
The' following table shows the 50 percent acceptance values 
used for the acceptance curves. 

TABLE C.4 

YEARS PAYBACK FOR 50 PERCENT ACCEPTANCE 

New 

Soule: Ref. C. l 

Office 

3.7 
3.7 

Retail 

2.6 
2.8 

Hospital 

3.5 
4.0 

School 

4.0 
4.0 

Other 

2.6 
2.8 

, The costs and savings are based on the electrical intensities 
and savings (discussed previously) , the conservation costs 
(Re s. C.2 and C.3) and the future price assumptions for 
elegtrici ty and fossil fuels. The prices used are shown in the 
following table~ 

l TABLE C.5 

.• UTURE ENERGY PRICE ASSUMPTIONS (COMMERCIAL SECTOR) 
' 

__ 1985 2000 
: 

F~s sil Fuel (197 9 $/MMBtu) $7.65 $11.92 
E!e ~tricity (1979 ¢/KWH) 7.92¢ 12.33¢ 

' 

The derived penetrations are taken as upper limit conserva-
ti on estimates the lower limit is taken at zero conservation 
w~~le the Refe;ence case is at the mid-range between those 
giJen in Table C.6. 

I 
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Note that separate penetration matrices are developed for 
the electric space heat end-use and non-ESH end-uses (including 
fossil heat). These are fractions of floorspace at these con­
servation levels; the remainder, when the sum is less than one, 
have no conservation above base year. 

TABLE C.6 

REFERENCE CASE PENETRATION FRACTIONS 

Electric Space Heat Other End-Uses 
--·---Year Building Existing New Existing -r~2\V 

Tyne Level 1 2 3 1 2 3 1 2 3 1 2 

Off ice .OS .10 .23 .04 .13 .30 .05 .09 .25 .05 .16 
Retail 0 . 17 .15 .03 .12 .31 0 .16 .17 .03 .13 

1985 Hospitals .14 .04 .01 .11 .22 .12 .15 .05 .01 .15 .22 
Schools .15 .05 ~07 .10 .24 .12 .14 .07 .10 .11 .25 
Other .01 0 0 .23 .23 .01 .01 0 0 .24 .09 

Office .03 .06 .35 .02 .07 .40 .02 .04 .38 .02 .08 
Retail 0 .11 .30 .02 .06 .40 0 .09 .33 .02 .07 

2000 Hospitals .15 .11 .08 .06 .15 .27 .14 .12 .10 .08 .20 
Schools .10 .06 .22 .05 .15 .27 .08 .06 .28 . 06 .. 17 
Other . 04 .01 .01 . 15 .24 .04 .05 .02 .01 .16 .22 

The costs per saved KWH of the conservation levels is 
presented in Table C.7. 

TABLE C.7 

COST PER SAVED KWH (1979 Cents/KWH)* 

RETRO (N=l) NEW (N=2) 

Year: 1985 1 2 3 1 2 3 

Office 0.84 1.10 1.43 0.31 0.52 1.06 
Retail 1. 00 0.85 1.42 0.32 0.46 0.91 
Hospital 1. 73 2.61 3.75 0.60 1. 24 2.42 
School 1.13 1. 81 2.26 0.35 0.79 1. 67 
Other 2.93 3.76 4.50 0.70 1. 43 3.13 

Year: 2000 

Office 0.68 0.92 1.16 0.32 0.54 1. 09 
Retail 0.89 0.74 1. 23 0.32 0.47 0.93 
Hospital 1. 51 2.23 3.25 0.61 1. 26 2.46 
School 0.87 1.41 1. 79 0.37 0.82 1. 73 
Other 2.46 3.17 3.77 0.71 1.46 3.20 

* At nominal equipment lifetimes of I'5 years. 
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1. 
2. 
3 . 
4 . 
5. 

Comparison with Table C.7 will reveal that conservation 
pene rations determined by individual customer market acceptance 
analJsis fail to exhaust the socially cost-effective potential. 
Inde~d, Table C.7 iRdicates that the highest conservation level 
sati~fies the criterion of saving energy at less cost than it 
wouid take to supply the equivalent quantity. Consequently, 
the:donservation scenario incorporates the most intensive 
cons4rvation level. The conservation program is assumed to 
begi~ affecting the building stock after 1982 with all new con­
stru o tion after that date satisfying the targeted savings and 
impr vements in the existing 1975 stock phased-in over a five­
year period. Capital costs are charged at the incremental 
expe se of going from Reference to Conservation case conserva­
tion levels where the level costs are presented below in Table 
C.8. 

Build.i;n 
Type 

Hos pi 
Sc ho<? s 
Other 

TABLE C.8 

COMMERCIAL SECTOR CONSERVATION COSTS 
IN 1979 $/10 3 FT 2 

Existing Buildings (N=l) New Buildings 
Level 1 Level 2 Level 3 Level 1 Level 2 

800 1650 2900 400 1000 
800 1450 2600 400 875 

1400 3800 6500 700 2275 
1150 2950 5500 575 1775 
1500 3300 6500 750 2000 

(N=2) 
r.evel 

2325 
2100 
5200 
4400 
5200 

3 

Source:· C. 1 , C. 2 , and C . 3 
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TABLE C.9 

CONSERVATION LEVEL DESCRIPTIONS 

Full Description of Representative Technologies 

Three packages of conservation measures were defined for each 
building type in each region. The technologies included in each of 
the packages, Levels I, II and III are shown below. In general, Level 
II includes all the measures in Level I and Level III includes all the 
measures in Levels I and II. 

BUILDING TYPE 
New Office 

TECHNOLOGY COMBINATION 
Level I 

GEOGRAPHIC REGION 
NE/NC/S/W 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• Improve sealing and caulking around doors and windows 

• Provide air-lock entrances and vestibules 
• Provide sealing mechanisms at vehicle loading docks 

• Provide external sun shading devices on south, east, west facades for cooling season (overhang• 

• Provide additional ceiling and wall insulation 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

.::reens) 

• Reduce levels of interior artificial lighting (task illumination, two-step photocell switching devices for daylighting, high 
efficiency Iuminaires and ballasts, translucent interior partition systems) 

• Provide deadband thermostat setting, l0°F range, between 60°F and 70°F 

C. HVA/C SYSTEMS AND CONTROLS 

• Insulate piping ~nd ductwork in situations where heat or cool loss is to outdoors or unconditioned space 

• Reduce outside air intake (automatic damper and economizer cycle) 

• Provide automated fan cycle timing devices 
• Recycle contaminated indoor air (electronic filtering devices) 

• Provide high-efficiency electric motors, pumps and drives 

• Provide automated night setback thermostat 

D. OPERATION AND MAINTENANCE PROVISIONS 

• Assure proper control of movable internal sun-shading devices on south, east and west facades (drapes, blinds, screens) 

• Provide morning warmup cycle for all building systems 

• Design for limited use zoning for off-peak building use 
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BUILQL. G TYPE 

TABLE C.9 
(Continued) 

TECHNbLOGY COMBINATION 
Level II I 

GEOGRAPHIC REGION 
NE/NC 

DESIGd FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

• Alli ems included•in Level I plus: 

A. EXT~Rf AL FEATURES AND STRUCTURAL PROPERTIES 

• Pro ide additional ceiling and wall insulation (batt and fill materials) 

• Prorde increased thermal mass in perimeter walls (masonry and fill materials) 

• Proyide additional glazing panes on all orientations 

B. INTER AL LOADS AND COMFORT CONDITIONS 

• All terns included in Level I, plus: 

• R.ef ce north-facing facade glazing area (to 10% of wall area) 

• Pro ide photocell <liming devices staged from periphery 

• ProCided controlled natural ventilation through selected operable sash systems 

C. HVA/1 SYSTEMS AND CONTROLS 

• i;-.ll/items included in Level I, plus: 

• Prlvide automated startup/shutdown control system, including electrical demand limiting and economizer cycles 
• P .. r vide air heat reclamation system from lights and equipment, with exhaust feature and DHW heat exchanger, increased hot 

wa er storage capacity 

• Pr vide increased system zoning and HVA/C controls 

D. OPf:RJATION AND MAINTENANCE PROVISIONS 

• Alli items included in Level I, plus: 

• bJsign for increased occupant control of shading and ventilating devices 

BUit.JING TYPE GEOGRAPHIC REGION 
New Gffjce NE/NC/S/W 

TECHNOLOGY COMBINATION 
Level :mj 

DESI~N FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 
: I 

A. EXliERNAL FEATURES AND STRUCTURAL PROPERTIES 

II items included in Levels I and II, plus: 

• rovide additional ceiling and wall insulation on exterior of shell (polymers, batt and fill materials) 

• rovide additional thermal mass in perimeter walls and roof (masonry and fill materials) and in interior floors near south­
, f cing perimeter 

• I crease glazing materials in south facades (to 80% of wall area) and reduce on other elevations (to 15% of wall area) 

• rovide landscaping to promote evaporative cooling in summer, to divert winter winds and increase capacitance of shell at 
I wer stories (planting, ponding, earth-berming) 
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TABLE C.9 
(Continued) 

B. INTERNAL LOADS AND COMFORT CONDITIONS 
• All items included in Levels I and II, plus: 
• Increase allowable temperature and humitity differentials through seasonal and diurnal cycles 
• Increase activity zoning based on lighting and space conditioning requirements 

C. HVA/C SYSTEMS AND CONTROLS 

• All items included in Levels I and II, plus: 
• Provide additional waste heat reclamation (waste water, equipment and lights) and increased hot and cold water storage 

capacity 
• Provide integrated energy management systems for operations optimization and control settings 
• Provide operable and movable insulating panels for glazed areas 
• Provide automated venting and bypass systems 
• Provide combustion air preheat systems 

BUILDING TYPE GEOGRAPHIC REGION 
Existing Office NE/NC/S/W 

TECHNOLOGY COMBINATION 
Level I 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 
• Improve sealing and caulking at all windows and doors 
• Provide Interior shading devices on south facades 

B. INTERNAL LOADS AND COMFORT CONDITIONS 
• Reduce levels of interior artificial lighting (delamping, installation of high-efficiency luminaires and ballasts upon 

replacement) 

• Increase range of allowable seasonal and diurnal indoor temperature and humidity fluctuations 
• Alter functional use zones (relocation of work stations, equipment, storage areas, etc.) according to availability of natural light 

and existing equipment zones 

C. HVA/C SYSTEMS AND CONTROLS 

• Insulate piping and ductwork where loss is to outdoors or to unconditioned space 

D. OPERATION AND MAINTENANCE PROVISIONS 
• Shut down all equipment during periods of extended vacancy 
• Generally inspect, clean and repair combustion and distribution equipment 
• Reduce domestic hot vtater domestic supply temperature 
• Develop proper occupant control of shading and ventilating devices 
• Use artificial illumination only when necessary 
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BUILDIN TYPE 
Existing omcs 

TECHNOLOGY COMBINATION 
Level II 

TABLE C.9 
(Continued) 

GEOGRAPHIC REGION 
NE/NC/S/W 

DESIGN clEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTER~'t FEATURES AND STRUCTURAL PROPERTIES 

• All iteJs included in Level I, plus: 
• Appl.y Jelective films to southernmost facade 

• Providt additional insulation for ceiling at top floor 

B. INTERNA'.L LOADS AND COMFORT CONDITIONS 

• Reduc outside air intake 
• All itet.s included in Level I, plus: 

• lncrea e use of task illumination, conversion of incandescent luminaires to fluorescent 

• Provide direct venting for sources of internal heat gain 

C. HVA/C S~STEMS AND CONTROLS 

• All itts included in Level I, plus: 
• Incr~a e use of automated combustion controls 

• Modif double duct and terminal reheat systems 

D. OPERA f N AND MAINTENANCE PROVISIONS 

• All ite s included in Level I, plus: 

«t Provi e for night setback and/or shutdown 

BUILDI~G TYPE 
Existing Off ice 

• I 
TECHN!OLOGY COMBINATION 
Level m. I 

GEOGRAPHIC REGION 
NE/NC 

DESIG~ FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTE)'NAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Level~ I and II, plus: 

• Provide air lock entrances and/or vestibules 

• Pro['"ide additional pane of glazing, all facades 
• P:ro ide movable interior insulating devices for all glazed areas 

B. INTER AL LOADS AND COMFORT CONDITIONS 

• All Items included in Levels I and II, plus: 

• P;roLide photocell switching devices for artificial illumination 

• I(JciJease use of task illumination and replace selected overhead luminaires with high-efficiency lamps 

C. HVA/ SYSTEMS AND CONTROLS 

• t;\ll items included in Levels I and II, plus: 

• p, rd• oombu•Uon ;• p<eh"t>!l'l•m• S 
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BUILDING TYPE 
New Schools 

TABLE C.9 
(Continued) 

TECHNOLOGY COMBINATION 
Level I 

GEOGRAPHIC REGION 
NE/NC/S/W 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• Improve sealing and caulking around doors and windows 

• Provide air-lock entrances and vestibules 

o Provide sealing mechanisms at vehicle loading docks 

• Provide external sun shading devices on south, east, west facades for cooling season (overhangs, sunscreens) 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• Reduce levels of interior artificial lighting (task illumination, high-efficiency luminaires and ballasts) 

• Provide deadband thermostat setting, l0°F range 

C. HVA/C SYSTEMS AND CONTROLS 

• Insulate piping and ductwork in situations where heat or cool loss is to outdoors or unconditioned space 

• Reduce outside air intake (automatic damper and economizer cycle) 

• Provide automated fan cycle timing devices 

• Provide high-efficiency electric motors, pumps and drives 

• Provide automated night setback thermostat 

D. OPERATION AND MAINTENANCE PROVISIONS 

• Assure proper control of movable internal sun-shading devices on south, east and west facades (drapes, blinds, screens) 

• Provide morning warmup cycle for all building systems 

• Design for limited use zoning for off-peak building use 

BUILDING TYPE GEOGRAPHIC REGION 
New Schools NE/NC 

TECHNOLOGY COMBINATION 
Levell! 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Level I plus: 

• Provide additional ceiling and wall insulation 

• Provide additional thermal mass in perimeter walls 

• Provide additional glazing panes on all orientations 

• Reduce north-facing facade glazing area (to 5% of wall area) 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Level I, plus: 

• Provide photocell dimming devices staged from periphery 

• Provided controlled natural ventilation through selected operable sash systems 

• Provide discharge of exhaust air to unheated spaces 
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C. HVA/C SYS EMS AND CONTROLS 

• All items included in Level I, plus: 

TABLE C.9 
(Continued) 

• Provide utomated startup/shutdown control system, including electrical demand limiting and economizer cycles 
• Provide ir heat reclamation system from lights and equipment, with exhaust feature and DHW heat exchanger. increased hot 

water st rage capacity 
• Provide ncreased system zoning and VAV controls 
• Provide utdoor exhaust for toilet and kitchen areas only during periods of use 

• Provide eat reclamation for kitchen areas 

D. OPERATliN AND MAINTENANCE PROVISIONS 

• All item included in Level I, plus: 
• Des1g'n or increased occupant control of shading and ventilating devices 

BU!LDIN~ TYPE GEOGRAPHIC REG!ON 
. I 

New School~ 

TECHN~LOGY COMBINATION 
Level III : j 

NE/NC/S/W 

DESIGN/FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTER AL FEATURES AND STRUCTURAL PROPERTIES 

• All'it ms included in Levels I.and II, plus: 

• Provi e additional ceiling and wall insulation on exterior of shell (polymers, batt and fill materials) 

• Pn?vi e additional thermal mass in perimeter walls and roof (masonry and fill materials) and in interior floors near south­
facin~ perimeter 

• Increrse glazing materials in south facades (to 80% of wall area) and reduce on other elevations (to 15% of wall area) 

• Pro1de landscaping to promote evaporative cooling in summer, to divert winter winds and increase capacitance of shell at 
!owe stories (planting, ponding, earth-berming) 

B. INTER AL LOADS AND COMFORT CONDITIONS 

• All items included in Levels I and II, plus: 

• Iner ase allowable temperature and humidity differentials through seasonal and diurnal cycles 

• ln~r ase activity zoning based on lighting and space conditioning requirements 

C. HVA/C SYSTEMS AND CONTROLS 

• Alli ems included in Levels I and II, plus: 

• Pro ide additional waste heat reclamation (waste water, equipment and lights) and increased hot and cold water storage 
c~p city 

• P~oyide integrated energy management systems for operations optimization and control settings 

• Prorde operable and movable insulating panels for glazed areas 

• P;orde automated venting and bypass systems 
• Pro ide combustion air preheat systems 
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BUILDING TYPE 
Existing Schools 

TECHNOLOGY COMBINATION 
Leve! I 

TABLE C.9 
(Cont'inued) 

GEOGRAPHIC REGION 
NE/NC/S/W 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 
• Improve sealing and caulking at all windows and doors 
• Provide interior shading devices on south facades 

B. INTERNAL LOADS AND COMFORT CONDITIONS 
• Reduce levels of interior artificial lighting (delamping, installation of high-efficiency luminaires and ballasts upon replacement) 
• Increase range of allowable seasonal and diurnal indoor temperature and humidity fluctuations 
• Alter functional use zones (relocation of work stations, equipment, storage areas, etc.) according to availability of natural light and existing equipment zones 

C. HVA/C SYSTEMS AND CONTROLS 

• Insulate piping and ductwork where loss is to outdoors or to unconditioned space 

D. OPERATION AND MAINTENANCE PROVISIONS 
• Shut down all equipment during periods of extended vacancy 
• Generally inspect, clean and repair combustion and distribution equipment 
• Reduce domestic hot water domestic supply temperature 
• Develop proper occupant control of shading and ventilating devices 
• Use artificial illumination only when necessary 

BUILDING TYPE GEOGRAPHIC REGION 
Existing Schools NE/NC/S/W 

TECHNOLOGY COMBINATION 
Level II 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 
• All items included in Level I, plus: 
• Apply selective films to southernmost facade 
• Provide additional insulation for ceiling at top floor 

B. INTERNAL LOADS AND COMFORT CONDITIONS 
• All items included in Level I, plus: 
• Reduce outside air intake 
• Increase use of task illumination, conversion of incandescent luminaires to fluorescent 
• Provide direct venting for sources of internal heat gain 
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C. HVA/C SYS EMS AND CONTROLS 
I 

• All items included in Level I, plus: 

TABLE C.9 
(Continued) 

• Increase~· se of automated combustion controls 
• Modif11 d uble duct and terminal reheat systems 

D. OPERATIO AND MAINTENANCE PROVISIONS 

• All items. included in Level I, plus: 

• Provide or night setback and/or shutdown 

BUILDI~CS TYPE 
Existing Scho{>ls 

TECHNOLOGY COMBINATION 
~e1111 • I 

GEOGRAPHIC REGION 
NE/NC 

DESIGN f EA TURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNtL FEATURES AND STRUCTURAL PROPERTIES 

• All itejilns included in Levels I and II, plus: 
• Provi e air lock entrances and/or vestibules 

• Provi e additional pane of glazing, all facades 

• ProviJe movable interior insulating devices for all glazed areas 

B. INTER1AL LOADS AND COMFORT CONDITIONS 

• All itiems included in Levels I and II, plus: 

• Prol.\ide photocell switching devices for artificial illumination 

• Iner ase use of task illumination and replace selected overhead luminaires with high-efficiency lamps 

C. HVA/C SYSTEMS AND CONTROLS 

• All i~ems included in Levels I and II, plus: 

• P'bl"' oomb<»Hon a;, P'•heat •y•te= 

BUILDIING TYPE GEOGRAPHIC REGION 
New Hosp,itals NE/NC/S/W 

TEC1;!10LOGY COMBINATION 
Level I, 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EX+EkNAL FEATURES AND STRUCTURAL PROPERTIES 

• r~irove sealing a!ld caulking around doors and windows 

• PrJvide air-lock entrances and vestibules 

• Pr , vide sealing mechanisms at vehicle loading docks 

• Pr vide external sun shading dev!ces on south, east, west facades for cooling season (overhangs, sunscreens) 

• Pr, vide additional ceiling and wall insulation 
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TABLE C.9 
(Continued) 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• Reduce levels of interior artificial lighting (task illumination, two-step photocell switching devices for daylighting, hi! 
efficiency lumlnaires and ballasts, translucent interior partition systems) 

• Provide deadband thermostat setting, l0°F range, between 60°F and 70°F 

C. HVA/C SYSTEMS AND CONTROLS 

• Insulate piping and ductwork in situations where heat or cool loss is to outdoors or unconditioned space 
• Reduce outside air intake (automatic damper and economizer cycle) 
• Provide automated fan cycle timing devices 
• Recycle contaminated indoor air (electronic filtering devices) 
• Provide high-efficiency electric motors, pumps and drives 
• Provide automated night setback thermostat 

D. OPERATION AND MAINTENANCE PROVISIONS 

• Assure proper control of movable internal sun-shading devices on south, east and west facades (drapes, blinds, screens) 
• Provide morning warmup cycle for all building systems 
• Design for limited use zoning for off-peak building use 

BUILDING TYPE GEOGRAPHIC REGION 
New Hospitals NE/NC 

TECHNOLOGY COMBINATION 
Level II 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Level I plus: 
• Provide additional ceiling and wall insulation (batt and fill materials) 
• Provide increased thermal mass in perimeter walls (masonry and fill materials) 
• Provide additional glazing panes on all orientations 
• Reduce north-facing facade glazing area (to 10% of wall area) 

8. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Level I, plus: 
• Provide photocell diming devices staged from periphery 
• Provided controlled natural ventilation through selected operable sash systems 

C. HVA/C SYSTEMS ANQ CONTROLS 

• All items included in Level I, plus: 
• Provide automated startup/shutdown control system, including electrical demand limiting and economizer cycles 
• Provide air heat reclamation system from lights and equipment, with exhaust feature and DHW heat exchanger, increased hot 

water storage capacity 

• Provide increased system zoning and VAV controls 

0. OPERATION AND MAINTENANCE PROVISIONS 

• All items included in Level I, plus: 

• Design for increased occupant control of shading and ventilating devices 
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BUILDIN TYPE 
New Hospi~a!.s 

TECHNo!LoGv COMBINATION 
Level lll : I 

TABLE C.9 
(Continued) 

GEOGRAPHIC REGION 
NE/NC/S/W 

DESIG~ bEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTER~lL FEATURES AND STRUCTURAL PROPERTIES 

• All itels included in Levels I and II, plus: 

• Provi~b additional ceiling and wall insulation on exterior of shell {polymers, batt and fill materials) 

• Provii additional thermal mass in perimeter walls and roof (masonry and fill materials) and in interior floors near south­
facing erimeter 

• Incr~a e glazing materials in south facades {to 80% of wall area) and reduce on other elevations {to 15% of wall area) 
• Provid landscaping to promote evaporative cooling in summer, to divert winter winds and increase capacitance of shell at 

lower tories (planting, ponding, earth-berming) 

B. INTER~ IL LOADS AND COMFORT CONDITIONS 

• All ite s included in Levels I and II, plus: 

~ Incr~a e allowable temperature and humitity differentials through seasonal and diurnal cycles 
• • lncrea e activity zoning based on lighting and space conditioning requirements 

C. HVNC S 'STEMS AND CONTROLS 

• All tt~mr included in Levels I and II, plus: 
• Provide additional waste heat reclamation {waste water, equipment and lights) and increased hot and cold water storage 

capac11 
• Provld integrated energy manageme~t systems for operations optimization and control settings 
• Provid operable and movable msulatmg panels for glazed areas 

I 
• Provid automated venting and bypass systems 
• Provid combustion air preheat systems 

BUILDIN TYPE GEOGRAPHIC REGION 
Existing Hqs~itals _:...:.::NE_:IN_C::.:/_:S.:_/W __________________ _ 

::~1HNOrOGY COMBINATION 

DESIGN fEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A EXTE~NiL FEATURES AND STRUCTURAL PROPERTIES 

• Provi e mtenor shading devices on south facades 

• Imp1~011 e_seali.ng and ~aulkin~ at all windows and doors 

B. INTER!N L LOADS AND COMFORT CONDITIONS 

• Redu~e levels of interior artificial lighting {delamping, installation of high-efficiency luminaires and ballasts upon 
replacement) 

• Incteale range of allowable seasonal and diurnal indoor temperature and humidity fluctuations . 
• Alter lunctional use zones {relocation of work stations, equipment, storage areas, etc.) ac~ording to availability of natural light 

anq elisting equipment zones · 
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C. HVAJC SYSTEMS AND CONTROLS 

TABLE C.9 
(Continued) 

• Insulate piping and ductwork where loss is to outdoors or to unconditioned space 

D. OPERATION AND MAINTENANCE PROVISIONS 

• Shut down all equipment during periods of extended vacancy 

• Generally inspect, clean and repair combustion and distribution equipment 

• Reduce domestic hot water domestic supply temperature 

• Develop proper occupant control of shading and ventilating devices 

• Use artificial illumination only when necessary 

BUILDING TYPE GEOGRAPHIC REGION 

Existing Hospitals NE/NC/S/W 

TECHNOLOGY COMBINATION 
Level 11 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included iR Level I, plus: 

• Apply selective films to southernmost facade 

• Provide additional insulation for ceiling at top floor 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Level 1, plus: 

• Reduce outside air intake 

• Increase use of task illumination, conversion of incandescent luminaires to fluorescent 

• Provide direct venting for sources of internal heat gain 

C. HVA/C SYSTEMS AND CONTROLS 

• All items included in Level I, plus: 

• Increase use of automated combustion controls 

• Modify double duct and terminal reheat systems 

D. OPERATION AND MAINTENANCE PROVISIONS 

• All items included in Level I, plus: 

• Provide for night setback and/or shutdown 

BUILDING TYPE GEOGRAPHIC REGION 
Existing Hospitals NE/NC 

TECHNOLOGY COMBINATION 
Level III 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Levels I and II, plus: 

• Provide air lock entrances and/or vestibules 

• Provide additional pane of glazing, all facades 

• Provide movable interior insulating devices for all glazed areas 
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TABLE C.9 
(Continued) 

B. INTE NAL LOADS AND COMFORT CONDITIONS 

• All items included in Levels I and II, plus: 

• Pr, vide photocell switching devices for artificial illumination 

o In rease use of task illumination and replace selected overhead luminaires with high-efficiency lamps 

C. HVA C SYSTEMS AND CONTROLS 

• .AI items included in Levels I and II, plus: 

• Pr vide .:ombustion air preheat systems 

GEOGRAPHIC REGION 
\ew Retai'I NE/NC/S/W 

TECH~OLOGY COMBINATION 
:..ivei l 

DESI0 1 FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

.\ EXTE!NAL FEATURES AND STRUCTURAL PROPERTIES 

• lm1rove sealing and caulking around doors and windows 

• Prjide air-lock entrances and vestibules 

• Prlide sealing mechanisms at vehicle loading docks 

• Provide external sun shading devices on south facade 

• Pr lide additional wall insulation (fill material) 

~-

• Pr vide additional roof insulation (rigid material) 

3 INTE NAL LOADS AND COMFORT CONDITIONS 

• Re uce levels of interior artificial lighting (provide direct display illumination) 

• Pr vide natural general illumination through use of roof monitors and venting skylights 
• Pr vide deadband thermostat setting, l0°F range 

C HVA/ SYSTEMS AND CONTROLS 

• ins late piping and ductwork in situations where heat or cool loss is to outdoors or unconditioned space 
• Re· uce outside air intake 

• Pr vide automated fan cycle timing devices 

• Re ycle contaminated indoor air 

• Pr vide high-efficiency electric motors, pumps and drives 

• Pr vide heat recovery device for refrigerating equipment to preheat domestic hot water 
) OPER T!ON AND MAINTENANCE PROVISIONS 

• As ure proper operation of southern shading device 

• Pr vide morning warmup cycle for all building systems 
e De ign for off-peak building use 
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TABLE C.9 
(Continuea) 

BUILDING TYPE GEOGRAPH~C REGION 
New Retail NE/NC/S/W 

TECHNOLOGY COMBINATION 
Level II 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included•in Level I plus: 

• Provide additional pane of glazing on south facade 

• Provide increased thermal mass in floor slab 

• Design for placement of circulation along south-facing edge of plan 

• Design for placement of storage along north-facing edge of plan 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Level I, plus: 

• Provide photocell dimming devices 

• Provided controlled natural ventilation through selective operable sash systems 

C. HVA/C SYSTEMS AND CONTROLS 

• All items included in Level I, plus: 

• Provide automated startup/shutdown control system 

• Provide evaporative pre-cooling of outside air 

• Provide air heat reclamation system from lights and equipment, with exhaust feature and DHW heat exchanger, increased hot 
water storage capacity 

• Provide increased system zoning and HVA/C controls 

BUILDING TYPE GEOGRAPHIC REGION 
New Retail NE/NC 

TECHNOLOGY COMBINATION 
Level III 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT / 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Levels I and II, plus: 

• Provide additibnal ceiling and wall insulation on exterior of shell (polymers, batt and fill materials) 

~ Provide additional thermal mass in perimeter walls and roof (masonry and fill materials) and in interior floors near south· 
facing perimeter 

• Increase glazing materials in south facades (to 80% of wall area) 

• Provide landscaping to promote evaporative cooling in summer, to divert winter winds and increase capacitance of shell at 
lower stories (planting, ponding, earth-berming) 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Levels I and II, plus: 

e Increase allowable temperature and humidity differentials through seasonal and diurnal cycles 

• Increase activity zoning based on lighting and space conditioning requirements 
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C. HVA/C SYST MS AND CONTROLS 

• All items i~cluded in Levels I and II, plus: 

TABLE C.9 
(Continued) 

• Provide :additional waste heat reclamation (waste water, equipment and lights) and increased hot and cold water storage 
capacity: j 

• Provide integrated energy management systems for operations optimization and control settings 
• Provide otrable and movable insulating panels for glazed areas 
• Provide a tomated venting and bypass systems 
o Provide co bustion air preheat systems 

BUILDING,TYPE GEOGRAPH!C REGION 
Existing Ret~il j NE/NC/S/W 

TECHNdYOGY COMBINATION 
Level I , I 
DESIGN FkATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• lmprovjsealing anq caulking at all windows and doors . 
• Provide interior shading devices on south facades 

B. INTERNA LOADS AND COMFORT CONDITIONS 

• Redu~el levels of interior artificial lighting (delamping, installation of high-efficiency luminaires and ballasts upon 
replace~ent) 

• Increase range of allowable seasonal and diurnal indoor temperature and humidity fluctuations 
• Alter fJnctional use zones (relocation of work stations, equipment, storage areas, etc.) according to availability of natural light 

and exi~ting equipment zones 

C. HVA/C S~STEMS AND CONTROLS 

• Insulat piping and ductwork where loss is to outdoors or to unconditioned space 

D. OPERATI N AND MAINTENANCE PROVISIONS 

• Shut d, wn all equipment during periods of extended vacancy 
• Gener lly inspect, clean and repair combustion and distribution equipment 
• Reducf domestic hot water domestic supply temperature 
• Devel p proper occupant control of shading and ventilating devices 
• Use ar ificial illumination only when necessary 

BUILDIN TYPE GEOGRAPHIC REGION 
Existing R~tclil NE/NC/S/W 

~~~~~~~~~~~~~~~~~~~~~~~ 

TECHNdLOGY COMBINATION 
Level II ; / 

DESIGN/FEATURES, DEVICES, MEASURES AND/O:q EQUIPMENT 

A. EXTER1AL FEATURES AND STRUCTURAL PROPERTIES 

• All1itjms included in Levell, plus: 
• Applr selective films to southernmost facade 
tt Pr6vi(fe additional insulation for ceiling at top floor 
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TABLE C.9 
{Continued) 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Level I, plus: 

• Reduce outside air intake 
• Increase use of task illumination, conversion of incandescent luminaires to fluorescent 

• Provide direct venting for sources of internal heat gain 

C. HVA/C SYSTEMS AND CONTROLS 

• All items included in Level I, plus: 

• Increase use of automated combustion controls 

• Modify double duct and terminal re\.ieat systems 

D OPERATION AND MAINTENANCE PROVISIONS 

• All items included in Level I, plus: 
• Provide for night setback and/or shutdown 

BUILDING TYPE GEOGRAPHIC REGION 
Existing Retail NE/NC 

TECHNOLOGY COM~INATION 
Level Ill 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Levels I and II, plus: 
• Provide air lock entrances and/or vestibules 

• Provide additional pane of glazing, all facades 

• Provide movable interior insulating devices for all glazed areas 

8. L.VfERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Levels I and II, plus: 

• Provide photocell switching devices for artificial illumination 
• Increase use of task illumination and replace selected overhead luminaires with high-efficiency lamps 

C. HVA/C SYSTEMS AND CONTROLS 

• All items included in Levels I and II, plus: 

• Provide combustion air preheat systems 
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TABLE.C.9 
(Continued) 

BUILD! G TYPE GEOGRAPHIC REG~ON 
New "Othe{' NE/N<2/S/W 

TECHN~LOGY COMBINATION 
Leve! I 

DESIGNl FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERt,' AL FEATURES AND STRUCTURAL PROPERTIES 

• Impr ve sealing and CQl..llking around 'doors and windows 

• Prov de air-lock entrances and vestibules 

• Provl1de sealing mechanisms at vehicle loading docks 

• Proi,;ide external sun shading devices on south, east, west facades for cooling season (overhangs, sunscreens) 

B INTERtAL LOADS AND COMFORT CONDlTIONS 

• Red· ce levels of interior artificial lighting (task illumination, two-step photocell switching devices for daylighting, high 
effic ency luminaires and ballasts, translucent interior partition systems) 

• P~o ide deadband thermostat setting, l0°F range, between 60°F and 70°F 

C. HVA/C SYSTEMS AND CONTROLS 

• In;su ate piping and ductwork in situations where heat or cool loss is to outdoors or unconditioned space 

• R~d ce outside air intake (automatic damper and economizer cycle) 

• Proiide automated fan cycle timing devices 
• Rec cle contaminated indoor air (electronic filtering devices) • 

• Prof ide high-efficien~y electric motors, pumps and drives . 

• Pro ide automated mght setback thermostat , 

D. OPER TION AND MAINTENANCE PROVISIONS 

• 4ssl:re proper control of movable internal sun-shading devices on south, east and west facades (drapes, blinds, screens) 

• ProLde morning warmup cycle for all building systems 
! 

• Design for limited use zoning for off-peak building use 

BUILD NG TYPE GEOGRAPHIC REGION 
New "Ot~er" NE/NC 

~~~~~~~~~~~~~~~~~~~~~~ 

TECH~OLOGY COMBINATION 
Level Ii I 
DESIQN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXT RNAL FEATURES AND STRUCTURAL PROPERTIES 
I 

• Al items included in Level I plus: 

• Pr vide·additional ceiling and wall insulation (batt and fill materials) 

• Pr vide increased thermal mass in perimeter walls (masonry and fill materials) 

• ,Prpvide additional glazing panes on all orientations 

• :R~duce north-facing facade glazing area (to 10% of wall area) 

B. INtE~NAL LOADS AND COMFORT CONDITIONS 

• 'Ajl items included in Level I, plus: 

• 1 PJovide photocell di ming devices staged from periphery 

• PJovided controlled nat.ural ventilation through se'.ected operable sash systems 

E 
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C HVA/C SYSTEMS AND CONTROLS 

• All items included in Level I, plus: 

TABLE C.9 
(Continued) 

• Provide automated startup/shutdown control system, including electrical demand limiting and economizer cycles 
• Provide air heat reclamation system from lights and equipment, with exhaust feature and DHW heat exchanger, increased hot 

water storage capacity 

• Provide increased system zoning and HVA/C controls 

D. OPERATION AND MAINTENANCE PROVISIONS 

• All items included in Level I, plus: 

• Design for increased occupant control of shading and ventilating devices 

BUILDING TYPE GEOGRAPHIC REGION 
New "Other" NE/NC/S/W 

TECHNOLOGY CO~BINATION 
Level Ill 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Levels I and I!, plus: 

• Provide additional ceiling and wall insulation on exterior of shell (polymers, batt and fill materials) 
• Provide additional thermal mass in perimeter walls and roof (masonry and fill materials) and in interior floors near south­

facing perimeter 

• Increase glazing materials in south facades (to 80% of wall area) and reduce on other elevations (to 15% of wall area) 
• Provide landscaping to promote evaporative cooling in summer, to divert winter winds and increase capacitance of shell at 

lower stories (planting, ponding, earth-berming) 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Levels I and II, plus: 

• Increase allowable temperature and humidity differentials through seasonal and diurnal cycles 
• Increase activity zoning based on lighting and space conditioning requirements 

C. HVA/C SYSTEMS AND CONTROLS 

• All items included in Levels I and II, plus: 

• Provide additional waste heat reclamation (waste water, equipment and lights) and increased hot and cold water storage 
capacity 

• Provide integrated energy management systems for operations optimization and control settings 
• Provide operable and movable insulating panels for glazed areas 
• Provide automated venting and bypass systems 
• Provide combustion air preheat systems 
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LOGY COMBINATION 

Level 1 : 

TABLE C.9 
(Continued) 

GEOGRAPHIC REGION 
NE/NC/S/W 

DESIG FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EXTE NAL FEATURES AND STRUCTURAL PROPERTIES 

• Ir)'lp ove sealing and caulking at all windows and doors 

• Pm ide interior shading devices on south facades 

B. INTE~NAL LOADS AND COMFORT CONDITIONS 
• R~fuce levels of interior artificial lighting (delamping, installation of high-efficiency luminaires and ballasts upon 

replacement) 
• lncf ease range of allowable seasonal and diurnal indoor temperature and humidity fluctuations 
• Alter functional use zones (relocation of work stations, equipment, storage areas, etc.) according to availability of natural light 

:n~ existing equipment zones 

C. HVA).C SYSTEMS AND CONTROLS 

• .·l~~ulate piping and ductwork where loss is to outdoors or to unconditioned space 

D OPE1ATION AND MAINTENANCE PROVISIONS • 

• .Slut down all equipment during periods of extended vacancy 
• .G nerally inspe.ct, clean and repair combustion and distribution equipment 

•, R duce domestic hot water domestic supply temperature 

• i velop proper occupant control of shading and ventilating devices 

• U e artificial illumination only when necessary 

BUlLIDlNG TYPE GEOGRAPHIC REGION 
NE/NC/S/W 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A. EX ERNAL FEATURES AND STRUCTURAL PROPERTIES 

,• II items included in Level 1, plus: 

• pply selective films to southernmost facade 

·• Provide additional insulation for ceiling at top floor 
I 

NAL LOADS AND COMFORT CONDITIONS 

, • All items included in Level 1, plus: 

; • Reduce outside air intake 
· • Increase use of task illumination, conversion of incandescent luminaires to fluorescent 

• Provide direct venting for sources of internal heat gain 
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C HVAiC SYSTEMS AND CONTROLS 

• All items included in Level I, plus: 

• Increase use of automated combustion controls 

TABLE C.9 
(Continued) 

• Modify double duct and terminal reheat systems 

:;· OPERATION AND MAINTENANCE PROVISIONS 

• All items included in Levell, plus: 

• Provide for night setback and/or shutdown 

BUILDING TYPE GEOGRAPHIC REGION 
U..Snng "Other" NE/NC 

TECHNOLOGY COMBINATION 
:...twl w 

DESIGN FEATURES, DEVICES, MEASURES AND/OR EQUIPMENT 

A EXTERNAL FEATURES AND STRUCTURAL PROPERTIES 

• All items included in Levels I and II, plus: 

• Provide air lock entrances and/or vestibules 

• Provide additional pane of glazing, all facades 

• Provide movable interior insulating devices for all glazed areas 

B. INTERNAL LOADS AND COMFORT CONDITIONS 

• All items included in Levels I and II, plus: 

• Provide photocell switching devices for artificial illumination 

• Increase use of task illumination and replace selected overhead luminaires with high-efficiency lamps 

C. HVA/C SYSTEMS AND CONTROLS 

• All items included in Levels land II, plus: 

• Provide combustion air preheat systems 
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