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Abstract

Progress for the period from July 1, 1976 to June 30, 1977
is reviewed in this second annual report in support of the
Energy Modeling and Data Support program for EPRI. Reference
Energy Systems were formulated for the base year 1972 and pro-
jections developed for the years 1980, 1985, and 2000 for the
area serviced by the New York Power Pool. In addition,
Brookhaven, EPRI and the Tennessee Valley Authority have entered
into a cooperative effort to develop demand projections for the
area serviced by TVA. The RES and associated data will provide
a baseline against which TVA can evaluate the effect of sub-
stituting alternate technologies and policies for one another.
Development of the Dynamic Energy Systems Optimization Model
is continuing, with effort this year directed toward better
representation of the electrical sector within the model. The
model has been reformulated such that the year is divided into
three seasons and two daily divisions, thus allowing the model
to choose whether a summer or winter peak will occur and better
depict the yearly time dependence of demands.
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INTRODUCTION

Thls report outlines progress for the perlod from July 1,
1976 to June 30, 1977, and covers the second year of effort in
the program. The major purpose of the program is to extend the
use of energy models employed in various studies at the National
Center for Analysis of Energy Systems at Brookhaven National
Laboratory to programs of interest to the Electric Power Research
Institute (EPRI).

Within this context, the Reference Energy System concept,
usually employed on a national basis for the assessment of energy .
technologies, has been applied on a regional basis. In the initial
phase of the program, Reference Energy Systems were developed for
the nine census regions of the United States for the years 1972,
1980, 1985, and 2000. A topical report entitled Regional Reference
Energy Systems, describing the methodology and results of this
study, has been written and sent to EPRI for publication.

As a follow-up to the above regional analysis, Reference Energy
Systems were developed for the years 1972, 1980, 1985, and 2000 for
an electric utility region selected as mutually acceptable to EPRI

and Brookhaven. The region serviced by the New York Power Pool
was selected as an acceptable region to analyze, and results of
the analysis are presented here.

In addition to the development of Reference Energy Systems
for the area serviced by the New York Power Pool, EPRI, Brookhaven,
and the Tennessee Valley Authority (TVA) have entered into a co-
operative effort to model the area serviced by the TVA. The
Tennessee Valley Authority is supplying the data necessary for
Brookhaven to develop Reference Energy Systems for the years 1972,
1980, 1985, and 2000. Since funding for this study will not con-
tinue past June 30, 1977, Brookhaven has decided to continue the
work on its own, and report the results to EPRI on an informal basis.



In the development of the Dynaﬁio Energy'Systems Optimization
Model (DESOM) effort this year has been d1rected toward better
representation of the e1ectr1ca1 sector"’ w1th1n ‘the model. Matrix
and report generator software and performance of sample assess- .
ments have been completed and w111 be discussed in a forth-
coming top1ca1 report.



TASK 1 - REFERENCE ENERGY SYSTEMS

Refefence Energy Systems have.been develéped for the area
serviced by the New York Power Pool (NY?P) fof the years 1972,
1980, 1985, and 2000 as shown in Figures I-IV. The area serviced
by the NYPP coincides exactly with the political boundaries of
New York State, thus facilitating the data-gathering effort requiréd
for the development of the New York State Reference Energy System:
The Reference Energy System (RES) is 4 network representation of
the technical activities required to supply various forms of energy
to end-use activities. Technologies are defined for all operations
ihvolving specific fuels including resourﬁe extraction, refinement,
conversion, transportation, distribﬁtion and utilization. Each of
these activities is represented by a link in the network for which
an efficiency is specified. The network is quantified for a given
year with the level of energy demands and the energy flows through
the supply activities that are required to serve these demands.

The Reference Energy System, usually employed on a national
level, had been extended to a regiénal level in the initial phase
of the program. The purpose of further disaggregating the RES to
selected electric utility regions adds a new dimension to the infor-
mation that can be obtained from this type of analysis. On a re-
gional level, the RES can be used to assess the impact of introduc-
ing alternate technologies into a region. For example, the intro-
duction of heat pumps to replace electric resistance, gas, or oil
space heating can easily be analyzed within fhe Reference Energy
System framework to evaluate fhe overall impact on fuel fequirements.
The sensitivity of electric utilify capacity forecasts to shifts in
" technology can be assessed in a similar fashion.

The Reference Energy System is demand driven, that is, sectoral
demands for energy are initially derived for each end-use category,

such that:

Intermediate Energy Demand

Unit Energy Demand x Basis x Market Penetration;
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where the basis represents number of households, vehicle-miles,
tons of steel, etc. This parameter is projected using the best
available information as specified in the Fuel Mix Tables (see
Appendix B). The unit energy demands are derived using engineer-
ing parameters such as heat loss per household or embodied

energy in a ton of steel. Intermediate energy demands include
transmitted and distributed electricity, gasoline in an automobile,
or 0il in a home oil tank, for example. The supplies are then
derived from a combination of available forecasts and a mix of
alternate energy forms. ‘ -

The values on the right hand side of the RES under the head-
ing "Demand Category'" represent the basic energy demand for the
above set of end-use categories. These basic energy demands
should be distinguished from the more commonly used fuel demands
(intermediate energy forms) indicated above. Basic energy demand
represents the net energy required to provide a given level of
service, e.g., to maintain room temperature at 72°F. It is
derived from the various fuel requirements and the fuel efficien-
cies of utilizing devices. This is useful both conceptually,
since it more closely represents the level of servicc rendered by
energy use, and for projection purposes since it is directly
‘'related to underlying causative factors, e.g., number of house-
holds, vehicle-miles, etc.

"Fuel Mix Tables" are included in Appendix B fur wuach end-
use category containing a detailed description of (1) reference
technologies utilized, (2) derivation of base case fuel demands
and efficiencies, and (3) the basis of energy projections. Data
sources referenced in deriving the base case and projected energy
demands are noted in the tables. Values for fuel fraction (fi)’
fuel demand (Di), relative effectiveness (ei), saturation (S),
and basis of projection (B) for each demund category are included
in the Fuel Mix Tables. The Basic Energy Demand (E) 1is



independent of the fuel or energy form employed. It is computed
in the Fuel Mix Tables as the intermediate energy form (as listed
in Tables A-1 through A-4 of Appendix A) times the relative ef-
ficienéy (ei):summed over all fuels:

E = i Di X ei

In general, a projectioh of Basic Energy Demand, as defined
above, includes (1) any saturation effects that may be present
(i.e., increased market penetration for air conditioning by 2000),
(2) the effect of overall growth in households, vehicle-miles,
tons of steel,'etc., and (3) the effect of changes in the Unit
Basic Energy Demand due to technological or conservation efforts.
The fuel mix is then‘specified in terms bf'fﬁel fraction (fi) for
each reference year allowing for switches to alternative fuels.

For exémple,‘a shift from natural gas to €lectricity in residential
cooking is forecast.

The relative efficiencies (ei)'of the various fuels that
satisfy the projected Basic Energy Demands are specified in the
Fuel Mix Tables. It is more accurate to consider these efficien-
cies in terms of relative effectiveness since this both reflects
the technical efficiency of an end-use device, and takes differences
in utilization practices between fuels into account. Thus, the "ef-
ficiency" that is derived from 1972 data for residential space
heating supplied by electricity has a value of 1.00 compared with
0.47 for gas; this reflects the improved insulation that is gener-
ally used with electric heat as well as the higher technical ef-
ficiency. The relative effectiveness is also employed to reflect
differences between reference years. Existing construction
practices are gradually improving the insulation levels of the
overall fossil-heated housing stock; this is represented by in-
creasing the efficiency factor, e; -

The remainder of this section describes -the underlying
methodology for the development of each demand sector in the base
case and projected RES's.



Residential Sector

The primary end-use demand in the Residential Sector is
space heating, which consumed 67% of the energy used in that
sector during 1972. Demand for energy in the Residential Sector
is computed as follows:

X
[FUEL DEMAND] [ . (D.. x B.)] x S
] 1] J 1

i
where,
Dij = Annual fuel demand for end use i and
housing type j.
B, = Number of households per housing type j
Si = Market penetration of end-use 1
i = end-use 1,..., end-use 7
j = Housing type 1,..., housing type 5 (for

space heating)

j 1 (for other end-uses)

The housing stock is divided into five distinct housing

(2)

types according to the 1970 census of housing:

Mobile Homes
Single-family Detached
Single-family Attached
Multi-family Low Rise
Multi-family High Rise

The most dramatic change in the housing stock occurs in
mobile homes, which grow from 1% to 4% of the housing stock by
1985 (see Table I). The proportional increase in single-family
detached homes and decrease in high rise apartment buildings
projected to occur in New York State runs counter to the trend
(30)  This is attributed, in part, to a
shift away from the cities that is presently occurring in
the Northeast.

expected in the nation.
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‘Table I

PERCENT DISTRIBUTION,OF HOUSING

HOUSING TYPE 1972 1980 1985 2000
Mobile Homes ' 1 3 4 : 4
Single-family Detached 38 40 41 44
Single-family Attached 24 Co21 19 16
Multi-family Low Rise 13 15 15 15
Multi-family High Rise - 24 21 ‘ 21 21

The basic energy demand for space heating in 1972 is escalated
in proportion to the projected number of househblds_and the housing
mix. Household projections are derived from the declining persons
per household ratio and the projected population. The population in
New York State is projected to grow from 18.4 million to 22.4 million
between 1972 and 2000 (see Table II) based on the Bureau of the Census,
Series E population projections.(17) _ ' | A
Market penetration for room and central air conditioning units
in 1972 were derived from 1970 census data and escalated such that
most households are centrally air conditioned by the year 2000,
reflecting almost a four-fold increase‘in eieCtrié power requirements
for this end-use. 1In 1972, 30% of the housing units in New York State
had at least one room air conditioning unit and 6% of the housirng
stock had central air conditioning. The coefficient of performance
for air conditioning equipmeht is ‘increased in future reference
years from 2.0 and 2.50 for room and central units to 3.00 for both
to reflect use of the more efficient devices on the market today.
The basic demands derived for 1972 are escalated in proportion to
the market saturation and the number of households projected in the
reference years.

- 11 -



Table I1

NEW YORK STATE POPULATION AND HOUSEHOLDS, 1972-2000

(Thousands)
1972 1980 1985 2000
®
Population : 18,367.0 19,351.9 20,132.9 22,438.4
Number of
Households 6,069 6,961 7,484 8,799

* Source: Bureau of the Census, Series E Population PrOJectlons,
Reference 17 :

Water heating, cooking, and lighting are assumed to be avail-
able in all households in the reference years. '"Appliances'" include
dishwashers, clothes ‘dryers, televisions, freezers, clothes washers,
‘refrigerators, small appliances, and new devices not yet in use. To
“allow for the introduction of new electrical devices not yet in use,
it is assumed that these devices will consume as much energy in 2000
as small appliances per household did in 1970. Using the 1972
market penetration levels (Téble IIT), unit energy demands, and
number of households, the electricity required for residential water
heating, cooking, appliances and lighting was computed for the base
year. The basic energy demands derived for 1972 are escalated in
proportion to the number of households and saturation levels pro-

(1)

are projected in proportion to the decreasing use of gas ranges and

jected in the reference years. Shifts in residential cooking. fuel

increasing use of electric ranges forecast. 1In 1972, 21% of the
ranges in New York State were electric, compared with 65% forecast
for 2000.

Commercial Sector

.Those buildings not specifically incorporated in the Residential
or Industrial Sectors are included in the Commercial Sector under

-12 -



Table.III

RESIDENTIAL APPLIANCES --
ENERGY USE AND MARKET PENETRATION

Refrigerator,
Lighting, §
Small
Appliances

Dishwasher
Electric Dryer
Gas Dryer
Television
Food Freezer
Clothes Washer
New Uses(z)
Total

Average

Million Btu

Percent Penetration

Per Household (1) 1972 . 1980 1985 2000
7.9 100 104 106 113
1.2 24 45 59 - 99
3.2 22 33 39 59
8.8 10. 10 10 10
1.5 132 145 153 178
4.6 17 24 29 42
0.3 57 60 62 67
1.6 0 29 46 100

29.1 - - - -
- 44 50 53 64

(1) Source:

Reference 1

(2) Assumes new residential ‘electrical devices not yet in use will
consume as much energy in 2000 as 'small appllances per house-
hold did in 1970

Z 13 - |



the following building type definitions:
e Offices

Retail

Schools

Hospitals

Other

Commercial floor space in the Northeast as computed in the
Project Independence Report(l) was regionalized to New York State
based on the following variables for 1972:

e Offices - employment in government, servicés,
finance, insurance and real estate
® Retail - employment in wholesale and
A retail trade
® Schools - school age population
hospital beds

employment in wholesale and

®. Hospitals
® Other

retail trade

Aggregate 1972 energy demand in the Commercial Sector is com-
puted as the difference between total New York State energy demand
in the Residential-Commercial Sector as reported by the Bureau of

(4)

per household basis as previously described).

Mines and energy demand in the Residential Sector (derived on a
Demand for energy in 1972 disaggregated into Commercial water-

heating, air conditioning, cooking, appliances and lighting is

derived from energy demand per square foot calculations from

(1)

then includes the remainder of the energy consumed in the Com-

Project Independence. The Commercial space heating category
mercial Sector after all other end-use categories in the Commercial
Sector have been accounted for.

The basic energy demand in each end-use category is escalated
in proportion to projected commefcial floor space in the reference
years. Commercial floor space projections in the U.S. are based
on projections of employment in wholesale and retail trade, finance,

insurance, real estate, services, and civilian government.(17)
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Floor space per employee in 2000 is assumed to be 10% above what
it was 1in 1972. The New York State commercial inventory (see
Table IV) is derived from the‘U.S, total on the basis of OBERS
earnings projections in wholesale and retail trade, finance, .
insurance, real estate, services, and civilian government.(17)
All commercial establishments are expected to be air-conditioned
by the year 2000. Electricity is expected to supply an increasing
share of the energy requirements for commercial space heat and

water heat; gas and oil will be reduced proportionately.

Table IV

" NEW YORK STATE COMMERCIAL INVENTORY

1972 1980 1985 2000

Million Square Feet 2278 2854 3100 3904

Industrial Sector

The Industrial Sector has been disaggregated into several major
energy intensive industries, including Aluminum, Iron, Steel, and
Petrochemicals; remaining industrial energy requirements (excluding
Petroleum Refining) are included in Industrial Process Heat and
Industrial Electric Drive. ,

The Primary Metals Industry consumed the largest share of
energy in the Industrial Sector, with iron and steel accounting -
for most of this consumption. The Btu value of the coal input to
coke ovens for conversion of coal to coke and coke'by-products ac-
counts for almost 90% of the energy required by blast furnaces.

The value of the efficiency for coal shown in the Fuel Mix Tables
is based on a minimum theoretical requirement of 2860 Btu/lb for
the reduction of iron ore and includes the efficiency of converting
coal to coke. The principal uses of naturaiAgas and fuel o0il in

- 15 -



the Steel Industry are in heating and annealing furnaces, and in
open hearth furnaces, which are declining in number; Electric
power is used in the Steel Industry for driving mills forges,
process lines, and in the steel-making process itself. The quan-
tity of electric power required in the steel-making process is
highly dependent upon the type of furnace utilized (open hearth,
basic oxygen, or electric furnace). From an ad hoc survey of
several major steel producers in New York State, it has been
estimated that at the present time, 80% of the steel is manufac-
tured using the basic oxygen process, 10% using the electric
furnace, and 10% in the open hearth. Production via the open
hearth is projected to decrease to zero by the year 2000. The
ratio of basic okygen to electric furnace production is projected
to remain constant over the reference years. Overall steel pro-
duction in New York State is projected to remain proportional to
U.S. production, adjusted by OBERS projected New York State earn-

ings in primary metals as follows:(17) (30)
PN.Y.S. PRODUCTION]t =
(N.Y.S. PRODUCTION X ER, X (U.S. PRODUCTION), (1)
II.S. PRODUCTION 972 -

where, [ER]t =

(EN.Y.S.> (EN.Y.S. ) (I1)
Ey.s. t Ey.s. 1970 ;

E = Earnings
ER = Earnings Ratio
t = Projection Year--1980, 1985, 2000

Electric power is the majur form-of energy used to produce
primary aluminum and is required in the electrolysis of alumina.
The electrolytic efficiency of this process is based on a minimum
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theoreticél réquirement-of 13,300 Btu/1lb. Secondary recovery
from scrap is less energy intensive than primary production and
is projected to represent a growing share of the market. This
will increase from 19% of total production in 1972 to 33% by the
year 2000, thus decreasing energy consumption per pound of alumi-
num prbduced. Aluminum production in New York State is projected
to remain proportional to U.S. production adjusted by OBERS pro-
Jected New York State earnings in manufacturlng (see equatlons

I and II for additional detail). (17) (30) _

Historically, the mix of raw materials supplying the Chemical .
Industry has shifted from coal to oil and gas. This trend is not
expected to continue as coal becomes more readily available rela-
tive to oil and gas. The mix of resources supplying the Petro-
chemical Industry is projected to remain approximately constant
over the reference years as shown in the Fuel Mix Table in Ap-
pendix B. The basic energy demand is escalated at a 4% growth
rate through 1985 and 3% thereafter. .

All energy used for fuel in the Industrial Sector which is
not consumed in the Aluminum, Iron, Steel Petrochemical, or
Petroleum Refining Industries is included in Industrial Process
Heat. Energy consumed in the Industrial Process Heat category is
escalated at an annual growth rate of 2.3% per year through 1985
and 2.1% thereafter. This growth rate is derived from (1) the
historical ratio of U.S. energy consumption in the industrial
sector to gross national product (GNP), and (2) the ratio of
New York State to U.S. earnings in manufacturing in the projected
year divided by the ratio of New York State to U.S. earnings in
1970 (see equations I and II). Energy consumed in the Industrial
Sector in the U.S. between 1960 and 1972 grew at 3.2% per year,
whereas GNP grew at 4.1% per year over the same period (see
Figure V). The ratio of industrial energy consumption to GNP
(in constant dollars) has been declining over time and is projected

- 17 -
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to continue declining through 2000. A least squares fit to
Energy-GNP data over the period 1960-1972 results in the

following equation:

(ENERGY/GNP> ¢ = (ENERGY/GNP)196Ov+ M(t-1960> (1I11)
where, (ENERGY/GNP)1960 = 32,042 Btu/$GNP
M = -177 Btu/$GNP per year

t 1960,...,1972

Thus; if it is assumed that the ratio of industrial energy con-
sumption to GNP continues to decline as it has since 1960, at the
rate of 177 Btu per dollar of GNP per year, then the following
eQuation can be used to project the ENERGY/GNP ratio in 1980,

1985 and 2000:
Btu/$GNP

- Stu/sGNY i (IV)
(ENERGY/GNP) . = 32,0}2 Btu/$GNP -177 ypag (t 1960)

where, t = 1980,...,2000

If the growth in GNP over the 1972 to 2000 time period is
projected to be 3.2% per year, then the level of‘enérgy con-
sumption by industry in the U.S. in period 't" can be projected

N

using the following equation:

(ENERGY)t = (ENERGY/GNP)t X (GNP)t V)

Values of energy, GNP, and the energy/GNP ratio are listed
in Table V for the years 1972, 1980, 1985, and 2000.
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Table V

INDUSTRIAL ENERGY CONSUMPTION VS. GNPAIN THE UNITED STATES

INDUSTRIAL

USE OF GNP ENERGY /GNP
YEAR ENERGY (1015 Btu) (BILLIONS 1958$)  (Btu/$)
1972 23.10 790.7 29,215
1980 28.98 1,017 28,500
1985 32.87 1,191 27,600
2000 47.75 : 1,910 25,000
Rate of Change
Per Year ) 2.6% ‘ 3.2%

-177

Consumption of energy in the Industrial Process Heat category'
in New York State is projected to grow at 2.3% per year through
1985 and 2.1% thereafter. These growth rates were derived from a
national growth rate of 2.6% by multiplying the national rate by
the "earning ratio" in manufacturing from equation II.

All electricity used in the Industrial Sector and not con-
simed in the Aluminum, Iron, Steel, of Petrochemical Industries
is included in Industrial Electric Drive.

The basic energy demand in Industrial Electric Drive is
escalated at a 3.7% growth rate to 1985 and 3.4% thereafter. This
is derived from an estimated annual U.S. growth in industrial
electric demand of 4.2%, adjusted by projectcd New York Stute

earnings in manufacturing (see equations I and II).

Trqnsportatipn'Sector

In 1972 the automobile consumed 53% of the energy in the
Transportation Sector compared to 30% projected for 2000, reflec-
ting improved automobile fuel economy and market saturation.

- 20 -



Projected energy demand by the automobile is computed as a
function of vehicle-miles traveled (VMT) and fleet average

fuel economy. A constant value of 10,200 miles per vehicle

is multiplied by the projected number of Yehicles in estimating
total VMT's. The number of registered vehicles in the U.S. has
historically been an increasing proportion of the driving age
population, and this trend is expected to result in nine auto-
mobiles for each ten persons of driving age by 2000 (currently,
there are two automobiles for each three persons in ‘the U.S.)gso)
In New York State at the present time, there is one auto for

each two persons of driving age, considerably less than the
national average. The number of automobiles in New York State is
increased in proportion to the national total such that by 2000,
67% of the driving age population own automobiles. In projecting
gasoline consumption, a composite fuel efficiency is derived for
each reference year on the basis of mix of model years on the
road, distribution of vehicle-miles with age of auto, and the
fuel efficiency per model year. Fuel economy per model year 1is
assumed to be 10% lower than that specified in the Energy Policy
and Conservation Act because of typically observed nonoptimum

(20) The fleet average

engine performance in older model vehicles.
fuel economy projected for 1980, 1985, and 2000 is 14.9 mpg,
19.3 mpg, and 25 mpg, respectively. '

The Truck and Bus Category includes all gasoline and diesel
fuel not consumed by automobiles; marine and aviation consumption
of gasoline is included in Ship and Air Transport, respectively.
Thus, gasoline and diesel fuel consumed by agficultural, construc-
tion, and miscellaneous equipment is included in the Truck and
Bus Category. Trucks are by far the largest energy consumer in
this category, with buses using less than 5% of the fuel consumed.
Projected Truck and Bus energy consumption in New York State is
computed as a function of U.S. truck ton-miles, truck vehicle-miles,

bus passenger-miles, and the energy intensiveness of each transport
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mode. Historicaily, truck ton-miles in the U.S. have increased
in proportion to GNP, and this trend is projected to continue -
through the yéar 2000 with GNP growing at a 3.2% growth rate
(see Table VI).. The fuel efficiency in nonfreight trucking is
projected to increase from 9.3 mpg in 1972 to 14.0 mpg in 2000.
Conversion of trucks from gasoline to diesel fuel is projected
to result in a 14% reduction in the Btu's required per ton-mile
by the year 2000, as shown in Table VII. New York State truck
ton-miles projected to 1980, 1985, and 2000 are derived as a
fraction of U.S. truck ton-miles using the following equation:-

[(TRUCK T_M>‘NYS]‘ e (T&B N.Y.S.) X [ER],C X [(TRUCK T-M)U'S']t (VI)

T&B
where [ER |, = (EN.Y.S.) Ex.v.s. (VIT)
E | E
. U.S. ¢ U.S. 1970
and T§&B = Truck and Bus energy consumption
ER = Earnings ratio
= Total earnings
t = 1980, 1985, and 2000

Nonfreight trucking vehicle-miles are regionalized in a similar
fashion. o o

Projected energy consumptibn by Air Transportation in
New York State'is COmputed'aé a function of U.S. air passenger-A
miles, air ton-miles, and the energy intensiveness of each trans- -
port mode. The procedure is analogous to that used in the Truck
and Bus Category. Projections of U.S. domestic’(133 billion P-M
in 1972) and international (34 billion P-M in 1972) air passenger-
miles from the Air'Transport Association uf America(zd) (35) are
regionalized to-New York State using equations VI and VII where
Air Transport energy consumption is substituted for Truck and
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Table VI

NEW YORK STATE MODAL TRANSPORTATION PROJECTIQNS

(Billions)
1972 1980 - 1985 2000
Passenger-Miles ‘
Air 22 30 0. 86
Local Bus 3.8 - 4.3 ]
Intercity Bus 1.5 1.5 1.5 1.6
Ton-Miles - ' . )
Air o 1.1 .. 1.6 2.7 5.4
Local Truck 18 ’ 25 29 45
Intercity Truck ’
Ship 160 . 213 246 365
Rail L 18 : 21 22 28
Vehicle-Miles o
Nonfreight Trucking 9 . 1z 14 21
Table VII

ENERGY INTENSIVENESS BY TRANSPORT MODE FOR NEW YORK STATE

1972 1980 1985 2000

Btu/Passenger-Mile '

Air 8,698 7,918 7,431 7,431

Local Bus 1,704 1,704 1,704 1,704

Intercity Bus 1,160 1,160 1,160 1,160
Btu/Ton-Mile , o

Air ' 26,162 25,306 24,771 24,771

Local Truck ' 7,139 6,854 6,497 . 6,140

Intercity Truck 2,604 2,500 2,370 - 2,240

Ship 567 567 . 567 567

Rail 709 709 709 709
Btu/Vehicle-Mile

Nonfreight Trucking 13,402 12,126 11,328 - 8,935
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Bus energy consumption (T§B) and air passenger-miles is substi-
tuted for truck ton-miles (TRUCK T-M). Btu per passenger-mile
and Btu per ton-mile for air transport are derived from reference 29.
Railroad demands for diesel fuel and electricity in New York
State during 1972 are based on Bureau of Mines data.(4) (11) Diesel
fuel requirements'in 1980, 1985 and 2000 are BNL estimates.(36)
Shipping demand for residual oil in the reference years is a BNL

estimate.(36)

Electric Utility Sector

The New York Power Pool incorporates the seven major investor-
owned electric utility companies in New York State and the Power
Authority of the State of New York in order to achieve optimum
coordination in the planning and operation of their electric system
and to provide a means whereby all parties may realize and share in
the mutual benefits which can be obtained thereby. These inventor-
owned utilities include:

e Central Hudson Gas 8 Electric Corporation
Consolidated Edison Company of New York, Inc.
-Long Island Lighting Company
New York State Electric'§ Gas Corporation
Niagara Mohawk Power Corporation
Orange and Rockland Utilities, Inc.

Rochester Gas & Electric Corporation

The member system is part of a continental power system. For
the purpose of maintaining an operationally reliable energy supply
for the Nation, the Nation's electric utilities, both investor-
owned and publicly owned, voluntarily established regional reli-
ability councils which cover the entire Nation and parts of Canada.
The responsibility of each of the regional reliability councils is
to review the overall broad planning and operation of the électric
power supply systems in its region. The regions have technical
criteria to consider for overall reliability of the supply of
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energy. The member companies are in the Northeast Power Coordina-
ting Council region, which also includes Ontario, New Brunswick

and New England. The regional reliability councils have also formed
the National Electric Reliability Council which coordinates the
activities of the councils on a National basis.

Recent electric utility forecasts of future energy requirements
have been reduced from what they were in the 1972 to 1973 time
period. Higher energy prices, depressed economic conditions, and
the "conservation ethic" have all been contributing factors to the
low energy growth recently experienced. These factors have added
a considerable degree of uncertainty to future projections. Tra-
ditionally, utilities have depended upon historical trends in fore-
casting future ioads, but this method is rapidiy being replaced by
more sophisticated techniques using econometrics and detailed
engineering analyses of demands. 'A systems approach using the
latter technique is being applied in this study to project require- -
ments for electric power. More specifically, demand for electric
power is obtained from the summation of eléCtric demands in 1980,
1985, and 2000 over all other demand categories, adjusted to include
transmission and distribution losses.

The mix of capacity additions reported in the 1976 Report of

Member Electric Systems of the New York Power Pool and the Empire

State Electric Energy Research Corporation(38) is derived from

individual company forecasts. It projects a 1991 capacity mix of
36% nuclear, 13% coal, 35% oil, and 16% hydro, compared to a 1976
mix of 10% nuclear, 11% coal, 61% o0il, and 18% hydro. As antici-
pated, nuclear capacity in the NYPP forecast rises rapidly to
‘replace diminishipg 0oil-fired generating facilities and to meet
increasing demands (see Figure VI). The use of oil to generate
electricity is expected to peak in 1985 acéording to NYPP estimates.
Since 1976, essentially no natural gas has been consumed by central
station generating facilities in New York State. Power plants

burning natural gas have either been retired or converted to burn
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0il. Conventional hydroelectric plants met more than one-fourth

of the State's energy reQuirements in 1972, primarily through

the Niagara Falls hydroelectric éomplex. With hydro capacity

remaining at a fairly constant level over the next'twenty—five

years, it is eXpected to meet only about 10% of demand by 2000.
The fuel mix in each of the reference years. through 1985 is

proportional to that projected by the New York Power Pool.(38)

0il steam, gas'turbine and hydroelectric capacity in 2000 is held

constant at the 1991 levels projected by the NYPP.  In addition

to the four 1000 MW pumped storage units that the NYPP projects

to be on line by 1991, two 1000 MW pumped storage units are pro-

jected to becomerperational between 1991 and 2000. Nuclear power

is projected to satisfy 45% of demand in 2000, compared to 1976,

when it satisfied only 17% of demand (see Table VIII). Coal is

assumed to meet the demand for fuel remaining after all other energy

forms are considered, resulting in about 35 million tons of coal

being burned  in the year 2000.

Table VIII
NYPP ELECTRIC GENERATION - BY CENTRAL STATION POWER PLANTS*

1972 1980 1985 2000

Natural Gas | 5 - : - ' -
0il-Steam 41 43 37 20
Gas Turbine ) 1 1 1
Coal-Steam : . 16 15 17 25

_ Hydro , . 27 .21 ' 16 9
Nuclear 6 - 20 29 45
Total (356)  (507) (623). . (1,076)

12 -

* Generation by Prime Mover in.perceht, total in 10 Btu.
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Using completely independent methodologies, it is interesting
.to compare the energy requirements presented in this study with
those - forecast by the electric utilities.(ss) The 4.2% annualigrowth
in electric demand projected to occur from 1980 to 1985 and the 3.7%
annual growth projected in this study from 1985 to 2000 are very
similar to the 4.0% and 3.8% growth rates projected by the NYPP
over the same period. Electric utility energy requirements in
. 1980 are projected to be 507x101% Btu compared to 450x10%% Btu
projected by the NYPP. This difference is due to the negative
energy growth experienced in New York State over the three year
period from 1973 through 1975. The NYPP has held its post 1980
growth rates constant but reduced energy requirements in the
remainder of this decade to compensate for this decrease in demand.
Insufficient data in other energy sectors at the time this study
was conducted prevented an accurate adjustment for the negative
growth experienced from 1973 to 1975. 1In addition, it is not clear
that this unusual pattern has passed,'and a return to "normality"
is imminent. If adjustments in the electric sector are made to
compensate for the negative growth in demand, electric sector
energy requirements fall within 2% of those forecast by the NYPP.
The purpose of the Reference Energy System, as previously
‘noted, is not to forecast energy demand, but to serve as a base-
line from which teéhnology assessments can be performed in order
‘to determine the impact of introducing new technologies, alternate
.conservation strategies, and fuel mixes in future years. Fluctu-
ating demand patterns due to any number of regional or international
economic problems will most likely occur again over the next twenty-
five years. These demand perturbations may or may not balance one _
another out, but they will not have a significant impact upon the overall
assessment of alternate technoiogies. In analyzing the impact of
introducing new technologies or conservation strategies, a baseline
brojection (e.g., a RES) is used to compute the difference in energy
consumption levels with and without the technological change. Thus,
changes in specific fuel requirements, electric demands, or total ‘
resource consumption can be calculated as a result of given
technological changes.
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TASK 2 - DYNAMIC MODEL DEVELOPMENT -

Under this task, attention is focused on development of the

Dynamic Energy Systems Optimization Model (DESOM) with emphasis

on tailoring it to address particular questions in the electrical
sector, and on providing efficient software for running the model.
In the first year, investigation of more efficient solution algo-
rithms was undertaken in conjunction with the Stanford Systems
Optimization Laboratory. At the same time, work began on devei-
opment of efficient matrix and report generator software. That
work has continued into this year, and will be described, along
with the samplé assessmeﬁts, in a topical report. Efforts during
this year also focused on better representation of the electrical
sector within DESOM.

In order to model the electrical sector more realistically,
a. study was performed of a formulation in which the year is dividea
into three seasons' (winter, summer, spring/fall)Aand two daiiy
divisions (day, night). This more flexible approach allows the
model to choose whether a summer or winter peak will occur and
better depicts the yearly time dependence of dem#nds. This is

important since in the Sourcebook case, replication of the RES's

yields a summer peak in 1972 and a winter peak in succeeding years.
Six basic demand types were defined: base load, intermediate

load, daily off-peak, winter, summer, and fall/spring.
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The demand types were characterized by the seasons and daily divi-
. : E
sions in which they occurred, as follows :

_ Table IX
DEMAND TYPE CHARACTERISTICS

WD WN'  SD SN FD FN

BL Base load 4/24 4/24  3/24° 3/24 5/24  5/24
IL Intermediate load 4/12 0 3/12 0 5/12 0
DO Daily off-peak 0 4/12 0 3/12 0 5/12
WH Winter /2 1/2 0 0. 0 0

SC Summer 0 0 1/2 1/2 . 0 0
FS Fall/spring : 0 0 00 1/2 1/2
Fraction of year 4/24 424  3/24  3/24 - 5/24 5/24

It is assumed that the fraction of demand occurring in a given
season/daily division demand‘type is proportional to the length of
that season/daily division. Thus, 5/24 of a demand characterized
as demand type base load will occur during a fall/spring day. Of
course, a final demand, such as miscellaneous commercial eléctric,
does not have to be characterized as a pure demand type: the load
curve can be defined in as detailed a manner as desired by . specify-
ing the fraétions of final demand that belong to each of the dif-
ferent demand types. To illustrate, the study employéd 24 differ-
ent final demands tabulated for the regionalnRéference Energy Sys-
tems (room and central air cbnditioning, and aluminum electrolysis

and drive are disaggregated in the fuel mix tables). These demands

W = Winter = 4 months (Jan., Feb., Mar., Dec.)
S = Summer = 3 months (1/2 .June, July, Aug., 1/2 Sept.)
= Fall/spring = 5 months (Apr., May, 1/2 June, 1/2 Sept.,
’ Oct., Nov.)
= Day = 12 hours
= Night = 12 hours
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were characterized by the fraction belonging to each demand type,
as shown in Tables X and XI. Regional variation in spaceldondition-

ing demands is shown.in Table XI..

Table X
FINAL DEMAND CLASSIFICATION _
Ssector* | Classification B IL
RES Water Heat :1.00
RES Cooking 0.75 0.25
RES Appliances § Light 0.75 0.25
COM : Water Heat .1.00
 COM Cooking 0.75 0.25
COM Miscellaneous Electric 0.75 0.25
IND Aluminum Electrolysis 1.00
IND Aluminum Electric Drive 1.00
IND Iron 1.00
IND Steel 1.00
IND Process Heat 1.00
IND  Electric Drive ) 1.00
IND | Petrochemicals |
TRP Automobiles
TRP - Truck § Bus
TRP Rail § Transit
TRP . Air Transport
TRP Pipelines
TRP Ship-

*RES = Residential

COM = Commercial

IND = Industrial

TRP = Transportation
* & '

BL = Base Load

IL = Intermediate Load
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Table XI

REGIONAL VARIATION IN SPACE CONDITIONING DEMANDS

Residential § Commercial

Resicential § Commercial

Space Heat . . (Room and Central)

Region | WHo. o SC FS WH sc
New England (NE) 0.65 0.01 0.34 1.00
Middle Atlantic (MA) 0.70 ~0.30 1.00
East North Central (ENC) 0.67A 0.01 0.32 0.95
West North Central (WNC) 0.69 0.01 0.30 0.90
South. Atlantic (SA) 0.76 0.24 0.79
East South Central (ESC) 0.75 0.25 0.80
West South Central (WSC) 0.82 0.18 0.71
Mountain (MT) 0.64 0.01 0.35 0.93
Pacific (PAC) 0.64 0.36 1.00
WH = Wirter (Jan., Feb., Mar., Dec.)

SC

Summer (1/2 June, July, Aug., 1/2 Sept.)
FS

Fall/spring (Apr., May, 1/2 June, 1/2 Sept , Oct., Nov.)

Air Condifioning

.05
.10
.21
.20
.29
.07



The methodology for computing the fractions. is as followsf

Climatological data by regions (approximately 10) in each
state for a five-year period were weighted to the respective re-
gion's percent of the total state's populatibn. Furthermore, the
stéte's weighted degree-day demand was weighted within its region
by the ratio of state to regional population. The basis was 68°.
The results for each region are shown in Table XII.

Each of the demand types was also characterized by its '"peak
fraction;" the amount contributing to the endogenous peak demand.
This formulation is used in BESOM. The peak fractions were assumed
to be the same ds used in standard runs of BESOM (see Table XIII).

In each season/time-of-day period, (S)(D), the demand attribut-
able to a particular demand type DT will be:
elec (DT) (S)(D) = SUM (DC) |elec (DC) * £(DC) (DT) * t(DT) (S)(D))
where, SUM (DC) indicates that theAsum is over the demand categories,
elec (DC) is the total demand in the demand category DC, f(DC) (DTS
is the fraction of demand in category DC that is of type DT (see
Tables X and XI), and t(DT) (S)(D) is the fraction of demand type

DT that occurs in time period (S) (D), as in Table IX. The capacity

required in that time period is a function of the height of the peak:

(1 + u) * SUM (DT) (e1ec (DT) (S)(D) * (1 + (pf(DT),/LFP),/d(DT))
2 (S) (D) 1 + pf(DT)
u _ is the reserve margin requirement. '
£(S) (D) is'fhe fraction of the year represented by the time
period (S) (D) (see Table IX). ‘
pf(DT) is the endogenous peak fraction for DT.
LFP is the;ioad factor of peak demand (taken as 0.1 in
the, model). A
d (DT) is the duration of demand DT as a fraction of the year,

e.g. for intermediate load d(IL) = 1/2. 1In general,
d(DT) = SUM (S) (D) ( [for t(DT) (5) (D) > O]

fraction of year (S)(D))(see Table IX).
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Jan 1,239
Feb. 1,124
Mér. 99=
“Apr. 683
May ' 334
June | 37
July
Aug.
Sept. 128
. Oct. © - 46C
Nov. 763
ﬁec. 1,088

Total 6,849

1,064
986
827

517

196

1
321
626
916

5,454

* - .
Regions ars as in Table X.

ENC
1,304
1,140
960
615
280

123
404
777

1,136

6,739

Table XIIa

HEATING DEGREE DAYS

68° BASE

WNC SA
1,457 624
1,181 605

933 437"

542 220

213

138

399 105

853 389
1,282 583
6,997 2,964

ESC

752

671
456

237

133
479
696

3,422

WSC
629
498
260

77 ..

353
587

2,404

“MT
1,119
868
731
550
249

107
401
782

1,058

5,865

PAC
578
431
426
327
193

15

187
389
564

3,139



_gg_

.
Month NE MA

June 94
July 156 272
Aug. 120 245

Total 276 611

*Regions are as in Table X.

Table XIIb

COOLING DEGREE DAYS

68° BASE
ENC WNC SA ESC
25 15
34 105 222 240
153 227 320 336
124 173 315 318
180 156

311 506 1,061 1,066

WSC

159
352

445

405
232

1,599

MT

68
238
185

491

PAC

72
74

149



This formulation is equivalent to the one now used in BESOM but
allows much greater flexibility and avoids the cdnceptuél problems
poéed by-a formulation in which it is known exactly which cehtra1 |
~station plant meets what'demand. ‘

The new.formulation was tested, for 1972, using a reserve
margin of 20%. The results were that in every region the peak de-
mand occurred during the summer day. Total cépacity required was
408.6 GWe as opposed to the Sourcebook total of 399.5. If a reserve
margin factor of 18% had been used, the result would have been 401;8,

or an error of 0.6%. It was concluded that the formulation and de-

" mand type characterization of demand categories were valid.

Table XIIT
PEAK FRACTIONS FOR DEMAND TYPES

Demand Types (DT) . Peak Fraction
BL Base load : 0.05
IL Intermediate load 0.10
DO Daily off-peak 0.00
WH Winter 0.00
SC  Summer 0.20
FS Fall/spring 0.00
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TASK 3 - SUPPORT ACTIVITIES

Under this task, support was provided to EPRI through model
and data transfers, and telephone consultations on modeling and |
data questions. ‘

At the request of R. Michelson, assistance was provided to
Dennis Fromholzer to answer questions about the structure and in-
put parameters for BESOM and DESOM.

Several case runs of the old version of DESOM were transferred
to EPRI on tape, including a base case Sourcebook scenario and a
full technology run. Although these did not represehi the improved
formulation being developed for EPRI, the runs were requested by
Systems Control, Inc., which was performing an assessment of DESOM '
for J. Karaganis;‘ ‘

EPRI personnel also requested BESOM's feport writing capability.
In response, the report writing Fortran prbgram was made IBM-compat-

ible, and a tape was sent to EPRI whi;h inclpded this program, stan-
dard data files needed for the report generator, and three problem

files consisting of base cases for 1985, 1990, and 2000.
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APPENDIX A

SUMMARY OF ENERGY DEMAND AND FUEL MIX

- 41 -



RESIDENTIAL:
Space Heat
Water Heat
Air Cond.
Cooking
Appl. § Light

SUBTOTAL

COMMERCIAL:
Space Heat
Water Heat
Cooking
Air Cond.
Mis. Electric

SUBTOTAL

INDUSTRIAL:
Aluminum
Iron
Steel
Process Heat
Electric Drive
Feedstocks

SUBTOTAL

TRANSPORTATION:
Automobile
Truck § Bus
Rail § Transit
Air
Pipelines
Ship

3UBTOTAL

ELEC. uriLITY
Methane Prod.
Coal Prod.
Refinery Use

TOTAL RESOQURCES
CONSUMED

aHydropower resource consumption is based on a conversion efficiency of 33%.

Methane

234.8
80.3

41.0
5.3
361.4

116.4
13.1
12.2

1.7

704.5

SUMMARY OF ENEkGY DEMAND AND FUEL MIX, 1972

433.7
99.2

537.1

393.0
44.5

437.5

2.3
0.5
88.4

167.4

258.6

591.9
187.9

12.9
221.1

97.6
1111.4

526.1

13.8
2884.5

TABLE A-1

REGION:

4.3

91.1

86.9

5.7
191.0

175.5

11.6

386.7

New York State

12

(10 Btu)
.- a b Total
Nuclear Hydro Electric". Direct Use

5.3 680.9

10.1 191.6

9.9 9.9

5.0 50.2

71.8 77.1

102.6 1009.7

9.9 519.3

5.5 63.1

1.0 13.2

11.6 13.3

85.5 85.5

113.5 694.4

13.9 21.3

1.4 99.6

4.6 20.5

279.4

81.9 81.9

179.1

101.8 681.8

591.9

187.9

9.5 22.4

221.1

3.5

7.6

9.5 1124.4
67.4 290.5 (327.4) 797.9°
11.6

13.8

67.4 290.5 4333.6

Gives energy consumed as electricity at 3412.8 BTU/KWH. ‘For fuels consumed in producing electririty
sea row laboled "Dleetric ULilily™.

cTaken as total resources consumed bylutilities less electricity delivered to end use.
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RESIDENTIAL:
Space Heat
Water Heat
Air Cond.
Cooking

- Appl. § Light
" . SUBTOTAL

COMMERCIAL:
Space Heat
Water Heat
Cooking
Air Cond.
Mis. Electric

-SUBTOTAL

INDUSTRIAL:
Aluminum
Iron
Steel
Process Heat
Electric Drive
Feedstocks
SUBTOTAL
TRANSPORTATION:
Automobile
Truck § Bus
Rail § Transit
Air
Pipelines
Ship
SUBTOTAL

ELEC. UTILITY
Methane Prod.
Coal Prod.
Refinery Use

TOTAL RESOURCES
CONSUMED

aHydropower resgurce consumption is based on a conversioun efficiency of 33%.

bGives energy consumed as electricity at 3412.8 BTU/KWH.
see row labeled "Electric Utility".

TABLE A-2

SUMMARY OF ENERGY DEMAND AND FUEL MIX, 1980
REGION: New York. State
(1012 Beu)
Meth o a . b Total
ethane 0il Coal Nuclear Hydro Electric Direct Use
247.2 481.5 24.0 752.7
89.3 108.8 18.6 216.7
14.7 14.7
40.4 C 2.4 9.5 52.3
6.1 . 93.9 100.0
383.0 592.7 160.7 1136.4
124.2 493.6 22.4 640.2
13.9 53.0 10.2 77.1
14.5 1.6 16.1
1.7 19.5 21.2
107.0 107.0
154.3 546.6 160.7 861.6
- 4.4 5.6 17.9 27.9
1.8 . 2.4 94.5 1.4 100.1
15.3° 0.4 4.9 20.6
105.5 112.6 115.8 333.9
109.5 109.5
8.2 229.1 7.8 245.1
135.2 344.5 223.7 133.7 837.1
701.2 701.2
233.4 233.4
14.6 10.2 24.8
278.0 278.0
3.4 3.4
129.7 129.7
3.4 1356.9 10.2 1370.5
676.9 227.3 320.9 . 324.2 (465.3) 1084.0°
13.5 13.5
17.0 17.0
675.9 - 3534.6 464.5 320.9 324.2 5320.1

c’ Sy P s .
Taken as total resources consumed by utilities less electricity delivered to end use.
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TABLE A-3

* SUMMARY OF ENERGY DEMAND AND FUEL MIX,®' 1985

REGION: New York State "

(10°“ Btu)
. Total
Methane 0il Coal Nuclear Hydroa Electricb Direct Use
RESIDENTIAL: ]
Space Heat 253.6 499.7 , 36.9 781.2
Water Heat 91.4 114.4 24.3 230.1
Air Cond. o 20.3 20.3
Cooking 39.2 1.3 ’ 12.6 53.1
Appl. & Light ‘6.6 107.1 113.7
SUBTOTAL 390.8 606.4 201.2 1198.4
COMMERCIAL:
Spaco Hoat 120.7 514.5 41.9 " 878.9
Water Heat 13.6 55.6 13.2 '82.4
Cooking 15.1 ‘ , 2.0 17.1
Air Cond. 1.7 24.0 25.7
Mis. Electric 116.3 116.3
SUBTOTAL 151.1 570.1 ’ 197.2 918.4
INDUSTRIAL:
Aluminum 5.6 7.1 ) 22.9 35.6
Iron " 1.9 2.6 101.0 1.5 107.0
Steel i7.0 0.3 : 5.6 22.9
Process Heat 102.4 133.5 136.9 372.8
Electric Drive 131.4 131.4
Feedstocks 10.0 ©278.7 9.5 - 298.2
SUBTOTAL 136.9 415.1 254.5 161.4 T 967.9
TRANSPORTATION: oo ’
Automobile 6l0.3 . 610.3
Truck. § Bus 254.8 254,8
Rail § Transit ’ 15.7 ' 10.6 26.3
Air 364.1 . 364.1
Pipelines 3.4 : 2.4
3hip ‘ 149.8 i49.8
SUBTOTAL ‘3.4 1394.7 10.A 1408, 7
ELEC. UTILITY 689.3 305.6 550.9 305.6 (570.4) 1281.0°
Methane Prod.
Coal Prod. 16.8 : : 16.8
Refincry Use 17.7 ‘ . 17.7
TOTAL RESOURCES 682.2 3693.3 576.9 550.9 305.6 5808.9
CONSUMED

a : . . o
Hydropower resource consumption is based on a conversion efficiency of 34%.

bGives energy consumed as electricity at 3412.8 BTU/KWH. For fuels consumed in producing electricity
ge¢ roWw Lanoled "Electrie Utility®.

Craken as total resources consumed by utilities less electricity delivered to end use.
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RESIDENTIAL:
Space Heat
Water Heat
Air Cond.
Cooking"
Appl. § Light

SUBTOTAL

COMMERCIAL:
Space Heat
Water Heat
Cooking
Air Cond.
Mis, Electric

SUBTOTAL

INDUSTRIAL:
Aluminum
Iron
Steel
Process Heat
Electric Drive
Feedstocks

SUBTOTAL

TRANSPORTATION:
Automobile
Truck § Bus
Rail § Transit
Air
Pipelines
Ship

SUBTOTAL

ELEC. UTILITY
Methane Prod.
Coal Prod.
Refinery Use

TOTAL RESOURCES
CONSUMED

aHydropcwer resource conoumption is based on a conversion efficiency of 34%.

bGives energy consumed as electricity at 3412.8 BTU/KWH .

Methane

248.7
88.2

29.3
7.7
373.9

89.4
9.5

16.5
1.7

117.1

10.6

2.3
20.4
80.7

15.6
129.6

3.1

623.7

484.7
110.0

594.7

593.1
63.9

657.0

202.6

434.2
640.1

579.1
327.9

19.7
772.8

221.7
1921.2

642.6

21.5
4477.1

TABLE A-=4

Coal

12.0
126.5

221.4

14.8
374.7

800.3

35.3

1210.3

see row labeled "Electric Utility".

SUMMARY OF ENERGY DEMAND AND FUEL MIX,
REGION: New York State

Nuclear

2000

Electric

b

1467.3

1467.3

Hydroa

277.6

277.6

111.6
53.8
37.8

22.3
152.6
378.1

109.5
25.2

3.5
42.2

146.4
326.8

39.4
1.9
7.2

216.9

265.4

12.0

12.0

(982.3)

cTaken as total resources consumed by utilities less elecﬁricity delivered to end use.
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(10"¢ Btu)

Total
Direct Use

845.0
252.0
37.8

51.6
160.3
1346.7

792.0
98.6

20.0
43.9

146.4
1100.9

62.0
134.0

27.6
504.7

216.9
464.6
1409.8

579.1
327.9

31.7
772.8

3.1
221.7
1936.3

2205.5°

35.3
21.5
8056.0

For fuels consumed in producing electricity



~ THISPAGE
WAS INTENTIONALLY
- LEFT BLANK

<



APPENDIX B

FUEL MIX TABLES
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DIRECT FUEL USE

Methane-Mobile Home :
Single-Pamily Detached
Single-Family Attached
Multi-Family Low Rise
Multi-Family High Rise

Distillate-Oil-Mobile Home

Single-Family Detached
Single-Family Attached
Multi-Family Low Rise
Multi-Family High Rise

Coal-Single-Family Detached

Single-Family Attached
Multi-~-Family Low Rise
Multi-Family High Rise

Electricity-Mobile Home
Single-Family Detached
Single-Family Attached
Multi-Family Low Riase
Multi-Family High Rise

Total Fuel Demand,D,lOlzBTU

Basis

10% Units Mobile Home
Single-Family Detached
Single-Family Attached
Multi-Family Low Rise
Multi-Family High Rise

Basic Energy Demand,E,lOlzB

Mobile Home :

Single-Family Detached
Single-Family Attached
MultleFamlly pow Rise
Multi-Family High Rise

Unit Basic Demand, Eu,
10%BTU/Houselold
Mobile Homo
Single-Family Detached
Single-Family Attached
Multi-Family Low Rise
Multi-ramily High Rise

TABLE B-1

P .
Region: NEW YORK STATE ROJECTED FUEL MIX Sector: RESIDENTIAL
Category: SPACE HEAT
1972 1980 1985 2000
fi e, D1 fi e Di f1 e, Di fi ey Di
+ .19 1.7 .18 4.5 .17 5.1 .15 5.9
.47 138.8 152.1 158.3 | 164.8
.38 49.5 .36 .49 44.1 .35 [.50 42.3 .29 .51 33.1
17.2 20.5 21.1 19.8
27.6 26.0 26.8 25.1
.78 8.2 .75 22.3 .73 25.9 .60 28.0
253.2 287.8 296.1 310.0
.59 .40 90.4 .57 83.5 .55 79.2 .46 62.3
31.5 .41 38.7 .42 39.4 .43 37.2
50.4 49.2 50.1 47.2
3.9
1.4
.01 .44 0.5
0.8
0.1 0.9 1.5 5.0
3.4 14.5 22.6 72.4
.02 .00 1.2 .07 [1.00 4.2} .10 .00 6.0 .25 [ 1.00 14.5
: 0.4 1.9 3.0 8.7
0.7 2.5 3.8 11.0
680.9 752.7 781.2 845.0
0.080 .234 .286 . 385
' 2.301 2.775 3.031 3.884
1.462 1.433 1.443 1.389
0.796. 1.039 1.124 1.296
1.430 1.480 1.600 ©1.845
6.069 6.961 7.484 8.799
4.2 12.2 14.9 20.0
17..6 207.0 226.1 289.7
61.2 60.0 60.4 58.2
21.3 27.8 30.1 34.8
34.2 35.4 38.2 44.1
52.1 §2.1 52.1 52.1
74.6 74.6 74.6 74.6
41.9 41.9 41.9 41.9
26.8 26.8 26.8 26.8
23.9 23.9 23.9 23.9

REFERENCE TECHNOLOGIES: Burner devices for fossil fuels, electric resistance heat;

DATA SOURCES:

D, and £, (for 1972):
i i

BASIS OF PROJECTIONS:

Derived fram yearly BTU/Household per housing type data from

Ref. (1) for the Northeast: adjusted for average annnal papulation
weighted heating deyree days in NYS (5480). The fraction of
households per fuel type is based on 1970 census data (Ref. 2)
escalated to 1972. -

Derived as follows: Gas and oil burners at an efficiency of

.75 and .63, respectively (Reference 6) results in an effectivenecs
for electric heat of 1.58 relative to the other fuels on account
af the better inaulalion in electrleally heated homes. 1ho
efficiencies utilized here are obtained by normalizing the values
above, so that 1.00 represents the efficiency of an electrically
heated home with levels of insulation found in such homes, and

the values used for fossil burners are apparent relative
efficiencies.

The basic demands derived for 1972 are escalated in proportion to
the respective nuabier vf households. The projection of total
number of households is based on the 1972 series E population
projections (Ref. 17) and the decreasing persons per household
forecast. Shifts in housing type are derived from Ref. (l). It

',was assumed that 30% of all new homes built between 1972 and 1985

will be electrically heated and 50% thereafter. Other fuels are

reduced proportionately.
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DIRECT FUEL USE
Methane
,Jet Fuel '
Gasoline
Distillate oil-
Residual ofil .
Coal '

Other

ELECTRICITY

TOTAL FUEL DEMAND, D,

1012 Btu

BASIS 10° Households

SATURATION, S,

BASIC ENERGY DEMAND, E,

1012 Btu .

UNIT BASIC DEMAND, E,
108 Btu/Household

REFERENCE TECHNOLOGIES: Gas and oil

DATA SOQOURCES:

NEW YORK STATE

TABLE B-2

PROJECTED FUEL MIX Sector: RESIDENTIAL

Regionvz
c Category: WATER HEAT
1972 N 1980 1985 2000
fi e Di fi . e1 : .l)1 fi ‘ei Di ) fi ei _—_l:—).1
.42 | .6l 80.3 .41 .61 89.3 .39 .61 | 91.4 .32 .61 88.2
.47 .55 99.2 .45 .55 |108.8 .44 .55 | 114.4 .36 .55 |110.0
.01 .55 [ .2.0 -
.09 J1.00 10.1 .14 (1.00 18.6 .17 {1.00 24.3 -32 |1.00 53.8
191.6 216.7 230.1 252.0
6.069 6.961 7.484 8.799
.99 1.00 1.00 1.00
114.7 132.9 143.0 168.1
19.1 19.1. 19.1 19.1
burners, electric resistance heat.

BASIS OF PROJECTIONS:

D. and £, (for 1972):
i i

Btu/household requirements from Ref. (1); number of
households derived from 1970 census data (Ref. 2)
escalated to 1972.

These are apparent relative efficiencies derived from
Btu/household requirements assuming electric units have
an apparent efficiency of 1.00.

The basic demands derived for 1972 are escalated in
proportion to the number of households projected in the
reference years. Fuel distribution is projected in
proportion to the changes forecast for space heat.

- 49 -




DIRECT FUEL USE
Methane
Jet Fuel
Gasoline
Distillate oil
Residual oil
Coal
Other

ELECTRICITY Room
Central

TOTAL FUEL DEMAND, D,

1012 Btu

Basts 10° Households

SATURATION, S, Room

BASIC ENERGY DEMAND, E,
1012 Btu Room
Central
UNIT BASIC DEMAND, E.»

IIOGBtu/ Room
Household Central

REFERENCE TECHNOLOGLES :

DATA SOURCE:

Region: NEW YORK STATE

TABLE B-3

PROJECTED FUEL MIX Sector: RESIDENTIAL

Category: AIR CONDITIONING

Central

1972 1980 1985 2000
£, i Dy £y €4 Dy £y 1 Dy £y €4 Oy
.30 2.00| 6.7 .41 |3.00 7.0 .37 {3.00| 8.7 .55 ! 3.00| 11.9
.06 | 2.50| 3.2 .15 [3.00 7.7 .21 3.00| 11.6 | ..40 | 3.00| 25.9
9.9 14.7 20.3 37.8
6.069 6.961 7.484 8.799
.30 .41 .47 .55
.06 .15 .21 .40
13.4 21.0 26.1 35.
8.0 23.1 34.8 77.7
7.4 7.4 7.4 7.4
22.1 22.1 22.1 22.1

BASIS OF PROJECTIONS:

Vapor compression cyclc operating on electricity.

D. and £, (for 1972):
i i

. projected for the reference years.

Room air conditioners: derived from regional Btu/household
requirements from Ref. (27); saturation fraction based

on 1970 census data (Ref. 2) escalated to 1972. Central
air conditioners: regional Btu/household requirements

£rom Ref. (3); saturation traétions based on 1970 census
data escalated to 1972.

The efficiency in this demand category is the coefficient
of performance for air conditioning egyioment. The 1972
values aré taken from ASHRAE guide and Data Book, American
Society of Heating, Refrigeration, and Air Conditioning
Engineer, 1969, p. 514. The coefficients of performance
are increased in future reference years to reflect the

use of the more efficient Qdevices that Aave available today.

The basic demands derived for 1972 are escalated in
proportion to the saturation and the number of households
Saturation of room
versus central air econditioning units is assumed to
increase (Ref. 1) such that virtually all households
have air conditioning by the year 2000.



TABLE B-4

PROJECTED FUEL MIX Sector: RESIDENTIAL
. Cétegory: COOKING

Region: NEW YORK STATE

1972 1980 , . 1985 ' 2000

R D f D,

DIRECT FUEL USE : i & 1 + & . £ 1 e | Dy £, | e D,
Methane .71 | .41 41.0 .61 .41 40.4 .55 | .41 "3%.2. | .35 .41 | 29.3
Jet Fuel
Gasoline

LPG, 0il and Other Fuels .08 | .45 4.2 .04 | .45 2.4 .02 | .45 1.3
Coal
Other

ELECTRICITY .21 1.00 -5.0 .35 [1.00 9.5 +43 [1.00 12.6 .65 1.00 | 22.3

TOTAL FUEL DEMAND, D, 50.2 | . 52.3 . 53.1 51.6
1012 Btu

BASIS 106 Households - 6.069 ’ » 6.961 - 7.484 o 8.799

SATURATION, S, . 1.00 : 1.00 ' 1.00 1.00

BASIC ENERGY DEMAND, E, - 23.7 ' 27.1 29.3 34.3
1012 Btu ’

UNIT BASIC DEMAND, E s . '

10% Btu/Household 3.9 3.9 3.9 i.o

REFERENCE TECHNOLOGIES: Gas burmer, electric resistance heat.

DATA SOURCES:

Di and fi (for 1972): Btu/household requirements from Ref. (1): fraction of
households per fuel type.from 1970 census data (Ref. 2).

e . " : These are apparent relative efficiencies derived from
Btu/household requirements assuming electric units
have an apparent efficiency of 1.00.

BASIS OF PROJECTIONS: The basic demand for 1972 is escalated in proportion to

’ . the number of households projected for the reference
years. Fuel distribution is projected in proportion’
to the decreasing saturation of gas and increasing
saturation of electric ranges as reported in Ref. (1).

it
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DIRECT FUEL USE
Methane
Jet Fuel
Gasoline
Distillate oil
Residual oil
Coal

Other

ELECTRICITY

TOTAL FUEL DEMAND, D,
.12 B

10 tu

BASIS 106 Households
SATURATION, S,

BASIC ENERGYADEMAND, E,

1012 Btu

UNIT BASIC DEMAND, Eu'

10° Btu/Household

REFFRENCE YECHNOLOGIES:

DATA SOURCES:

TABLE B-5

PROJECT) H
Region: NEW YORK STATE OJECTED FUEL MIX Sector: RESIDENTIAL .
Category: APPLIANCES &
LIGHTING
1972 1980 ’ 1985 . 2000
£ 1 Py £ 1 0y fx °y D ] . o

.01 | .36 | 5.3

.43 [1.00 |71.8

77.1

6.069

.44

73.7

27.6

appliances;

o1 | .| 6.1 | .01 | .36 6.6 | .o1| .36 ]| 7.7

.49 [1.00 |93.9 .52 | 1.00[ 1071 .6311.00 [152.6

100.0 113.7 160.3
6.961 7.484 ) 8.799
.50 . .53 .64
9.1 109.5 155.4
27.6 27.6 27.6

Vapor compression cycle in refrigeration; AC induction motor in

1972 mix of lighting and of vacuum tube, transistor

and inteqrated circnite in electycuiv cquipmént.

D, and £, (for 1972):
1 1

BASIS OF PROJECTIONS:

Sumimarized in Table III. Btu/household requirements. ]
from Ref. (1). The saturation factor is derived from
1970 census data (Ref. 2) escalated to 1972. .

Only non-electric appliances are gas olothas Jiyers. &,
is an apparent relative efficiency derived from Btu/ +
household reguirements assuming electric dryers have

an apparent efficiency of 1.00.

The basic demands derived for 1972 airm muralatéd in
piupurtion to the projected saturation derived from

Ref. (1), and the number of households projected for’
the reference years. 1n 2000 new residential electrical
devices not yet in use are assumed to use as much

energy as small appliances did in 1970 .
(1.6x109BTU/HOUSEHOLD) .
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DIRECT FUEL USE
Methane
Jet Fuel

Gasoline

Fuel 0il

Coal

Other

ELECTRICITY

TOTAL FUEL DEMAND, D,
1012 Btu

9
BASIS 10~ Sq Ft

SATURATION, S,

BASIC ENERGY DEMAND, E,

1012 Btu

UNIT BASIC DEMAND, E ,
103 BTU/Sq Ft

REFERENCE TECHNOLOGIES:

DATA SOURCES:

D.
i

TABLE B-6

PROJECTED FUEL MIX Sector: COMMERCIAL

Region: NEW YORK STATE

Category: SPACE HEAT

1972 1980 1985 2000
£, ¢y Dy £ 4 Dy £y e 1% £y ! Dy
.22 | .49 | 116.4| .19 | .49 | 124.2] .17 .49 120.7 | .10 | .49 89.4
.74 | .48 | 393.0| .74 | .48 | 493.6] .71 .48 | 514.5 | .65 | .48 | 593.1
.04 [1.00 9.9 .07 [1.00 22.4| .12 |1.00]| 41.7 | .25 fr.00 | 109.5
519.3 640.2 676.9 792.0
2.278 2.854 3.100 3.904
1.0 1.0 1.0 1.0
255.6 320.2 347.8 438.0
112.2 112.2 112.2 112.2

and fi (for 1972):

Burner devices for fossil fuels,

electric resistance heat.

These are the balance of fuels to the residential

and commercial sector after all other categories have -
been accounted for, as reported in Reference (4).

1970 commercial inventory for the Northeast from
Reference (1), escalated t6 1972. New York State
commercial floor space per building type (office,
retail, school, hospital and other) derived from

the commercial inventory for the Northeast based on
selected indices.

Derived from Ref. (6), adjusted in a similar fashion
ag space heat in the residential sector,

The basic demand derived for 1972 is escalated in
proportion to the commercial inventory projected over
the reference years. U.S..commercial inventory is
projected based on employment.in wholesale & retail
trade, finance, insurance, real estate, services and
civilian government (Ref. :17). Floor space per employee
in 2000 is assumed to be 10% above what it was in 1972.
New York State commercial .inventory derived from the
U.S. total based on the 1972 OBERS earnings projections
in same categories.
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DiRECT FUEL USE
Methane
Jet Fuel
Gasoline
‘Distillate oil
Residual oil
Coal

Otlicr

ELECTRICITY

TOTAL FUEL DEMAND, D,

12

107" Btu

BASIS 107 sq Ft
SATURATION, S,

BASIC ENERGY DEMAND, E,
1012 Btu

UNIT BASIC UEMAND, E ,

10% pru/sq £t

ROFERERCE TECIDIOLOJIES:

DATA SOURCES:

TABLE B-7

Region: NEW YORK STATE

vPROJECTEﬁ FUEL MIX

- Sector:

-COMMERCIAL
Category: WATER HEAT

. 2000

1972 1980 1985

£, ey Dy £y €4 Dy £y 4 Dy £y 1 Dy
.24 .70| 13.1 .20 | .70 [ 13.9 .18 .70 13.6| .10 | .70 9.5
.62 .54 44.5 .59 | .54 | s53.0 .57 .sa 55.6| .52 | .54 | 63.9
.14 | 1.00| s.5 .21 |1.00 | 10.2 .25 [1.00| -13.2} .38 |1.00 | 25.2
63.1 77.1 82.4 98.6
2.278 2.854 3.100 3.904

1.0 1.0 1.0 1.0
38.7 48.5 52.7 66.4
17.0 i7.0 17.0 17.0

Gas burner,

D, and f£f. (for 1972):
i i

e. H
1

BASIS OF PROJECTIONS:

ull burner and éléctrié¢ resistance heat.

Unit demand from Ref.

(1)

The relative efficiencies-of gas,
are held in the saie ratiov as is given in Ref.
p.

18.

0il and electric

(b)

The basio domand derived for 1972 is escalaled in

‘over the reference years.
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TABLE B-8&

Region: NEW YORK STATE

-~ PROJECTED FUEL MIX

Sector: COMMERCIAL
Category: COOKING

1972 1980 1985 2000
DIRECT FUEL USE" s o B S 1 Py fy 1 5 £y &y Dy
Methane 1 .sa .41 12.2 .79 .41 | 14.5 .76 .41 15.1 .66 .41 [16.5
Jet Fuel
Gasoline
Distillate oil
Residual oil
Coal
Other
ELECTRICITY | .16 | 1.00 1.0| .21 |1.00 | 1.6 .24 1.00 2.0 -34 j1.00 | 3.5
TOTAL FUEL DEMAND, D, 13.2 16.1 17.1 20.0
1012 Btu
BASIS 106 meals ’ 3821 4787 5200 6548
i
SATURATION, S, ’ 1.00 1.00 1.00 1.00
BASIC ENERGY DEMAND, E, 6.0 7.5° 8.2 10.3
1012 Btu
UNIT BASIC DEMAND, E , 1568 : 1568 1568 1568
u .
Btu/meal

REFERENCE TECHNOLOGIES: Gas burner device and electric resistance heat.

DATA SOURCES:

Di and fi (for 1972): 'Energy demand for the U.S. from Ref. (27). Regiohal
allocation based on commercial inventory. Number of
- meals assumes 19% of all meals prepared in commercial

establishments (Ref. 6).

‘e, ] : Taken as.equal to the apparent relative efficiencies

1

in the residential cooking category.

BASIS OF PROJECTIONSQ ' The basic demand derived for 1972 is escalated in
proportion to the commercial inventory projected
over the reference years.
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DIRFCT FUEL USE
Methane
Jet Fuel
Gasoline
Distillate oil
Residual oil
Coal’

Other

ELECTRICITY

TOTAL FUEL DEMAND, D,

1012 Btu

9
BASIS 10~ sq Ft

SATURATION, S,

BASIC ENERGY DEMAND, E,

1012 Bru

UNIT DASIC DEMAND, Eu,
103 Btu/sq Ft

REFERENCE TECHNOLOGIES :

DATA SOURCES:

TABLE B-9

, PROJECTED FUEL MIX s :
Region:’ NEW YORK STATE - b ector:  COMMERCIAL
Category: AIR CONDITIONING
1972 1980 1985 - 2000
fi e Di .fi e, D1 fi e D1 fi e, D#
.04 |1.80| 1.7 | .03 |1.80 | 1.7 | .03 | 1.8d 1.7 .02 1.80| 1.7
.46 |3.00}11.6 | .62 |3.00 [19.5 | .70 | 3.00 24.0 .98 | 3.00| 42.2
13.3 21.2 25.7 43.9
2.278 2.854 3.100 3.904
.50 .65 .73 1.00
37.8 61.6 75.1 129.6
33.2 33.2 33.2 33.2

Absorption cycle for gas Syéfems; vapar gomprossion cycle fur

electric systems.

.

‘D, and £, (for 1972):
i i R

BASIS OF PROJVECTIONS:

Annual unit demand per building type derived from
Ref. (1)-

The efficiency is the coefficient of performance fur
air-conditioning equipment. The 1972 values are taken
from the ASHRAE Guide and Data Book, American Society
of Heating, Refrigeration, and Air-Conditioning Engineers,
1969. p. 814 %, range eoff porfoiiuuce ls ludivatea 1n
that reference and the value taken for the electric
system is at the upper end of the range while the low
range value is used for the gan oyotem.

Tho basie demand desivert for 1972 16 oocalated in
proportion to the market saturation and the commercial
inventory projected over the reference years., All
commercial floor space is assumed to be air conditioned
by the year 2000, ’
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DIRECT FUEL USE
Methane
Jet Fuel
Gasolin%
Distillate oil
Residual oil
Coal

Other

ELECTRICITY

TOTAL FUEL DEMAND, D,
1012 Btu

BASIS 109 sq Ft.
SATURATION, S,

BASIC ENERGY DEMAND, E,

1012 Btu

UNIT BASIC DEMAND, Eu{
103 Btu/Sq Ft

REFERENCE TECHNOLOGIES:

DATA SOURCES:

Region: NEW YORK STATE

TABLE B-10

PROJECTED FUEL MIX

Sector: COMMERCIAL
Category: LIGHTING &

APPLIANCES
1972 1980 1985 2000
£ & | M TR y e | Y e °
1.00 1.00f 85.5 | 1.00 [1.00 [107.0 | 1.00|1.00| 116.3 | 1.00| 1.00]| 146.4
85.5 107.0 116.3 146.4
2.278 2.854 3.100 3.904
1.0 1.0 1.0 1.0
85.5 107.0 116.3 146.4
37.5 37.5 37.5 37.5

BASIS OF - PROJECTIONS :

Electrical energy.

D, and £, (for 1972):
i i

Ref.

floor space.

(1): regional allocations based on commercial

Taken as unity since there is only one energy source

employed.

The basic energy demand derived for 1972 is escalated
in proportion to the commercial inventory projected

over the reference years.
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TABLE B-11

PROJECTED FUEL MIX Sector: INDUSTRY
Region: TATE : : .
8 NEW YORK S Category: -ALUMINUM

1972 1980 1985 2000
. - - : D
£, €y Dy £ €4 Dy £y 4 Dy £y s 1
DIRECT-FUEL USE
Methane .16 | .64 | 3.1 .17 .64 | 4.4 .17] .e4| 5.6 .18| .64 | 10.6
Jet Fuel
Gasoline
Distillate oil
Residual oil
" Coal - for carbon .34 1.0 4.3 |.33 |[1L.0 5.6 | .33|1.0 7.1 .32 1.0 12.0
electrodes
Nrhar .
ELECTRICITY -
Electrolysis .38 | .40 [12.3 .37 | .40 [15.7 .37 | .40 20.1 .36 | .40 | 34.0
Drive .. .12 r.oo 1.6 .13 |1.00 | 2.2 .13 |1.00| 2.8 .14 1.00 5.4
TOTAL FUEL DEMAND, D, T 21.3 . 27.9 35.6 62.0
10lz Btu ’
BASIS 106 1bs Primary Al 448 . . 573 731 1237
10 1bs scrap . 103 191 244 619
106 1bs Total 551 764 975 1856
SATURATION, S,
BASIC ENERGY DEMAND, E, 12.8 . - 16.9 21.5 37.8
1012‘Btu '
UNIT BASIC DEMAND, E , :
BTU/1b 23230 22120 22050 20370
|

REFERENCE TECHNULUGIES: Electrolytic smelting, carbon cathodes and pot liniqgs.

DATA SOURCES:

Di and fi (for 1972): Energy requirements for methane, coal and electricity
for smelting and other primary and secondary processes
plus foundry oaperatians from Rof. (6) and AUI catimales.
Production level based on capacity data (Ref. 8).

e, : The efficiency for methane use is taken from Ref. (6)
for process steam production. The electrolytic
officicincy is Lased un a mlnimum vheoretical requirement
of 13,300 Btu/lb and includes the oxidation of carbon
at the anode.

BASIS OF PROJECTIONS: Production is escalated in proportion to aluminum
. projesctions fo¥ the U.5. (Ref. 30), adjusted by the
ratio of N.Y.S. to U.S. earnings in manufacturing in
the projected year divided by the N.Y.S. to U.S.
earnings in 1970 (Ref. 17). Sgrap represents 25 % of
the total through 1985 and is increased to 33% thereafter.
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DIRECT FUEL USE
Methane
Jet Fuel

Gasoline

Fuel 0il
Residual oil
Coal’

Octher -

'ELECTRICITY

. TOTAL FUEL DEMAND, D,

1012 Btu

3
BASIS 10~ Tons
SATURATION, S,

BASIC ENERGY DEMAND, E,
1012 Bru

UNIT BASIC DEMAND, Eu,

103 Btu/Ton

TABLE B-12

Region: NEW YORK STATE  PROJECTED FUEL MIX Sector: IMDUSTRY
Category: IRON .

1972 1980 1985 2000
£y i Dy £ 1 Dy £y ¢4 Dy £y e Dy
.04 .64 1.8 .04 .64 1.8 .04 .64 1.9 .04 .64 2.3
.06 .68 2.3 .06 .68 2.4 .06 .68 2.6 .06 .68 3.3
.85 .24 94.1 .85 .25 94.5 .85 .25 |101.0 .85 .25 |126.5
.05 1.0 1.4 .05 |1.0 1.4 .05 Q.0 1.5 .05 [1.0 1.9
99.6 100.1 107.0 134.0
3933 4095 4375 5479
26.7 27.8 29.7 37.2
6789 6789 6789 6789

REFERENCE TECHNOLOGIES :

DATA SOURCES:

BASIS OF PROJECTIONS:

Blast Furnace.

D, and £, (for 1972):
i i

Energy requirements for blast furnace from Ref. (6)
and AUI estimates. Production level from Ref. (8).

The efficiencies for methane and fuel o0il are taken
from Ref. (6), p. 18 for process steam production.
The efficiency for coal is based on a minimum
theretical requirement of 2860 BTU/lb. for the re~
duction of iron ore and includes the efficiency of
converting coal to coke. :

Production is ‘escalated in proportion to pig iron
projections for the U.S. (Ref. 30), adjusted by

the ratio of N.Y.S. to U.S. earnings in primary
metals in the projected year divided by the N.Y.S.
to U.S. earnings in 1970 (Ref. 17). :
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TABLE B-13

. L PROJECTED FUEL MIX Sector:
Region: NEW YORK STATE - - - getor:  INDUSTRY
Category: STEEL
1972 1980 1985 2000
DIRECT FUEL USE f et %4 f1 ©1 %4 fr it %4 £ °1 %4
Methane .67 .64| 15.4 .66 ~64 15.3 .65 .64 17.0 .64| .64 20.4
Jet Fuel
Gasoline
Fuel 0il O.H. .02 .68 0.5 .02 .68 0.4 .01 .68 0.3
Coal .
Other
ELECTRICITY ELEC. .07 1.0 1.0 .07 (1.0 1.1 .08 1.0 1.2 .08 1.0 1.6
B.O.F. .24 1.0 3.6 .25 |1.0 3.8 .26 1.0 4.4 .28 1.0 5.6
TOTAL FUEL DEMAND, D, 20.5 20.6 22.9 27.6
1012 Btu
BASIS 103 Short Tons 4114 4152 4655 5674
SATURATION, S,
BASIC ENERGY DEMAND, E, 14.8 14.9 16.7 20.3
1012 Bru
UNIT BASIG DEMAND, E ,
103 BTU/Ton 3597 3589 3588 3578

REFERENCE TECHNOLOGIES :

DATA SOITRCES)

e

D. and £, (for 1972)
i i

i

BASIS OF PROJECTIONS:

.

Energy requirements for each technology from
Ref. (6) and AUI estimates. Production level
from Ref. (37).

Ref. (6), p. 18.

Production is escalated in propnrtion to AUI otcel
projections for the U.S., adjusted by the ratio of
N.Y.S. to U.S. earnings in primary metals in the
projected year divided by the N.Y.S. to U.S.
edrnings in 1470 (Ref. 17).
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DIRECT FUEL USE
Methane
Jet Fuel
Gasoline
Distillate oil
Residual oil
Coal

Other

ELECTRICITY

-TOTAL FUEL DEMAND, D,

1012 Btu

BASIS, MULTIPLE OF 1972

SATURATION, S,

BASIC ENERGY DEMAND, E,
1012 Btu

UNIT BASIC DEMAND, Eu,

TABLE B-14

Region: NEW YORK STATE PROJECTED FUEL MIX Sector: INDUSTRIAL
Category: PROCESS HEAT

1972 1980 1985 2000
£, ! Dy £y 4 oy £y 4 Dy £y €4 - By
.36 | .64 | 104.1| .30 .64] 105.5| .26] .ea| 102.4 .15| .e4| s0.7
.32 | .68 | 88.4| .34 .68 112.6| .36| .es| 133.5 .40( .e8|202.6
.32 | .70 | s86.9] .36 .70| 115.8{ .38| .70| 136.9 .45 .70{221.a
279.4 333.9 372.8 504.7
1.000] 1.200 1.344 1.836
187.6 225.1 252.1 344.4

REFERENCE TECHNOLOGIES:

DATA SOURCES:

D,
i

e.
1

£,
i

(for 1972)

BASIS OF PROJECTIONS:

Burner devices for fossil fuels.

.

The differént deﬁands represent the balance of
uriaccounted fuels to the industrial sector minus
the consumption of oil refineries.

Ref. (6), P. 18.

Apparent fractions derived from 1972 data.

A 2.6% growth rate from 1972 to 2000 in the U.S.

is based on two assumptions: 1) The average GNP
growth rate in real dollars will be 3.2% between
1972 and 2000; 2) The ratio of energy consumed by
industry to GNP will continue declining at the rate
observed historically between 1960 and 1972. The
2.6% national growth rate is reduced to 2.3% from
1972 to 1985 and 2.1% thereafter for N.Y.S. This is
based on the ratio of N.Y.S. to U.S. manufacturing -
earnings in the projected year divided by the N.Y.S.
to U.S. earnings in 1970 (Ref. 17).
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DIRECT FUEL USE
Methane
Jet Fuel
Gasoline
Distillate oil
Residual oil
Coal

Other

ELECTRICITY

TOTAL FUEL DEMAND, D,
10 2 Btu

BASIS , MULTIPLE OF 1972

SATURATION, S,

BASIC ENERGY DEMAND, E,

1012 Btu

UNIT BASLC DEMAND, E ,

TABLE B-15

PROJECTED FUEL MIX

Sector: INDUSTRIAL

Region: NEW YORK STATE
Category: ELECTRIC DRIVE
1972 1980 1985 2000
£; ey Dy £ 4 oy £y 1 Dy £y ey by
N

1.00 | 1.00 | 81.9 1.00 1.00) 109.5}1.00 {1.00 131.4}1.00{1.00 216.9
81.9 109.5 131.4 216.9
1.000 1.337 1.604 2.649
81.9 109.5 ) 131.4 216.9

REFERENCE TECHNOLOGIES:

DATA SOURCES:
D.

A

e

i

PROJECTIONS :

AC Induction motor.

(for 1972):

and £,
1

Adjusted to provide the halance of unaccounted eleclric

demand in the industrial sector as reported in Ref.

source indicated.

(4).

Taken as unity since there is only one energy

A projected growth rate of 4.2% in the U.S. is
reduced to 3.7% from 1972 to 1985 and 3.4% thereafter.

This is hased on tho ratio of N.Y.S.

tu U.S. manutracéturing

earnings in the projected year divided by the N.Y.S.

to U.0. commiiga
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In 1970 (reE.

17).




TABLE B-16
PROJECTED FUEL MIX Sector: .INDUSTRY

' Region: NEW YORK STATE .
: R  Category: PETROCHEMICAL
. : . FEEDSTOCKS
1972 .1980 . . 1985 2000
£ e D £ e D 1 ¢ e - D Cf e p

DIRECT FUEL USE i i i i 1 i i i i i i i

Methane .03 | 1.00{ 6.0 .03 |1.00] 8.2 .03 | 1.00| 10.0 .03 | 1.00| 15.6

Jet Fuel

Gasoline

Petroleum Products .94-| 1.00| 167.4| .%4 1.00 | 229.1 .94 1.001278.7 .94 1.00(434.2

Residual oil ' '

Coal : ' .03 | 1.00 5.7| .03 [1.00 7.8 | .03 | 1.00| 9.5 .03 | 1.00{ 14.8

Other
ELECTRICITY
TOTAL FUEL DEMAND, D, 179.1 245.1 298.2 464.6

12 :

10 Btu
BASIS MULTIPLE of 1972 _ 1.000 1.369 1.665 2.594
SATURATION, S,
BASIC ENERGY DEMAND, E,

10%2 Beu 179.1 245.1 298.2 464.6
UNIT BASIC DEMAND, E ,

REFERENCE TECHNOLOGIES: Undefined

DATA SOURCES:
Di (for 1972): N.Y.S. energy consumption derived from Middle Atlantic census
region data (Ref. 30) regionalized based on earnings in SIC 28.

e, . : These are taken as unity since no substitution of resources
is considered in the reference years.

fi : Apparent fractions derxived from Di and e; .

BASIS OF PROJECTIONS:

The basic energy demand is escalated at a 4% groﬁth rate
to 1985 and is Qec¢reased to 3% thereafter.
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TABLE B-17

PROJECTED FUEL MIX " Sector: TRANSPORATION
: Category: AUTOMOBILE

Region: NEW YORK STATE

1972 L 1980 1985 2000

£ e D f e D £ e ) £ e D

DIRECT FUEL USE 1- i i i 1 e i i i 1 i 1
Methane .
Jet Fuel
Gasoline 1.00 .20| 591.9| 1.00 .22 701.2} 1.00 .29| 610.3 1.00| .37 579.1
Distillate oil
Residual oil
Coal

Other

ELECTRICITY

TOTAL FUEL DEMAND, D, 591.9 701.2 610.3 579.1

.1012 Btu

BASIS 10° VEHICLE-MILES .
AUTO 63.853
MOTORCYCLE _0.362

saturar BTAE . 64.215 83.621 94.263 115.872

BASIC ENERGY DEMAND, E,

1012 gy 118.4 1543 177.0 214.3

FUEL EFFICIENCY
(BTU/VEHICLE-MILE) mpg
AUTO (9256) 13.3 (8386) 14.9( (6474) 19.3] (4998) 25.0
MOTORCYCLE (2499) 50.4 ’

REFERENCE TECHNOLOGIES: 1Internal combustion engine.

DATA S50URCES;:
Di and fi (for 1972): Reference (10).

e, : Estimated at 20%.

BASIS OF PROJECTIONS:

Fuel efficiency reduced by 10% of that mandated by the Energy Policy
and Conservation Act (Ref. 20); the fleet efficiency derived

using Ref. (19). Vehicle-miles per year assumed to remain at the
1972 level of 10,200 miles/vehicle. The ratio of vehicles to
driving age population is projected to increase in proportion to
growth in the U.S. fleet. from N 49 in 1972 te 0.67 in £000.
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DIRECT FUEL USE
Methane
Jet Fuel

Gasoline

Diesel Fuel

Residual oil
Coal

Other

ELECTRICITY

TOTAL FUEL DEMAND, D,
12
107" Btu

Bas1s, 10°
PASSENGER-MILES
LOCAL BUS
INTERCITY BUS
TON-MILES

TRUCK

%-%E%EERUCKING
T REReY DEMAND, E,
1

10 2 Btu

ENERGY INTENSIVENESS

BTU/PASSENGER-MILE
LOCAL BUS
INTER-CITY BUS

BTU/TON-MILE
TRUCK

BTU/VEHICLE-MILE

NON-FREIGHT TRUCKING

REFERENCE TECHNOLOGIES:

DATA SOURCES

TABLE B-18

Region: NEW YORK STATE  PROVECTED FUEL MIX Sector: TRANSPORTATION

- Category: TRUCK AND BUS

19727 T ""ig80 “T9gs . TT2000 0

£y & >y £y e | Py £y e Dy £y 4 Dy
.80| .20 | 151.1| .62 | .22 | 145.1| .s0]| .24 | 127.5 .43| .30| 140.2
.20! .20 | 36.8| .38 | .22 | 8.3 .s50{ .24 | 127.3 .57 .30| 187.7
187.9 233.4 254.8 327.9
3.8 4.3 4.6 6.7
1.5 1.5 1.5 1.6
18 25 29 45
9 12 14 21
37.6 51.3 61.2 98.4
1704 1704 1704 1704
1160 1160 1160 1160
3283 3152 2988 2823
13402 12126 11328 8935

Di (for 1972):

BASIS OF PROJECTIONS :

Internal combustion engine.

Gasoline and diesel fuel consumption from

Ref. (10).
Ref. (36).

Bus passenger-miles from
Truck ton-miles and non-
freight trucking vehicle-miles derived

from U.S. data based on the fraction of

fuel' consumed in:N.Y.S.

U.S.

Estimated at 20%.

from Ref. (29).

Apparent fraction based on 1972 data.

relative to the

Enerqgy intensiveness by mode

Ton-miles and vehicle-miles derived from projected

U.S. data based on 1) the fraction of fuel consumed
in N.Y.S. relative to the U.S. and 2) the ratio of
N.Y.S. to U.S. total earnings in the projected years
divided by the N.Y.S. to U.S. earnings in 1970

(Ref. 17). Truck ton-miles in the U.S. projected

to grow at the same rate as GNP (3.2%). Non-
freight trucking vehicle-miles in the U.S. projected
to grow at 4% to 1985 and 3% thereafter. Bus
passenger-miles from Ref. (36).
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TABLE B-19

Reglon: NEW YORK STATE PROJECTED FUEL MIX Sector: TRANSPORTATION
Category: RAILROADS AND
. TRANSIT
1972 : 1980 1985 2000
D £ | o f
DIRECT FUEL USE fy 1 1 1 ‘1 1 O IO e £y & Y
Methane -
Jet Fuel
Gasoline
Distillate oil .29 .30 12.9 .30 .30 14.6 .31 .30 15.7 .33 .30 19.7
Residual oil
Coal
Other
ELECTRICITY -7111.0 9.5 .70 1.0 10.2 .69 1.0 10.6 .671 1.0 12.0
TOTAL FUEL DEMAND, D, 22.4 24.8 26.3 31.7
1012 Btu
BASIS 10° TON-MILES 18.2 20.6 22.1 , 27.8
SATURATION, S, 1.0 1.0 1.0 1.0
BASIC ENERGY DEMAND, E, 13.4 14.6 15.3 17.9
1012 Btu
ENERGY INTENSIVENESS - 709 709 709 709
BT1J/TON-MILE

REFERENCE TECHNOLOGIES: Diesel engine and electrig motor nrofiilsinn un goRvanticaul
trYacks. .

DATA SOURCES:

Di (for 1972): Diesel fuel from Ref. 11, electricity consumption from Ref. 4.

e, _: Estimated relative efficiencies of oil and electric
propelled vehicles.
fi. R : Apparent fraction based on 1972 data.

BASIS OF PROJECTIONS: Diesel engines from Reference 36.
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TABLE B-20

P : ! :
Region: NEW YORK STATE ROJECTED FUEL'MIX Sector: TRANSPORTATION
Category: AIR
1972 1980 1985 2000
DIRECT FUEL USE fy ‘1 P4 f ‘1 ! £ °s °s f °1 °y
Methane
Jet Fuel 1.00( .30 220.4| 1.00 .32 278.0| 1.00 ]| .33 364.1 1.00( .34 772.8
Gasoline ~ 0 .30 0.7
Distillate oil
Residual oil
Coal
Other
ELECTRICITY
TOTAL FUEL DEMAND, D, 221.1 278.0 364.1 772.8
1012 Btu
BASIS 109 pPassenger-Miles 22 30 40 86
109 Ton-Miles 1.1 1.6 2.7 5.4
SATURATION, §,
BASIC ENERGY DEMAND, E,
10%2 Beu 66.3 89.0 120.2 262.8
ENERGY INTENSIVENESS,
BTU/PASSENGER-MILE 8698 7918 7431 7431
BTU/TON-MILE 26162 25306 24771 24771

REFERENCE TECHNOLOGIES: A Aircraft gas

DATA SOURCES:
D,
1

e.
1

£,
i

(for 1972):

BASIS OF PROJECTIONS

turbines (turbofan).

Aviati
(10).

U.S. jet fuel consumption (Ref. 8) regionalized to N.Y.S.
based on Bureau of Mines data (Ref.- 32).
gasoline consumption from Ref.

on

: Estimated efficiencies for aircraft gas turbines.

: Apparent fraction based on 1972 data.

U.S. domestic and international passenger-miles from ATAA

(Ref. 34&35) adjusted to include general aviation.
of U.S. air freight ton-miles from Ref.

(30).

Projection

U.S8. alr passenger-

mile and ton-mile projections regionalized to N.Y.S. based on
the 1972 ratio of N.Y.S. air transport fuel consumption to
U.S. consumption, adjusted downward for the decreasing N.Y.S.

to U.S. total earnings projections.
from Ref.

(29).
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TABLE B-21
PROJECTED FUEL MIX Sector: TRANSPORTATION

Region: NEW YORK STATE
. Category: SHIPS

1972 B 1980 < 1985 . 2000

. : ) £ e, | » £ e D £ e D

DIRECT FUEL USE fy 1 i i |1 i i i i i i ]

Méthane

Jet Fuel

Casoline .07 | .20 | 6.8 .07 | .20 | 9.1 .07 | .20 | 10.6 .07 | .20 | 1l4.6

Distillate oil

Residual oil .93 [ .20 [90.8 .93 | .20 120.6 .93 | .20 [139.2 .93 |-.20 [207.1

Coal

Other
ELECTRICITY
TOTAL FIIFL DEMAND, D, 97.6 129.7 149.8 221.7

10%2 Beu
Basts 10° TON-MILES 160 213 246 365
SATURATION, S, ) 1.0 1.0 1.0 1.0
BASIC ENERGY DEMAND, .E, )

12 .

1077 Btu 19.5 25.9 30.0 44.3
ENERGY INTENSIVENESS

BTU/TON-MILE 567 : ] 567. 567 567

REFERENCE TECHNOLOGIES: Steam and internal combhustion engines.

DATA SOURCES:
b, (tor 1972): TReference 36.

e, : Estimnated at 20%.
fi : Apparent fraction based on 1972 data.
BAS1S OF PROJECTIONS : Reference 36.

- 68—




TABLE B-22

Reg{oh: NEW YORK STATE PROJECTED FUEL MIX Sector: ELECTRIC UTILITY
1972 : 1980 1985 : 2000
D £ ) i
DIRECT FUEL USE fy f1 .} s 1 1 ! £ i by £y 8y Dy
Methane .04 .326 46.3
Methane Gas Turbine .01 .22 19.5
Residual 0il . .41 | .326| 452.5]| .43 .33 |668.5 | .37 |.34 673.2 .20| .34 |624.4
Distillate Gas Turbine .05 | .22 73.6{ .01 .25 8.4 | .01 |.28 16.1 ~o| .28 | 18.2
Coal .16 | .326] 175.5| .15 .33 [227.3 | .17 |.34 305.6 .26 .35 [800.3
Hydroelectric .27 .326(. 290.5| .21 .33 324.2 .16 |.34 305.6 .09| .34 |277.6
Nuclear LWR .06 | .31 67.4( .20 .32 (320.9 | .29 |.33 550.9 .45 .33 1467.3
TOTAL FUEL DEMAND, D, 1125.3 1549.3 1851.4 187.8
12 . .
10 Btu :
BASIS ¥ Electric from
other Categories 327.4 465.3 570.4 982.3
DEMAND . i
2 e . . . . . . . ) 982, .
NET GENERATION= o oo ——or 327.4/0.92 465.3/0.92 570.4/0.92 82.3/0.92
LOSS
PUMPED STORAGE LOSSES .. | . . 1.6 3.0 8.4
BASIC ENERGY DEMAND, E, 355.9 507.4 623.0 1076.1
1012 Btu

REFERENCE TECHNOLOGIES: The fossil fuels are consumed in étééﬁméféctric'plants with no
topping cycle. 0il and gas are consumed in gas turbine peaking
units with no heat recovery.

DATA SOURCES:

Di and fi (for 1972): The fraction of the basic energy demand satisfied by
each fuel from Ref. (38) and personal communication
with the NYS utilities.

e : Conventional steam-electric and hydropower converted
at an average heat rate of 10478 Btu/kWh (Ref. 8).
Gas turbine efficiency derived from fuels consumed
and generation data (Ref. 38). The LWR efficiency is
reduced from its nominal value of 33% to reflect the
electrical energy output required to operate gaseous
diffusion plants to separate u-235.

BASIS OF PROJECTIONS: The basic energy demand for electricity is obtained
from the summation of electrical demands in all other
demand categories adjusted to include transmission,
distribution, and pumped storage losses. The fraction
of the basic energy demand that is satisfied by each
fuel for 1980 and 1985 is from Ref. (38). Residual
oil, distillate oil and hydro are held at the 1991
levels projected in Ref. (38) in the year 2000. Two
additional 1000 mw pumped storage plants are assumed
to become operational between 1991 and 2000 in addition
to the four 1000 mw plants projected to be in operation
by 1991 (Ref. 38). Nuclear capacity is increased from
1985 such that 45% of the demand for electricity is
generated by nuclear power in 2000. The remainder of
the demand for electricity in NYS is generated from coal,
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