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ABSTRACT 

An analytical framework is described for the assessment of 
energy resource and technology options for developing countries. 
The framework, based on the Brookhaven Reference Energy System 
approach, is designed to provide an overall view of the energy · 
supply-demand system of a country, integrating data from a var;i.ety_ 
of sources and specialized models. The current version is.designed 
to support the evaluation of resource and technology options for 
countries which are part of the Department of Energy International 
Energy Program. 
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INTRODUCTION 

This report presents a brief summary of the analytical approach being used 

for the initial country assessments in the Department of Energy International 

Energy Program. One of the goals of that program is to assist developing coun­

tries in identifying the major energy resource and technology options available 

to them. That identification of options can then be used to formulate collabor­

ative energy programs of var.ious kinds. In this paper we do not discuss the 

goals and strategies of the overall DOE program but concentrate on the energy 

systems analysis approach used in the program. Neverth~less, the analytical 

approach has been chosen to satisfy the needs of the overall program. 

In addition to supporting the overall program goals, the choice of analyt­

ical methods was constrained by a number of other factors: The time available 

for analysis (2-3 months) and the conditions under which data were to be collected 

dictated a basically simple analytical approach. At the same time, the approach 

had to be able to take a comprehensive and long-term view of the energy systems 

of the countries under consideration. Finally, the methods had to be able to 

support policy analysis by groups of people over short periods of time. 

The analytical approach described in this report satisfies these basic needs. 

As will be seen it is straightforward, but can incorporate as much technical 

sophistication and detail as desired. It should be emphasized, however, that 

the method is designed for normative technology assessment and policy analysis, 

not national energy planning. As described in this report, for example, the 

methodology does not include a direct interactive linkage to a national macro­

economic model. The approach is based, however,· on methods used at Brookhaven 

National Laboratory to analyze U. & energy policy issues. In the U.S. version 

of the approach, a full set of economic linkages has been developed. (l) Thus, 

although the approach.as described in this report is simplified to satisfy the 

constraints imposed by the current program, it c~n be extended quite readily to 

an economically more complete structure. As discussed below, the framework for 

analysis is also compatible with linear programming optimization models of the 

energy system and can use the output of such models if they are available. 
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Purpose of the Analysis and Overall Approach 

The purpose of the analysis is to evaluate the potential of various energy 

resource and technology options in meeting national economic and social develop­

ment goals. The kinds of resource options that are of interest are the develop­

ment of various indigenous conventional resources such as oil, oil shale, natural 

gas, coal, uranium, hydropower, or geothermal energy. Technology options would 

include, for example, advanced coal combustion technologies, solar energy for 

water heating or crop drying, wind-driven irrigation pumps, and energy efficient 

industrial processes. In general t:here are Lwo categories of options to be 

considered: those which correspond to the accelerated implementation of existing 

elements of the energy system (such as oil-fired-electricity generation) and 

those which correspond to the introduction of a new technology (such as solar 

electricity). The options that may.be of interest are very diverse, ranging 

from resource extraction to increased end use efficiency; from highly centralized 

technologies such as large scale nuclear powered electricity production to decen­

tralized household solar water heating; from those relying on commercial fuels 

such as petroleum to those employing noncommercial fuels( 2 ) such as crop residues. 

This range of possible options places stringent requirements on the analytical 

methods used for the analysis. 

The various resource and technology options must be analyzed with respect 

to a number of parameters of concern, or objective funct;ions, or "payoff functions". 

Among the most prominent of these are the following: 

• Total· Fuel Demand and Fuel Mix: In most cases a country will want to 

maximize the efficiency of energy use; that is, solutions which provide 

the s.ame services at lower fuel use are to be preferred. In some cases 

where particular resources are underutilized--for example natural gas 

that is being flared--solutions will be sought to make optimal use of 

that fuel. 

e Oil Imports and Exports~ Countries dependent on imported oil will 

want to reduce oil consumption; those exporting petroleum will want to 

maximize revenues from exported oil. 
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e National Social Goals: National social and economic development goals 

will often include improvements in social welfare--through increased 

nutrition, housing, rural electrification, rural development, etc. These 

f h . f. . (3 ) o ten ave spec1 1c energy requ1rements. 

e Total Energy Costs: The cost of energy to all consuming sectors is to 

be minimized. National policy may emphasize reducing energy cost to 

particular uses, such as industry or rural areas, but these goals will 

usually be implemented through pricing policies. 

e Balance of Payments: The balance of imports and exports is to be 

optimized. 

e Labor Requirements: The use of local labor is to be maximized, particu-

larly in sectors or regions with unemployment. In general labor-intensive . 

rather than capital-intensive technologies are to be preferred. 

e Capital Requirements: The requirements of capital resources, particularly 

imported capital are to be minimized. 

e Environmental Quality: The effect on major enviro~mental concerns such 

as urban air quality, use of arable land, water quality, occupational 

health, should be identified, if possible, for each option. 

In order to accomplish these purposes, the basic approach is as follows: 

First a view is constructed of the energy implications of current national econ­

omic development plans. A consistent description of the future energy system 

of the country, under the assumption of "current trends and policies" is 

constructed for certain reference years in the future. The values of the objec­

tive functions described above are then calculated for that "reference case". 

The major resource and technology options are then identified(
4
) and the rates at 

which they can be implemented are determined. In doing so the major barriers 

to that implementation are identified. Finally, one calculates the impact on 

the various objective functions, of the implementation of each option. 

It is this perturbation or impact analysis that is the main purpose of 

the analysis. The approach to demand analysis, the projections made, the amount 

of detail included should all be determined on the basis of maximizing the 

accuracy of this analysis. Th~s, once the impacts of a given option have been 
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analyzed, an evaluation should be made of the sensitivity of any conclusions 

to major assumptions made in the analysis. The conclusions could be tested, 

for example, with alternative GNP or sectoral growth rates, different price 

assumptions, or governmental policies regarding rural development or income 

distribution. 

Although the analysis of options is the primary objective, the demand 

projections which are an integral part of the analysis can be very informative 

in their own right. Since they are based on detailed sectoral plans, they 

provide a verification of more aggregate demand projections. 

\ 
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ANALYTICAL FRAMEWORK 

General Description 

The basic element of the analytical framework is the Reference Energy 

System. (5) 

A Reference Energy System consists of a set of estimated energy demands, 

energy conversion technologies, fuel mixes, and the resources required to 

satisfy those demands. Costs, environmental emissions and other factors 

associated with all elements in the system are part of the supporting.data for 

the RES. 

The pictorial format for the Referen~e Energy System is a network diagram 

which indicates energy flows and the associated conversion efficiencies of 

the reference technologies employed in various stages of the energy production/ 

transmission/distribution/end-use system. A simplified RES is shown in Figure 1. 

For each energy resource, a complete Reference Energy System specifies the 

technologies employed in the following activities: 

1. Extraction 

2. Refining and/or conversion 

3. Transport of primary energy source 

4. Centralized conversion (e.g., electricity generation) 

5. Transport or transmission and storage of secondary energy form 

6. Decentralized conversion 

7. Utilization in an end use device. 

Figure 2 shows a more complete RES. As illustrated in that figure each 

path through the energy system network indicates a possible route for the 

flow~f energy from an energy resource to a given demand category. Alternate 

paths and branches reflect the substitutability of various resources and 

technologies for one another. The energy flowing through each step or process 

is shown above the line representing the activity. The numbers in 

parentheses are the efficiencies, or relative effectiveness, of the 

processes. The RES representation permits calculation of the amount of 

a particular energy resource, for example oil, used to satisfy a particular 
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RESOURCE REFINING TRANSMISSION UTILIZING 
AND TRANSPORT CONVERSION AND END USE 

EXTRACTION CONVERSION DISTRIBUTION DEVICE 

NUCLEAR 

GEOTHERMAL AND HYDflOPOWER 

COAL 

CRUDE OIL 

WOOD 

•---.... • URBAN COMMERCIAL 

ELECTRIC ·----.e URBAN HOUSEHOLDS 

~----+<• TRANSP. FREIGHT 

~ RURAL INDUSTRY 

NOTES: 
I, FLOWS IN 10

15 
JOULES 

2, SOLID LINE INDICATES REAL PROCESS 
3, CONVERSION EFFICIENCIES SHOWN IN 

PARENTHESIS 

Figure 1. LDC Reference Energy System (Illustrative). 
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RESOURCES .J I 
REFINING AND !TRANSPORTATION I 

EXTRACTION CONVERSION AND STORAGE 

NUCLEAR 
13.4 

HYDROPOWER 
116.3 
DAM HYDROELECTRIC 

COAL 

WOOD 
119.3 

ANIMAL 560.4 
WASTE 

CROP RES. 312.2 

CRUDE 

NATURAL GAS 30.3 . 

ANIMAL 280.1 
POWER 

HUMAN 177.1 
POWER 

TOTAL RESOURCE CONSUMPTION: 5217. 
COMMERCIAL ENERGY 2692,5 (IMPORTS; 67B.2) 
NON-.COMMERCIAL ENERGY: 2525 

CENTRAL 
STATION 

CONVERSION I 
TRANSMISSION I I 
DISTRIBUTION DECENTRALIZED 
AND STORAGE CONVERSION 

(0.30) 

(O.B3) 

-------
(0.25) 

---------

---------
------

--------
(0.26) 

'1!!" 

.,_~i' ,o· 

------- 20.8 

------------

-------------

UTILIZING 
DEVICE 

33.8 
LIGHTING 

127,7 

FEEDSTOCKS 
43.3 (0.30) 

GAS TURBINE 
47,5 (0.20) 

36.9 (0.20) 

MAN-ANIMAL 

DEMAND 
CATEGORY 

33.8 
MISCELLANEOUS 

12.7.7 

MISC. ELEC. DRIVE 
83.3 

I RON AND STEEL 

11,6 

IRRIGATION 
6.3 

RAIL 
296,5 

COO~ lNG, WATER 
HEATING 

321,8 

PROCESS HEAT 
AND MISC. 

32.1 

RAIL 
11.6 • AUTOMOBILE 

PETROCHEMICALS 
13 

AIR TRANSPORT 
9.5 

SHIP 
7.4 

IRRIGATION 
5.3 • IRRIGATION 
3.2 

IRRIGATION 

422 

MISC. AGRIC. 

ANIMAL ENERGY: 457.2 TOTAL DEMAND: 1!i02.2 

Figure 2. Reference Energy System - Commercial and 
Non-Commercial Energy - India 1972 
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TRANSPORTATION 

TRANSPORTATION 
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AGRICULTURE 

AGRICULTURE 
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demand, for example space heating, either through a particular intermediate fuel 

form, such as electricity, or directly. Energy demands are assumed for each 

reference year from historical data and projections. Both commercial and non­

commercial fuel forms can be dealt with and centralized energy systems (such 

as large scale electricity generation) are distinguished from decentralized 

systems (such as small scale solar electricity production). 

The values on the left side of the RES under the heading "extraction" 

represent the raw energy input needed to satisfy the basic energy demands. The 

values on the right side of the RES under the heading "Demand Category" 

represent the basic energy demands in terms of a specific set of end-use 

categories. These are discussed below. Fuel demands are shown under the 

heading "Utilizing Device." 

Demand.Analysis 

The analytical approach is "driven" by a detailed consideration of energy 

demand. In this section we describe the approach to demand analysis in some 

detail in order to provide guidance to data collection. 

Three important points must be stressed at the outset. First, data 

requirements can not be specified in the abstract. They depend strongly upon 

(1) the otpions to be analyzed and (2) the availability of information. If 

stress is to be laid on increased energy efficiency in industry, for example, 

more detail is required in industrial energy demand than would be the case if 

only increased supply options were being examined. Similarly, since the current 

program precludes the collection of new primary data, one cannot disaggregate 

demand more than permitted by existing information. 

The second general point to be stressed is that the demand analysis must 

be flexible, and will probably require some imagination. Where "necessary" 

data on demands or efficiencies do not exist, some reasonable surrogates or 

approximations based on experiences in other countries, if neces·sary, should 

be invoked. This leads to a final point: that every number in the analysis 

be documented with respect to its source or the assumptions made in deriving 

it. In this way the more uncertqin parts of the analysis can be identified 

or alternative assumptions can be made. 

The specification of an energy demand for the RES entails three pieces 

of information: 
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1. Measure of Demand Activity: the demand level specified 

in units of activity, or other determinant of demand, e.g., 

passenger car kilometers, tons of steel produced, number 

of rural households (for cooking), number of irrigation 

pumps in operation, etc. (6) 

2. Direct Fuel Consumption: the amount of fuel (in joules) 

of various kinds.("fuel" includes electricity) delivered 

to a particular end use category. 

3. Relative Effectiveness: the relative efficiency with 

which various fuels provide energy to satisfy a specific 

activity. Relative effectiveness is distinguished from 

efficiency in that it reflects differences in utilization 

practice as well as device efficiency.(?) 

In addition to these basic quantities it is useful to define a quantity 

known as Basic Energy Demand. Basic Energy Demand is the amount of energy 

(in joules) which represents the useful energy required by a particular demand 

category. This 

Let D. = 
1 

e. 
1 

E = 

Then 

is a derived quantity, independent of fuel 

amount of fuel i used for a given activity 

relative effectiveness with which fuel i is 
for the activity 

Basic Energy Demand for the activity 

E = I: 
i 

e. D. 
1 l. 

type. 

used 

Basic Energy Demands are represented on the rightmost column of the 

Reference Energy System under "Demand ·Category." Under "Utilizing Device" 

are shown the Fuel Consumption and Relative Effectiveness. An example, for 

cooking in rural households, is shown in Figure 3. Some more detailes on 

demand analysis and a useful form of worksheet are shown in Appendix A. A typical 

list of demand categories and projection variables are shown in Tabl~ 1. 

The utility of this formalism is twofold: First, it provides an explic~t 

representation of the efficiency of energy end use that is necessary for analyses 

- 9 -



I , 

PETROLEUM 
GAS 

WOOD 

UTILIZING 
DEVICE 

ReZative 
Effeativeness l . 

FueZ Consumption 
30 X zoZ5 jouZes 

DEMAND 
CATEGORY 

5 

COOKING 

r 

SECTOR 

RURAL 
HOUSEHOLDS 

Basia Energy Demand 
5 X zoZ5 jouZes 

Figure 3. RES Demand Element - Rural Cooking. 
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SECTOR/CATEGORY 

Industrial 

Iron and steel 

- Petrochemicals 

Cement 

Other Large 

Rural Small 

Transportation 

Passenger-Auto 

Ship 

Air. 

Truck 

Railway 

Pipeline 

Agriculture 

Soil Preparation 

Irrigation 

Urban Househnlrls 

Cooking 

Lighting 

Misc. Electric 

Rural Households 

Cooking 

Lighting 

Commercial 

Lighting & 
Appliances 

Air Conditioning 

Cooking 

Municipal Ser~ices 

Lighting 

Other 

REPRESENTATIVE D~~D PROJECTION .VARIABLES 

MEASURE OF 
ACTIVITY 

Output (Tonnes) 

Output (T.onnes) 

Output (Tonnes) 

Output (Tonnes) 

Output (Tonnes) 

Passenger-km 

Vessel-km 

Passenger-km 
Tonne-km 

Tonne-Passenger-km 

Thruput, Barrels/day 

Tractor-km 

Pump-hours 

UTILIZING 
DEVICE/ACTIVITY 

Blast Furnace (coke) 

Process Heat 

Feedstocks 

Process Heat 

Burners 

Process Heat 

Electric Drive 

All 

Int. Comb. Engine 

Diesel 

ICE; Jet 

Diesel, ICE 

Diesel, Electric Drive 

Pump; diesel, electric 

Int. Comb. Engine 

Diesel Pump 

Electric Pump 

} 

No. of Households 

No. of Households 

No. of Households; 

Stoves; gas, oil, electric 

Electric Lights 

appliance ownership 

No. of Households 

No. of Households 

Meters, electric 
devices 

Stoves; kerosene & 
non commercial 

Electric & gas 
lamps 

No. of Establishments Vapor Compression 
and/or Floorspace 

No. of Establishments Vapor Compression 
and/or Floorspace & 
Saturation 

No. of Restaurants Stoves; gas and electric 

Urban Population; 
Saturation 

Urban Population; 
Saturation 

Lamps; florescent & 
incandescent 

Pumps, etc. 
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Capacity Projections 

Capacity Projections 

Construction Projections 

Industrial Vatue Added 

Rural Population 

Population, disposable income, 
Road km 

Passenger vs Freight Travel 

Capacity Projections 

Number of Tractors 

Agricultural Production 

Number of Pumps 

Disposable income 

Disposable income 

Rural Electrification 

Value Added in Sector 

Value Added in Sector 
(Including Tourism) 

Value Added in Sector 
(Including Tourism) 

Municipal Budgets 

Municipal Budgets 



(a)INFORMATION AND 
STATISTICS 

-official Data 
-Unofficial Samples 
and Surveys 

(b)NATIONAL 
ECONOMIC 
DEVELOPMENT 
PLAN f----, 

(c) INTERCOUNTRY 
ANALYSES 
(eg. IBRD) 

(d)ELECTRIC 
SECTOR 
PROJECTIONS 

(l) CURRENT RES 
Activity Levels 
Process Efficiencies, 

Fuels. 

(Z) PROJECT ACTIVITY LEVELS 
-Rural 

(3) 

-Urban 

PROJECT END USE TECHNOLOGIES 
FUELS, AND EFFICIENCIES 

-Commercial - Non-Commercial 
Shifts 

(4) SUPPLY AND CONVERSION 
TECHNOLOGIES & FUELS 

-commercial & Non-Commercia 

SPECIFIC RESOURCE, ETC 
REQUIR.EliEN'rS 

0 Data Sources ~ Projection Steps 

Note: Feedback Loops Not Shown. 

Assumes no existing National Energy Plan. 

Policy Intervention 
Analysis Points 

Figure 4. LDC Country Technology Assessment Reference 
Case Projection Methodology 
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In most countries there exists a projection of electricity demand and 

capacity mix. The methodology provides an independent projection of electricity 

demand, based on total energy demand, that can be compared with national 

projections. Aggregate demand for energy fuels is a quantity derived from 

the projection and RES process. Aggregate demand can also be derived from 

projections of national economic growth and a specification of income elasticity 

of energy demand. Such aggregate projections can be compared to the RES pro­

jection and, if considered appropriate, can be used to adjust the sectoral demands. 

Specification of Conversion Technologies 

In order to complete the Reference Energy System the characteristics of 

each process element or technology must be specified. This applies to the 

technologies used for final consumption (such as air conditioners and stoves) 

and those used "back" in the system, the supply technologies (such as electricity 

generating technologies or pipelines). The following information should be 

provided for each technology: 

1. Primary Efficiency: the ratio of useful energy out of the 

process to primary energy delivered to it (for example, 

electricity out to fuel in for electricity production). If 

significant amounts of ancillary energy of some other form 

is used it should also be specified. For end use technologies 

"relative effectiveness" is used rather than primary efficiency 

(see above). 

·z. Costs: Capital and operating, expressed in constant dollars for 

a given reference year. 

3. Environmental Imp~ct Parameters. These are often expressed in 

terms of residuals produced (emissions of co
2

, CO, SOx, 

particulates to air and acids, bases, BOD, disolved and sus­

pended solids to water) per 109 joule or other factors of concern, 

such as land use. 

In addition, for those technologies which are involved in the option 

analysQs, the following information is important: 
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Unit plant size 

Construction period 

Lifetime 

Date of first availability 

Feasible rate of introduction 

For all technologies their characteristics should be specified for each 

reference year.· A complete data set for current and future technologies, as 

they apply in the U.S. is available at Brookhaven National Laboratory. (S) 

The resource requirements derived in the analysis can then be compared with 

projected estimates of resource production to arrive at import requirements or 

export po"tential. Other characteristics of the system such as capital require­

ments, sectoral cost of energy, and environmental impacts can also be cal·culated 

for the entire Reference Energy System~ 

Option Analysis 

Once the Reference Energy System is established for the future years of 

interest, and the aggregate characteristics of the system are determined, one 

is ready to perform impact analyses of future options. In some cases this 

will involve a simple technology substitution, such as substituting solar 

cookers for wood burning stoves. In other cases it may involve a complex set 

of resource and technology substitutions, such as increased natural gas pro­

duction and use in electricity generation, domestic cooking, and industry. 

In all cases the basic procedure is to: 

1. Identify the processes or sectors in which the new resource 

or technology will substitute, 

2. Establish feasible rates of introduction of the resource/technology 

and levels of introduc.tion in the future reference years 

3. Produce a new system description, a·Perturbed Energy System, for 

the appropriate years, and 

4. Calculate the.change in resource consumption, cost, and other 

objective functions identified above. 

In order to facilitate option analysis a computer model corresponding to 

the Reference Energy System for developing countries has been developed. (g) 
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A Final Note 

In constructing this analytical system we are very much aware that many 

of the principal concerns of energy policy can not be quantified and inserted 

into a model. The process of energy policy analysis is necessarily a judge­

mental one and the methods described in this report have been designed to 

assist, rather than replace, that process. 
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APPENDIX A 

ENERGY DEMAND AND FUEL MIX ANALYSIS* 

For the purpose of energy resource and technology assessment it is necess­

ary to develop projections of energy demands in a detailed, or disaggregated, 

manner. This approach is required in order to evaluate technologies that may 

apply to very specific end uses. To evaluate the use of solar energy for 

water heating, for example, the projected growth of this end-use must be ex­

hibited in the reference system. 

It is recognized that projections made in this disaggregated manner may 

well underestimate the total energy demand in the future because of unantici­

pated new uses of energy. Since the technologies employed for such uses 

obviously cannot be defined, it is not, in general, necessary to reflect 

these uses in the reference systems. It is felt, however, that such demands 

are more likely to involve electrical energy than other energy forms. To 

reflect this impact on the supply systems, several undefined electrical 

demands can be included in the residential and commercial miscellaneous elec­

tric categories (by postulating phantom appliances and demands), and in the 

demand category for industrial miscellaneouo process heat. 

The projections of energy demands and the fuel mix for the reference 

years can be developed on worksheets of the form shown in Figure Al. 

It is useful to define several parameters. These are: 

1. Fuel Demand, Di = The quantity of a fuel~* i, actually consumed in 

a specific demand category, such as space heating, automotive transport, 

or aluminum production. 

2. Total Fuel Demand, D = the total fuel required to satisfy the re­

quirements of a specific demand category. Electricity is considered as 

a fuel in this sense and D =ED .• 
i 1 

*Taken with modification from M. Reller, Ed .. "Sourcebook for Energy Assess­

ment", BNL-50483, Dec, 1975. 

** Fuel as used ~n this sense inclpdes electricity. 
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DIRECT FUEL USE 

Methane 

Jet fuel 

Gasoline 

Distillate oil 
LPG 

Residual oil 

Coal 

Other 

ELECTRICITY 

TOTAL FUEL DEMAND, D, 

10
15 

Btu 

BASIS 106 households 

~ SATURATION, S, 

BASIC ENERGY DEMAND, E, 

. 10
15 

Btu 

UNIT BASIC DEMAND, Eu, 

106 Btu/household 

1972 

f ei i 

. 51 .57 

.10 .63 

.05 .57 

.30 1.00 

.96 

1980 

D f i ei Di i 

1. 178 .53 . 57 1. 35 7 

.183 .10 .63 . 232 

.117 

.393 .37 1.00 .540 

-
1.871 2. 129 

66.7 75. 

1. 00 

1.246 1.45<i 

19.459 19.459 

REFERENCE TECHNOLOGIES: Gas and oil burners, electric resistance heat. 

DATA souRcEs: ( from BNL 50483 ) 

1985 

fi e. 
1 

.53 .57 

.10 .63 

.37 1. 00 

1.00 

Sector: 
Category: 

1990 

D. f. e. Di f i 1 1 1 

1.448 .so .57 1.467 .1.4 

.247 .10 .63 .266 .;o 

.576 .40 1.00 .669 .46 

- -
2.271 2.402 

80. 86. 

1.00 1.00 

1. 55 7 1. 6 73 

19.459 19.459 

RESIDENTIAL 
wATER HEAT 

2000 

ei Di 

.57 1.486 

.63 . 306 

1. 00 .886 

-
2.678 

99. 

1. 926 

19.459 

2020 

fi e. 
1 

.44 .57 

.10 .63 

.46 1. 00 

1.00 

Di for 1972: Btu/household requirements, by housing type, from Ref. (10) for gas and electric; Btu/household consumption for oil water heated 
homes taken from Ref. (IE), Region II Fu~1 Mix tables. 

fi for 1n2: Ref. (7). 

Ref. (4) for gas and electric, Ref. (16) for C?il. The ei are held constant ever all refel-ence years. 

BASIS OF PROJECTIONS: The basic demand derived for 1972 is escalated in proportion to the saturation and to the n~.;mber of households as projected in Ref. (14) 
for 1985 and ~000 and interpolated for the other reference years. 

Figure Al. Sample Demand Worksheet 

Di 

1.84 7 

.380 

1.101 

3. 328 

123. 

2.393 

19.459 



3. Relative Effectiveness, e; = the relative effectiveness with which 

fuel, i. is used in a demand category. This parameter depends on the 

utilization technology employed. See discussion in Section II. 

4. Basic Energy Demand, E = the amount of energy that would be required 

in a specific demand category, assuming a relative effectiveness, ei of 

100% for each fuel employed. Thus, for a given demand category where 

quantities of fuels, Di, are consumed with actual Relative Effectiveness, 

5. 

E = ~eiDi. 
. 1 

Degree of Saturation, S = the fraction of the potential demand for 

a particular energy use actually being fulfilled at a given time. For 

example, if 95% of all households have refrigerators, and potentially 

all houses can have one refrigerator, S = 0.95. 

6. Saturated Basic Energy Demand = the Basic Energy Demand that would 

exist in a category if there was 100% saturation, = E/S. 

7. Unit Basic Energy Demand, Eu =the Basic Energy Demand per unit, e.g., 

per household, per lb of Al produced, etc. 

8. Fuel Fraction, f; = fraction of the Saturated Basic Energy Demand 

that is satisfied by using the i'th fuel. 

e.D. 
1
/ 

1 
and Lf. E S i 1 

f. 
1 

s 

The procedure for developing the fuel mix projection in a given demand 

category begins with the definition of the base year mix. The methodology 

has been described above and leads to estimates of the Basic Energy Demand 

for each dernand·category in the reference year of interest. 

The Basic Energy Demand derived in this manner is independent of the 

fuels employed to satisfy the demand and is projected into the future on the 

basis outlined above, including any increased saturation that may be postulated. 

In categories where a unit basic demand is defined, it is used as the basis for 

the projection and, in most cases, is held constant over all reference years. 

By specifying the Fuel Fractions, fi, ;~nd Relative Effectiveness, ei, the Fuel 

Demands, Di are derived from the basic energy demands for each future reference 

year. Thus the fuel mix is defined. 
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