OLADE

LATIN AMERICAN ENERGY ORGANIZATION
| ( € JcEPAL JCont. 73/5 /5 Ne. 1¢

TECHNICAL GROUP TG/T/158
September, 1980 IX - 1980
Quito, Ecuador

English
Original: Spanish

BIRLICTECA D7UICHIS UMIDED LTXIES

OLADE METHODOLOGY FOR THE
ELABORATION OF ENERGY BALANCES



LATIN AMERICAN ENERGY ORGANIZATION

OLADE METHODOLOGY FOR THE

ELABORATION OF ENERGY BALANCES

TEGHINICAL GROUP ENCHARGED OF THE DEVELOPMENT OF THE METHODOLOGY

JORGE AGUINAGA DIAZ

JOSE LUIS CALABRESE

ERIC CASAMIQUELA RODRIGUEZ
NORIS CASTRILLO DE TRUJILLO
FERNANDO GROISMAN

DIEGO OTERO PRADA

ENRIQUE RODRIGUEZ VARGAS
GABRIEL SANCHEZ SIERRA

FPERRRERE

ESTRUCTURE AND FINAL REVISION

DR.  PIERRE VERNET
MR. GABRIEL SANCHEZ SIERRA



W

INDEX

GENERAL ASPECTS OF THE BALANCE
1.1 Introduction
1.2 Energy Balance - Definition
1.3 Fundamental Objectives
CURRENT SITUATION IN LATIN AMERICA AND THE CARIBBEAN
2.1 Mexico and the Central American Isthmus
2.1.1 Mexico
2.1.2 Central American Countries
2.2 Andean Group
2.2.1 Colombia
2.2.2 Venezuela
2.2.3 Ecuador
2.2.4 Peru
2.2.5 Bolivia
2.3 Caribbean Area
2.3.1 Barbados
2.3.2 Cuba
2.3.3 Grenada
2.3.4 Dominican Republic
2.4 Rest of South America
2.4.1 Argentina
2.4,2 Chile
2,4.3 Brazil
2.4.4 Guyana, Paraguay, Suriname and Uruguay
GENERAL STRUCTURE OF THE BALANCE
3.1 General Description
3.1.1 Primary Energy
3.1.2 Transformation
3.1.3 Secondary Energy
3.1.4 Total Final Energy Consumption
3.2 Transformation Centers
3.2.1 Coke Plants and Furnaces

3.2.2 Biomass Transformation Centers



3.2.
3.2.
3.2,
3.2.
3.3 Format

3
4
5
6

Coal Plants

Refineries

Gas Treatment Plants

Power Plants (Public Service and Self-~Use)

PRESENTATION AND GENERAL GUIDE FOR THE ELABORATION OF THE BALANCE
4.1 Requirements for Statistical Information

4.2 Agreement of Signs

4.3 Definitions and Procedures for the Elaboration of the Balance

B R S L = R

|2 I N B 'S I VA B V5 B VA B WA
o 1 O U B W

.3,

1

Primary Energy

Secondary Energy

General Total

Supply

Transformation, Own Consumption, and Losses
Statistical Adjustments

Final Consumption

Observations

TREATMENT OF THE INFORMATION

5.1 Preliminary Data Gathering

5.2 Establishment of Formats

5.3 Compilation Sequence (Figure 9)

5.4 Diagnosis of the Information

5.5 Consistency Criteria

5.5.
5.5.
5.5.
5.6 Scans,

1
2
3

Equilibrium between Supply and Demand
Historical Linkage
Transformation Relationships

Inquiries, and Surveys

TREATMENT OF NON-COMMERCIAL ENERGY
6.1 Introduction
6.2 Tests Related to the Cooking of Food

6.2.

1

Units

6.2.2 Data Gathering
6.2.3 Treatment of the Results
6.3 Special Tests




©.3.1 On the Use of Firewood at the Industrial Level
6.3.2 On the Use of Agricultural Wastes in Industry
6.4 Comparison with Other Countries
7. UNITS
7.1 Adopted Unit
7.2 Treatment of Hydroenergy
7.2.1 Theoretical Criterion
7.2.2 Caloric Criterion
7.3 Treatment of Geoenergy
7.4 Treatment of Firewood
7.5 Treatment of the Calorific Power of Solid, Liquid, and Gaseous
Fuels.
8. ANALYSIS OF THE RESULTS
8.1 Analysis of the Primary Energy Supply
8.2 Analysis of the Energy Sector
8i3 Analysis of the Final Consumption
8.4 Relationship between Energy and Economic Growth

APPENDIX A

A.1 Nomenclature. General Structure of the Balance
A.2 Nomenclature. Resources and Products
A.3 General Nomenclature. Alphabetical Order

APPENDIX B
B.1 Treatment of Statistical Information from the Firewood Survev
B.2 Treatment of Statistical Information from the Special Tests on
Industrial Firewood Consumption.

APPENDIX C

C.1 Plants for the Elaboration of Nuclear Fuels
C.2 Treatment of Nuclear Energy



APPENDIX D

D.1 Energy Balances from Ecuador

D.2 Energy Balances from Peru

BIBLIOGRAPHY



1.

GENERAL ASPECTS OF THE BALANCE

1

.

Introduction

The situation of uneven development of energy planning instru-
ments which is observed in Latin America led OLADE to propose
the execution of the program of Regional Energy Balances to the

Tenth Ministers Meeting, held in Panama in December 1979.

The reach and meaning of this program were widely approved; and
according to the judgment of the Ministers there assembled, it
constitutes an efficacious element for enhancing energy planning,
not only in each country, but also in the Latin American area

as a whole.

Along these lines, and in order to comply with the mandate ex-
pressed in Panama, OLADE presents this document, in which a
methodology for the elaboration of energy balances in the Latin
American area and the Caribbean is proposed, with the purpose
of unifying criteria and also facilitating the work of the
authorities and researchers in the energy field, this methodo-
logy having been fundamentally developed to be used by the
countries of the region and by the region itself, but obviously
having possibilities for application at other levels, such as

the regional or continental ones.

It is worth noting that the adopted methodology, the consolida-
ted format, and the common unit of aggregation, do not attempt
to limit the field of action of the different countries. Indeed,
each country is free to adopt a level of breakdown superior to
that suggested, or whatever other unit different from that pro-
posed. Howewer, it is desirable to have a minimum common balan
ce for all the lLatin American countries, which permits the
production of a ''consolidated regional balance' and facilitates

comparison within the area and with other regions of the world.



The document consists of eight chapters and four appendices.
Initially, a sumary of the current situation of the Latin Ame
rican area and the Caribbean is presented, with regard to the
elaboration of energy balances. The third and fourth chapters
deal with the balance itself, basically the presentation of

the global structure, the explanation of the format, definitions
terminology, and a guide for their application,

Given that the energy balance requires a good statistical basis
for its elaboration, the fifth chapter presents a discussion
of the treatment and diagnosis of the information.

Due to the fact that in the region, as opposed to the developed
countries, non-commercial energy sources play an important role
in energy consumption, the sixth chapter analyzes these and

the way to consider their inclusion in the balance.

The seventh chapter discusses the problem of the common unit
and the treatment of hydroenergy, geoenergy, firewood, and the
calorific power of the solid, liquid, and gaseous fuels.

It is useful to warn that a balance is not an objective in
itself, but rather a tool which, in combination with other ins-
truments, will aid in understanding and planning the energy
sector within a given socio-economic framework. Consequently,
the eighth chapter presents some considerations so that, based
on the balance, the results can be analyzed and the basic socio-
economic indicators can be calculated, along with other general
analyses.

The symbols adopted for each variable component of the balance
are set forth in Appendix A; Appendix B shows the treatment of
the results from the surveys on non-commercial energy. Appendix
C indicates the general treatment of nuclear energy, and finally
Appendix D presents the Energy Balances for Ecuador (1978) and
M 11975) as examples.



1.2 Energy Balance - Definition

The energy balance is a group of equilibrium relationships that
numerically expresses the physical flows by which energy is
produced, exchanged with the outside, transformed, consumed,
etc., all calculated in a common unit, within a given country,

and for a given time period (generally, one year).

It is important to present the advantages as well as the limi-
tations of the balance. The balance is a tool that permits
global energy planning, but only when considered along with
other elements of the economic system. That is to say, taken
in isolation, the balance gives an image ‘of the physical rela-
tionships of the energy system in a determined historical period.
It tells how energy is produced, exported or imported, trans -
formed, or consumed by the economic sectors. It permits the
calculation of certain efficiency relationships and the forma-
tion of a diagnosis for a given country's, region's, or conti-
nent's energy situation. Nevertheless, it is by means of its
relationship with other socio-economic variables that the ba -
lance becomes an instrument for planning. In this sense, an
energy balance is a pre-condition for the energy planning models.
A balance fulfills a role in the energy sector analagous to that
of the imput-product matrices in the economic sector.

‘
In the current state of development of the area's energy balan
ces, these have the limitation of not evaluating the energy
reserves and not reaching the stage of useful energy. 1/ Efforts
tending to keep an energy accounting from the phase of reserves
up to fhat of useful energy will facilitate policy analysis and
formulation, especially in the field of energy substitution.

1/ This is the energy really used in the final energy processes, due to
the fact that not all of the energy which enters a consumer system
1s utilized, and each case depends on the efficiency of the consuming
apparatus.
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On the other hand, for developing countries, given the impor-
tance of the rural sector and of the 'non-commercial'' sources
of energy, it is essential to include the said consumptions in
the balance, with the purpose of knowing the energy structur
of the rural sector, its problems and implications for the

national economy.

Fundamental Objectives

- To evaluate the dynamics of the energy system, in accordance
with each country's economy, and determining the principal
economic-energy relationships among the different sectors

of the national economy.
- To serve as an instrument for energy planning.
- To know the structure of the national energy sector in detaii.
- To determine the competitive and non-competitive uses of

each energy source, which allow for the stimulation of sub-

stitution processes whenever possible.

- To create the appropiate bases, which carry with them improve-

ment and systematization of the energy information.

- To be used in order to permit energy projections and its

short-term ,medium-term, and long-term prospects,
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CURRENT SITUATION IN LATIN AMERICA AND THE CARIBBEAN

Of thirty countries existing in the Latin American and Caribbean

area, it can be established, in accordance with the information and

knowledge available, that some nineteen of them possess energy ba -

iances, with distinct levels of breakdowns and historical coverage,

as well as different methodological criteria for their elaboration,

as seen in Chart N° 1.

For the purpose of a very general analysis of the current state of

the said energy balances, the different countries of the region have

been regrouped into four large geographic blocks, being:

- Mexico and the Central American Isthmus

- The Caribbean Area
- The Andean Group
-  The Rest of South America

2.1 Mexico and the Central American Isthmus

2.

2.

1

1

.

.2

Mexico

It is known that Mexico, through the National Energy
Commission, has elaborated the energy balances for the
1968-1978 period, basically using the methodology of the
Organization for Economic Cooperation and Development
(OECD) .

Countries of the Central American I[sthmus

With the idea of planning the energy sector of the coun-

tries of the Central American Isthmus in an integrated

way, the Isthmus Energy Program was implemented in Octo-

ber 1978, under the sponsorship of the United Nations Industrial

Development Organization (UNIDO), the economic support



from the Organization of 0il Producing and Exporting
Countries (OPEC), and the respective governments through
their national counterparts, which operated as the exe-

cuting body.

Within this program, the elaboration of the energy bal-
ance is given priority, as the basic instrument for en-
ergy planning, a mechanism on which Honduras, El Salva-
dor, Nicaragua, Costa Rica, and Panama are working, with

their execution having been begun at different times.

In each country a series of historical energy balances
(1965-79) has been done, with a common methodology con-
stituting the starting point for an analysis of the sec-

tor's behavior.

The current state in which each Central American country's

energy balance can be found can be established as follows:

Costa Rica: This country began work in October 1978,

under the control of the Direction of Hydro-
carbons, in the Ministry of Economy, Industry and Commerce.
In May 1979 the execution of the sub-program was trans -
terred to the Costa Rican Institute of Electrification (ICE),

where the work group practically had to be newly formed.

This country has completed its energy balances for the
1965-1979 period, and the results are in the process of
being published.

El Salvador: This country began work in November 1978,
with the Lempa River Executive Hydroelectric

Commission as its national counterpart. It has completed

the realization of its historical energy balances for the

1970-79 period, after having overcome a series of problems
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ENERGY BALANCES

IN LATIN AMERICA AND
THE CARIBBEAN 1§/
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COUNTRIES WITH BALANCE

|.- Argentina
2.- Barbados

3.- Bolivia

4.- Brazil

5.- Colombia

- 6.- Costa Rica
7.- Cuba

8.- Chile

9.- Dominican Republic
10.- Ecuador

.- EI
12.-Grenada

Salvador

I3.- Guatemala
I4-Honduras
I15.- Mexico
16.- Nicaragua
|7.- Panama
18-Peru

19.- Venezuela

w
1/ Information in accordance with the knowledge possessed by OLADE

COUNTRIES

— e
WITHOUT BALANCE

I.- Bahamas
2.- Dominica
3.- Guyana
4.-Haiti

5.- Jamaica
6.- Paraguay
7.- Saint
8.- Saint

Vincent
Lucia

9.- Suriname

I0.- Trinidad and Tobago
Il.-Uruguay




more related to the lack of statistical information,
which meant that the balances for the immediately pre-
ceding period (1965-69) could not be realized except in
the case of primary energy, for which energy balances
have been done for the whole period. It is in the pro-
cess of publishing a document which will contain the
final results and which manifests the importance of con-
sidering the energy originating in firewood and plant

residues within the national energy panorama.

Honduras: In (ctober 1978, Honduras became integrated
into the sub-program, with the Upper Council
of Economic Planning (CONSUPLANE) being the national
counterpart. So far, the primary and secondary energy
balances have been completed, and the determination of

the consumption structure is being worked on.

Nicaragua: With the Nicaraguan Energy Institute serving

as its counterpart, this country integrated
itself into the sub-program in August 1979. Up to now,
the primary and secondary energy balances have been com-
pleted, except for firewood, for which a national survey
has already been realized, with respect to its consump-
tion. With regard to this country's consumption structure,
the data are 75% complete.

Panama: This country was incorporated into the sub-pro-

gram in April 1579, with the Institute of Hydrau-
lic Resources and Electrification acting as its counter-
part. The primary and secondary energy balances have been
completed, except for the case of firewood, for which a
national survey is underway, with some 50% of the projected

samples having been taken so far.



In addition, a survey is being realized to determine hy-
drocarbon consumption, and it is anticipated that the
total consumption structure will be completed for appro-
ximately October 1980.

Guatemala: It is noteworthy that Guatemala is not incor

porated into the sub-program. This is due
to the fact that the country already possesses energy
balances for 1950, 1955, 1960, 1965 and 1975, elaborated
by a consulting firm. It is useful to point out that
the methodology used for the elaboration of these balan-
ces is not the same as that used for the rest of Central
America. Currently, the balances for the 1976-79 period
are being elaborated with the said methodology.

2.2 The Andean Group

The countries of the Andean Group are in a process of completing
their energy balances for the 1970-79 period, with the expecta-
tion that the respective documents will be available by the

end of 1980.

2.2.1 Colombia

In 1971 the Colombian Energy Institute agreed to initia-
te the elaboration of energy balances for the 1960-70
period and projections for the 1971-80 period, a job which
was completed in June 1972. Those balances describe the
primary energy sources, including firewood and bagasse,
and give a breakdown of the final consumption, according
to industrial, transportation, residential, commercial,
and energy sectors, etc. For the decade of the 70's,
the Ministry of Mines and Energy produced, in September
1979, the respective energy balances, with a breakdown
similar to that for the 1960's.



10.

In October 1979 the National Planning Department and the
Ministry of Mines and Energy agreed to initiate a global
energy study, one of whose parts includes the definitive
elaboration of the energy balances for the years 1970-79,
with a greater breakdown than in the previous studies.

In February 1980 this work was begun, and the preliminary
balances are expected for October 1980. The methodology
being followed is in accordance with the general frame-
work of the "OLADE Methodology for the Elaboration of
Energy Balances'.

[ge]

.2.2 Venezuela

The Office of the General Direction of the Energy Sector,
belonging to the Venezuelan Ministry of Energy and Mines,
has been working on the elaboration of energy balances
since 1976, and currently has a chronological series for
1970-78.

The charts contemplated in the presentation of the said
balances include the analysis of: internal sector con-
sumption, transformation balances, the energy sector's

own consumption, and the Global Energy Balance.

This information, as well as the methodology used, is
undergoing a process of revision and will be published
within a short time.

Having this planning instrument, the '"Directing Document
for the Venezuelan Energy Policy' outlines the parameters
and principal strategies for the integral management of
the energy resources in this country.

2.2.3 Ecuador

In 1979, with technical advising from the European Eco-
nomic Community (EEC), the National Energy Institute
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(INE) began the project for the 1969-78 energy balances.
The methodology used 1s in accordance with the general
outline of the "OLADE Methodology for the Elaboration of

Energy Balances'.

The project includes an estimate of the consumption of
the ""non-commercial'' energy sources, especilally firewood
consumption. With respect to the levels of the final
consumption breakdown, three large groups arc considered:
industry and mining, transportation and fishing; and resi-
dential, commercial, and others. Given the characteris-
tics of Ecuador, it should be observed that the emphasis
is being placed on the important sectors for the country,
such as fishing. Moreover, an effort is being made to
divide the sectors even further, with 5 subsectors for
industry, 8 for fishing and transportation, and 6 for

residential, commercial and others.

The definitive results will be presented during the se-
cond half of 1980.

2.2.4 Peru

With the purpose of acquiring instruments allowing for
the integral planning of energy development in the coun-
try, the Ministry of Energy and Mines has elaborated the

global energy balance, among other studies.

Six primary sources, 6 transformation centers, 15 forms
of secondary energy, and 9 consumption sectors were ana-
lyzed. The work required approximately eighteen months
to complete; the greater part of the time was destined to
obtaining the information and making it compatible. It
is worth noting the effort that the analysis of the non-

commercial resources required; to this end, a study was
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realized at the national level, in which more than 8000
interviews were done, thus permitting the determination
of their characteristics, the specific consumptions, and

their destination in the rural and urban sectors.

To date, an historical series of global balances exists
for the 1965-76 period; and the balances corresponding
to the years 1977, 1978, and 1979 are being prepared.

In addition, general balances have been elaborated for
the years 1990 and 2000, parting from historical tenden-
cies and considering some suppositions, such as greater
use of hydroenergy, coal, and the “substition of kerosene
for charcoal, among others, thus permitting the attain-
ment of an aproximate chart for the country's energy

future.

This work is being elaborated with the technical assist
ance of the United Nations Development Program (UNDP).

Bolivia

The elaboration of, and the methodological criteria for,

the energy balances have been based on guidelines pre-

pared by the Free University of Brussels and some gene-

ral aspects contemplated in the Argentine methodology.

The Ministry of Energy and Hydrocarbons has been in charge
of their preparation through the National Direction

of Electricity.

As in the majority of countries in the region, the infor
mation about the use of firewood as a singularly impor-
tant energy source lacks reliability; however, the fig-
ures included for the 1970-77 period permit the establish-
ment of meaningful indicators within the Bolivian energy
context.
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2.3 The Caribbean Area

Little information is available on the Caribbean area, with
the exception of Barbados, Cuba, Grenada, and the Dominican
Republic. According to Chart N° 1, the majority of the count-
ries in this area do not have energy balances. However, it 1is
known that the United Nations, ECLA, is developing a study con-
cerning the area's energy resources through the Caribbean Deve-

lopment Cooperation Committee (CDCC).
2.3.1 Barbados

In this country, the compilation of energy balances be-
gan in May 1979 through the combined efforts of the Mi-
nistry of Trade and Industry, the Central Bank of Barba
dos, and the Barbados National Standards Institution,

The methodology used is based on the Organization for
Economic Cooperation and Development's system of accounts,

with some modifications.

The objective is to develop an historical series of bal-

ances from 1970 to the present.

To date, primary and secondary energy balances for the
said period exist. While energy balances for the years
1677 and 1978 have been completed, the 1979 balance is

now being prepared.

2.3.2 Cuba

The Central Planning Board has been systematically elabo-
rating energy balances for several years, within the
National System of Economic Planning. The methodology
employed is based on that of the countries of the Mutual
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Economic Assistance Council (CAME), adapted to Cuba's

specific conditions.

Within the annual energy balances and prospects, seven
primary energy sources, 4 kinds of energy transformation,
15 forms of secondary energy, and 5 large consumption
sectors, broken down into some twenty economic branches,

are analyzed.

Currently, energy balance planning for the five-year
period of 1981-86 is being worked on, in accordance with
the elaboration of the Sole Plan for the Development of
the National Economy for the same time period. Further-
more, development strategy up to the year 2000 is being
planned.

Grenada

No formal energy balances have been prepared as such;
however, a basic five-year series (1975-79) of statisti-
cal data pertaining to petroleum sales and the end-uses
are available and an attempt will be made shortly to

consolidate this information in a formal Energy Balance.

Although the data available pertain to petroleum only,
it is still thought that this information will suffice
to construct an Energy Balance, as petroleum covers rou-
ghly 95-97% of Grenada's energy requirements.

The statistical information is up-dated on a monthly ba-
sis, and it is therefore very likely that energy balances
can be brought up-to-date. This work is at present being
carried out by the newly established Energy Unit of the
Ministry of Finance, Trade, Industry, and Planning.
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2.3.4 Dominican Republic

Starting in February 1980, with the direction of the Na
tional Energy Policy Commission, the program for the
elaboration of the national energy balance was begun.
The interest and purpose of its elaboration will be the
evaluation of the energy sources available in the coun-
try and the analysis of the supply and demand of resour
ces, as well as possible behavior prospects up to the
year 2000.

The aforementioned Energy Commission has the support of
such international organizations as the Inter-American
Development Bank (IDB), the Organization of American
States (OAS), and the United Nations (UN), aiding in
the elaboration of this instrument of policy and in the

national energy study.

2.4 The Rest of South America

The rest of South America includes Argentina, Brazil, Chile,
Guyana, Paraguay, Suriname, and Uruguay. Two groups are distin
guished in this zone: Argentina, Brazil, and Chile, which have
realized energy balances, and the other countries, which have

not done so.

2.4.1 Argentina

Within Latin America, Argentina was one of the first
countries to elaborate energy balances, given that it
realized a complete one for 1969 and a partial one for
1962.

In 1974 the State Secretariat of Energy elaborated a se-
ries of balances for the 1960-73 period, as a preliminary
phase of the structuring of a '"mational energy model".
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From this date on, the country did not have any continuity
in the elaboration of this kind of work, and now lacks

this information.

The Argentine methodology for calculating the balances
is original, assigning the physical values 1n caloric
units equivalent to 1 Tcal = 100 TOE. Seven sources of
primary energy, 16 of secondary energy, 5 transformation

centers, and 10 consumption sectors are considered.

Besides the balance series already cited, the Department
of Information and Applied Research, of the Sectorial
Office of Energy Development, has.been realizing a type
of simplified balance titled '"Apparent Consumption'' eve-
ry year, without interruption, since 1951, for which it

utilizes the ton of o0il equivalent (TOE) as the unit.

Finally, it is useful to note that a series of regional
balances for the period 1960-78 has just been finished
and presented, elaborated for the Entre Rios Province

by the Federal Investment Council, and including a balan-
ce of energy reserves and an opening of the consumption
sectors at the level of types of uses expressed in useful

energy.
2.4.2 Chile

The Chilean experience in energy balance construction is
quite old. Thus, in the years 1965 and 1966, the Depart-
ment of Fuel Energy and Mining of the Production Develop-
ment Corporation included fairly complete statistical in-
formation for the period 1940-64. However, this balance
did not consider the sectorial distribution of consumption.
Another prior publication exists from the same organiza-

1

tion, "Energy and Fuel Plan,'" which breaks down the
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information on consumption, but only until 1960; and the

figures are not presented in the form of a balance.

During the first six months of 1980, the National Energy
Commission finished the work of elaborating the energy
balances for the 1960-77 period. In these balances the
complete situation of primary and secondary energy is
presented, as well as that of the transformation centers
and the final consumption centers, broken down into 5
primary energy sources, 17 secondary energy sources, 4
transformation centers, and 3 final consumption centers:
transportation, industrial and mineral,; and commercial,
public, and residential. The final consumption sectors
are further broken down into 12 subsectors. The National
Energy Commission expects to continue presenting energy

balances as the information becomes available.
2.4.3 Brazil

In ctober 1977, the Sao Paulo State Power Company and
the Foundation for the Technological Development of En-
gineering, linked to the University of Sao Paulo, decided
to join forces in a project to analyze the demand within
that state and in the country, and its prospects for 1990.

In 1978 the results of the work were published; with re-
spect to the energy balances, they only included those
corresponding to the years 1970 and 1975, although it
cannot be said that they rigorously correspond to energy

balances.

2.4.4 Guyana, Paraguay, Suriname, and Uruguay

In these countries, no systematization of energy flows

is known to exist,
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GENERAL STRUCTURE OF THE BALANCE

3.1

General Description

In order to express the relationships made manifest in an energy
balance, it is imperative to establish a sufficiently general
structure, so as to obtain an adequate configuration of the phy

sical variables proper to this sector.

The balance developed by OLADE reflects the relationships among
all of the stages of the energy process: production, transfor-
mation, and consumption as ilustrated in Figure N° 1,

The general structure of the balance is composed of four parts:
- Primary Energy

- Transformation

- Secondary Energy

- Final Total Energy Consumption

3.7.1 Primary Energy

In the first part, the relationships relative to primary
energy are presented, in turn broken down into total pri
mary supply and gross primary supply, wherein the follow
ing equations are verified:

OTP = PEP = IMP * VIP

OBP = OTP - EXP - NAP

Where:

IMP = Importation of Primary Energy
OTP = Total Primary Supply

PEP = Primary Energy Production
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VIP = Variation in Primary Inventory
OBP = Gross Primary Supply

EXP = Exportation of Primary Energy
NAP = Unutilized Primary Energy

In addition, it should be verified that:

OBP = ENP + (FP + CPP + PER

Where:

ENP

1t

Primary Input

CFP = Final Primary Consumption
CPP = Primary's Own Consumption
PER = Primary Losses

This equation indicates that the destination of the gross
supply of primary energy may be a flow termed Primary
Input for the transformation centers, a flow of primary
energy's own consumption, and a flow of primary losses

due to transportation, distribution, and storage.

Transformation

The second part is constituted by the transformation cen
ters, wherein the energy which enters is transformed into
one or more secondary energies, with the corresponding

transformation losses.

In this part, the following equation is established:

PSB = ENP + ENS - PET



3.

1

.3

Where:

PSB

ENS
PET

NOTE:

20.

Gross Secondary Production
Primary Input
Secondary Input

Transformation losses

For statistical reasons, the gross secondary pro-
duction does not normally include auto-consump -
tion; for example, the electricity consumed in
pumps, lighting, etc., in a power plant.

Secondary Energy

In the third part, the relationships relative to secon-

dary energy are presented, broken down into total secon

dary supply and gross secondary supply and expressed by

means

0TS

[}

OBS

Where:

0TS =
PSB =
IMS =
VIS =
OBS =
EXS =
NAS =

of the following equations:

PSB + IMS * VIS
0TS - EXS - NAS

Total Secondary Supply

Gross Secondary Production
Importation of Secondary Energy
Variation in Secondary Inventory
Gross Secondary Supply
Exportation of Secondary Energy
Unutilized Secondary Energy

In addition, it should be verified that:

CES =

OBS - ENS - PES - CPS
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Where:

CFS = Final Secondary Consumption

ENS = Secondary Input

PES = Secondary Losses

CPS = Secondary Energy's Own Consumption

Total Final Energy Consumption

In the fourth part, the final total consumption is shown,
wherein the part of the primary energy used directly in
the final consumption is added to the final secondary
consumption, in order to arrive at the total final con-

sumption. The corresponding equation is:

CFT = CFP + CFS

The total final consumption of energy is distributed be-
tween final energy consumption and final non-energy con
sumption; in other words, for this case, the following

equation holds true:

CFT = CFE + CEN

Where:

CFT = Total Final Consumption

CFE = Final Energy Consumption

CFN = Final Non-energy Consumption

In turn, the final energy consumption is broken down in-
to the distinct sectors of economic activity, which, for
the present case, have been divided into the following

sectors:
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- Residential, commercial, and public
- Transportation

- Agricultural/livestock

- Industrial

- Unidentified consumption

Additional Comments

The structure of the energy balance thus conceived can
be broadened in the future to contemplate and analv:ze

other stages of the energy sector. Under such circums-
tances, there exists the possibility of adding the rol-

lowing parts to the balance described:

a. The inventory of reserves for the finite energy sour

ces, and the evaluation of the renewable resources.

b. The distribution of the final energy according to

the kind of use in the consumption sectors.
c. The distribution of the useful energy according to
the kind of use, for each one of the consumption

sectors.

d. The Energy Balance in economic terms.
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3.2 Transformation Centers

The second part of the structure presented for the consolidated
energy balance refers to the transformation centers, which cor-

respond to the following general scheme:

G
Lo GROSS
PRIMARY ENERGY TRANSFORMA'”ON SECONDARY
ENERGY A |NPUT ! [ PRODUCTION
o) o L PR
CENTERS '
SECONDARY \
ENERGY TRANSFORMATION
LOSSES
Figure N22

It is evident that, due to the fact that a process is being
dealt with, the energy outflow is less than the energy input,
and the difference is that which is known as transformation los-
ses, which, for statistical reasons, normally include the auto-
consﬁmption of the transformation center. (See Note, Paragraph
3.1.2).

It is important to take into account that, in addition to the
transformation losses, the transformation center's consumption
must be considered, and it will be included in the energy sec-

tor's own consumption.

In the present methodology, the following transformation centers

have been considered:
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1. Coke Plants and Furnaces

2. Biomass

3. Coal Plants

4. Refineries

5. Gas Treatment Plants

6. Power Plants (Public Service and Self-Use)

7. Plants dor the Elaboration of Nuclear Fuels (Appendix C)

3.2.1. Coke Plants and Furnaces
As can be observed in the figure, coal or charcoal or
coke and oil coke enter this center.
In the coke plants where coal is treated, coke, coke gus,
and non-energy products (benzol, Tars, etc.) are obtainec.
In the furnace, part of the coke which is obtained gives
rise to the production of furnace gas, and the other part
is consumed in the process of reducing the mineral.
Taking into account that few Latin American countrics have
to manage this aspect of the coke plants and furnaces, it
is recommended that each individual country deal with this
situation in the way it considers best; 1in other wcrds,

) the coke plants and the associated furnaces or separately.

- Ef‘r COKE

cCoAL l’__—_} -
COKE

—» COKE GAS

PLANTS

C 0OKE L’_:' E=---

____________ j__ NON - ENERGY
v PRODUCTS

NON - ENERGY
PRODUCTS I’:' -

FURNACE
- E[rumuce @AS

e —— e

L L ) L____tnmsmrml

LOSSES

Figure N23
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3.2.

Biomass Transformation Centers
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These transformation centers may be anaerobic digesters,

alcohol distilleries, pyrolysis furnaces, etc.

The secondary products obtained, according to the case,

are:

gas for gasogenes or biogas (methane), both being

grouped under the heading of gas; ethyl alcohol, char-

coal (as a residue in pyrolytic processes) and non-energy

products, such as the fertilizers obtained in anaerobic

plants.
AGRICULTURA
RESIDUESL :
Db eas
CATTLE
MANURE ‘b [
[__—‘J ETHYL
—oAEsT BI o M Ass : ALCONMOL
RESIDUES ’—\——. :
TRANSFORMATION —) :{ CHARCOAL
ABRO-INDUSTR. d
RESIDUES CENTERS
§ NON- ENERGY
— F’ PRODUCTS
RE SIDUES b —
ENERGY
PLANTATIONS :
L—j TRANSFORMATION!
-y LOSSES

Figure N2

4




3.2.3 Coal Plants

Due to the great importance of the charcoal production
in the region, this biomass transformation center is

treated separately.

The coal plant is a furnace wherein the partial combus -
tion of firewood takes place, producing charcoal, vola-
tile and non-energy products; generally, these last are
not utilized.

nn:wooojl:j — COAL —) ‘# CHARCOAL

PLANTS

—) TRANSFORMATION
Y Eflri LOSSES

Figure N2 5




3.2.4 Refineries

Basically, in the refineries crude oil is separated in-

to its different components, as seen in the figure.

CRUDE OfL j}j d

REFINERIES

—

REFINERY
6AS

:‘;[

LIQUIFIED
8AS

Sye

BASOLINES AND
NAPMTHAS

—»

KEROSENE AND
TURBOF UELS

)

DIESEL AND
86AS OlL

.;’L:lf

‘ ' [ HEAVY FUELS

- :‘r OIL COKE

| NON- ENERGY
| PRODUCTS

Figure

LOSSES

___j':_l\rmsm

N2 6
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3.2.5 Gas Treatment Plants

In the gas treatment plants, whose scheme can be appre-
ciated in the figure, and wherein a process is carried
out to separate the components of free or associated na-
tural gas, the products obtained are gas, liquified gas,
gasolines and naphthas, and non-energy products.

D:{ GAS

E:II LIQUIFIED
G A S : GAS

FREE NATURAL
o A s :\

TREAT MENT

| GASOLINES AND
PLANTS — :‘1 NAPHTHAS

ASSOCIATED
AS 1|:) C

NON- ENERGY
P PRODUCTS

) TRANSFORMAYION
- LOSSES

Figure NS 7
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3.2.6 Power Plants (Public Service and Self-Use)

These transformation centers are constituted by hydro-
electric plants, conventional thermal plants with steam
turbines, gas turbines and internal combustion engines,

nuclear and geothermal plants, as the case may be.

o o

Hvoaoensnei_—_) [

NUCLEAR
ENERGY Jl:‘ L

— e

GEOENERGY —
DIESEL AND
G6AS OIL — POWER

HEAVY
F“sz:),:j PLANTS

¢AsS b:

AGRICULTURAL —
RE S8IDUES ‘

= =

nnnvoooJ_L:) =

[_'__—j TRANSFORMATION
LOSSES

Figure N2 8
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3.3 Format

The format for the presentation of the energy balance consists
of a two-dimensional information chart, in which the primary
and secondary energies are enumerated in the colums and their
origins and destinations are identified in the rows. This for-
mat permits the consolidation of the different parts of the
energy system in a sole equilibrated group: primary energy sup
ply, transformation, secondary energy supply, and final consump-
tion, thus facilitating the following of the flows for each

energy source.

The presentation format has twenty-three columns, wherein the
forms of primary energy, secondary energy, their respective
totals, and the general total are located.

This format also contains twelve rows, in which the values co-
rresponding to the areas of supply, the energy sector, the ad-
justments, and the final consumption are calculated (See Charts
Nos. 2 and 3).
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3.

PRESENTATICKN ANDL GENG:EAL GUIDE FOR THE ELABORATION OF THE BALANCE

4.1

4.2

Requirements for Statistical Information

The elaboration of a balance requires a great deal of informa-

tion on the basis of which the format is filied in.

The volume of information to be compiled depends on the availz

bility of statistics to be had, as wel!l as on the degree of

complexity of the energy sector of the country being studicd.

The gathering c¢r the chronological infcrmation necessary ror
the eiaboration cof the balance should follow the steps anal.zed
in Chapter ©.

The data obtained are expressed in the unit of energy adopted
by OLADE, the ton of oil equivalent (TOE), for which the con-
version from the original units must be made, using the appro-

priate equivalency tables. (See Chapter 8j.

Agreement of Signs

In the first part of the balance, which refers to the cnergy
sector, each amount tending to increase the energv available

in the country is positive: Production, Importation, Transtor-
mation Center Output. On the other hand, each amount tending
to decrease the energy available in the country is negative:
Exportation, Unutilized, Transformation Center Input, Energv
Sector's Own Consumption, and losses. The variations in inven
tory follow the same logic: thus, an increase in the inventory

reduces the avallable energy, and 1t has to be & negative amount.

Finally, all of the data found in the second part of the balan-

ce, in the Final Consumption, should be negative amounts; how -

ever K and for obvious reasons of simplification of presentatiomn,

they appear as numerical amounts without signs.



4.3 Definitions and Procedures for the Elaboration of the Balance

4.3.1 Primary Energy

The primary energies are those provided by nature, be 1t
directly, as in the case of hydraulic energy; or after
undergoing a mining process, as 1in the case of crude
oil, natural gas, coal, fissionable minerals, and geo
cnergy; or by means of photosynthesis, as in the case
of firewood and other plant fuels or fuels of animal

origin.

It is useful to clarify that, because this is the first
stage of the project, solar and aeolian energy, among
others, have not been included; but they may be consi-

dered in the future.

Nine primary energy sources are contemplated in the for-

mat, along with their total; they are defined below:

Column 1 - Coal: This is a solid mineral, either black

or dark brown in color, principally
consisting of carbon, hydrogen, and oxygen, with some
impurities such as water, ash, and sulphur. Among the
varieties known, we find anthracite, bituminous coal,

lignite, and peat.

Columm 2 - Firewood: This 1s the energy which is obtained

directly from forest resources.

Colum 3 - Other Plant and Animal Fuels: These are theose

resources ob -
tained from agricultural and livestock wastes and forest,

agroindustrial, urban and energy plantation residues.
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Column + - Crude 0il: This is the liquid hydrocarbon

utilized as raw material in refi
neries for processing and obtaining its derivatives.
In some cases, this resource can be used directly as
fuel,

Colum 5 - Free Natural Gas: This 1s gaseous hydrocar-

bon, a mixture of light
fractions (principally methane and ethane), which is

obtained directly from gas deposits.

Column 6 - Associated Natural Gas: This is gaseous nv-

drocarbon of 1licht
fractions which is obtained along with il during the

extraction of the latter in its crude form.

Colum 7 - Hydroenergy: This is the potential energy

of a hydraulic flux in a given
fall.

Colum 8 - Geoenergy: This is the energy contained in

the steam and/or water extracted

from hot underground reservoirs.,

Colum 9 - Fission Fuel: This is what 1s obtained from

the mineral uranium after the

processes of purification, conversion, and/or enrichment.

Column 10 - Total Primary Energy: This is the sum of

Columns 1 through 9.

4,3,2 Secondary Energy

The secondary energies are those energy products resulit-

ing from the different transformation centers, which
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normally have the diverse consumption sectors and some-

times another transformation center as their destinations.

Colum 11 - Coke: This is a solid fuel of high carbon

content, low humidity, and low vola-
tile material content; it is obtained by heating coal
to a very high temperature in the absence of air.

Colum 12 - Charcoal: This is a fuel originatirg in the

treatment of firewood, which can
substitute coke in the iron - and steel - making indus-
trial processes. It 1s also used in some industries,
such as brick-making, and in the residential and commer

cial sectors.

Colum 13 - Liquified Gas: This is the mixture of light

hydrocarbons, principally
propane and butane, which is obtained from the refinement

of crude o0il and the treatment of natural gas.

Column 14 - Gasolines and Naphthas: These are the light

derivatives obtained
from oil refining. The following elements are in -

cluded in this group:

- Aviation Gasoline: This is a mixture of reformed high-

octane naphthas that is used in
propeller airplanes with piston motors.

- Automotive Gasoline: This is a derivative of oil or

of a mixture of naphthas which,
along with certain additives, are used for the func-

tioning of internal combustion engines.
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wasviine: This 1s gasoline with a very low

octane which is used for cooking.
- Mapntia: Ihis 1s a derivative that can be used as
raw material in industrial (petrochemical)

procusset, such as those in refineries.

- Natira. sasoiine:  This is a product of the process-

ing of natural gas, and it is used

as raw material in refineries or is mixed directly

with manhthas,
Columm i> - Rerosene and Turbofuels: Kerosene iz a

fuel useq
cook:ng, lighting, heating, and even as a solvent.
Turb-fuels are those used in aviation, in reaction
and

ferencw trom Kerosene being that they have a lower

opropeller engines, their fundamental di:r -
free-in: point.

Colum ‘o Diesel and Gas 0il: These are heavier com-

pounds than kerosene,
which @i+ @ainly used in internal combustion engines

and gas turbines.

Column = Heavy Fuels (Fuel 0il): These are the resi-

dual products from
01l refinement, which are principally used as fuel for

industria: voilers, electric plants, and navigation.

Column ' Other Energy Fuels: These fuels include al-

cohol, residual coal,

and others
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Colum 19 - Non-energy Products: These are those deriva

tives which, even though
they may have a significant energy content, are used for
other ends. Among them, we find oils and lubricants,
asphalt, paraffin, wax, and other solvents.

Colum 20 - Gas: This heading groups those secondary

gaseous fuels such as: distributed
gas, refinery gas, furnace gas, coke gas, and others.

Column 21 - Electricity: This is the energy composed of

moving electric charges which
can produce heat (heating, lighting), chemical energy
(electrolysis), and kinetic energy (engines).

Colum 22 - Total Secondary Energy: This is the sum of

Colums 11 through
21.

General

This consolidates all of the energies produced, transformed
and consumed in the country.

Colum 23 - General Total: This is the sum of Colums
10 and 22.

Supply

This is the amount of energy that remains at the dispo-
sition of the energy sector and the country's final con-
sumption. It is obtained by adding the balance of ex-
ternal trade to the national production and the invento-
Ty variation.



\1so, the energy that 1s not ttilized 1n any preiw .o

process i- Jguantified in the supplv.

Within the concept of supply, the following have beenr

cons idered

Kow 1 Production: This refers to the energy obta:ned

from mining deposits,; animal, plant,
and forest resources, hydraulic potential, geothermatl

reservolrs, and f{ission fuels.

In the tormat, the amounts corresponding to the primary
energy originating in the country will be Jdenoted with

positive =igns.

This grouping should take 1nto account that i1n the casesx
of coal and fission fuel, the considered amounts are
those which correspond to washed coal and fission fuel

prepared for its direct utilization in power plants.

In the case of hvdroenergy, production will be calculated
as the sum of the energy obtained from the turbined fluxes
in the plants, plus the energv equivalent to the fluxes

spilled at the weirs and gates.

For geoenergy, production will be defined by the entnalvv
contained in the mass extracted at the well-heads of the
geothermal fields; in the case of reinjection, the rein-

jected mass will be discounted from the extracted mass.

Note: [n those cases where 1t 1s not possible to deter-

mine the production of hydroenergy or geoenergv
as proposed above, it is recommended that a hvpo-
thesis be made on the basis of the electric ener-

gv or caloric energy produced,



38.

Row 2 - Importation: This is the amount of primary and

, secondary energy originating out-
side the country and entering it to form part of the sup-
ply;- it is characterized by a positive sign.

Row 3 - Inventory Variation: This is the difference be-

tween the initial and fi-
nal existing inventories, for each year and for each
form of energy.

An increase in the storage of energy in a given year re
presents a reduction in the total supply and, therefore
it should be characterized by a négative sign, and vice

versa.

Row 4 - Total Supply: This is the amount of energy that

is theoretically available for
the country's consumption; it includes the exported vo-
lume and the unutilized energy. It is equal to the al-
gebraic sum of Rows 1 (Production), 2 (Importation),
and 3 (Inventory Variation),

Row 5 - Exportation: This is the amount of primary and

secondary energy sent outside the
country; it is identified with a negative sign.

Row 6 - Unutilized: This is the amount of energy which,

due to the technical and/or economic
nature of its exploitation, is not currently being used.

The amounts in this row will be denoted with a negative
(minus) sign., The most common cases dealt with under
this heading are energies corresponding to:
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- Volumes of spilled crude oil

- Volumes of natural gas burned in the air

- Spilled fluxes in hydro-power stations

- For geothermal energy, the difference between the mass
of steam and/or water extracted and the mass of steam
used to feed a power plant or another installation.

- Volumes of refinery gas burned in the air.

The criterion of the national groups is considered im-
portant in resolving the particular cases of each coun-

try.

Row 7 - Gross Internal Supply: This is the amount of
primary and secondary

energy that is put at the disposal of the country for
undergoing the processes of transformation, distribution,

and consumption; 1t is the algebraic sum of Rows 4, 5,
and 6.

Transformation, Own Consumption, and Losses

The transformation sector groups all of those transfor-
mation centers wherein the primary and/or secondary ener
gies undergo processes that modify their properties or

original nature.

In the format, seven transformation centers have been
contemplated. These group a wide range of installations;
nevertheless, there remains the possibility of adding
other, unspecified centers which may be considered impor
tant.

Row 8 - Total Transformation: The amount placed in this

row for Colum - 1 through
21 represent the algebraic sum of the primary and secon-
dary energy which enters and leaves the group of transfor

mation centers.
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It is calculated as the algebraic sum of the values for
Rows 8.1 through 8.7.

Rows 8.1 through 8.7 - Transformation Centers: In all
of these

rows and between Columns 1 through 9, the primary inputs
are transcribed with minus signs. The amounts noted in
Columns 11 through 21 are indicated with plus signs (se

condary energy production), except in the cases of recy
cling, which will be indicated with minus signs (inputs

of secondary energy in the transformation centers).

An example of the recycling of secondary energy is the
diesel produced in the refinery, Row 8.4, Column 16,
which is indicated with a plus sign. The part of this
volume which serves to feed the power plants will be in-
dicated in Rows 8.6 and 8.7, with a minus sign.

Rows O - Energy Sector's Own Consumption: This is the

energy utili
zed for the production, transformation, transportation,

and distribution of the energy.

The amounts for each source consumed by the energy sec
tor must be recorded in Columns 1 through 21 and charac
terized by a minus sign. An example is the electricity

consumed in the refineries.

Row 10 - Losses (Transportation, Distribution, and Storage):

These losses occur during the activities that are realized
in the supplying of energy, from its production to
final consumption. Among others, one can mention the
losses in gas pipelines, o0il pipelines, the storage of
hydrocarbons, electric transmissién lines, and the dis-

tribution networks for electricity and gas.
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1

This row oocludes the legsses of 4ll of the energies enu

merated rvom Columms 1 to 21, <alculated with minus signs.

Statisticai Adjustments

Statistical adjustment is a netly mathematical tool used
to make the data corresponding to the net supply and the
final consumption compatible, since these arise from dif
ferent statistical sources; nevertheless, much care
should be taken with adjustments, and these should, in
no way, be converted into an easy way of resolving all
of the statistical problems. It is recommended that,
insofar as possible, the statistical adjustment be less

than 5% of the final consumption.

Row 11 - Adjustments: This row quantifies apparent earn-

ings or deficits for each ener-
gy, the product of information, measurement, and statis

tical errors.

The adjustments for each column (1 through 23) are calcu
lated with the following formula:

ADJUSTMENTS = FINAL CONSUMPTION - NET SUPPLY
Where:

NET SUPPLY = Row 7 + Row 8 + Row 9 + Row 10
FINAL CONSUMPTION = Row 12

The adjustments will be negative if the supply is grea-
ter than the consumption, and vice versa.
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4,3.7 Final Consumption

This part details the different sector of the country's
socio-economic activity, wherein the primary and secon-
dary energy converge to form the total final energy con
sumption.

The sectors considered have been grouped under four head
ings, which classify a country's most important socio-
economic activities, such as residential, commercial and
public, transportation, agricultural/livestock, and in-
dustrial.

The countries which have a greater breakdown in their
information may well use a different breakdown for the

subsectors, as is useful for them.

Row 12 - Total Final Consumption: This is the energy

that is available to
be used by all of the sectors of final consumption in
the country, including those volumes utilized to non-
energy ends.

It is the sum of Rows 12.1 (Final Non-energy Consumption)
and 12.2 (Final Energy Consumption), represented with a

plus sign. (See Paragraph 4.2: Agreement of Signs).

Row 12.1 - Final Non-energy Consumption: These are the

amounts of
energy contained in the products used in different sec-
tors, for non-energy ends.

This row includes the total for the non-energy products
and the consumption of energy with non-energy ends, for
examples, gasas raw material in petrochemical processes;
these are denoted with plus signs.



Row 1Z2.. - Final Energy Consumption: This consumption

refers to the total
of energy utilized by all of the consumption sectors in
the realization of their socio-economic activities.

It is the sum of rows 12.2.1 through 12.2.5

Row 12.2.1 - Residential, Commercial, and Public Sector:

This includes consumption by rural and urban families
and by all kinds of business and public services, such

as lighting, water supply, etc.

Row 12.2.2 - Transportation Sector: This includes the

consumption direc-
ted to individual and collective movilization of people
and goods, by land, sea, river, or air.

Row 12,2.3 - Agricultural/Livestock Sector: This is the
energy con-

sumed in the realization of all the activities directly
related to agriculture and livestock-raising. Examples
of these consumptions are: the electricity required in
pumping and irrigation, the derivatives used in mecha-

nized agriculture, livestock-raising, etc.

Row 12.2.4 - Industrial Sector: This heading is com - _
prsed of the consumpticn

of of all of the branches of industry, among which men-
tion can be made of mining, steel, petrochemical, textile,
fishing, and food in general.

Row 12.2.5 - Unidentified Consumption: This groups that
consumption which

cannot be classified in any of the foregoing sectors on
the basis of the nature of the information compiled.
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4,.3.8 Observations

Gross Secondary Production: This additional row permits

reading the gross amounts
of secondary energy produced in the transformation cen-
ters; it is calculated as the sum of the positive (plus)
values which appear in rows 8.1 through 8.7

Others: This groups any kind of technical or statisti-
cal clarification which differs from or comple
ments the methodology adopted for this balance.
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TREATMENT OF THE INT .-ATION

5.1

5.2

Preliminary Data Gathering

The first step in the construction of energy balances is termed
preliminary data gathering. It consists of compiling all of
the data published, be they systematic or not, in the format in
which they normally appear.

The important part of this phase will be to have the certainty
that all of the written data has been detected, so that the in-
formation gathered will really reflect that which exists.

It must also be kept in mind that no attempt at analysis is yet
being made, but rather we are dealing with simple accumulation,
where quantity is more interesting than quality. This task has
the additional virtue of familiarizing the researcher with the

institutions related to the energy system and their respective

publications, indicating the point of departure for the current
state of the national statistical system.

Establishment of Formats

This(is the fundamentally qualitative stage, where an attempt
is made to transcribe the compiled information into special
formats, while respecting certain rules of compilation.

It must be emphasized that the format in which the balances are
finally presented must never be completed directly, but rather
by means of certain intermediate steps.

First, it is recommended that the information be organized by
products in the principal charts, The title of the category
corresponds to the name of the product (for example, ''Coal''.
See Chart N° 4). The rows are the years which form the series
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of time, and the colums carry all of the flows that correspond
to the product, such as: origin or production, importation,
exportation time, and the colums carry all of the flows corres
pond to the product, such as; origin or production, importation,
exportation, inventory variation, unutilized, etc., leaving the
last column, termed "'adjustments', which serves to indicate sta
tistical differences. This type of format has the virtue of
permitting the visualization of all of the information relative
to one product, in one single chart.

Then, an auxiliary chart is defined, whose title or heading is
each one of the colums of the principal chart (for example,
"coal production'. See Chart N° 5). As rows, they again have
the years; and as columns, the interesting components of each
one of the colums from the principal chart.

Note: With reference to the fact that in some cases the auxiliary
charts are too simple, the national work group may well
avoid their elaboration and opt for going straight to
the principal chart.

5.3 Compilation Sequence (Figure N° 9)

F—ﬁ
INFORMATION EL ABORATION ELABORATION ELABORATION
——OrAuxu.umr -——-q PRINCIPAL H——O
GATHERING BALANCE
CHARTS CHART

Figure N2 9
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avwor that oo urs
secums: ood history, sc
that no step 1y missed in its calculation. oo addition, this

permits the realization of the diagnosis of the information.

Diagnosis of the [nformation

In the task oif completing the principal chart, it is very use-

ful to do a disgnosis of the information, which is classified

according to the following scheme:

{ Consistent
, |
Systematic
LExistent { Inconsistent

{
l
Total 4 L Non-systematic
|
{ Non-existent

If percentages ave placed in this plan according to the first
attempt to complete the formats, this defines the initilal state.
For example, a country may have only 30% of the existing infor-
mation in a systematic and consistent form, but in the final
staté it must have at least 90%. In order to obtain that, it
will be necessarv to establish certain criteria for consistency

and subject the :nformation to them.

Consistency Criteria

Three criteria tor consistency can be defined:

5.5.1 Equilibrium between Supplv and Demand

For each rroduct, the production plus the importation
must be =qual to the consumption plus the exportation,
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plus the unutilized energy, plus the inventory variation,
within a * 5% tolerance. This tolerance defines the sta
tistical limits and lends a degree of reliability to the
information system. By means of this criterion, the ca-
ses of duplication or lack of some component in the for-

mation of a final datum can be resolved.

Historical Linkage

For each series, a logical historical behavior, or at
least one explicable to the point of having no inexpli-
cable discontinuities, must be determined. This permits
the resolution of the cases in which there have been un-
specified changes in the compilation criteria for the

existing information.

Transformation Relationships

Once all of the independently consistent primary and sec
ondary energy series have been obtained, the yields of
the transformation centers must be assured as falling
within the technical limits corresponding to the respec-
tive transformation installation. For example, the
thermal power plants cannot normally appear with yields
higher than 35%.

Applying these criteria and processing the inconsistent

information, the latter can become consistent.

With regard to the unsystematic, it must first be trans-
formed into systematic information, completing all of
the years that are lacking through estimates and later
verifying their consistency. That only leaves the non-
existent information, which must be elaborated with ap-
propriate methods.



SURVEY

CHARACTERISTICS .

- INDISCRIMINATE

- WITHOUT PREVIOUS DESIGN

- UNSYSTEMATIC

OBJECTIVE !

TO FIND ADEQUATE ESTIMATES

INQUIRY

CHARACTERISTICS |

-1T 1S A SCAN REALIZED IN A
SYSTEMATIC WAY

OBJECTIVE ©

TO SPECIFY CHARACTERISTICS OF
THE INFORMATION

QUESTIONNAIRE
CHARACTERISTICS
- PRECISE STATISTICAL DESION
OBJECTIVE:
TO FIND THE INFORMATION IN A
RELIABLE WAY

Figure N2 10







5.6 Scans, Inquires, :nd Surveys

Finally, in the process of treating the information, the non-
existent, or apparently non-existent, information must be gene
rated; and for this, the scan, the inquiry, and the survey are

basically used.

The scan is a method which consists of personal or institutio-
nal interviews, which can provide certain leads for adequate
estimates. It has the characteristics of being done in a quite

indiscriminate way and without a previous design,

When a group of scans are done in a more systematic way, where
the subsequent interview depends on the data obtained in the

previous one, we have an inquiry.

When, in addition to the foregoing, a statistical design is made,
for the taking of samples, as well as for the analysis of
the results, we have a survey.

The global conception of the whole process is indicated in

Figure N° 10.
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TREATMENT OF NON-COMMERCIAL ENERGY

Recommendations for the Realization of a Simplified Survey in the

Rural Area and Small Urban Centers.

6.1

Introduction

It is beyond all doubt that the realization of a national energy
balance in the Latin American countries must deal with the ru-
ral energy problems as rigurously as with those assigned to

the rest of the energy system.

The first difficulty that appears on trying to identify the ob
ject of the study is the problem that it is not possible to find
a simple, unique terminology that covers all aspects of the case.
If the term '"non-commercial energy'' is adopted to emphasize the
fact that these energies are often directly appropriated by the
user, we run the risk of leaving aside all of those cases in
which a commercial transaction is produced, with a definite price.

As an example, it is sufficient to mention the case of wood char
coal, which is sold in urban markets at a given price, like any
other product, but whose production is generally realized in ar
tesanal units where the firewood that serves as raw material has
been‘directly appropriated.

The term ''rural balance' could also be used, to refer to the so-
cio-economic category of the user, but what happens, tlien, to

the products traditionally catalogued as commercial, which, as

in the cases of liquified gas, kerosene, and gas, are consumed

in the rural area in a pattern that is not qualitatively diffe-
rent from the urban one. Inversely, in many countries the urban
sector proper consumes firewood, coal, and even animal excrements.

The problem is further complicated on including certain indus-
trial units, ranging from sugar plantations or coffee cultivations



to small artesanz:iunits of a net rural character, which can be con-
sumers of firewocd, coffee husks and chaff, and other residues.

Thus, we see that no simple terminology can give account of all
the possible cases which might present themselves to a rescar-
cher who wants tc construct a complete energy balance.

This leads to the following reflection: 'What do all of the
cases under consideraticn have in common?". Two principal cha-

racteristics can be cited to define these energies.

a, The first deals with energies originating in plant or animal
(biomass) resources, sometimes as a sub-product of agricul-
tural or forest activities, and. being susceptible to direct

appropriation.

b. The second deals with products that can only be quantified
by means of specific surveys directed to the consumer. The
economic cycle then goes directly from the resource to the
consumer, without the intermediate step in supply, without
which it is impractical to use the traditionally called
"commercial'' energies such as oil, gas, hydro, geothermal,
etc.; and it is precisely the non-existence of this supply
sector, which in other cases is the generating nucleus of in-
formation,which determines the lack of statistics in this

case.

From the foregoing, an interesting property to point out in this
work can be manifested: the survey. The objective of this
section 1s to establish a guide on how to take samples and in-
terpret the results.

To begin, two cases may be established:

a. When the number of consumers is infinite with respect to the

sample (the case of household consumption).
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b. When the number of consumers is comparable to the size of
the sample (brick-making and lime industries; etc.).

In Point 6.2 the first case is dealt with, which is the more
complicated. In Point 6.3, termed 'Special Tests', the second

case 1s described.

Tests Related to the Cooking of Food

First of all, it is important to clarify that due to the neces-
sity of realizing a simple, rapid survey, the size of this 1s
quite reduced (approximately 500 surveys); and, therefore, the
choice of the sites where it is to be applied is especially im
portant. Much care must be taken for this step, which is fun-
damental to the success of the test.

Below, a simple design is put forth for the taking of small sam
ples, with the purpose of otaining an approximate result for
firewood consumption (or that of other producfs) in the cooking
of food, which is the most important use of the domestic sector.
A complete treatment of this subject can be found in the energy
balance publications from Peru (1979}, El1 Salvador (1980), Costa
Rica (1980), and Ecuador (1980).

Here, only a simplified treatment, compatible with a sample no

larger than 500 units, is indicated. (It should be pointed out
that the aforementioned publications dealt with samples of be-

tween 5000 and 10,000 cases),

6.2.1 Units

The first problem to be resolved is that of the units in
which the rural inhabitant expresses his consumption;
and these vary significantly from one country to another,
and even from one region to another within the same coun
try.
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In the :.: ¢ place, an 2itempt = made to discover the

unit most »ften used, that 13, .he one that the majori
ty of the populatvion undorstands. (For example, this
was ''the nurre's load" in feru and '"the woman's bale'
in El Sa..idor).

Before gothering data, it is recommended that some twen
ty weighz trials first be made for the most used unit
(for exampie, using Roman-type scales with an approximate

1

capacity o1 50 wnyi. The is surficlent to obtain an ac-
ceptable average and to establish the equivalency of
this unit in kg. If necessary, it is recommended that
an additional wwenty triols be made to measure other
units different from the most common, in order to deter

mine their equivalency with the latter.

The diversity of rural units is great; but in all of the
countries where these surveys have been realized, one
unit that is used, or at least understood, by the majori
ty of the population has been detected. This constitutes
an essential aspect of this statistical design, and it

is taken as the basis for compiling data. More precisely
all the data will be expressed in the said unit, which

from here on will be known as ''the adopted umit.’

Data Gathering

The taking of samples is based on the following defini-

tions:

C = Specitic consumption in kg/person per meal

K = Equivalent in kg of the adopted unit

Y = Duration, in days, of the adopted unit for a family

1

= Number of people who eat in the household

1

K = Number of times a dav that the family cooks with
this energy agent.
X = kI = People - meals per day
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Given that the person interviewed will not always res-
pond in the adopted umnit, there is the possibility that
the duration (Y) may be expressed in another unit, which
we call the original unit (0.U). In such a case, the
interviewer must later calculate the Y value in the
adopted unit (U.A). This procedure minimizes errors
since the responses are obtained directly and the errors
originating in equivalencies may be minimized. All of

the measurements can be placed in Chart N° 6.

For gathering data, each interview must be a random event,
and the interviewer must avoid the tendency to influence
the interviewee with his own ideas. Thus, the three key

questions are the following:

1. How many people eat here: (verify if the intervie-

wee 1s including himself). Answer = Z

2. How many times do you cook with ... firewood? (veri
fy that there is no mixture of fuels, such as fire-
wood and kerosene, firewood and gas, etc.) 1/
Answer = k

3. How many days does a load, a bale, etc., last you?
Answer = Y

The interviewer must take down all of the data, as ab-
surd as they may seem; but he may use the colum for
observations to note the occasional original unit used,
his own opinion, or anything that may be important.

1/ The cases in which there is a mixture merit a more complicated treat
ment, and it is preferable to discard them in a simplified survey.



6.2.3 Treatms

v of the Results

Once the forms have been completed for at least 500 in-

terviews, the next step is tc cxamine these.

The kev variable in the treatment of the information is

X {pecplo-meals per day). First, the arithmetic mean

of this variable (X) is calculated, along with its stan

dard devistion. Two cases may occur:

- The standard deviation may oe significant (moye than
10% of (X). In this case, the complete methodology
presented in Appendix B must be used.

- The standard deviation mav be small (less than 10%
of (X). 1In this case, a simplified treatment of the
information may be developed, as follows.

A small standard deviation means that homogeneity exists
in the sample, with respect to the number of people per
family and the number of meals per day. This may occur
despite guite different geographical areas.

In such a case, the calculation of the specific cons -
: P ump

tion () 1s very simple, and it is defined by the relation:

Where

= Specific consumption expressed in kg/person per mezl

=~ 0O
§

= FEquivalent in kg of the adopted unit

Mean previously calculated for X

T
H

= Mean duration, in days, of the adopted unit, for a

family.
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It is useful to point out that for the calculation of
(Y) the points which are excessively distant form the
mean should be rejected; nevertheless, the rejection

should never exceed 10% of the total amount of points
composing the samnle.’

In order to go from (C) to the annual national consump-
tion (Q), expressed in kilocalories, the following for-

mula is employed:

Q = 365 k.C.Pc.Nj

Where:

Q = Annual national consumption in kcal

k = Average number of meals per day

C = Specific consumption previously calculated in kg/per-

son per meal.
Pc= C(alorific power of the firewood utilized, in kcal/kg
Nj= Number of people that used firewood for cooking in
the year j.

As for Pc, if better data are not available, it is sug-
gested that 3600 kcal/kg be taken, given that it is the
most commonly found value in the measurements taken so
far; but it must be kept in mind that this value can
vary quite a bit with the humidity content,

Nj is a value which is normally obtained from housing
censuses, or in a given situation, it may be interpolated
for an inter-censal period. In cases where this datum
cannot be obtained in this way, normally the number of
kerosene and gas users is known, and the number of fire-
wood users can be obtained by difference.



In general, there is always somc indirect method of de-
termining the number of users. As a last resort, these
can be taken as the totaly of the rural population, and
the alternative of comparisons with other countries of

a similar structure always remains.

6.3 Special Tests

6.3.1

On the Use of Firewood at the Industrial Level

With respect to the research done so far in Latin America,
it can be said that industrial consumption is between

% and 15% of the consumption calculated for cooking.

In this case, it is recommended that specific surveys
be realized, whose characteristics depend on the type
of industrial activity being dealt with, be it brick-mak-
ing, 1lime works, bakeries, salt works, pottery works,
etc.

An attempt may be made to generalize this test, suppos-
ing that thev are processes where a given product is
manufactured (bread, bricks, lime, etc.) on the basis of
a baking or drying process.

The total annual consumption can be calculated as follows:
The variables are:

X = Number of units of the product which are extracted
per burning.

Q = Number of burnings realized in the year

Y = Amount of firewood, in kg that is used per burning

C = Specific consumption in kg/unit

Thus, we have:
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Once no doubt exists with respect to the determination
of the specific consumption, the next step is to deter
mine the production, whether it be done directly or by
means of estimating the number of product units consu-
med annually by the population, and within that, deter
mining the proportion of those manufactured with fire-
wood. This procedure proves very difficult to generalize
about, since it greatly depends on the type of eco-
nomic and population indicators which each country has.
Nevertheless, it remains to affirm that in the experi-
ments realized to date, it has always been possible to

obtain an adequate result.
The methodology for treating the results is similar to
that used in Paragraph 6.2.3, and it is also presented

in Appendix B.

6.3.2 On the Use of Agricultural Wastes in Industry

Taking into account that in many Latin American countries
agricultural/livestock wastes are used in some industries,
it is recommended that specific research on this kind of
consumption be realized, if the work group should consi-
der it important (for example, bagasse in the sugar in-
dustry).

6.4 Comparison with Other Countries

What has been said so far makes an attempt to summarize the ex-
perience existing in the region with respect to this subject, with
the aim that it serve as a guide for a methodology of simpli -
fied application within the perspective which it can provide;
although the result may not be precise, at least it will evalu-
ate the order of magnitude.



The not-to-be disdained resource of using comparative data from
the countries where surveys have most completely been applied
must not be overlooked. At any rate, it is necessary to point
out that only practical experience permits the minimization of
the errors that can be committed in the gathering of data, as

well as in the interpretation of the results.
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7. UNITS

7.1 Adopted Unit

For the purpose of expressing the flows that form the energy
balance in one unit and for facilitating the grouping of the

different variables, a common unit should be adopted.

Keeping in mind that the officially adopted international unit
is the Joule but that it has not as yet achieved a high degree
of use, and that in the near future OLADE might well express

its balances in that unit, the ton of oil equivalentc (TOE) ias

been chosen transitionally, for the following reasons:

a. It is coherent with the MKS system.

b. It acceptably expresses a physical realitv for that which
it represents.

c. It is directly related to the most important kind of energy
in the world today.

Assuming a calorific power of 10,000 kcal/kg for oil, we have

the following equivalencies:

1 ToE = 10'0 calories
1 TOE = 7 barrels of oil equivalent (BOE)
1 TOE = 1.5 tons of coal equivalent (TCE)

The previous consideration does not imply that each countrv mav
not continue expressing its balances in the units which, due to

tradition or convenience, prove to be more appropiate.

Furthermore, in order to complete the homogeneity of the dif -
ferent sources and forms of energy, the following premises

should be taken into account:
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7.2 Treatment of Hydroenergy

For the presentation of hydroenergy in the OLADE format, the
theoretical criterion has been adopted, which if, indeed, it
ensures the coherence of the balance as a whole, it tends to
underestimate the participation of hydroenergy among other pri
mary sources. It should be pointed out that the opposite pro-
blem occurs in the case of firewood, and this form of energy
appears to be overestimated with respect to the others; but
this problem, despite its importance, has not attained such a
polemical character as has the case of hydroenergy. It is also
recommended that the figures resulting from the use of the ca-
loric criterion be noted in the part corresponding to observa-

tions.

7.2.1 Theoretical Criterion

In accordance with this criterion, the production of hy
draulic energy in a plant 1s evaluated by means of the

following formula:
HE = gtH (Q) + Q)  (kwhr)
Where:

= Water density in kg/m3
g = Gravity acceleration in m/sec2
t = Operational time in plant, in hrs/yr
H = Height of fall in meters
Q= Turbined quantity in ms/sec
Q,= Spilled quantity in ms/sec

With regard to the hydraulic energy that feeds the trans

formation centers, the same formula is applied, but only



for the turbined flux, while the spilled flux defines

the unutilized energy.

It is useful to note that in those cases where only the
amount of electric energy 1/ available in the exit is
known, the transformed primary energy may be calculated

by means of the approximate formula:

HE = Hydroenergy in kwhr/yr
E = Electricity in kwhr/yr
= Average yield of a hydro power station, approiima
tely 0.8

7.2.2 Caloric Criterion

In accordance with this criterion, hydroenergy is trans-
formed considering the caloric amount of the fuel neces-
sary for the production of 1 kw-hr in the thermal plants
of each country, and the electricity, as secondary ener-
gy, considering the caloric conversion coefficient; in
other words:

1 kw-hr = 8.6 x 10> TOE

The choice of such an equivalency coefficient for hydro-
energy provides a better link to development strategy
and permits better utilization of the energy resources,

given that hydroenergy is no longer underestimated with

1/ This procedure obviously does not permit knownledge of the unutilized
energy.
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respect to the other rescurces. In this way, its parti
cipation in the primary energy structure is in accord
with the great effort that an increase in the utilization

of the hydroenergy potential represents for many countries.
For calculating the transformation coe(ficient for hydro
energy, the average specific consumption of each country's

conventional power plants should be used.

Treatment of Geoenergy

For the case of geoenergy, the same methodology as that put forth
for hydroenergy is considered; that is to say that the production
of primary energy of geothermal origin will be defined by the
enthalpy contained in the mass of steam and water extracted from
the deposit, minus that corresponding to the mass of steam and

water that can be reinjected.

Treatment of Firewood (See Chapter 6)

Treatment of the Calorific Power of Solid, Liquid, and Gaseous

Fuels

The solid, liquid, and gaseous fuels are evaluated according to
their lower calorific power, which discounts the condensation
of the water vapor contained in combustion gases, which cannot

be used in practice.

The non-energy oil products, such as lubricants, asphalt, grease,
and solvents, can be evaluated at the same calorific power of

the oil that gives them origin.

In each balance, it is useful to include information correspond-
ing to the lower calorific power of all of the primary resources

and the secondary energy forms (Chart N° 7), as well as the



064 .

conversion factors for going from the units used in each coun
try to the common unit (Chart N° 8). The average conversion
factors, recommended for use when such information does not

exist, are presented in Chart N° 9,



Chart

NE 7

TABLE OF CALORIFIC POWERS AND AVERAGE DENSITIES

PRODUCTS

DENSITY

LOWER CALORIFIC POWER

TON/m3| Kg/Bl [Kcal/ Kg |Kcol/Bl {Kcal/m3
.- COAL
2.- FIREWOOD
3.- AGRICULTURAL/LIVESTOCK RES.
4 .- CATTLE MANURE
5.- AGRO-INDUSTRIAL RESIDUES
6.- URBAN RESIDUES
7.- CRUDE OIL !
8.- FREE NATURAL GAS J
9.- ASSOCIATED GAS *
10.- COKE
I1.- CHARCOAL
i2.- LIQUIFIED GAS
13.- AUTOMOTIVE GASOLINE
14.- AYIATION GASOLINE
15.- NATURAL GASOLINE
I16.- DOMESTIC KEROSENE ;
17.- INDUSTRIAL KEROSENE %
18.- TURBO FUELS |
19.- DISTILLATES :
20.- HEAYY FUELS |
21.- FURNACE GAS ‘
22.- COKE GAS
23.- GAS FOR GASOGENES
24 .- DISTRIBUTED GAS
25.- REFINERY GAS
26.- ETHYL ALCOHOL

27 - NON-ENERGY DERIVATIVES







COUNVEMSION rac T OKS

Chort N 2 8

i PR Cﬁﬁ D U< j i::r:;mf!sﬁs»,;u T OR 1 CONVERSION FACTOREQ
Lmmr s mmsmsmemesmei s e = S—

- coaL TR AT ON ! e

2.~ FIKEWQOD ’ i TOE/M?

3 . AGRICULTURAL /LIvEST O, Rt:&g; 2 ! TOE/ M3

4.- CATTLE MANURE fuk /T E TOE/M3

5. - AGRO-INDUSTRIAL RESILUES [0/ TON TOE/ M3

6.- URBAN RESIDUES TOE/ TON TOE/N?

7.- CRUDE OIL TOE/ B TOE/ TON
8.- SREE NATURAL GAS TOEZIOCD FT3 TOE/1000 M3
9.- ASSUCIATED GAS | TOE/10G0 FT3 TOE/1000 M?
10.- COKE TOE/ TN —_

I1.- CHARCOAL TOE/ TON

12.- LIQUIFIED GAS TOE/ Bl TOE/ TON
I3.- AUTOMOTIVE GASOLINE TOE/ Bi TOE/ TON
14.- AVIATION GASOLINE TOE/BI TOE/ TON
I5.- NATURAL GASOLINE TOE/ B TOE/TON

16. DOMESTIC KEROSENE TOE/B! TOE/TON

| 7.- INDUSTRIAL KEROSENE TOE/ B TOE/ TON
18.- TURBO FUELS TOE/ Bl TOE/TON
I9.- DIESEL OIL TOE/ B} TOE/ TON
20.- HEAVY FUELS TOE/ B TOE/TON
21.- FURNACE GAS TOE/ OGO M3

22.- COKE GAS TOE/I000 M3 ———
23.-GAS FOR GASOGENES TOE/Z 1000 M —_—
24.-DISTRIBUTED GAS TOE/ OO0 FT3 TOE/1000 N3
25 .- REFINERY GAS TOE/ 000 FT3 TOE/1000 M3
28.- ETHYL ALCCOMOL TO&/ B TOE/ M3

27 - NOWM- ENERGY DERIVATIVES | TOE/TOW TOE/ BI

;

e s v

[28.-ELMECTRIC ENERGY

P

TOE/ MW




EXAMPLES OF CONVERSION FACTORS

Chart N2 S

PR ODUCT

CONVERSION FACTOR (1)

CONVERSION FACTOR (2)

l.- COAL 0.700 TOE/ TON _
2.- FIREWOOD 0.360 TOE/ TON E—
3.- CRUDE OIL 0.139 TOE/BI |.020 TOE/ TON
4.- FREE NATURAL GAS 0.0235 TOE/I000 FT3| 0.830 TOE/1000 M®
5.- ASSOCIATED GAS 0.0252 TOE/1000 FT3| 0.890 TOE/1000 M?
6.- COKE 0.680 TOE/TON —_—
7.- CHARCOAL 0.690 TOE/TON —
8.- LIQUIFIED GAS 0.093 TOE/BI .08 TOE/TON
S.- AUTOMOTIVE GASOLINE 0. 124 TOE/BI .05 TOE/TON
10.-AVIATION GASOLINE 0.119 TOE/BI .05 TOE/TON
Il.- NATURAL GASOLINE 0.106 TOE/BI 1.06 TOE/TON
12.-KEROSENE 0.133 TOE/BI 1.03 TOE/TON
I3.- TURBO FUELS 0.136 TOE/ BI I.O4 TOE/TON
14.-DIESEL OIL 0.139 TOE/BI .02 TOE/TON
I15.-HEAVY FUELS 0.143 TOE/BI (.00 TOE/TON
16.- FURNACE GAS 0.090 TOE/I1000 M3 —
17.- COKE GAS 0.420 TOE/1000 M3 Ea—
i8.-DISTRIBUTED GAS 0.0113 TOE/I000 FT®| 0.400 TOE/I000 W>
19.- REFINERY GAS 0.0311 TOE/I000 FT3| 1.100 TOE/I000 M3
20.-ETHYL ALCOHOL 0.083 TOE/BI 0.52 TOE/ W3
2].- NON- ENERGY DERIVATIVES [0.99 TOE/ TON 0.139 TOE/BI
0.086 TOE/MWhH _—

22-ELECTRIC ENERGY




ANALYSIS OF THE RESULIS

Once the historical series of balances has been realized and the
concrete results have been presented in the adopted format, the next

step 1s to analyze the elaborated information.

The analysis must confront the study of the national energy system's

evolution, in absolute as well as relative values.

The energy balance in itself does not contain all of the elements
which are sufficient to analyze the system as a whole. It is neces-

sary to possess other information, especlally on:

- The country's energy resources

- The circunmstance foreign to the sector but which, in some way,
condition the energy production (political, international, tech-
nological aspects, etc.).

- The general production cf goods and services and 1ts organization.

In effect, the demand for energy by the different consumption sectors

is determined by:

- The requirements for industrial and agricultural/livestock produc
tion, by means of technical options in the production system.
- The requirements for final consumption through the social behavior

of the consumers.

In order to use the energy balance as an effective tool, it is neces
sary to be aware of certain non-energy indicators characteristic to
the different economic activities. The energy system can only be
fully defined to the extent that its place within the socio-economic

situation is fully known.

The energy balances are used as an instrument of analysis in planning

the energy sector.
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For the management of the energy system, the balance should provide
the possibility of establishing certain criteria with respect to the

"effectiveness' of this system:

- Be that in the strict sense of energy effectiveness or
- Be it associated with economic information, in a more general

sense of economic effectiveness.

At a microeconomic level, the decisions in an energy production or
transformation unit are made within a restricted framework, and the

balance will hardly be useful due to the degree of its breakdown.

At a macroeconomic level, the problems of resource distribution in
production activities are somewhat cleared up by the energy balance.
In it, indispensable information is made available for undertaking

the optimal distribution of resources.

In general, within a short-term perspective, the balance permits
knowledge of the different energy alternatives (favoring this or
that form of energy), according to the final use in the large consu
mer categories. In addition it permits the establishment of the
relationship between the final demand and the primary energy natural

resources.

Within a long-range perspective, the balance is an indispensable tool
for forecast and planning. Forecasts are supported by the pre-esta-
blished tendencies or determinations, while planning needs options
and precise political and economic measures. This long-range plan-
ning seeks to satisfy the demand for energy at a lower cost, consider-
ing other social objectives, and also taking into account the known

primary energy resources.

The analysis of the balances is an indispensable step in the process

described previously, and it may be carried out as indicated below.
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8.2

67.

Analysis of the Primarv fnergy Suppl:

The evolution cf the different components ci the Total Primary
Supply (Rows !, I and 3) must be observed, calculating the an-
nual growth rates for each source or product and for the total

during the period umber study.

Likewise, the relationship between national production and im-
portation will give an idea of the degree of energy self-suf -

ficiency.

The Gross Internal Supply should be analyzed in the same way

as is the Total Primary Supply.

The evolution of exports will illustrate the behavior of this
activity in the gross internal supplv balance. It is important
to observe the evolution of unutilized energy (Row 6) and to

compare it with that of production.

Also, the production variation must be analyzed for each one
of the products, and whether it diminishes or increases the

unutilized amount in each one.
The overall behavior of the supply must definitely be analyzed.

It is particularly interesting to consider the ratio in which
hydrocarbons participate in the energy supply. Also, whenever
possible, the structure of the supply should be compared with
that of the reserves, in order to appreciate the degree of car-

respondence between the two.

Analysis of the Energy Sector

In this part of the balance, it deserves special interest to ob

serve the modifications that have taken place with regard to



the intake of the transformation centers, their production

structure, and the corresponding transformation losses.

It is recommended that each one of the transformation centers
included in the balance be studied separately. It is important
to point out that the power plants and refineries constitute
the principal stages of the primary and/or secondary eneryies
process of transformation into other sources, more versatiie

and adaptable to the market's requirements.

With respect to the power plants, there are the public service
ones and the ones for self-use. Great interest lies in compa:-
ing their production and drawing pertinent conclusions within

the framework of each nation's particular situation.

Given that the power plants can be of different natures, such
as hydraulic, geothermal, nuclear, conventional steam or inter
nal combustion and gas turbine, each one's participation in the
total production must be analyzed; in this way, the generating
structure will be manifested according to the sources of origin.
In the programs for new installations, this framework will aid
in elaborating a policy for substituting the more abundant ener-

gy sources for those less available.

Similarly, the transformation center's losses must be analyzed
in depth, since these can increase as a function of an increase
in the generation of electricity with less efficient equipment,

such as gas turbines.

It is also recommended that the internal structure of the refi-
neries be analyzed, comparing it with the consumption of oil
products, with the purpose of determining if the refining equip

ment does or does not respond to the market configuration.

In concluding the analysis of the energy sector, it is important

to study each sector's efficiency independently, as well as the
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whole system's global efficiency, including production, trans
formation, transportation, distribution, and storage. In gene
ral, these efficiencies can be calculated as the relation of
total losses plus the consumption over the total of the secon-

dary energy produced.
On analyzing the total supply of secondary energy, the percen-
tage of national production or importation needed to satisfy

it is made manifest.

An examination of the gross internal supply reveals the percen
tages of the total supply destined to be exported.

Analysis of the Final Consumption

The total final consumption appears in the last part of the bal
ance's presentation, where its composition and that of the fi-
nal energy consumption (Rows 12.1 and 12.2) can be examined

product by product.

First, the evolution of each source or product must be observed

for the period under analysis.

The most important analysis is that of the evolution of the fi
nal energy consumption’s structure, for each one of the chosen
consumption sectors (Rows 12.2.1 through 12.2.5); the most dy-
namic sectors and their determining causes should be analyzed.

Moreover, it is recommended that the results of the final ener
gy consumption's evolution be analyzed product by product in
each sector. In this way it is possible to visualize the sub -

stitutions made among them and to deduce the causes,
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Relationship between Energy and Economic Growth

An awareness of the energy sector's evolution and composition
permits the making of a correlation with the macroeconomic va
riables; in this way it is possible to analyze this sector's

behavior and that of the economy as a whole.

It is very useful to relate the total energy consumption and
the electric consumption to the gross internal product, and 1t
is also important to correlate the total energy consumption
and the electric consumption with the corresponding gross in-
ternal product structure, by sector. The following are some

of the indicators, among others:

- Elasticity in total energy consumption - gross internal
product.

- Elasticity in electric energy consumption - gross internal
product.

- Total energy consumption per unit of the gross internal
product.

- Electric energy consumption per unit of the gross internal
product.

- Relationship between commercial and non-commercial energy.

In addition to the foregoing parameters, an awareness of the
sector's evolution will at the same time permit the determina-
tion of its relationship to population growth, thus obtaining
other parameters for this case (per capita energy consumption)
which, analyzed together with the other indicators, will, to
some extent, permit the determination of the degree of develop
ment achieved by the country and will provide adequate elements
for the study of the energy sector's historical evolution and
prospects. In the latter case, the energy consumption for each
branch of the economy and each future period may be considered

in correlation with the chosen indicators.



APPENDIX A

NOMENCLATURE

A.1 Nomenclature. General Structure of the Balance

A.2 Nomenclature. Resources and Products

A.3 General Nomenclature. Alphabetical Order.



.1 NOMENCLATURE: GENERAL STRUCTURE OF THE BALANCE (ROWS)

N AME CODE
SUPPLY . 0FE
PRIMARY ENERGY PRODUCTION PEP
IMPORTATION OF PRIMARY ENERGY I MP
PRIMARY ENERGY INVENTORY VARIATION VIP
INITIAL PRIMARY EXISTENCE E!P
FINAL PRIMARY EXISTENCE EFP
TOTAL PRIMARY SUPPLY oTP
EXPORTATION OF PRIMARY ENERGY EXP
UNUTILIZED PRIMARY ENERGY N AF
6R0OSS PRIMARY SUPPLY S OBP
PRIMARY LOSSES e . . PER
PRIMARY'S OWN CONSUMPTION e ... CPP
FINAL PRIMARY CONSUMPTION ... . _._ . . ... __CFP
PRIMARY INPUT R ENP
ENERGY SECTOR o S EN
TRANSFORMATION CENTERS _ ... _.____CTR
COKE PLANTS AND FURNACES ... . co@ ‘!
COKE PLANTS _ e CAR f
BIOMASS _ o B IO
ANAEROBIC DIGESTERS _ o L D1A
ETHYL ALCOMHOL DESTILLERIES - . . ___DBAE
GASOGENES o _GAS
REFINERIES . ... .. . L ____REF
GAS TREATMETS PLANTS _ } PT6
PUBLIC SERVICE POWER PLANTS _ _ CEP
SELF—US POWER PLANTS _ i CEA
PLANTS FOR ELABORATION OF NUCLEAR FUELS . ..__PCN
GROSS SECONDARY PRODUCTION o PSB |
IMPORTATION OF SECONDARY ENERGY 1 MS
SECONDARY ENERGY INVENTORY YARIATION vis |
FINAL SECONDARY EXISTENCE _ EF S '
INITIAL SECONDARY EXISTENCE __ __ELS
TOTAL SECONDARY SUPPLY_ CTs
UNUTILIZED SECONDARY ENERGY _ Mas
EXPORTATION OF SECONDARY ENERGY EXS |
GROSS SECONDARY SUPPLY_ oe s
SECONDARY'S OWN CONSUMPTION - CPS
TRANSFORMATION LOSSES _ __PET
SECONDARY LOSSES PES
STATISTICAL ADJUSTMENTS AES
SECONDARY INPUT o ENS
FINAL SECONDARY CONSUMPTION CFS
TOTAL FINAL CONSUMPTION CFT
FINAL NON—ENRGY CONSUMPTION CFHK
FINAL ENERGY CONSUMPTION CFE
CONSUMPTION SECTORS SEC
RESIDENTIAL, COMMERCIAL AND PUBLIC RCP
TRANSPORTATION TR A
AGRICULTURAL/ LIVESTOCK __ AGR

INDUSTRIAL i i ND
UNIDENTIFIED CONSUMPTION ___ _ CNI




[N W { v ecewS)

RN [, [N T - B | L e e -
N AME CODE EQUIVALENT TERMS
PRIMARY ENERGY e
coAaL CM
FIREWOOD LE
OTHER PLANT AND ANIMAL FUELS
ANIMAL FUELS 0¢C
AGRICULTURAL/LIVESTOCK RESIDUES | R A | Coftee ond rice husks
CATTLE RESIDUES R P | Manure
FOREST RESIDUES R F | Saow-mill,shavings, sawdust
AGRO-INDUSTRIAL RESIDUES RA || Sugar cane bogasse
URBAN RESIDUES RU
ENERGY PLANTATIONS P L
CRUDE OiL PT
FREE NATURAL GAS G N | Natural gas
ASSOCIATED GAS G A
HYDROENERGY HE
NUCLEAR ENERGY NE
GEOENERGY 6 E
FISSION FUELS CF
NATURAL URANIUM UN
ENRICHED URANIUM UE
SECONDARY ENERGY 1ES
COKE caQ
CHARCOAL cv
LIQUIFIED GAS 6 L | Comercial propane , supergas propane- butane, L PG,
liquid gas
GASOLINES AND NAPHTHAS 60
COOKING GASOLINE G C { Regular gas
NATURAL GASOLINE GNN | Nawral gasoline
AUTOMOTIVE GASOLINE G M | Motor gas,regular automotive gas, common naphtho
common benzine,extra automotive gasoline, special au-
tomotive gasoline, extro or special bencine, noph-
tha, petfroncphthao.
AVIATION GASOLINE 6 V | Aero-naphthao
KEROSE NE AND TURBOFUEL KE | Kerex , JPI, JETAl, JPZ, Turbonaphtha
DESTILLATES DE | Automotive fuel oil, disel fuel, dise! oil,
petrodisel, ACPM.
HEAVY FUELS C P | Combustoleo, fuel oil, bunker C, indusiria! oil,
residual oil, residue ail.
OTHER ENERGY FUELS OE
ETHYL ALCOWHOL AE | Corbon-hydrate aicohoi, anhydrous cicohol
REFINERY COAL C R | Residual oil coal, oil coke.
NON—ENEREY PRODUCTS PN
LUBRICANTS (OILS) AL
GRE ASE LY
ASPHALT AS
SOLVEMNTS SO
6 AS €S
DISTRIBUTED ©GAS 60D
REFINERY GAS e R
FURNMNACE GAS G H
COKE GAS 6 Q
6AS FOR GASOGENES 66
ELECTRIC POWER EE




A.3.- GENERAL NOMENCLATURE

2.- AGRICULTURAL / LIVESTOCX RESIDUES
3 - AGRO-INDUSTRIAL RESIDUES

4 - ANAEROBIC DIGESTERS

6 - ASSOCIATED GAS

8.~ ASPHALT

T - AUTOMOTIVE GASOLINE

B.~- AVIATION GASOLINE

.- BIOMASS.

10 .- CATTLE RESIDUES

COKE PLANTS AND FURNACES
12 - COAL PLANTS

I3.- CONSUMPTION SECTORS.

14 - COAL

I8 - COKE e .

16.- COOKING GASOLINE

17 - COKE GAS

18 - CRUDE OIL

18 - CHARCOAL

20 - DISTILLATES

21.- DISTRIBUTED GAS

22 - ELECTRIC POWER

23 _ELECTRICAL PLANTS

24 - ENERGY PLANTATIONS

25 - ENRICHED URANIUM

26 - ENERGY SECTOR

27- ETHYL ALCOHOL DISTILLERIES.
28.- ETHYL ALCOHOL

29.- EXPORTATION OF SECONDARY ENERGY
30.- EXPORTATION OF PRIMARY ENERGY.
3!.- FINAL PRIMARY EXISTENCE
32 - FINAL PRIMARY CONSUPTION.
33 . FINAL PRIMARY DESTINATION
34_- FINAL SECONDARY EXISTENCE
38 - FINAL SECONDARY CONSUPTION
36.- FINAL NON-ENERGY CONSUFTION
37 - FINAL ENERGY CONSUPTION
38-FIREWOOD

39 - FISSION FUELS

40- FREE NATURAL GAS

4} - FOREST RESIDUES

42 - FURNACE GAS._

43 - GASOGENES

44 - GAS TREATMENT PLANTS

4% _ GASOLINES AND MNAPHTHNAS

46 -6AS

2 7_GAS FOR GARQOGENES.




( ALPHABETICAL ORDER)

CODE

G R
A
Al
i A
A
s

Em» Ov ~ C
0o »® O o

-

h]

® DH OO0 MODO MMM®»P O MC VvTOM®OD O T O OO O ®M®OO IODSO OGP &©OC T X b
MTE MMM AN T AN NN PZ M MMOMC A O OO
mzxw ®wvvV oo m

v e
- » x
o @

|
e e
» o

]
®©

[ N A M £ CODE]
o - m~ LTI I DI L LTI T I L T 2 - S i _:_T“_T
81.- GROSS PRIMARY SUPPLY oBP
52 - GROSS SECONDARY PRODUCTIUN FSB
53 _GREASE LU
5 4 _HEAVY FUELS cep
858.- HYDROENERGY HE
6 €. IMPORTATION OF PRIMARY ENERGY I MP
B7 - iMPORTATICN OF SECONDARY ENERGY I M8
3 B.-INITIAL PRIMARY EXISTENCE EtP
59 -INITIAL SECONDARY EXISTENCE EIS
60.-INDUSTRIAL. _IND
€1.- LIQUIFIED G6AS 6L
6 2.- LUBRICANTS ( OILS) AL
63 . KEROSENE AND TURBO FUEL _ KE
64 -NATURAL URANIUM._ _UM
66 - NATURAL GASOLINE G NN
66.-NON-ENERGY NE
67 - NUCLEAR ENERGY NE
68 _-0THER PLANT AND ANIMAL FUELS oc
69 -0OTHER ENERGY FUELS OE
TO.- PLANTS FOR ELABORATION OF NUCLEAR FUELS _PCN
T1.- PRIMARY 1INPUT _ENP
7T2.- PRIMARY ENERGY EP
75 - PRIMARY ENERGY PRODUCTION. _PEP
74 -PRIMARY ENERGY [NVENTORY VARIATION viPp
75 - PRIMARY LOSSES PER
76.-PRIMARY'S OWN CONSUPTION _CPP
7 7.- REFINERIES . T _REF
78.- RESIDENTIAL, COMMERCIAL, AND PUBLIC_ _ . _RCP
T9.-REFINERY COAL - _CR
BO.-REFINERY GAS GR
BI1.-BELF- USE POWER PLANTS CEA
B2 .- SECONDARY'S OWN CONSUPTION _CPS
B3 -SECONDARY LOSSES PES
84 -SECONDARY INPUT ENS
85 - SECONDARY ENERGY ES
B6. - SECONDARY ENERGY INVENTORY VARIATION vis
87- SOLVENTS L)
B88.- STATISTICAL ADJUSTMENTS. AES
§9. SUPPLY. . _OFF
90.-TOTAL PRIMARY BSUPPLY_ . oTP
®1.-TOTAL SECONDARY SUPPLY 0TS
®2.- TOTAL FINAL CONSUPTION CFT
®3- TRANSFORMATION CENTERS _CTHR
9 4. TRANSFORMATION LOSSES PET
96.- TRANSPORTATION_ __TRA
®&-UNUTILIZED PRIMARY ENERGY _NAP
® 7 .- UNIDENTIFIED CONSUPTION _C NI



B.1

APPENDIX B

TREATMENT OF THE SURVEY RESULTS

Treatment of the Statistical Information from the Firewood Survey

When it cannot be assumed that the concept (X) - People-meal/day-
is constant, knowing that when the number of people - meal increa
ses, then obviously the duration of the energy unit is reduced;
therefore, the following function should be investigated:

o

Y = AX
Where:

Y = Duration, in days, of the adopted unit, for a family.
X = Number of people-meal/day.

A = (Constant
o<

== Regression parameter; -1 o0

The correlation cannot be made directly, but rather by dividing the
sample into sub-samples, taking equal intervals for (X) and cal-
culating the average duration of (Y) within each interval. During
this process, the points which are excessively distant from the
mean should be rejected; but in no case should the rejection exceed
10% of the total number of points in the sample.

(X) generally varies between 3 and 40, and between 10 and 15 inter
vals may be taken. If the sample is well taken and the calculations
are well done, a fitting above 90% should be expected; the large
amount of samples taken in Peru, Ecuador, and the Central American
countries have invariably responded to this pattern. If the fitting
is not good, it is a sign that some undetected problem (for instance,
units, fuel mixutres, etc.) is affecting the quality of the results.



If the fitting is better than 90%, G(X) and G(Y), the geometric
means for (X) and (Y), can be calculated. The specific consumptior

(C) is calculated with the following formula:

c=—X
G(X) G(Y)
Where:
C = Specific consumption expressed in kg/person - meal

K
G(X) and G(Y) = Geometric means previously defined

Equivalent of the adopted unit in kg

It should also be clarified that the correlation C = C(X) responds
to the function C = A'Xécj/, with o< being negative and less than 1.
This expresses the fact that as the number of people increases, the
specific consumption decreases, thereby increasing the efficiency
of use in cooking. This correlation can be made as an additional
verification and only to corroborate the previous fitting, of which
it 1s a direct consequence. The methodology for estimating the
annual national consumption (Q) in kilocalories is identical to that

presented in Paragraph 6.2.3.

B.2 Treatment of the Statistical Information from the Special Tests on

Industrial Firewood Consumption

The following variables are again defined:

= Number of product units extracted per burning
Number of burnings done in a year

= Amount of firewood, in kg, that is used for each burning

O =< O =
i

= Specific consumption in kg/unit
Thus, we have:
X
X
1/ In effect, if Y = AX"and C = —§Y_” we can write: C = = A'X°T

C =




In general, the following relation 1s complied with:

C = Ax°=

With -1<e<<0, which indicates that the peir unit consumption decreases
with the increased production per burning. The verification of the

previous formula on the basis of the data obtained for each kind of

unit corroborates the soundness of the samples taken. It is neces-

sary to formulate a warning: in order to have good fittings, compare
installations that use the same technology, which may well be the

case for artesanal units, although there may be exceptions.
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APPENDIX C

NUCLEAR ENERGY

Plants for the Elaboration of Nuclear Fuels

Although plants for the elaboration of nuclear fuels do not yet
exist in Latin America, it is useful to include the center corres-
ponding to this process, the scheme for which is shown in the fol-

lowing figure:

B —

PLANTS FOR THE

FISSIONABLE
r_L_) _. ELABORATION OF FUEL
MINERAL : ELE MENTS

NUCLEAR FUELS

[—‘ TRANSFORMATION

o LOSSES

)|

The process begins with the extraction of uranium, which, free from
impurities, is concentrated, obtaining U308' This then passes to a

purification stage, where UO3 oTr pure U308 is obtained.

From the latter stage, it passes to a conversion plant where UO2
oxide is produced; from this product on, the process becomes diffe-

rentiated according to the type of reactor used by the nuclear fuel.

For the reactors cooled by natural uranium gas (GCR), the UO, is
fluoridated and reduced to obtain metallic uranium, with which the

fuel elements are manufactured.



For the heavy water reactors (HWR) for natural uranium, the U0, 1is
transformed into ceramic grade UOZ’ with which the fuel elements

are manufactured.

For the pressurized water or boiling water reactors (BWR) for en-

riched uranium, the U0, undergoes a fluoridation process to obtain

2
uranium hexafluoride (UF6); this is treated in a gaseous diffusion
or centrifugate plant, from which enriched uranium, such as UFG’
is obtained. The process is continued with a conversion plant

which produces enriched UO, oxide, with which the fuel elements are

2
manufactured.

The different fuel elements obtained are used in the respective
reactors to produce steam, which finally activates the turbine and
the alternator as in a conventional plant, which is separately

treated with the power plants.

C.2 Treatment of Nuclear Energy

In a case where a country should like to include nuclear energy in
its balance, it is recommended that a criterion similar to that es
tablished for hydroenergy be adopted, that is to say, the production
of primary nuclear energy will be equal to the amount of heat ob -
tained from the fission fuel on being 'burned'" in a reactor. The

following is put forth for reference:

a. The caloric equivalent for 1 ton of natural uranium, enriched
to 3% and 'burned" in a PWR reactor of 30,000 MWD is: 1 ton
nat. U = 4.24 x 100 3. 1/

b. The caloric equivalent of 1 ton of natural uranium utilizable
in a 7500 MWD HWR reactor is: 1 ton nat. U = 6.48 x 107 J 1/

1/ Taken from Charpentier, Jean Pierre. International Energy Agency,
Vienna.



APPENDIX D

EXAMPLES

D.1  Energy Balances from Ecuador

D.2  Energy Balances from Peru



D.1.- EXAMPLE . ENERGY BALANCE

FROM

ECUADOR -

FIGURE 1

olade__

[ EcuaDOR - |97§:H

ENERGY BALANCE

STRUCTURE

FINAL PRIMARY CONSUMPTYION 969
o] 6397 327 1281

PRIMARY PRIMARY SECONDARY SECONDARY
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