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INTRODUCTION

The uneven development of energy planning instruments observed inm
Latin America led OLADE to propose the execution of a program
of energy balances for the region, at the X Meeting of Ministers,
held in Panama in December 1979.

The scope and significance of this program was widely accepted,
and it comstitutes an indispensable element for fostering energy
planning in the Member Countries, thus facilitating their
cooperation and integration.

Along this wvein, and in order to comply with the ministerial
mandate expressed in Panama, OLADE developed a methodology for
the elaboration of energy balances in terms of final energy
(BEEF) for the Latin American and Caribbean area, for the purpose
of unifying criteria and facilitating, in addition, the work of
technicians and researchers in the field of energy; this
methodology has been developed fundamentally for use by the
countries of the region and for the region itself, but it «can
obviously be applied at the subregional and continental levels.

Currently, 25 of the OLADE Member Countries have an historical
time series of energy balances, which has been of great utility
especially in those countries in which this tool of analysis and
energy planning had not been available previously.

In the current state of development of the BEEF-OLADE, the sour-
ces of energy are converted into their energy equivalent from the
primary level wup through final energy  consumption, In other
words, they do not cover losses at the level of fimal consumers.

The OLADE methodology for elaboration of BEEF has been adequate
for the requirements of information indispensable for analysis of
the energy sector. However, given the need to broaden the energy
picture and to delve into greater depth in certain aspects of
importance for system management, the energy balance requires an
evolution compatible with the infrastructure and basic re

quirements for information in the region.

The current matrix of the BEEF-OLADE has been enhanced due to the
needs of economic and energy analyses at the national and region-
al levels. Recent trends in energy policy call for more detailed
knowledge about the amount of energy actually used both in pro-
ducing energy and in satisfying the needs of final consumers.

The concepts of rational use of energy, substitution among energy
sources, and projection and analysis of energy demand merit in-
depth accounting of the energy losses occurring during the pro-
cesses of transformation and actual consumption, i.e., determina-
tion of the "useful energy" available in the processes of pro-
duction of goods and services, as well as that destined for
satisfying household needs.
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Therefore, headway must be made in methodological efforts
order to broaden the current structure of the OLADE energy bal-
ance and to be able to satisfy the present requirements of more
effective energy analysis through the calculation of useful

energy as a function of the equipment used and the sources
sumed in each one of the end

in

con-
—uses for which energy is required.

The methodology presented herein was the effort of a group of
professionals from the Member Countries and from mnational

and
international organizations which have been developing a
methodology for the incorporation of useful energy into the

energy balance, It also includes the observations made during
the International Seminar for the Presentation of the OLADE
Methodology for Elaboration of Energy Balances in Terms of Useful
Energy, held in Sao Paulo in August '1986. This has resulted in a
method that not only considers the experience gained in past

endeavors but which also goes further, to incorporate new
definitions and treatments.

An  attempt was made to develop a methodology for elaborating the
energy balances in terms of useful energy (BEEU), these being an
instrument which would serve as a basis for energy planning and

its relations with rational use of energy and substitution among
gources,

Energy balances constitute one of the instruments for organizing
and presenting part of the information needed for energy plan-—
ning. If the planning process is broken down into the stages of
gathering and organization of information, energy assesgsment,
preparation of projections and an effective planning process for

the future system, energy balances are then found in the first
and second stages.

Although BEEU have a broader scope than BEEF-- since, as will be
seen, they disaggregate the sectoral consumption of the different
energy sources by subsectors, energy uses and equipment-- they
only provide part of the information required for

energy
planning, since the latter also calls for another type of
information, on both the énergy system and the sociceconomic

system as a whole. Actually, from the standpoint of the energy
system, for the analysis of demand, it may be necessary to have
information on ctonsumption indicators, information derived from
case studies, dinformation on the behavior of economic variables
and information of an institutional nature.

In the assessment phase, an explicative analysis of the current
ution of the energy system is done, as
well as of its relations with the overall system. BEEU are an
instrument which permits the detection of the principal bottle-
necks and/or constraints in the energy system, the solutions for
which may be based on special studies on demand (analysis of
explicative variables, determining factors, homogeneous
modules,...}, supply, energy policies, the institutional system,
the productive system and the decision—making process.
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i t BEEU, two stages must necessarily'be comple;ed:tzzz
v arrlye * disaggregation of final consumption by s? §ec :
SN thed the second, is the assignation of efficiencies
md by uses °7 ’ates. Without doubt, the first stage %eads go
- thisiaiiiéegknowledge about final energy consumption and,
e

. is an Iinstrument oI g2r i1 eman rojections.
inst t of eat utility for
i i d d
ience, P ]
f. r o i eney con-
ﬁ transformation of these aggregates into useful g
e Y

importance when what is desired 1is
sumption 'and 1932§ieti§:spgiii$pof substitution among sources,
t et ue eﬁlenergy and the analysis and projecti?n of clemaled(.i
O et to be made in preparing BEEU is thus intlmétely tlef
e o cone of the instruments of analysis and progegtlon ot
Lo 'S;OPie available to a country. Therefore, an 1@portan_
ey 'aformation contained in the BEEU wil% be 1nq15pensat
omount, oF lﬁ re will also be another type of 1nform§t10n, nom
o ‘bUt 't ihe BEEU (which has been compiled for thelr'prepara"
c?ntEIHEdh%nh is also indispensable. For the sake of 1%lus§rie
E%gi)’ m:nigon can be made of any type of ﬁemand igi}iilif zhe
ohet i ated), the consu ‘
(vhether Eggiiﬁzzegf zidi::ii%re%y units of physical p?oduc?lon;
dl?ferent Ii ¢ added, specific consumption in Kcal/lnhabltan1
unzzrdzig zi ;eographical regions, dincome levels, urban or rura
ac

zones, etc.

Wi ct to raticnal use of energy, the measures to b? impiis
e ht he level of sectors, subsectors or establishme :
ment?d at bt Ere detailed information, which normélly does not
requlre‘much mbalance. However, this is the only instrument apf
for detec F . the demand aggregates most sensitive to programstge
izzigigiCtizg and the impact that such programs would have at

national or regional level.

i riecin
For the elaboration of policies such as thos§ fir uge tﬁ;
substitution among sources, conservation and rzté?n?tion 0% che
BEEU facilitate analysis and permit a betterffe tnby F oviding
i i licies would have an effec
spheres in which such po : .
mzre refined and homogeneous consumption aggregates

: a
In summary, although the BEEU in thems?lves do zzzn:onsE$Zutzata
direct dinstrument for the above-mentlon?dh aiher infgrmations
needed for their elaboration, together wit .E suitable actions.
provide the basis for analyses that will P?rm;arl BREU. is their
The advantage of energy balances, and partlcz ollZd coherence 1in
organized presentation, which calls for con i other systems for
the data, thus permitting the relation wit ational accounts;
describing economic reality ?EEZrngiiOEZi rlcorﬂparismﬂs9 and
zzizzruciizgalzf Zozitzézzi’ oi coherent information system with

the obijectives of the proposed analysis.

ewith,
It is worthwhile to note that the methodology priszntiigZigon i
the consclidated format, and the common unltho di%%erent oune
not intend ¢to limit the field of aCFlon of i - es Obviously,
tries in the elaboration of their national balances.
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each country is free to adopt a greater or lesser degree of
disaggregation than that proposed, or any other unit other than
the omne given.

What is desired is to provide a broad, common methodology for all
of the countries of Latin America, permitting preparation of a
"consolidated regional balance" and, thus, to facilitate the task
of comparisons within the area and with other regions of the
world, while formulating a methodology flexible enough to be
applicable to the different characteristics and particularities
of the energy systems of the lLatin American countries.
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CHAPTER I

DEFINITIONS AND BASIC CONCEPTS

L. Definition of Useful Energy

The methodology to be used in preparing energy balances in terms
of wuseful energy (BEEU) must necessarily begin by defining the
concept of Useful Energy (UE) which will be adopted.

Although it 1is universally accepted that Final Energy (FE) ds
that which is put at the disposal of the consumer, the energy
gource in question must almost always undergo some transformation
in order to attain the form of energy suitable for the use re-
quired by the consumer. It is also known that the end-uses of
energy are to do work or obtain heat for given physical and
chemical processes. Each one of the sources of energy apt for
these end-uses is obtained by means of simple or complex trans-—
formations (%) of Final Energy.

The fact that there is no unique and universally accepted defini-
tion for useful energy led to the comsideration of the different
options which exist, before finally arriving at the one adopted
by the present methodology.

One of the most widely accepted definitions of useful energy in
the specialized literature is:

"the energy available to the consumer after dits final con-
version" (##%)}.

For the concept of useful energy which will be used in the OLADE
methodology, it was considered worthwhile to add to the foregoing
definition other elements which should be taken into account:

(1) the existence of OTHER PROCESSES which occur between the
last conversion and the useful energy available and which,
although do mnot entail modifications in the physical state,
do generate losses; and

(2) the existence of SYSTEMS OF USE for the different forms of
intermediate energy.

(*) Energy transformation or conversion is understood as "energy
production with a modification of the physical state of the
energy agent',

(*%*) "World Energy Conference Glossary of Energy Balances and
Accounting," Pergamon Press, page 5. This definition can
also be found in EUROSTAT, '"Useful Energy Balance-Sheets
1975", Belgium 1979, page 22.
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With the foregoing, an attempt is made to underiine that, after
the final conversion, useful energy (INTERMEDIATE ENERGY) is
obtained; this form is not yet fully available for the production
of goods or the satisfaction of needs (rendering of services)
since the use of this Intermediate Energy wiil depend on thé
efficiency of other processes and on the greater or lesser effi-
ciency of the available system of utilization.

Figure 1 schematically represents the propeosal for evaluating
available wuseful energy (AUE) as the energy available after the
system of use, for the production of goods or the satisfaction of
needs. As examples of systems of use, steam distribution pipes
mechanical energy transmission systems, or wall insulation i;
space conditioning, ete., may be cited.

FIGURE 1

[System of Produc-] [ System [USEFUL ENERGY

Ition of Forms of | FORMS OF [ of End-Use]CONSUMED OR
FINAL I¥Utilization [ INTERMEDIATE | AVAILABLE
ENERGY| [ ENERGY: i [ #*Finished
————— p]Efficiency of J-m—me—emeee] Efficien- I Product

IProduction I USEFUL ENERGY] cy of Use I >

[T p) [ PRODUCED I ("w [ #*Service

———————————————————————————— Obtained

LOSSES LOSSES

Tbis ddeiinition is to a certain extent implicit in the aforemen-—
tioned glossary, which, in definin

g the useful-ener bal
reads as follows: & e

"Balance established on the basis of accounting for the different
en?rgy flows, according to their net calorific value, from the
primary supply to the useful energy recovered by the final con-
sumer at the outlet of his devices, making appear the losses
suffe¥ed in the different phases of transformation and con-
su@ptlon. Since there is no effective measure of useful energy

this balance is in fact a balance derived from the final—energ;
bala?ce since it actually accounts for consumption at the Ilevel
of final energy, applying the average or estimated efficiencies
of the last device in the transformation and assuming sound
%nowledge about the park and its efficiencies, which can vary in
important proportions,

Note:. Determination of useful energy could be considered as a
function of technical procedures, of its uses or of economic
i?ct?rz,ffbut these breakdowns present such theoretical and prac-
ica ifficulties that, currently, only th i i
e first i
applied." (%) ’ ’ sotutton s

Generally speaking, it can be said that the design of an appro-
priate methodology for calculating useful energy is based om the
consideration of four elements: energy source, conversion sys-
tem, other processes, and system of final use.

Graphically, these four elements can be diagrammed as they appear
in Figure 2:

FIGURE 2
Systems of Final Use —=—=———mw—- > (C)
/I\g"‘ﬁ,_‘
I S
I \\'""--..
I T~
(A") {B)
A
[ i
I I
I I
I I
FE-— e m e e > CONVERSTION—————- 3 (A)—mmmmms *> OTHER
{Final Energy PROCESSES
Source)

For the balances of Final Energy Consumption (whether primary or
secondary sources), energy accounting can establish the amounts
of each source consumed for each use. For that purpose, 1t 1is
only necessary to disaggregate consumption by sectors of economic
or social activity, according to consumption by end-uses.

To express the foregoing in terms of useful energy, 1in keeping
with the definitions presented above, alternatives must be

recognized.

Alternatives (A} and (AY, which take into account only the

energy sources and conversion systems, provide knowledge about
one stage of Intermediate Emnergy. For some methodologies (for
example, that of the OECD), this option already constitutes

Useful Energy.

Considering the section (A)--3» (B), losses in the conversion
systems would incorporate those originating in other processes,
the respective efficiencies of which give rise to what 1im this
methodology has been termed EFFICIENCY OF PRODUCTION.

It is considered that only the option which incorporates the four
phases (FE)-(A)-(B)-(C) is appropriate for calculating the ener-
gv which is really incorporated into the final product or which
provides the required service. Only by going through these four
phases of the diagram would it be possible to arrive at knowledge
about wuseful energy with the scope of the definitlon adopted in

this methodology.



The dimplications of the definition of useful energy having been
clarified, it proves equally important for the development of the
methodology to define the efficiencies (np) of the equipment
which takes part in each stage of the process of energy conver-
sion, since, ultimately, the numerical values will be applied to
Final Energy (FE) in order to determine the values of Interme~
diate Energy. Thus, it is necessary to bear in mind that the Np
depend on the operating conditions of the equipment.

Taking into account the multiplicity of situations and the diver-
sity of systems of use, even for one same use, in this first
stage of the methodology, the decision was made to extend the
analysis only up to caleculation of Intermediate Energy.

Consequently, in this first stage OLADE proposes to prepare BEED
taking into consideration only the efficiencies of the systems of
production (np) and leaving the incorporation of the systems of
use (N,;) for a second stage of the elaboration of energy balan-
ces.

The adopted definition may be clarified through the following
example, which shows a diagram of the use of diesel for steam
production in a boiler.

FIGURE 3

System of System of
Production Use

Final Energy] Boiler [ Intermediate IIndustrial]

Diesel I I Energy [Process I Useful
I | {(Steam) [Equipment | Energy

—===—e———=3 ] Tp= (.85] mmmmmmmme—=S [ T 0080 | e >
1 Keal — —=——oo— 0.85 Kecal — —e—om—mmme .68 Kcal

In the preceding example, which considers only the first stage,
there would be an 85% efficiency; however, if both stages are
considered (system of production and system of use), the overall
efficiency would be 68% (I x 0.85 x0.80).

Figure 3-1 presents a general scheme for calculating the previous
example.

Thus, the first stage proposed by OLADE, i.e., calculation of the
useful energy of production, will result from relating the final
consumption of one source in one end-use in one sector, subsec~
tor, activity, etc., to the efficiency of the respective equip-
ment.

To calculate useful energy, it is necessary to resolve two basic
questions:

i) the determination of equipment efficiency and

FIGURE 3-1

FINAL CONSUMPTION
BY ENERGY SOURCE

. SECTOR J

O

2 USE 3 USE 4

[
Lo
tx

UsE 1

EQUIPMENT EQUIPMENT EQUIPMENT EQUIPMENT
X4 Yy 41 X9y Yo Zy X3 bE) Zg X4 Yy Zy

ng:efficiency OE{AEFFICIENCY EFFICIENCY EFFICIENCY EFFICIENCY

production 1 B C1 Ay Bo Co Ag B3 Cy Ay By Ca

E¥FICIENCY EFFICIENCY EFFICIENCY EFFICIENCY

n,: efficiency
! {Dl Ey Fy D Ey Fo D3 Eq Fg Dy Ex Fy

of use

CONSUMPTION OF THE USEFUL ENERGY OF AN ENERGY S0URCE X
IN A CONSUMPTION SECTOR J
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ii)

)

the definition of the equipment to be considered.
To determine efficiencies of production, two alternatives
may be considered:

- Direct measurement, by means of energy audits, or

- Use of efficiencies provided by producers or competent
authorities.

The quantification of efficiencies by means of ENERGY AUDITS
stresses the thermodynamic parameters of the processes being
measured. However, in some cases, it proves very difficult
to generalize statistically the values determined for nume

rous types of equipment existing din any one sector or
subsector. Direct measurement of efficiencies is needed
when it is desired to highlight the altermatives for energy
CONSERVATION, which require emnergy audits.

In energy demand calculations which reach the level of
useful energy, it is very common to work with ADOPTED EFFI-
CIENCIES from manufacturers”catalogs; this practice has

been establishing certain standard values which are applied
with greater or lesser rigor in the different countries.
This approximation can be clear enough when the projection
of final emergy demand is oriented to emphasizing the mecha-
nisms for SUBSTITUTION of the different sources which com-
pete in the price market to produce the. same amounts of re-
quired energy. Under such circumstances, it is not so much
the absolute value of the efficiencies which matters, but
the relative value, in order to reflect the fact that omne
source 1is more, or less, efficient than another din the
satisfaction of needs for a given technology.

This methodology proposes the use of a combination of the
two types of efficiencies, Depending on the weight of some
subsectors in energy consumption, it is possible to use
adopted efficiencies, or audits may be carried out where
necessary; however, the latter present the major drawback
of high cost measurement procedures.

As for consideration of the equipment 1n measuring the
production efficiency, several cases may arise. Therefore,
it is mecessary for each end-use and source considered in
each subsector or activity to have a clear definition of
the respective equipment.

A simple case will be, for example, a waterwheel which
generates mechanical energy which is then used in a mill.
Here, the efficiency of production will 1lie in the
efficiency of the waterwheel, and the efficiency of use, in
the mill.

In the case of an automobile, whose purpose is to transport

a person over a certain distance, the scheme would be as
follows:

i {ssi t Required
Tinal | Motor_L Mechanlcai_Léiransmls51onﬂlaﬁovemen _%?SEEVice
Energyﬂf; { Energy BI [ system I 1==7==
e S T T T I I
| I . l
Stage A 1 B _ﬂE__m________,__E _____________________
————————————————————— i i
i I .
n 3 [
Effi- LI 2 % % E
ciency i
combustion  engine produces mechanical

From what can be seen

the
duct

The internal
energy with a certain
conversion of chemica

efficiency (™). The first and only
1 energy into mechanical energy occurs

in A.

In B and C there is no energy conversion% lrloweveiza

losses occur and there are thus efficiencies, to i}

taken into account in calculating useful eze %Zé
\ ] o

In this case, the automchbile as a whole 1is adop

i he
as the "equipment" (see Sectoral Apgﬁndlx 1), soTﬁhéz the
efficiency of production will bﬁ ; X ff.(vh§23 ofl oeiie

i ? the efficle
fficienc of conversion and . - C
;iﬁizzsesg; on the other hand, N3 determines the efficiency

of use.

in the two preceding cases, Fhe mill and
for determination of the afficiencies of PIo

A to define clearly all the equipment for

ion, it is necessary

each end-use-source combination considered.

2.

A first disag

Disaggregation of Epnergy Consumption

gregation of total final energy consumption caﬁ be

done at the level of:

As for the sectors and subsectors considered,

under po

Final Non-Energy Consumption

energy products which are used for

i the volumes of .
Including 1] of the consumption sectors.

pon—energy purposes 1o a

Final Energy Consumption

and secondary

. t of rimary :
Referring to the rotal amoun P for satis-

products used by all of the consumption secltors,
fying their energy needs.

these are detailed

ints 2.1 and 2.2 which follow.
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2.1

Disaggregation by Sectors

Transportation Sector

I?cludes the energy consumption of all transportation ser-—
vices, Whethgr public or private, (state or privately owned)
naglonzl or international (Bunkers) for the different means
and modes of freight and passenger t i

; ranspor
e e 2 portation (land,

Industrial Sector

?n?ludes the energy consumption of all the industrial activ-
1t%es gnd end-uses except for transport of merchandise

Whl?h is included under the transportation sector Smallm,
medium-, and large-scale industry - should be incluéed. ’

Residential Sector

%ncl;@es a%l of the energy consumed to cover domestic needs
fco? %ng, lighting, refrigeration, etc.) for urbam and rural
tamllles, with the exception of the energy consumed in
ransportation and other productive activiti

ctivities i i
the household. cerried on in

Commercial-Services-Public Sector

Inclgdes the consumption of all commercial activities and
services in the private sector, e.g., shops, hotels restaz—
rants, etc. Also includes energy consumption’ by the
Governme?t at every level (natiomal, provincial, municipal):
by public-service firms and institutions, whether Sgat :
owneg and operated or private, e.g., the energy consumed g

hospitals, schools, the armed forces and/or the police. 7

Agricu1ture—Fishing-Mining Sector
Covers the energy consumption in activities related to ob-

tention of raw materials, such as agricultural and livestock

activities, fishing and extracti ]
ction of mi
fuels). nerals (not used as

Auto-Consumption Sector

Son51ders Fhe consumption associated with the production
a » ?
ransformation and pipeline transport of energy sources.

Others Sector

Inciudes él% of the energy consumption in the construction
:Eztor, czv;l ;tructures and all other energy consumption
canng e classified as belongine t
. 0 an -
mentioned sectors. B8 Y of the afore

11

2.2 Disaggregation by Subsectors

The need to disaggregate final consumption by subsectors 1is
widely justified and represents a necessary stage in the treat-
ment of energy balances in terms of useful energy. One of the
most important reasons is related to the elaboration of models
for projection of energy demand; whether these are econometric
models or process models, they will always be strongly determined
by the relation between energy consumption and some value which
will be characteristic of a product {industrial product,
passenger-kilometers, etc.). Another reason is that consumptien
patterns-— and therefore the amounts consumed, the sources and
the equipment used to satisfy production requirements or to
provide energy services-- vary substantially according to the
activity (if referring to a productive sector) or to the charae-
of the housing or level of income (in the case of the
residential sector), implying different levels of consumption of
both final energy and useful energy, as will be observed in the
presentation of the corresponding sectoral appendices.

teristics

Thus, given the heterogeneity ‘and different forms of wuse of
energy sources in the different sectors, a sufficiently broad
sectoral disaggregation arises, so that each Member Country will
be able to work out a disaggregation process in keeping with its
needs and energy profiles in the field of useful energy.

In light of the foregoing, the disaggregation of the sectors into
subsectors to be considered would be as follows: (For more
details, see the corresponding sectoral appendices.)

% SECTOR: TRANSPORTATION

Disaggregation:

[-Public
[-Urban-—w—==m———- I
[~Private

j-Freight—-—=——————
[-Public

-Interurban-———-- I
[-Private

1
jre]
o
m
%

i

|

|
|
|

I

!

i
1
;
S ot e e Jot o frmres]

|-Passengers=—————r—

[-Private

12



[-Freight
~Rail-———mw——oo I [-Urban Public
[-Passengersg=———m———— I
{-Interurban Public
[-Freight
—Alr————————— i

[-Passengers

J-Passengers

[-River————m—emm . I
~Water——————— I [~Freight
i-Sea

—Pipelinesi/hl—Freight

# SECTOR: INDUSTRIAL

T@e subsectors dndicated below correspond to the conventional
disaggregation for preparation of energy balances; every country
or region should group these or further disaggregate them as a
function of their economic importance, while always respectin

the categories of the ISIC Classification. g ®

- Food, Beverages and Tobacco

- Textiles, Clothing, Shoes and Leather

- Wood and Furniture

- Paper and Pulp

- Iron, Steel and Non-Ferrous Metals (except the coke ‘plants
of iIntegrated steel mills, excluding the furnaces) :

- Machinery and Equipment

- Chemicals (except petroleum refining)

- Cement

- Stone, Glass and Ceramics

- Other Industries

# SECTOR: RESIDENTIAL

Disaggregation
[-Urban
- Urban————m——sme I
[-Small Urban
- Rural

1/ It i§ wo?thwhile to note that the pipelines (o1l pipelines,
gas pipelines, poly-pipelines, etc.) used to transport ener-

gy products are accounted for under the auto-consumption
sector.

i3

% SECTOR: COMMERCIAL-SERVICES-PUBLIC

Disaggregation:

- . Public Services
Commerce, ITransport, Storage and Communication

- Restaurants

— Hotels
- Financial Establishments, Insurance, Real Estate and Company

Services
- Public Administration, Defense, Government

- Public Health
- Other Services

% SECTOR: AGRICULTURE-~FISHING-MINING
Disaggregation:
- Agriculture

- Fishing
- Mining

% SECTOR: AUTO-CONSUMPTICN
Disaggregation:

- Production

- Transformation

- Pipelines

* SECTOR: OTHERS
Disaggregation:

- Construction

- Broad Zero Grouping of the ISIC Code
- Unclassified Consumption

3. Disaggregation by End-Uses

Disaggregation of final consumption under the different end-uses
is fundamental in determining energy comsumption in terms of

useful energy.

In different kinds of work in which energy consumption is broker
down by end-uses, a group of quite different categories is used
at the level of each sector and then these are grouped under
large headings which, 1in one way or another, are related to the
basic categories of physics in relation to emergy in the form of

heat and work.

i4



In each one of these, different approaches are used to deal with
the problem, many times generating different categories in dif-
ferent sectors, for end-uses which are intrinsically similar

There are also different degrees of disaggregation of end-uses

. .. »
according to the sector or activity under consideration, as can
be seen under point 3.2 below.

It is for this reason that a first attempt at systematization has
been made herein, simultaneously taking into account that these
categories have to do not only with the end-uses themselves but
also with the economic sectors associated with each end-use with
the energy sources which satisfy them, with the device; and
equipment used, and with their efficiencies of end-use.

An effort has been made to synthesize the multiplicity of dif-
ferent end-uses 1in the different sectors in a small number of
general categories; and, at a second, somewhat broader level in
specific categories. '

In .d?fining these categories, the need to be able to assign an
efficiency of use to each one of them for each source has parti-

cularly been kept in mind, so as to permit an estimation of the

corresponding useful energy,
Finally, disaggregation by end-uses makes it possible to consider
the problems of substitution among sources and among devices and

equipment,

3.1 Basic Categories

The basic end-~uses can be grouped under four categories:

- Heat

- Mechanical Force

- Lighting

- Electronics and Electrochemistry (Electrolysis)

- The use of HEAT covers all of the range of energy end-uses
w?ose specific purpose is to raise the temperature of a
given space or  product above the natural ambient

temperature, either for productive purposes or reasons of

comfort.

In th%s c§se, there is a direct identification with the
forms in which energy is manifested in the field of physics.

15

In this case there is also 2z direct correlation to work,
which 1s the other way in which energy manifests itself in

the field of physics.

The use of LIGHTING has been considered independently from
the remaining caloric end-uses since, while all lighting
devices dissipate heat to a greater or lesser extent, their
specific end-use is to supply radiation within the spectrum

of visible wavelengths.

In addition, this end-use is discussed independently in all
of the bibliography, even though many times, for practical
reasons, it is associated with the use "Mechanical Force".

- ELECTRONIC and ELECTROCHEMICAL end-uses are identified as a

general, independent category in order to take into account
those cases iIn which energy has one of two specific
purposes: operation of electronic devices or development
of an electrochemical process. This type of process consti-
tutes one of the few instances of a permanent specific use

for electricity.

In both cases, the only source apt for satisfying them is
electricity and, for this reason, they have been considered

jointly,

3.2 End~Uses Considered for Each Consumption Sector

The disaggregation adopted for each sector is justified
in each sectoral appendix; however, it can be summarized as

follows:

SECTOR: TRANSPORTATION

~ MECHANICAL FORCE~——=—— |- Mechanical force

SECTOR: INDUSTRIAL

[-Steam

—HEAT—— === e mmmm e I __
[-Direct Heat

[-Mechanical Force

~MECHANICAL FORCE-—-———w—- I-Refrigeration
[-Transportation

-LIGHTING

[-Feedstock
=0THERS~——=—— e [-Flectrolysis
[-Other Uses

I6



SECTORS: RESIDENTIAL AND COMMERCIAL~SERVICES-PUBLIC

[-Cooking
-HEAT ~——-——]-Heating

I-Water Heating and Steam

I-Refrigeration (of food, etc,)
[~-Air Conditioning/Ventilation

~MECHANICAL FORCE————e—uee I

[~Water Pumping

-Mechani
—LIGHTING i nical Force

*Elect i
—0THERS == —— e e % ronics

[-Other Uses (irom, etc.)

SECTOR: AGRICULTURE-FISHING-MINING

I-Direct Heat
[-Steam

[-Mechanical Force
—MECHANICAL FORCE~—m————em [—Irrigation

I

[-Water Pumping
I-Refrigeration

-LIGHTING

-E1 t .
~OTHERS =~ —— e % ectrolysis

]~Other Uses

-Direct H
~HEAT— = e e ; ¢ eat

I-Steam

|-Mechanical Force
[~Transportation
[-Refrigeration

—MECHANICAL FORCE-————e—ea_

~LIGHTING

—-0OTHERS

17

SECTOR: OTHERS
~-MECHANTICAL FORCE
~HEAT
~-LIGHTING

4. Transformation Centers and Sources Considered

4.1 Transformation Centers

Installations in which primary or secondary energy is subjected
to processes which modify its properties or original nature, by
means of physical, chemical and/or biochemical changes, thereby
converting it into another form of energy more suitable for final

consumption.
The transformation centers considered are:
a) Refineries

These are transformation centers in which petroleum is
physically separated dinto its different components, and
these components are chemically converted into others.

Such centers include a series of basic processes for ob-
taining the various petroleum derivatives and may be more or
less complex, depending precisely on the conversion units
which comprise them. The most commonly used units are:

a) Atmospheric distillation (the primary process of any
refinery)

b) Vacuum distillation

c) Thermal cracking

d) Catalytic cracking

e) Coking

f) Catalytic reformation

) Viscoreduction

) Hydrocracking

This methodology will deal with the group of refining units
as though they were one processing unit. Although this rep-
resentation does not allow a complete description of the
transformation center, in terms of refining, nor does it
analyze the dinternal flexibility of each refinery, it is
sufficient for the purpose of establishing input-output
ratios for the balance proposed herein (see Figure 4).

b) Electric Power Plants

This includes all of the electric power generating centers,
offering both public and private services.

In general, there are two types of electric power plants:

18



c)

a) Hydroelectric stations, which utilize the water fa

from one level to another to  operate
generator.

1ling
an electric

b) Thermoelectric stations, which are divided according to
the generating system used:

- Steam~run stations, which use the steam produced
a boiler, nuclear reactor or geothermal well to turn

the shaft of a turbine coupled to an electric genera-
tor.

in

The heat used to produce steam in the boilers

may
come from different sourceg: coal, natural sas,
liquid petroleum derivatives (fuel oil), firewood,

sugarcane, bagasse, etc,

- Gas turbines, whose operation is similar to that of
steam turbines, only in this case the combustion
gases are used directly to drive the turbine, This
type of turbine normally uses diesel fuel and gas

- Diesel engines.

Usually, a countrys electricity generation is based on g

combination of the different kindg of stations

described
above.

A simplified scheme making it possible to establish clearly

the efficiency of each system could be like the one present~
ed in Figure 5,

Natural Gas Treatment Plants

In gas treatment plants, natural gas is processed for the
principal purpose of recovering liquid hydrocarbon compounds
such as gasoline and naphthas; pure hydrocarbons such as
butane, propane and ethane, or a mixture of these; and non-
energy products such as carbon.

In  general, gases (wet gas) with an important amount of
compounds having heavy molecular welghts are used, in order
to obtain (dry) gas, liquefied gas and gasoline.
The separation of gasoline may be done by means of absorp-
tion processes in mineral 0il or gascline at high tempera-~
tures; compression and refrigeration; absorption through
charcoal in fixed or continuous beds; and more frequently,
by means of a combination of these processes.

Figure 6 shows a simplified diagram of this process.

Operation of these plants re

quires consumption of fuels plus
small amounts of electricity
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£)

Charcoal Plantg

z:eze ta;e biomass transformation centers which are treated
parately due to the relati i
. . Ve importance of th
which participate in thi oy haricts
18 process within the ener
of most of the Latin American countries, 87 balance

Th
Ofesz.are ovens and furnaceg where the incomplete combustion
Irewood takes Place to produce charcoal, volatile

products and nont—energ rod
ucts;
usually utilized. yp 83 the latter tyo are not

: C s & great dea]
heat is lost, leaving charcoal in the ash. Heat recovery zi

these Cel’lters UaI‘lES be ween 5 a[l(i 4 s O t]le 1 eat E(E nto
t 2 OU E .
the productlon Unlt. /

Coke Plantg

T , ,
Cg; l:zchan;sm‘for coking based on carbonizatigp of coal jg
phegome an Ilnclﬁdes 4 series of chemical apg physical
na. It coke plants, from th i
) € coal which enter
tragsformatlon center, coke, coke gasg, tars and non~e§e;he
g;;euctsd(benz?ls, etc.) are produced. A good part of tEZ
coke g;otgced in this center usually goes to furnacesg: and
€ tar produced ig consumed i ’
in the proceg i
pue . _ . 8 itself
lthough mogt times itg Production is not Tecorded and it;

value is included in the losses or as part of the Don-energy

This type of center
may agls
tricity, y 0 consume small amountsg of elec-~

1

Alcohol Distilleriesg

The i
areset are transformation centers where Sugarcane productg
reated to produce bagasse ang alcohol (ethane), They

other feedstock such
as beert, ctassava or oth
- r er
having a high starch or cellulose content products

In  general, tpe ob ;
tention . ]
tant steps: of alcohol requires three impor-

- P i
wisgarailgn ofhthe fermentabie solution: when dealing
solutions aving a high sy

: g4r content a4 soluti

v _ ' s ution

SEdiﬁgﬁgzzid w1thd? glven concentration and clarified by

on  and/or centrifugation: i

o ar . 3 this solution

rizild b; Sterilized in order to reduce the fermentation

Shouid bor mfterlals rich in starch, the feedstock
€ peeled, wasgheq and ground in order later to
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g)

h)

4.2

i)

extract the starch, which will undergo enzymatic hydrol-
obtain soluble fermentable sugars. For cel-

ysis to .
lulosic compounds, acid hydrolysis is required previous-
1ly.

- Fermentation: this consists of microbiological conver-
sion of the hexoses in alcohol and carbon gas with heat
release,.

- Distillation and Dehydration: this consists of the

separation of alcohol from the fermented mass, its puri-
fication and dehydration.

This 1is the stage which consumes the largest amount of

energy required for alcohol production.

A more generalized diagram of this center is presented in

Figure 9.
Other Transformation Centers

Those processing centers which yield producer gas from wood-
burning gasogenes and biogas from other vegetable and animal

fuels are included here.

Other Transformations

The energy recycling related to some sources of energy such
as furnace gas, liquefied gas, naphthas, etc., is included
here; detailed treatment is given this topic in Chapter II

point 2.

Energy Sources

Primary Energy

Primary energy 1is understood as the different sources of
energy as they are obtained in nature, whether directly as
in the case of hydro or solar energy; following a process of
extraction, as in the case of petroluem, coal, geotherma
energy, etc.; or through photosynthesis, as in the case of
firewood and other vegetable or plant fuels.

The primary energy sources considered in this methodology
are listed below and defined in the glossary.

Crude 0il

Natural Gas (Free and Associated)
Hydroenergy

Geoenergy

Fission Fuels

Coal

Firewood

26
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Sugarcane Products (molasses, juice, and bagasse for energy

purposes)
Other Primary Sources
waste, recovered energy, etc.}

(animal waste and other vegetable

Secondary Energy

Secondary energy refers to the different energy products
whose origin is the different transformation centers, after
undergoing a physical, chemical or biochemical process, and
whose destination is the diverse consumption sectors and/or

other transformation centers.

The secondary energy sources considered are listed below and
defined in the glossary.

Liquefied Gas
Gasoline and Naphthas (aviation gasoline,
natural gasoline and naphthas)

Kerosene and Turbofuels

Diesel 0il (also including gas cil)

Heavy Fuels -

Coke

Electricity

Charcoal

Alcohol

Gases (biogas, coke gas, furnace gas, refinery gas)
Other Energy Fuels

Non~Energy Products

motor gasoline,

28
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OTHER TRANSFORMATIONS
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5 CHAPTER II
o
a = £ &
$ € 2 2 3 3
i u
- < 3 —
- & g § - CENERAL STRUCTURE OF THE BALANCE AND METHCD OF CALCULATION
=
g 4 |
';" ; a : 1. General Structure of the Balance
Z
o e
g E The presentation of the current energy balance of OLADE in terms
z = of final energy (BEEF) (see Figure 10) is comprised by a double-
E &J entry matrix where the columms indicate the sources of energy and
E =z the rows correspond to the operations (activities) which form
o b part of the energy system.
= w 55 u g The wunit of presentation is the barrel of oil equivalent (BOE},
= st z pl the wutility of which should be considered in the presentation of
2 8 zJ I R ﬁ data within the balance.
I U = - S A =1 .
- s " e i1 -
£ - @ =t BEEF have three parts:
s g & 4 =
3 z o ki Supp1
o 4 - upply
®
% 2 §| 2 g _ - Transformation
2 "’: g e - Total Final Consumption
b E =
2
Q| § E In order to present the energy balance in terms of useful emnergy
0] 2 =y (BEEU), the final consumption part of the balance must be expand-
Zl ed. Useful energy is calculated by disaggregating final con-
E* + g sumption into end-uses and, within these, the participation of
_________ E..J the sources of energy and kinds of equipment used.
e SR e SN EEAS e e
= 2
o o a (usl The new energy balance matrix developed by OLADE, in terms of
L g 0 a W > useful energy, reflects the relations among all of the stages of
g g% ;%g S&D s < the energy process. (See Figure 11).
[«] ¥ 2= =w -4
L o o< F2>8
2 g" S F W g In the complete energy flow of this balance (see Figure 12), four
= P > functions can be distinguished:
- b s
[ 4 - Supply Energy supply through the combination of
w‘ * L production, importation, exportation and
'é u w g variation in stocks.
b7 ] >
z 8 o
E —': ?5 ﬁ ol - Transformation Physical, chemical and/or biochemical modi-
é g xr o & ] -— fication of one energy source to form
% - gl N uz, % © another, in a transformation center.
W . 5 g ’_! El > <f E
g g al 3 <z - Final
x Q_l > 2 8 Consumption Consumption of energy sources by final con-
£ gl £ 4 sumers 1in the different sectors, prior to
5 w EI some chemical or physical conversion of
£ > 5 W -]
z g &9 g energy.
Z £ w3
- z Z g / - Utilization Transformation of final energy into inter-
z mediate energy by means of equipment and a
> system of end-use whose efficiency deter~
mines useful energy.

IMPGRTATION
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It should be pointed out that in the BEEF final consumption thas-

been modified by replacing the Agricultural/Livestock Sector
with the Agriculture—Fishing-Mining Sector, and by replacing
"Unidentified" with "Qthers", Auto-Consumption of the energy
sector has also been added.

All of the final consumption sectors have been disaggregated into
subsectors and uses, the breakdown of which is detailed in the
corresponding appendices,

The primary and secondary energy sources have included new energy
sources;

- Under primary sources was added "Other Primary Energy Sour-
ces," which includes the products of the productive pro-
cesses which have ap Energy content and which are not con-
sidered in any other part of the balance, e.g., black
liquor, stillage, plant and animal fuels, wind energy, solar
energy, etc.

- Under secondary sources, "Alcohol" and "Qther Fuels" were
included. Thesge cover secondary energy products not consid-
ered under other previous definitions,

Preparation of BEEY depends on compliance with the following
steps:

- Preparation of BEEF;

- disaggregation of final consumption by subsectors and by
end-uses;

- application of the efficiencies of the different types of
équipment for each end-use in each subsector,

Before attempting the aforementioned steps, it must be kept .in
mind that preliminary data—gathering is npecessary for con-~
struction of BEEU; thig consists of collecting all of the infor-
mation published on the topic, whether Systematically or not, in
the original formats.

It is useful to organize the collected data so as to facilitate
final preparation of the balance. For the final consumption
sectors as well as the auto-consumption sector (all of the trans-
formation centers), it ig suggested that the sectoral balance
sheets presented in the corresponding appendices be used,

It should be taken into account that the format 1in which the

balances will ultimately be pPresented can never bhe completed
directly, but rather through certain intermediate steps.
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It is suggested that the information he grouped by energy source
and by sector in the so-called main sectoral data sheets, as

shown in Tables 1 to 6.

In preparing the useful-energy balance or the main data sheets in
terms of useful energy, it is necessary to be aware of the fol-
lowing basic principles:

- To observe the first law of thermodynamics, which states
that the energy in a closed system is constant, i.e.: input
= product + losses. Since the balance is a closed system,
the consumer camnot obtain more energy than what is avaii-
able to him.

=  To treat all the energy sources with the same criteria. Thig
calls for wuniform application of precise equivalencies,
conversion factors, and the balance (accounting) systen
itself,

- To wuse a common unit of measure, which will be general and
applicable to all sources of energy and all forms of energy
use (heat, radiation, etc.) in order to be able to tabulate
the columns and rows of the balance. In this case, the
barrel of oil equivalent (BOE) may be used, or any caloric
unit (Teracalorie).

- To treat the energy flows, from production up through end-
use, explicitly indicating the intermediate operations
(transformation, transportation, consumption).

- To consider operations only at the national level, in the
event that there is a transfer of energy products over the
borders of neighboring countries. Any loss occurring on
either side of the border is not considered im the balance
of the country under study,

- To obtain a set of statistics which can be computer-
processed, This implies consistency in the rows and columns

of the balance matrix.

2. Treatment of Other Transformations

In the new summary matrix of QLADE, there is a row in the TRANS-
FORMATION submatrix termed “OTHER TRANSFORMATIONS," which serves
to account for secondary energy sources which are products of &
Primary transformation and which are used in other secondary
transformation processes, as 1n the cases of gas production in
furnaces and reformed products in the petrochemical industry.

For the purpose of illustration, an attempt is made below to
demonstrate the treatment that should be given these.
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ENERGY FLOW IN A FURNACE

I I GAS PRODUCED [20
FURNACE CONSUMP.
COKE [ FURNACE ] IN FURNACE 110 ELEC. AUTO-PROD
o P e — [40 FINAL CONSUMPTION
I — 70 I IN OTHER IRON AND
I I  STEEL ACTIVITIES
————————————————————— }30 FURNACE CONSUMP.

From the coke burned in the furnace (100), furnace gas (70} is
E;oduced. The.energy difference between the coke that enters and
e gas that is consumed (30) is considered as the furnace con-~

sumption and, therefore, as th i
e final consumpti :
steel activities. ption of the iron and

?irizzeth;tfuiﬁacizg?s produced (70), one part is consumed in the
se and another part in other ir

1ace . on and t
act1v1Fles (50), which could include direct uses (40) or ind? e
uses, in electricity generation (10). reet

ﬁ:tiyown ?elow, in the accounting procedure of the energy balance
" ﬁg,h urnace gas production falls under the row correspondin
0 ther Transformations" and the energy equivalent of thg

furnace gas produced i
s subtracted from
lospace Bos Produ the coke, so that the

ACTIVITIES

I
Auto-Producing I
Power Plants I -10 3 -7
I
Other ]
Transformations I -70 70 0]
C5 Industry . T

(Iron and Steel)]
Final Consumption I 30 (20+40)
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ENERGY FLOW OF NAPHTHA PROCESSED IN THE PETROCHEMICAL INDUSTRY

_ [ PETRO- I 15 LIQUEFIED GAS
NAPHTHA | CHEMICAL 1} 30 J10 GASOLINE
---------------- [ PLANT I - _— [ 5 OTHER ENERGY
(100) == I PRODUCES (%)
|
I 70
——————————————————————— JPETROCHEMICAL
PRODUCTS

(*#*)} Returned to refineries for distribution as emnergy products.

From the naphtha processed in the petrochemical industry, there
is a return or recycling of energy products known as
petrochemical effluents, which are classified according to the
final products of liquefied gas, gasoline and others. As can be
seen below, in the energy balance matrix these effluents are
recorded in the row corresponding to "Other Transformations", and
the energy equivalent of the effluents produced 1is subtracted
from the naphtha, so that the transformation losses will be zero.

For the other products processed in the petrochemical industry
{natural gas, refinery gas, ete.), the same line of reasoning can
be followed. It is important to note that in the final non-
energy consumption of naphtha, not all of the naphtha processed
in the petrochemical industry is accounted for: the recycled
effluents are deducted, in order to avoid duplicatioms.

OURCES |NAPHTHA LIQUEFIED GASOLINE OTHER TRANSFORM.
ACTIVITIE i GAS ENERGY  LOSSES

I
Qther 1
Transformations] -30 15 10 5 0
Final I
Non-Energy |
Consumption I 70
3. Equilibrium Equations

For each one of the four parts comprising the energy balance and
the basic functions defined in the OLADE Methodology for Elabora-
tion of BEEF, equilibrium equations are provided to permit veri-
fication of the consistency of the information presented. The
following equilibrium equations have been defined:
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3.1 Total Internal Supply

3.1.1 Primary Energy (FP)

In the supply balance of :
: primary ener . ,
equations must be met: Y gy sources. the following

Production
9
0y (FP) = z (FPs) 01
1
LR (1)
Importation
9
0> (FP) L (FP;) 0
5 - ] 2 (2)
Exportation
9
03 (FP) L (FP4 0
Variation in Stocks
( 9
05, (Fp) = L (FPs)} O
j=1 ’ * “
Unutilized
9
05 (FP) = I (FP:) O
5ol 3j 5 (5)

Total Internal Supply of Primary Energy

0 (FPj) = Op (FPy) + 0y (FPj) - O3 (FP4) - 04 (FP3) - 05 (FPy

(6)°

0 (FPy) )

]
I o

0 (TEP)
1

3.i.; Secondary insrgy o

Productiona
12
0; (FS) I 0y (Fsy) 8)
j=1
Egportation
12
Q- (F8) = T 0y (FSy) (9)
j=1
Zxportation
12 _
l9 (F8) I 03 (FS8y) (10)
j=1

Yariation in Stocks

12
A (FS) = L 04 (FSj) (11)
j=1
pnutilized
iz
Cy4 (FS) = z 04 (FSj) (12)
j=1

Total Internal Supply of Secondary Energy

0 (F8j) = 03 (FSj) + 09 (FSj) - 03 (FSj) - 04 (FSj) - Og (FS;
(13
12
0 (7ES) = 0 (FSj) (14)
=1

3

As for accounting for the totals (last column TOT) in the supply
submatrix of the energy balance, the following equations should

be fulfilled:

to 07 (TOT) should be equivalent to

a) Tte box corresponding
), total energy production

tha box corresponding to 0 (FP
so as to avoid duplication.
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b)

c)

d)

Yo determine total el rgy su ‘ima:
i : FRly (primary plus second
the following equation must be solved: ! ey

0 (TOT) = 0 {TEP) + 0 (TES) - 0; (TES) (15)

Inbtothirdwo;ds, total secondary energy production must be
subtracte rom the i
i sum of primary and secondary energy
Once the primary ener

¢ gy supply has been tabulated
following must hold true for every primary source: > che

0 FP. = .

( J) T (FPJ) f PT (FPj) + NA (FPj) + CT (FPj) (16)
Equation (16) indicates that the destination of the primary
energy éupply may be a transformation center and/or a final
consumption sector, plus unutilized energy (NA) and trans—

mission, distribution and storage losses (PT)

Furthermore, by obtaining secondary energy supply and using

the same equation (14) the f i
ollowing mus
secondary source: s " be true for ven

0 (FSj) =T (FSj) + PT (FSj) + NA (FSj) + CT (FSj) (17)

Transformation Centers

part is constituted by the transformation centers in which

;he ene;gy which e?ters is transformed into one or more secondary
Tgrm; o e?ergy, Wth the Corresponding transformation losses
e following equations must be met in this part: ‘

For the total:
T (TOT) = T (TEP) + T (TES) (18)
For primary energy:

9

T (TEP) = Z T(FP;)
PR hj (19)

For every primary source js it is also true that:

If there is a differernce in Equations (14) and {15),

9
T (FPj) = z

Ty (FP3) i
; ll A (20)

T

between

energy supply and its distribution, it h i
the Statistical Adjustment (a). | shoutd be raterpreced as
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- For secondary snergy:

This part of the matrix should be balanced horizontally, <o
meet the following equation:

12
T (TES) = L T (st) (21)
i =1

In tabulating this part of the matrix vertically, for every
secondary soutrce (j = 1 to 12), the following must be true:

Ti (FSj) taking a negative (22)

T (FSj) =
1 value for every (i,j)

10

i

In other words, when accounting for the transformed second-
ary energy {(row T, FS5), only the negative values correspond-
ing to the input of secondary energy to the transformation
centers should be added up. Thus, there would be no dupli-
cation of secondary energy production (outputs of the trans-
formation centers), which is already accounted for under the
row of secondary energy production (Gj FSj).

- The transformation losses in each center are the difference
between Tj FPj or T; F3; and the corresponding production
01 FSj.

As for the input of data into the TRANSFORMATION submatrix of the
summary matrix of the energy balance, it should be pointed out

that:

- The value of the primary sources entering the transformation
centers (T1-Tg) should be indicated with a minus (-) sign.

- On the right-hand side of the transformation sector, which
represents the secondary energy production or output, based
on the primary energy input in the corresponding centers,
figures should be indicated with a plus (+) sign.

- The values for the secondary sources which enter the trans-
formation centers {e.g., diesel ¢to the electric power

plants) should be indicated with a minus (-) sign.

3.3 Total Final Consumption

This refers to the relations among the energy flows in the seven
consumption sectors. Here, for every colummn the following must

hold true:
CT = C + CN (23)
In other words, total final consumption is equal to final energy

consumption plus final non-energy consumption.
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As for treatment of energy consumption by non-~energy enu-uses, it
is worthwhile to stress that the presentation of this source 1isg
the same one used in the summary matrix; however, in the data-
gathering of each country, an effort must be made to disaggregate
this source under the corresponding sectors, in order to have
greater knowledge about the sectoral shares of the source.

The energy consumption submatrix simultaneously considers the
primary and secondary sources whose sub-totals appear in the
columns TEP and TES, respectively, whereas the sum of the
appear in the last column (TOT) of the matrix. Tha
equation must also be met:

two
following

CF=0C +Cy + C3+C4+C5 +C6'+ Cy (24)

3.4 Useful Consumption

This refers to the relations between final energy consumption and
the efficiencies of the equipment for final transformation to
useful forms of energy. As in energy consumption, this last
part of the general matrix also simultaneously considers the
primary and secondary sources whose sectoral sub~totals  appear
in the columns TEP and TES, respectively, whereas the sum of the
two appears in the last column (TOT) of the matrix.

The following equations must be met in this sub-matrix:
UE = U; + Uy + Uz + Uy + Us + Ug + i} (25)

That is to say, the useful energy consumption by column is equal
to the sum of usefuyl energy by sector.

The average efficiency will result from relating Equations (25)
and (24).

Finally, the wvector of utilization losses for each source PU
(FPj) or PU (FSj) arises from the difference between the final

consumption C (FPj) or C (FSj) and the useful consumption U (FPj)
or U (FSj), so that:

9

PU (TEP) = I py (FP3) (26)
j=1

12

PU (TES) = I Py (FS$4) (27)
i=1

PU (TOT) = PU (TEP)} + PU (TES) (28)
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TABLE 6
CONSUMPFTION OF NON-ENERGY PRODUCTS BY SECTOR

YEAR
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—
=
8 SYMBOLS USED
E...‘
SYMBOL CODE TERM
Uy g D P VNP S S A — P}_‘imary Energy
[FaY R
S FPy PT crude 011
2 _
g FPo -GN Free and Associated Natural
- : Gas
< T FPy Ch Coal
o .
= A HE Hydroenergy
3
ﬁ FPg GE Geoenergy
o, ot o v el e | (el | | et ot e P FP6 CF FiSSiOﬂ Fuels
oy
5 FPy PE Firewood
=
< FPg PC Sugarcane Products
A
. R S R ¥Pg QF other Primary Sources
[
- FP ‘TEP Total Primary Energy
=
= Secondary Energy
Al
S F51 GL Liquefied Gas
~— FSy GO Gasoline and Naphthas
£
O
=2 FSq KE Kerosene and Turbofuels
s
o
A FSy DL Diesel and Gas 0il
- 2 R FS5 CP Heavy Fuels
a = H od S FSe cQ Coke
~ a M ~ —
A e o B 2 % i
g é = = = E F37 EE Electricity
¢ 2235 5 ¢
=
e B =2 H B 8 Fsg cv Charcoal
.| 2 8 & § g ¢ 2 | 4
O
S S 2 7 % g £ = = FSg AL Alcohol
o E 8 B S5 2 2 8 o
i - ; FSig GS Process Gases
e FSi1 OE Other Energy Fuels
FSi9 NE Non-Energy Products
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SYMEOL
F8

FT

Transformation

PT

NA

A

CODE
TES

TOT

PR

EX
VI
NA

01

REF
CEP
CEA
PLG
CAR
Ccog
DEA
OCT
OTR
TRT

PET

NA

AJ

Final Energy Consumption

C1

)

TRS

IND
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TERM
Total Secondary Energy

%
Total ([

Production

Importation

‘Exportation

Variation in Stocks

Unutilized

Supply

Refineries

Public Power Plants
Auto-Producing Power Plants
Gas Plantsg

Charcoal Plants

Coke Plants

Alcohol Distilleries

Other Transformation Centerg
Other Transformations

Total Transformation

Transmission, Distribution
and Storage Losses

Unutilized Energy

Adjustments

Transportation

Industrial

CF

CH

Ct

Useful Energy Consumption

COLE

RES

CsP

APM

CFP

OTR

CFE

CFN

CFT

\E

UN

U

FU

TRS

IND

RES

CSP

APM

CFU

OTR

CEU

CNU

CuT

PUT

TERI

Residential
Commercial~Services~Public
Agriculture-Fishing~Mining
Auto-Consumption

Others

Final Energy Consumption
Final Non-Energy Consumption

Total Final Comnsumption

Useful Transportation
Useful Industrial
Useful Residential

Useful Commercial-Services-—
Public

Useful Agriculture-Fishing-
Mining

Useful Auto-Consumption
Useful Others
Useful Energy Consumption

Useful Non-Energy Consump-
tion

Total Useful Consumption

Utilization Losses



CHAPTER III

INFORMATION AND DATA FROCESSING

Preparation of an energy balance in terms of wuseful en
(BEE?), on the basis of a methodology such as the one o Ergg
hgre1n, requires a series of both energy and non-energy Enfg -
tion, the availability of which varies according to the t¢ e
data and the country being studied. ype ot

The experience in development of balances methodologies and thei

consequent application {(as in the case of the QLADE balances) Elr
not be?n accompanied by a similar systematic development a;
energy information systems, permitting refinement of coisumpti:n

at the subsectoral level and ithi
with
Sources. s thin each subsector, by uses and

1. Organization and Treatment of Information

Thi fiFst stgge in construction of BEEU 1is preliminary data
collection, which consists of gathering all of the data published

on the subject of useful en
0 ergy, whether systemati
in the original formats. ’ Fie or not,  and

Th?_t important thing in this phase is to be certain that all
W?l tgn data have been detected, so that the collected info
tion is really what exists. o

It is ?onvenient to organize the collected data so as to facili=-
tate final preparation of the balance for the final cons 'l
sectors, as well as for the auto-consumption sector Th?SPFlon
fundamentally qualitative stage, where the compileé informaiioi

18 transcrlbed into Spec‘.lal f()
rmats respect
3 p lng certain I‘ulBS Of

It should be stressed that the format in which the balances are

ultimately presented can ne
: ver be completed directl
through certain intermediate steps. Y bur rather

Itd is suggest?d that the information be grouped by energy source
and by sectoF in the so-called main sectoral data sheets, such a
those shown in Chapter IT (Tables 1 through 6). ’ °

1.1 Information Assessment

In the task of compiling the main data sheets, it is very-useful

to assess the information i
and to classify i i
Follomiee chome: v it according to the

51

TOTAL INFORMATION

1
I
I
I I
Existing Non-Existent
f
I i
Systematic Non-Systematic
[
I I
Consistent Non—-Consistent

1f percentages are assigned to the foregoing scheme, in keeping
with the first effort at completing the sheets, this defines the
initial stage. For example, initially a country may have only 20-
30% of the existing information in systematic and consistent
form, but at the end of the exercise should have at least 90%
that way. To accomplish this, it will be necessary to establish
certain criteria for consistency and to subject the information

to these.

1.2 Historical Linkages

Yor each series, there should be logical historical behavior, so
that there will be mo discontinuities. This will make it possi-
ble to handle those cases in which there have been unspecified
changes in the criteria for compiling the existing information.

Once all of the independently consistent statistical series on
primary and secondary energy are available, it should be verified
that the efficiencies of the transformation centers (energy sSec-
tor) and those of the transformation equipment in final con-
sumption (final consumption sectors) fall within the technical
1imits which correspond to the respective installations and

transformation equipment.

By applying these criteria and processing the non-consistent
information, the latter can become consistent.

As for the non-systematic information, the years that are missing
can be completed by estimates, at least up to final energy; then
consistency is verified. Non-existent information is still lack-
ing and should be worked out with appropriate statistical methods.

1.3 Polls and Surveys

The non-existent information should be generated through polls
and suyveys.

In this case, a poll is a method consisting of interviews with
persons or institutions that can provide insights as to adequate
estimators (efficiencies, audits, etc.}. Polls are characterized
by the fact that they are done in a fairly indiscriminate way and
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without a previous design.

If the foregoing does not obtain results, a statistical design is
made both for sampling and for analysis of the results, and
surveys are taken; these are treated by sector in the sectoral
appendices.

The information assessment can render account of what exists and
is consistent; 1t can be affirmed that, on the basis of the
systematic publication of the OQLADE balances, the consumption of
final energy by sector, as well as the information referring to
the supply sector of the balance, forms part of this
classification.

Nonetheless, the quantification of useful energy consumption
requires a greater disaggregation of sectoral consumption, ag
well as consumption by end-uses, types of equipment, sources and
efficiencies; in most of the countries of the region, this infor-
mation can be classified as non-existent,

Thus, given the lack of such systems, 1t is necessary to present
the different alternatives which, for each sector, will permit
quantification of usgeful eénergy consumption. This quantifica-
tion, as can be observed in the corresponding appendices, differs
according to the subsectors, end-uses and sources considered,
generating in each case, and in light of the different possibili-
ties for knowledge about energy consumption, different methods of
information-gathering, census and samples, and in these, dif-
ferent types of designs.

Thus arises the need to CREATE INFORMATION which, under the title
DATABASE FORMATION, is included in Chapter II of each sector
presented, with the sole aim of providing a frame of reference or
general guidelines for its formulation.

2, Formation of Databases and Processing of Information

Given the heterogeneity presented by the consumption sectors, the
guidelines for forming a database show uneven development, proper
to each sector, with different alternatives, according to the
previous knowledge available on sectoral energy consumption.
Different is the case of the auto-consumption sector which, owing
to its nature, entails census~-taking in all of ' the activities
which comprise the sector, except for the charcoal plants, for
quantification of the useful auto-consumption and the trans-
formation losses.

It 1is worthwhile to point out here that the guidelines presented
in each sector for formation of the database may be a first step
of prime importance for construction of a NATIONAL and/or
REGIONAL INFORMATION SYSTEM. Obviously, it is merely stated here
that it may be a first step, since the development of an informa-
tion system goes beyond the scope of this methodology; but it is
just as true that the availability of such a system may accel-
erate the application of this methodology.
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Another important step in the treatment of information is
constituted by the data processing obtained through surveys. In
this case, also, auxiliary and main data sheets are presented for
each sector, for the elaboration of sectoral balances, as well as
the treatment of possible sources of error.

The manual or computerized processing should always guarantee the
colierence and consistency of the data cbtained om the basis of
survey forms (presented for the sake of reference for each sec—
tor), which later aid in preparing partial balances, whether
these be for an industrial plant or a mining establighment, for
each subsector of a particular sector.

If processing is computerized, it is convenient to make the
following clarifications:

- It can be said that it is highly useful (and one could dare
to say indispensable) for the data to be entered into the
computer in the same form in which they were collected.
This is equivalent to generating an empty file with the same
structure of the original form which, by means of an inter-—
active program, progressively requests and enters data. This
method requires a certain programming effort, but it offers
the great advantage that the entering, correction and in
general everything relative to data management can be done
without the participation of arbitrary codes,.

- One difficulty in entering data in formats which are exactly
like the original form-- which can be resolved by means of
programming-- 1s that the available statistical packages in
charge of constructing partial balances are not very flexi-
ble in terms of the data-reading formats and, inm general,
they cannot be read in formats such as those that are being
proposed, It is thus mnecessary to have an INTERPHASE
PROGRAM to transform the MANAGEMENT FORMAT into a READIKNG

FORMAT,

- The experience in the software existing on the market has
not been positive in terms of its use for data management
using data-gathering forms such as those proposed for each
sector. Nevertheless, given the fact that the market of
computer packages is so vast and evolves so rapidly, it
cannot be affirmed that no solutions are available, espe-
cially taking into account that the new generation of micro-
computers makes almost daily progress, both in terms of
memory capcity and package supplies.

In summary, an exhaustive investigation should be made into the
possibilities for available computers, languages and software
packages. The opportune selection of languages and formats will
avoid difficulties and will shorten processing time, and at the
same time these software packages will permit interaction with
the users, thereby emnabling greater control of processing.



CHAPTER IV

GENERAL CONSIDERATIONS

1. Characteristics

The methodology presented herein is aimed at covering the theo-
retical needs of the elaboration of the BEEU in all of the
countries of the region. The methodology is wvalid to the extent
that it can be progressively implemented, from the elaboration of
a preliminary balance up to the use of a database. '

In that connection, no effort has been spared in the field of
definitions, in an attempt to establish a coherent conceptual
framework, despite the difficulties that the subject of useful
energy presents both in terms of application and analysis.

On both levels, special care has been taken with the physical
concepts of useful energy and the general efficiencies of each
subsector. As for application, an attempt has been made to
highlight statistical methods such as surveys and energy audits,
for the formation and/or expansion of the database,

This methodology also has the merit of . lending itself to
application no matter what the state of the art of each sector of
the useful-energy balance of each country, as well as the cost
and information benefits which it offers. Therefore,
applications of diverse gcope are envisaged.

2. Advantages

It is dimportant to keep in mind scme of the advantages of the
BEEU as a tool which facilitates overall energy planning. Taken
in isolation, the BEEF only offer a picture of the physical flows
and relations of the energy system within a given period.

In its more disaggregated state, based on final consumption, as
proposed in this methodology, the BEEU make it possible to
visualize the complete energy flow from supply and consumption up
to wutilization after the last transformation to a useful state.
Knowledge about, and mastery of the final consumption "equipment"
forms the 'basis for the analytical principle concerning the
possibilities for substitution and competition of rates and
prices of different energy sources. It also permits calculation
of certain ratios for efficiency, penetration and substitution of
technologies, as well as preparation of assesssments of the
global energy situation of a country, subregion or " region,
-Nevertheless, only through its relation to other socioceconomic
variables can BEEU become an invaluable instrument of energy
planning. ' :

The methodeclogy din dits present state of development has also
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atcempted to elaborate the concept of the efficiency of final
energy use, which is indispensable for determining policies for
rational use of energy. However, it must be kept in mind that in
order to arrive at this level of development in  the
disaggregation of the balance, it is necessary to know beforehand
the useful energy up to efficiency of production. For that
reason, a cutoff point is being adopted in the matrix of the
BEEU-OLADE, wup to efficiency of production, letting each country
adopt the particular type of evaluation which would coincide with
its mneeds and characteristics, in order to arrive at the
efficiency of use.

The methodology, as a theoretical instrument, provides elements
to facilitate more in-depth analytical applications without leav-
ing aside those applications of partial scope which could provide
a minimal basis for evaluation. In other words, an effort is
made to seek a conceptual equilibrium in which the aim of obtain~-
ing dimmediate results does not contradict the long-term objec-
tives of application and analysis.

3. Limitations

As for application of the methodology, there are still some
limitations, which range from the diversity and heterogeneity of
the energy profiles of the Member Countries up to the same
difficulties encountered for structuring and availability of a
reliable database. y
This uneven development in the countries”energy structures calls

for different treatment in terms of methodology application,
given that the emphasis on energy poliey is different for each
country. In other words, the energy exporters foresee the energy
prospects or problems differently than the importers do.
Furthermore, in those countries where the rural sector and non-
conventional sources {(firewood, plant and animal wastes, ete.)
hold greater importance with respect to final energy consumption,
there 1is a tendency to concentrate on pélicies related te this
field,

Under these circumstances and taking into 'account the energy
profile of Latin America, an attempt will be made to adopt =2
mechanism for transfering the methodology in keeping with the
features of regional, subregional and national energy
development. ° : K

Although at the regional level OLADE has made .efforts to generate
the minimum available information in the field of planning, as in
the case of the elaboration of the BEEF and .in the technical
sphere, the initiation of resource inventories in the region, the
truth is that there is mno coherent, integral regionmal information
system.

The development of ,BEEU should also constitute, in addition to an

element of planfffng, an effective medium for strengthening the
the information apparatus,
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This would be sufficient justification for following a systematic
process In the area of emergy information. It is well knowm that
the implementation of an information system is a complex task in
itself and that, besides a methodological structure in line with
the needs of the countries of the region, it requires political
decision and backing, with a view to accomplishing concrete goals
and activities. '

To overcome the obstacles in the area of energy information is no
easy task, if it is kept in mind that, in addition to an aggreg~
sive process of appraisal of its importance and value, it will be
necessary to work on the search for a solid Institutional infra-~
structure, Within the process of institutional development for
energy in the Member Countries, energy information 1is unfor-
tunately not given a definite place but left marginal within the
institutional structure of the organizations which direct energy
policy, thus hindering suitable coordination and, as a conse-
quence, overall system management.,

In national and regional institutions, it is common to encounter
a dispersion of energy information generation and management, In
some countries, the lack of institutional response to the need
tor information becomes evident in the fact that information is
considered as a phenomenon outside the institution.

The 1lack of control mechanisms calls for the establishment of
information systems in order to assure the cycle of information
transfer as well as to make available a nationally centralized
system as a principle of institutional organization and
structure.

Few countries in Latin America have an information system in
charge of general coordination and direction in the field of
energy; rather, it can be seen that the institutions approach
this aspect independently and following criteria which are modi-
fied or adapted in keeping with the circumstances or require-
ments.

A very common obstacle, and one difficult to overcome, is the
lack of financing for implementation of this type of project in
the field of energy, as in the case of BEEU, ‘'which ecall for
surveys and audits as a fundamental means of aggregating the
information which will permit more in-depth analysis of the
problems of useful emergy. It should be underlined that, in a
first instance of methodology application, the existing informa-
tion may be used in combination with partial investigations and
estimates., However, what is desirable is to cover, insofar as
possible, the full methodological range; this implies having a
financial component permitting the development and implementation
of this project, '

4, Alternative Solutions

It 1is evident that there are obstacles 1in terms of the transfer
and application of the methodology in a short period of time, as
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another instrument for pianning and an imperative component in

the formation of mnational information systems din the Member

Countries.

The present document, which contain§ the OLADE Methodilo%y for
the Elaboration of Energy Balances in Terms of Usefuh ﬁergy,
seeks to stimulate discussions and_ analyées by t e -i? ir
Cauntries and international organizatlonsf in order to 1n}t%atz
and implement this instrument which also %ntends .to prozl 1ihe
national coordination of energy sect?r information upkn ol the
ievel of the consumer and to make available greater owledg

about the components of energy demand.

Under these circumstances, in addition to the reconciliaiion oi
criteria in the methodological and conceptual‘a¥eas, deve op?en
of the methodology also requires decided political suppo¥t lrom
the Member Countries in order to achieve Fhe goalg’a?d o?jectéYeE
which are geared, above all, to overcoming the Iimitations dis

cussed above.

Through horizontal cooperation, a TRA?NING PgOGRAM is p?oposed ZZ
subregion or model country, making it pessible to bggln toogzDE
pare the BEEF and the BEEU in the Member Countries. .
considers that their success will come from the trangfeg z

knowledge which the members of the work group for?allze' h.o
prepare the methodology will be able to offer and provide within

the following criteria for aid and support:

- In the solution of doubts and clarifications growilng out of
the analysis and assessment of the document by each country;

- In the preparation of preliminary BEEU  for 1985/%986,
through horizontal cooperation and support from national

teams;

- In the realization of possible training courses by model
countries; and,

- In the exchange of iInformation and experiences.

In order to facilitate the means of an institutionél ?atu?e fﬁr
the application of this methodology, the gaps_exlsFlgg in the
national information teams and systems must be 1dent1f1ed'so as
to take advantage of the transfer of this methodo%ogy and in this
way guarantee viability and effective implementation.

To agree on the most appropriate mechanisms and procedures Eo
facilitate dintegral transfer of the OLADE methodol?gy for t.e
elaboration of the BEEU will undoubtedly be a déte?mlnlng step in
the search for the institutional coordinatiog indispensable for
development of this program in the short, medium and long terms.



CHAPTEX V

GLOSSARY

A glossary of terms used in the preparation of useful-energy
bélances is presented below, with the specific connotations to be
given to these terms in order to unify the technical criteria of
the countries.

PRIMARY ENERGY

"Primary energy" is understood as the different sources of
energy, as they are obtained from nature, whether directly, as in
the case of hydro or solar energy, or after a process of
extraction, as in the case of petroleum, coal, geothermal energy
et;., or thrgigh photosynthesis, as in the case of firewocod ané
other vegetable or plant . owi i

othe beengconSidered? fuels The following primary sources

Crude 0il

This 1is a complex mixture of hydrocarbons having different mole-
cular weights, 1in which there is usually a small proportion of
compounds containing sulphur and nitrogen. The composition of
petroleum dis variable and may be divided dinto three types
according to distillation residues: paraffin, asphalt or ;
mixture of the two.

Crude o0il is used as a feedstock in refineries, where it is
processed to obtain derivatives,

Natural Gas

This is a mixture of gaseous fuels and includes both free mnatural
gas and associated matural gas, present in coal mines or geopres-
sure zones. Herein, both (the net free and associated gas
produced) are placed under the same heading due to their similar
nature and uses.

- Free Natural Gas

This 1is that gaseous fuel mixture constituted primarily by
the methane obtained from gas fields.

- Associated Natural Gas

Thii is the gaseous fuel mixture which comes from an oi?
well, T

“oal

This is a solid combustible mineral, black or brown in color and
containing essentially carbon, as well as small amounts of
hydrogen and oxygen, nitrogen, sulphur and other elements, as a
result of the degradation of the remains of plant organisms over
long periods, due to the action of heat, pressure and other
physical and chemical phenomena. :

Due to the fact that there are different degrees of change in the
process, coal is mot a uniform mineral; it can be classified by
ranges, according to the degree of metamorphosis in series going
from lignites to anthracites, which present considerable
differences in terms of volatile matter content, fixed carbon and

calorific value.
- Anthracite and Bituminous Coal

This is the coal which has completed an advanced or medium
stage of carbonlzatiom, with a net calorific value (NCV) of
5100~-8500 Kcal/kg, on an ash-free, humidity-free basis.

- Lignite

This is found in a less advanced stage of carbomization and
has an NCV of 4125 Kecal/kg, on an ash-free, humidity—free

basis.

- Peat

This is a precursor of coal and 1is formed by the chemical
and bacterial decomposition of dead vegetable matter. Be-
cause of the action of heat, pressure and other phenomena,
peat is transformed into different types of coal.

Hydroenergy

This is the potential energy from a waterflow.

Geoenergy

Geothermal energy is the energy which is stored under the earths
surface in the form of heat and which can be transmitted to the
surface by a fluid in contact with the hot rock. This fluid is
usually water in a liquid state, steam, or & mixture of the two.

Fission Fuels

This is the energy obtained from uranium ore, following processes
of purification, conversion and/or enrichment.

Firewood

This is the energy which is obtained directly from fores:
resources. It includes tree trunks and branches and waste from
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sawmilling activities, all of which fall under the defir’tion of
"other plant and animal fuels" used for energy purposes.

Sugarcane Products

This includes the sugarcane products which are used for energy

purposes; among these  are bagasse, cane liquor (juice) and
molasses,

Other Primary Energy Sources

This concept includes:
- Vegetable or Plant Fuels

These are the energy resources obtained from agroindustrial
and forestry residues.

Bere are included all of the agricultural wastesg (except
sugarcane bagasse), e.g., rice husks, coffee husks, coconut
shells, etc., wastes from sawmills (not included under the
concept of firewood nor bagasse), etc., for energy purposes.

- Animal Fuels

?h?se refer to the residues of agricultural/livestock activ—
%tles and urban wastes. They can be used directly as fuel
in a dry form or comverted into biogas through a process of
fermentation or a method of decomposition.

- Recovered Energy

Substances with an energy content produced din industrial
plants as a by-product of the production process, for exam—
ple, furnace gas, black liquor, etc.

- Other Energy Sources

These dinclude wind and solar energy and any other primary
source not included in the foregoing descriptions but rele-
vant in the energy structure of the country,

SECONDARY ENERGY

n .

Secondary ‘energy" is the term used for the different energy
products Whl?h originate from the various transformation center;
and the destination of which is the different consumption sectors
and/or other transformation centers.

The forms of secondary energy considered are as follows:

Liquefied Petroleum Gas (LPG)

This consists of light hydrocarbons, principally propane and
butane, alone or in combination, obtained from the distillati-n
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of petroleum and/or the treatment ol astural gas.

Gasolines and Naphthas

This 1is a mixture of light liquid hydrocarbons obtaiged from
petroleum refining and/or the treatment of mnatural gas, whose
boiling range is generally found between 30 and 200 degrees

Centigrade.
This group includes:
- Aviation Gasoline

This is a mixture of reformed naphthas having a high octane
number, high degree of volatile matter and stability, and a
low freezing point; it is used in propeller aircraft with
piston engines.

- Motor Gasoline

This is a complex mixture of relatively volatile hydrocar-
bons which, with or without additives (such as tetra-
ethyl lead), is used to operate internal combustion engines.

— Natural Gasoline

This is a product of the processing of natural gas and it is
used as feedstock for industrial (petrochemical) processes
and refineries or in direct mixtures with naphthas.

- Naphthas

These are volatile liquids obtained from petroleum and/or
natural gas processing and used as feedstock in refineries,
as a solvent in paint and varnish factories, as a cleaning
agent, and also in petrochemicals and fertilizers.

Kerosene and Turbofuels

These are liquid fuels constituted by the fraction of petroleum
which is distilled between 150 and 300 degrees Centigrade.
Kerosene -is used as a fuel for cooking, lighting, and running
engines, and as a solvent in shoe polish and insecticides for

household use.

Turbofuels are a kerosene with a special degree of refining,
which has a lower freezing point than regular kerosene. They are
used in reaction and turbopropeller engines.

Diesel/Gas 0il

These are liquid fuels obtained from the atmospheric distillation
of petroleum between 200 and 380 degrees Centigrade; they are
heavier than kerosene and are used in diesel engines and other
compression-ignition motors.
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Heavy Juelyg (Fuel 0::)

Thi i i
th:she;s the residue of petroleum refining and comprises gl11

Vy products, which are generally used in boil - ?f
power plants and nhavigation. TS electric

Coke

with

distiliatijige fcarbo;1 content, oghtained from the destructiv
: o coal, petroleum and ' e

srot ) other carbon materi
identifgrg bdlffe?ent types of coke, and these are srlaii.
Hent i;e y aqdlng to their name, the name of the materiaiu? 4
¥ originated: for exam hin
ch ' ple, vpetroleun i
definition includes petroleun coke and coke plaﬁt piggﬁét e

i S.

Electricity

Thl S‘ p e . t
] :

primary or secondar i
Ys in  hydro i
geothermal or nuclear plants. yaroelectric, thermoelectrics

Charcoal
Thi i i | l
118 is the fuel obtained from the destructive distillation of

the wood from charcoal i
plants, in the absence of o N i
Product absorbs humidity rapidly, so that it usjzfisb haThlS
5 a

moisture content of 10~15%, 4in addition to 0.5-1.0% hydrogen and
0% hy nd

9-3% . s
3% ash, with a net calorific value of around 6500‘Kcal/kg

These features m
X dY  vary accordid
is derived. Y ding to the wood from which 1

Alcohol

This includes both eth
anol
alcohol) used o fuele. nol (ethyl alcohol) ang methanol (methyl

Ethanol 4 iqui i :
fermentatisna g;loiless liquid which canp be produced by means of
such as sugarcanee%i;i:ieoiaggizszaVing i it
puch €83 Vegetable matte i

b ghizﬁarzzliz;szzt, such as cassava, corn, etc.; and mait:;tsiti
SR rorose gz pulg content, e.g., firewood 'and plant
Sith semnl o o aloneusg ?S anhydrous or hydrous alcohol, mixed

» 10 Internal combustion engines,

Methanol 3
varions r;S also a colorless liquid that can pe produced f
W materials, such as firewood, vegetable Wasizm
r

s g 3 l, C.
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Process (Gases

This category includes the gaseous fuels obtained as by-products
of activities in refineries, coke plants and furnaces, as well ags

the gas obtained from biodigesters.

- Refinery Gas

non-condensable gas obtained from crude oil

This dis the
methane, and

refining; it consists mainly of hydrogen,
ethane and is used mostly in the refining process itself.

- Furnace Gas

This 1s a gas obtained as a by-product from steel-making

activities in furnaces and is generally used for heating in

such plants.

- Coke Gas

This 1is the gas produced as a secondary product in the
intense heating of coal or coke, with a mixture of air and
steam in coke plants. It is composed of carbon monoxide.
nitrogen and small amounts of hydrogen and carbon dioxide.

- Condensed Gas

This includes liquid hydrocarbons obtained as a by-product
from the treatment of natural gas (ethane, propane, butane

and pentane).

- Biogas
This 1is the gas, principally methane, obtained from the
anaerobic fermentation of biomass waste.
Other Fuels
Here are included both energy and non-energy products.
- Other Energy Fuels
been

These are the secondary energy products which have not
included in the preceding definitions and which take part in

the energy structure of the country.

- Non-Energy Products

These are the products which are not used for energy
purposes although they have a considerable energy content;
among these can be mentioned asphalt, lubricating oils and

greases, etc.



- Lubricants

Thes i B
and eobiz? VSSCEuh liguic nydrocirbons rich in parafiin
ine v means of the atmo o N wax
: spheric disti i
petroleunt between 380 and 500 degrees Céntigradelllatlon of

- Bitumen

This 1is i

this Lo bi io%ld hydrocarbon with a colleidal struct
brown or ¥ a? in color, which is obtained as a residue Ere’
. 'atl?n process in a vacuum, of the resid the

atmospheric distillation of petroleum ues of the

ENERGY SUPPLY N

This term refe
rs to the total amou
: ; nt of ener i
conéumptlon in the country. Within this conc Y The fel
variables have been considered: epe, the

for
followng

Production

This ref
ers to the energy produced within the national territory

Wh i i i
en dealing with primary energy, the volumes extracted

national sources are considered From

For secondar
v energy, all of the
transformati . output flows from the nati
N tion centers are considered, prior to a .atlonal
cycling and auto~consumption. ccounting for

Lmportation

This dincludes all
of the energy fl
seco s o . y OwWs, both i
se¢ néary, originating from outside the countr g bprlmary and
ering to form part of the supply y orders and

Exportation

This dincludes the i
primary a
external supplies. y and secondary energy allocated for

Variation in Stocks

This is the differe
nce between the stock
5 at t i i
the end of a year, for each form of ener B e nnlng and at
secondary; an increase o

Sign, and vice versa.

: whether primary or
in stocks is indicated with a plus y(+)

Unutilized Energy

This }s the amount of energy which, due to
econ?mlc constraints for exploitati
conditions, is not used. ‘e

technical and/or

or due to demand
Examples of this type of energy are:

- Spilled petroleum.

LR

Flared gas (natural or refinery gas).

pverflows in hydroelectric stations.

Differences between the mass of steam and/or water extracted
from a geothermal well and the mass of steam that feeds into
a power plant oT other installatiom.

TOTAL SUPPLY

is the amount of primary and secondary energy available ¢to

This
both in terms of final

catisfy the energy needs of the countfy,
consumption and transformation centers.

TRANSFORMATION

this rtefers to the primary and secondary energy flows that enter
and leave the group of transformation centers, respectively.
Physical or chemical transformation is understood as the change
of one source of energy into another, by means of any one of the
transformation centers included in the matrix.

Losses
LOS=es

These refer to the amount of emergy lost in the activities of
storage, transportation and distribution of the primary and
saecondary energy products, from the centers of production to the

centers of consumption.

Examples of losses are those which occur in the transmission and
distribution of electricity, in the storage and  pipeline
transport of hydrocarbons, in the distribution of gas, etc.
Losses in the transformation centers are not included, since they
are treated separately.

Adjustments

Statistical adjustments constitute a measure of the statistical
soundness of the information, by permitting compatibility between
the double flow of information, Energy Supply/Consumption, meas-—
ured independently and avoiding, insofar as possible, the cal-
culation of one variable as a functiom of the other.

The statistical differences between the two variables and all of
the adjustments are included here. These adjustments should mot

exceed 5%.

TOTAL FINAL CONSUMPTION

This part includes all of the energy flows grouped according to

sociceconomic sectors in which they are consumed .

This heading includes:
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- Final Energy Consumption
This item refers to the total amount of primary and secon-
dary products wused by all of the consumption sectors to
satisfy their energy needs.

- Final Non-Erergy Consumption

This includes the volumes of products which are used for
non—energy purposes in all of the final consumption sectors.

- Total Final Consumption

This is all of the energy delivered to the consumption
Sectors; for both energy and non-energy purposes.

USEFUL ENERGY

For the sake of comparison with definitions from other
organizations, the differences in useful energy adopted by other
international organizations are presented below.

United Nations(*)

Useful energy is effectively transformed into useful work, in the
equipment and processes corresponding to the different end-uses,
such as the power obtained in an automobile, the light from a
bulb, or fluorescent tube, or the heat from the steanm produced
when fossil fuels are burned, These amounts of useful work
reflect the combined effects of the theoretical efficiency of the
device, the equipment or the process, as well as the intensity of
operation and the form of utilization, ;

World Energy Conference (*#)

This is the energy which is available to the consumer after its
final conversion,

A useful-energy balance is a balance established on the basis of

accounting of the different energy flows according to their real

calorific value, from the primary supply to the useful energy
recovered by the final consumer at the outlet of hig devices,
thus considering the losses suffered in the different phades of
transformation and censumption,

Since there 1is no effective measure of useful energy, this
balance is in fact a balance derived from the balance of final

(%) Concepts and Methods in Energy Statistics, with special
reference to energy accounts and balancesg. United Nations Series
F, No. 29. -

(#%*) World Energy Conference Glossary on Energy Balances and
Accounting, Pergamon Press, pg. 5.
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L ef f3i i e or
consumption at the level of final energy, by applying averag

estimated efficlencies for the last apparatus in the transforma-—

tion and assuming a sound knowledge of the park and its efficien~

cies, which can vary im significant proportions.
3

Note: Determination of useful energy could be considered as ia
function of technical procedures, its use and the .ecinomng
sectors, but these breakdowns present such the?retlcal tion
practical difficulties that, currently, only the first solu

is being applied.

European Economic Community (*%%)

Useful energy is the energy available to the consumer after its
final conversion.
z;;;;_~—£a£OSTAT - "Useful Energy Balance Sheets 1975," Belgium,

1978.



e nB0Y SOULVALENCIES AND EFFICIENCIES

i, Energy Equivalencies

The flows which make up the energy balance are usually measured
using different units. However, in order to close the overall
balance and enable the comparative analysis of data and the
review of the energy structures in a country, it is useful and
necessary to unify the units of measure for the different sources
of energy by using a common unit. ' -

The OLADE energy balance is presented in barrels of oil equiva-
lent (BOE), which have the following equivalencies based on the
calorific value of oil: I kg = 10,000 Kecal.

1 bl = 159 liters
1 TOE = 7.206 barrels of oil equivalent (BOE)
1 BOE = 0.2082 tons of coal equivalent (TCE)

The sheets which comprise the national balance are usually pre-
pared in the original units; in other words, solid sources in

metric tons, gases in cubic meters, and electricity in kilowatt-
hours (kWh), etc.

To assure coherence in the basic data, it is impertant that hotw
the main sheets and the auxiliary sheets of the useful-enargy
balance follow the same norms., -

It would be advisable to compile the sectoral balances (imain
sheets) in terms of a common unit, which could be the Joule (kilo
or tera) or the calorie, and which could be systematically con-

verted into BOFE in the overall presentation of the national or
regional energy balance. ‘

Thus, we have that:

1 Joule = (0.2388 calories
1 TJ = 0.2388 Tcal

I Teal = 4,186 TJ

1 TOE = 10 Keal

I BOE = (0.1387 TOE

Generally speaking, before putting the energy balance matrix into
any unit, it is necessary to quantify the calorific value of each
energy source. This will be defined by means of adiabatic cal-
orie meters, with which the heat given off during energy com-
bustion is measured taking into account the condensation of water
vapcr. This value is known as the upper or gross calorific value
(V). With knowledge of the GCV, the lower or net calorifis
value (NCV) can be calculated; it does not include the heat used
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in water vapor condensation. The NCV is calculated by means of
i
the following formula:

NCV = GCV - 9 (xH) (H20) 15 ¢C

here:
i Enthalpy of water at 15 C

Number of hydrogen atoms

H
p:S

The difference between the GCV and the NGV ?ecomes more i?portigz
when going from gaseous fuels to light liquid fu?ls, and rom the.
latter to heavy liquid fuels. The drywbafe difference in v
fuels may be 10% and in heavy liquid fuels 1%.

The Convention Adopted by OLADE

The BEEF of OLADE, in their current staté,- evaluate liquid héﬂ?
gaseous fuels according to the net calor1f1? value (NCV), w 1ci
discounts the latent heat of the condénsatl?n of vater _Vapo;
contained in the combustion gases, which, in practice, 1is no

utilized.
The NCV has been adopted because:

1 It reflects the exact amount of heat contained in each fuel
that may be used by the consumer.

P It facilitates economic comparisons among fue;s, for the
calculation of relative prices,

3 It permits a clearer picture for decision-making w1th. re;
gspect to inter-fuel substitution, hased on heat per unit o

mass.

4 It does not distort the relative share of the primary sour-
ces in a countrys energy supply; such dlstortlo? becomeg
more accentuated when gaseous and plant fuels weigh more in
the energy structure.

5. It does mnot artificially increase the real structure of
internal energy demand.

From the theoretical standpoint, any convention may be adopt?d'ln
the national energy balance, as long as it explicitly spec1f1§s
the corresponding conversion factors for the purposes of analysis
and comparison with other balances.

The calorific values of the energy sources presenFe? in the QEQDE
balance vary according to their origin, compos%tlon, humi lti
content, volatile matter content, etec., for Whl?h reason ei;e
country should use 1its own information, obtalned' frothUld
analysis of the energy sources used. The countries 'Sssar

periodically review  these values and 'make the ne?ih thz
modifications; thus, the importance of remitting, 319n$ wi e
balance, the information corresponding to the calorific wvalu

0



used.

Nonetheless, there are countrie

information available and which find themselves obliged to
values from other sources and origins. For thisg purpose, it ig
suggested that the average calorific values and the conversion
factors which are presented in Tables 7 and 8, Tespectively, be
used. These have been defined following the revi
of available information and
of the area.

use

With respect to the energy

sources considered in the balance, 1t
is worthwhile to note that:

- For petroleum-derived products with non-energy uses, the net
calorific value of o0il is used.

- For liquefied gas,

the net calorific values for propane and
butane, which consti

tute this gas are averaged.

- In the case of Column

8 of the energy balance, known as
"Sugarcane Products,"

the following treatment is proposed:

i) The sources considered for inclusion under "Sugarcane
Products" are the bagasse used as a source of energy
and the cane liquor and/or molasses which are feedstock

for alcohol production.

ii) The fuel alcohol and hydrated alcohol for energy
chemical uses

fermentation are

and
and the biogas produced from stillage

considered as secondary sources.

The energy flow corresponding to the

column for "Sugarcane
Products" is Presented, as follows:
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s which do not have this kind of

]----FUEL
ENERGY [(13)
FUEL  [— |-—--INDUSTRY (HEAT)
ALCOHOL 1(13) GY;(O)
———————————— NON-ENER
% (16) % - CHEMICAL TNDUSTRY
I (3
| | — FUEL
15)
I ENERGY I ( -
CANE LIQUOR | HYDROUS [ | C—— INDUSTRY (HEAT)
G /OR MOLASSES [ ALCOHOL  ](22) I (D
b I — | NON-ENERGY
T I (25) [~~~ CHEMICAL INDUSTRY
I (3)
i
i BEOGAS —— ———=AUTO-CONSUMPTION
(2)
(28) mmmmm e e AUTO-CONSUMPTION
| (44)y———- - --SUGAR INDUSTRY
S I ( 4)w—m—mm e —— BEVERAGE TNDUSTRY
___________________ { (16)———wmmm—m—mmmmmee e ——ELECTRICITY
o I GENERATION

ANCE
TREATMENT OF SUGARCANE PRODUCTS IN THE OLADE ENERGY BAL

OURCE ] CANE BAGASSE ANHYD. HYDROUS ELEC. BIOGAS TOTAL

ACTIVIT [ PROD. ALCOHOL ALCOHOL =
I 144
0l PRODUCTION] 52 92
I
T2 AUTO-PROD. | , _9
POWERPLANT] -16
I
T7 ALCOHOL | , .
DISTILLE. | -52 16 25
I 35
€1 TRANSPOR. | 13 22
I 4 52
C2 INDUSTRIAL] 48
I 3 31
C6 AUTO-CONSU] 28

I
CN NON-ENERGY]

CONSUMPTI. | 3 3
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When cane liquor is used as a primary source, its calorific value
can be defined as follows:

1 ton of cane = 923,423 Keal

270 kg of bagasse = 486,000 Kcal
So that:

730 kg of liquor = 437,423 Kcal

599,210 Xeal

1 ton of liquor

The net calorific values for sugarcane products are presented
below:

SOURCES Kcal/kg Kcal/m3
Sugarcane 923
Molasses 1,800
Cane liquor 600
Sugarcane bagasse 1,800
Stillage biogas 4,500
Alcohol 6,500
Wastes 1,500

In the case of bagasse, if its calorific value is not known but
its humidity content is, it can be estimated by applying the
following expression:

NCV = 4250 - 4850 H (*)
where:

NCV = mnet calorific value (Kcal/kg)
H humidity content

Since the humidity contained in the bagasse is wusually around
50%, this wvalue can be taken as the average, thus establishing
for bagasse a calorific value of 1825 Kcal/kg. :

Generally speaking, there are no statistics on ‘bagasse con-
sumption in a sugar mill and/or alcohol distillery. However,
there are data on the processed cane, and the amount of bagasse
can be obtained from the latter value.

A review of the literature on the subject dirdicates that the
amount of wet bagasse produced fluctuates between 26 and 30% of
the processed cane, by weight; this suggests that, when more
exact data are not known or available, the average value of 270
kg of wet bagasse per ton of processed cane should be used.

(*#) Manual on the OLADE Methodology for Elaboration of Energy
Balances

7%

The calorific value of firewood varies a great deal from
country to country; evem within one same country, different
species of trees, with different degrees of humidity, are
used, depending on consumption patterns.

Some countries have run tests in order to determine an
average calorific value for the conditions and species wused
and, although it is very difficult to generalize, dit is
suggested that a value of 3,600 Kcal/kg be taken for those
countries which do not have better data,

In the case of the energy source "Process Gases", which
includes refinery gas, coke gas, furnace gas, etc., the
average calorific value of each one should be kept in mind.
The case of coal is treated like the case of '"Process
Gases", d.e., the calorific value for each type of coal
should be considered.

Electricity and Hydroenergy

Electricity transformation is through the relation:

1 kWh
1 GWh

860 Kcal
3.6 terajoules

This 1is the only method of conversion compatible with the
methodology wused in developing this balance, which covers
the entire energy chain, from production through end-use and
which also considers all of the losses involved.

Geoenergy
A methodology similar to the omne proposed for hydroenergy

will be used, considering the energy contained in the water
vapor extracted from a geothermal well.
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TABLE 9

OLADE CONVERSION FACTORS

TABLE 8 1 bbl - oil = 1.0015 boe

1 bbl gasoline = 0.8934 boe

LOWER (NET) CALORIFIC VALUES: THEORETICAL - AVERAGES 1 bb1 aviation gasoline _ 0.8574 boe
(reference values) 1 bbl natural gasoline = 0.7638 boe

1 bb1l diesel = 1.0015 boe

ENERGY SOURCE " AVERAGE CALORIFIC VALUE ) b1 heavy fuels _ 10304 boe

oy o 08 St fcaeac, merer. L mw - 06700 bos
éiiiiﬁiii ﬁii Naphthas ?222 _ : 1 bbl turbo (jet) fuel = 0.9799 boe
Dicsel and Gas of1 139 . 1 bbl  kerosene - 0.9583 boe
g:i;zlgzzlzoke é}ég Kcal/k;r 1060 m3 free natural gas = 5.9806 hoe
Cas 1000 m3 assoclated natural gas = 6.4129 boe
~ refinery 8800 Keal/cubic meter 1000 m3 refinery gas - 7.9261 boe
: gﬁizagiznts 4288 | : _ 1000 n3 coke gas = 3.0263 boe
: Eiggjs 2583 : 1000 m3 furnace gas = 0.6485 boe
' Coal 1000 3 piped gas - 2.8822 boe
- Anthracite 7500 Kcal/kgr 1000 .m3 biogas = 3.9630 boe
: fi;ﬁ?izzus 2383 : 1 ton coal = 5.0439 boe
Coke | 1 ton coal coke = 4,8998 boe
Tar Coke 9600 Keal kg 1000 kih electricity - 0.6196 boe
Firewood 3600 n 1 kilo uranium = 71.2777 boe
gzgzsz:ie ?g?g : 1 ton firewood = 2.5940 boe
EEEZisélCOhOl Iggg : 1 ton charcoeal = 4,9718 boe
Plectricity 860 Keal/kith 1 ton bagasse = 1.3114 boe
1 bbl alcohol (ethyl) _ 0.5980 boe

NOTE: These conversion factors have been adopted on the basis of
the weighted average of the conversion of all of the
Merber Countries thav Fuve -eported.

4
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2. Energy Efficiencies

EFFICIENCIES OF PRODUCTION OF EQUIPMENT BY SECTOR AND SOURCE

I I EEC i
CHARACTERISTICS % IDEE I UN I BRAZIL % (gégﬁgi) {
I I I [
RESIDENTIAL COMM/ % % { I I
SERV/PUBLIC SECTOR ] I 1 % g
FIREWQOD % '% ; I I
- Clay Oven I 20 I | % !
- Economic Stove i 20 I i 20 I !
- ggen Oven I 10 I i S/ 1 7.45 2/ ;
- Three-stone i 3-5 i i B I -
- Sp%t I 5 I I i E
- Grill i 3 I I I I
- Hot Water Tank I 24 I | I
— Open-hearth 1 5 I I 2-5 I I
- Closed-hearth I 20 I ] ) I I
- lron Sheet 1 11 1 I { ;
CHARCOAL { { ; I I
- Economic Stove 1 25 I i 25 ; I
- Op?n Oven ] 15 I I 7 I 19 3/ I
- Sp?t I 8 I I | 1
- Griil 1 3 1 I I I
- Iron Sheet I 20 I I l 1 %
LIQUEFIED GAS { f ; ; I
- Stove % 45 i 37 i 40-50 T 36+3.9 %
— Heater~Cooker I 45 % } { 62 I
~ Heater-Stove H 50 1 67-80 | 50-65 | {
- Tank I 45 I 62 I 50-65 | I
- Ehermotank I 50 ] I 45-50 | I
— Lamp 2.
~ Refrigerator % 8.3 % % oot % I
- Iron I 36 | I I ;
KERQSENE { ; ; I I
~ Stove I 35 i I { I
- — Heater~Cooker I 35 I i I
~ Heater-Stove 1 40 I I i [
— Pressure Lamp I 2 1 I I I
= Wick Lamp | 1.2 I I 0.1 % - I
- Refrigerator i 6 I i . I I
- Iron | 28 I i I %
I
1/ University of Campinhas I : : I
2/ +/- 1.42
3/ +/- 3.5
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i

I I | | i

NATURAL GAS I 1 ] I I

- Stove I 50 I I I i
— Tank | 50 i I I i
~ Thermotank I 55 | I | 4
—~ Heater-Stove I 60 I I I I
- Boiler i 75 I I I |
I | I i I

ELECTRICITY I I | i I
~ Stove | 80 i/ I 75 I 45-533 5/ ] 82.6 é/ I
I I I I 66.12 ]

| I I [ (56-75) |

— Shower I 90 i 90 i 90-93 | I
- Thermotank I 95 1 95 i 65-80 | 1
- Heater-Stove | 80 I 95-100 ] 100 I I
- Incandescent Lamp | 4.5 - 6 I 2-3 1 i
-~ Mercury Lamp I 11 I I 8 I i
- Fluorescent Lamp |} 15 1 | 7-18 1] i
~ Sodium Lamp 1 18.5 1] 1 16 I i
- Air Conditioner8/ | 20 | I 70-90 | I
- Ventilator-Fan i 90 I I 70 I 1
- Refrigerator I 80 I | 80 I 1
- Water Pump i 70 I I 70-90 | I
- Misc.Elec.Applnc. | 80 I I 70-90 | |
- Transistors 1 100 I I ' I I
- Iron I 100 I I I I
| I I H I

CHARCOAL | I I I I
- Stove I I 25 I i |
- Oven | I | I I
— Three-stone I | I 1 I
| I I | I

DIESEL F¥UEL | 1 I I i
- Beilers 1 60 I 68-73 1 I |
I I | I 1

TRANSPORT. SECTOR I I i i |
| I | | |

AUTOMOBILES I 1 I | I
- Gasoline Engine | 18 I 20 I 25 I i
- Alcohol Engine I | I 33 1 I
- Diesel Engine | 24 | 35 I 35 | I
- Gas Engine I I 22 I I I
| I I I I
RAIL I | I I I
* Steam | | I I I
- Fuel 0il | 3.6 I I I
- Firewood I 2.7 I I I ]
- Coal I 3.0 I I i I
| | I I I

4/ Water heaters 5/ Ceramic and resistance

6/ +/- 2.3 7/ 3.09 8/ Motor
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* Diesel
- Direct
- Electric:
* Electric

28
85

RIVER

—- Gasoline Engine
- Diesel Engine

~ Fuel 0il Engine
~ Steam (Fuel 0i1)

18

i
I
I
i
|
I
!
I
I 20
I

I

AIR
- Turbopropeller
- Jet Turbine

- Piston

18

INDUSTRIAL AND
MINING SECTOR

* Mechanical Force
Electric Motors
Diesel Engine
Steam Turbine
Steam Pump

Steam Engine
Steam/Boiler

I
I
I
I
I
|
I

[
I

1 90
[
I
|
|
I

Diesel I 65

I
1
I
|
I
|
|
i
|
I
[
I
I
I
I
I

[
|
I
I
I
|
I
1
I
I
[
|
[
I
I
I
I
I
I
1
I
32 I
I
I
|
1
I
I
I
I
I
!
I
I
I
1
|
I
|
|
I
I
I

35

Fuel 011

Coal

Charcoal
Bagasse
Firewood

Gas

Electric

Other Residues
Direct Heat/
Ovens 9/

Fuel (20-70)
Electric (90)
Other Uses
Lighting 10/
Air Conditioning
Refrigeration

*Illllllll#—ll

I
I
I
I I |

Due to different efficiency acceording to size, characteris-
tics, temperature, etc., a considerable range of variation
of fuels is taken.
10/ (See Res/Comm/Pub)

L I

I
[
I
I
I
I
l
I
[
I
I
I
1
I
[
1
I
|
I
I
|
I
I
I
1
I
I
I
I
[
I
1
I
I
I
[
I
I
[
I
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e

I I I I I

AGRIC. SECTOR I | I I I
* Tractors and Farm | I I I I
Machinery 11/1 I I I i

- Diesel Engine I I I i I
- Gasoline Engine | | I I |
- Alcohol Engine i I I I I
* Irrig./Water Pump | I I | I
- Electric Motor I 70 1 I | I
~ Diesel Engine I 20 | I | I
- Gasoline Engine | 15 I I I I
- Windmill I 18 ] I I I
* Transport & Fumi- ] I I | [
gation 11/ 1 I I I I

* Other Uses I I | I I
- Lighting 12/ I I I I I
- Refrigeration 12/ | | N | I
- Drying 13/ I I I I I
- Water Heating 12/ | 13 I I I i
I I I I I

1

Y
12/
13/

NOTE: Efficiencies
refer to those used in the National Energy Balance.

Efficiencies similar to those
Idem Comm/Serv/Public Sector
Ceramicand resistance

80

of the Transportation Sector

from Brazil which do not mention a source



SECTORAL AFPENDICES

I - TRANSPORTATION SECTOR
IT - INDUSTRIAL SECTOR
ITI -~ RESIDENTIAL SECTOR
v - COMMERCTAL-SERVICES-PUBLIC SECTOR
v - AGRICULTURE-FISHING-MINING SEGCTOR
Vi - AUTO—-CONSUMPTION SECTOR
VII - OTHERS SECTOR

81



SECTORAL APPENDIX [

TRANSPORTATION SECTOR

82



INDEX

TRANSPORTATION SECTOR

CHAPTER I — GENERAL DEFINITIONS

I.

Disaggregation by Subsectors

2. Disaggregation by End-Uses

3. Final Energy, Useful Energy and Efficiencies

4. General Flow for the Useful Energy Balance
{BEEU) in the Transportation Sector

CHAPTER II -

A)  DATABASE FORMATION - ROAD TRANSPORTATION

1. Specific Consumption

2. Mileage

3. Utilization Factor

4, Fixed Features

5. Efficiencies

6; General Scheme for a Road Transportation Database

B) DATABASE FORMATION - NON-ROAD TRANSPORTATION

1. River

2. Rail and Air

3. Sea

4, Efficiencies

CHAPTER III - APPLICATIONS

1. General Considerations

2, The Case of Colombia

83

84

88

89

85

99

102

106

109

109

110

112

113

114

i15

117

118



CHAPTER I

GENERAL DEFINITIONS AND BASIC CONCEPTS

1. Disaggregation by Subsectors

No sector offers so many difficulties for disaggregation as does
the Transportation Sector. It 1is convenient to examine the
problem first from an exclusively theoretical standpoint in
order to recognize all of the subsectoring possiblities ;hich
could be analyzed, and then to adopt a disaggregation "for rac-—
tical purposes" to construct useful-energy balances (BEEL) pWith
su?ficient generality to cover all of the countries of the’area
This practical disaggregation should undoubtedly be based o;
common sense, avoiding both useless repetitions and the inclusion
of subsectors whose order of magnitude is irrelevant.

The dindustrial sector has a tree structure and thus lends itself
well to a classification of the ISIC type, where the first digit
represents the trunk and the remainder are associated with pro-
gressively thinner branches, so that it is possible to arrive at
'a‘four— ?r even six-digit disaggregation. The unit of informa-
tion —— in this case, the industrial plant~- can be located with
no -uncertainty on some branch of the tree; and it is on the
basis of this organizational approach that databases are pre-
pared, sample designs are formulated and statistical estimators
and their levels of reliability are determined.

To follow an equally rigorous treatment in the transportation
sector, one begins by asking:

WHAT 18 THE UNIT OF INFORMATION TO CONSTRUCT A DATABASE PERMIT-
géﬁ%ORfREPARATION OF USEFUL-ENERGY BALANCES IN THE TRANSPORTATION

?ithout doubt, the suitable response is: THE VEHICLE, since it
is the ?nergyuconsuming unit which performs the function of
transporting passengers and freight from one place to another.

So,' 1t 1s necessary to devise a classification in which every
vehicle can be placed without error. At first sight, it can be
seen that the tree organization is not adequate, In testing a
matrix organization in several dimensi

: sions, there would be i
classifications: artous

(a) BY MODE OF TRANSPORTATION (6)

- Road
- Rail
- Air
- River
- Sea

— Pipelines
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(b) BY OBJECT TRANSPORTED (2)
\ - Passengers
- Freight

{c) BY NATURE OF SERVICE (2)
= {rban
- Interurban

(d) BY TYPE OF SERVICE (3)
- Public
- Private
- 0Official

Up to this point, there would be 6 x 2 x 2 x 3 = 72 subsectors
Even with these 72 subsectors there would still be fairly hetero-
geneous groups, e.g., the official-urban-passenger-road transpor-
tation would include vehicles as heterogeneous as motorcycles and

large buses.

If one continued to add dimensions to the classification, for

example:

- Light
- Heavy

the number of subsectors would increase to 144, with the problem
that one same type of vehicle would appear in several groups and
then the unit of information would in turn have to be subdivided
into groups. Stated in this way, the problem would be endless
and would become more and more complicated, although this growing
complication would mnot contribute any substantial amount of
precision te knowledge about energy in the transportation sector.

Consequently, it dis better to adopt a more practical attitude,
without losing sight of theoretical consistency. The relative
weight of the groups in a disaggregated balance should be kept in
mind, and the aptitude of this disaggregation to propose conser-
vation and substitution policies of relevance.

The following disaggregation, in 15 groups, can be considered:

o ROAD

- Passengers

Urban Private {(motorcycles, automobiles, campers,

pick~up trucks)
Urban Public (taxis, large and small buses)
Interurban Private {(automobiles, campers, pick-up

trucks)
Interurban Public (taxis, buses)
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- Freight

. Urban (pick-up trucks, trucks)
. Interurban (trucks, trailers)

- RAIL
- Passengers

. Urban Public (trains, subways)
. Interurban Public (trains)

- Freight
- AIR
= Passengers
- Freight
- RIVER
- Passengers
- Freight
- SEA
- Freight
- PIPELINES

- Freight.

This classification is sufficient for disaggregating the useful-
energy balances of the countries of Latin America. It coﬁld even
be .excessive for many countries and hence can be considered a
@&leum disaggregation. However, it could easily be regrouped
into two large categories, PASSENGERS and FREIGHT, and each one
subdivided dinto modes. This form of presentation offers the

advantage of establishing two practicall i
S v unsubstitutabl
within which modes can be substituted. ¢ groups

?t can be argued that the division presented herein leaves aside
innumerable specifications; for example:

(a) In the transportation of passengers by road, the services
provided (schools, factories) are not specified and are
therefore confused with public service. It is 1ikely that
.this transportation, which could be called "private~public"
or ''special-public", will have features different from
those of strictly public transportation, hoth in terms of
the type of vehicle as well as mileage and wutilization
factors. The same thing would occur with the so-called
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"official vehicles" with respect to private transportation,
and it can be expected that the operating features of the
automobiles assigned to official service for the central or
municipal government will be different from the rest of the
fleet. Nevertheless, these are MARGINAL SUBPOPULATIONS
which, while not specified individually, will be represented
in the database if there is a sample framework which
covers them so that their (scant) representativity within
the population will be transferred to the sample.

(b) Small private aircraft, helicopters and recreational or
testing planes will form part of the passenger air service
without much concern for finer distinctions. Since all of
these will be consumers of aviation gasoline, the quantities
of which are known precisely, no major difficultuies are
foreseen 1in determining consumption, although it would be
more difficult te find out about the number of passengers
transported without devoting great efforts to a specific
survey which, for the moment, 1is deemed unnecessary. With
respect to the devices used for fumigation, the proposal is
that they form part of the agricultural sector and not the
transportation sector, so that in this case the effort to
separate them is merited.

(c) Some countries have a considerable park of boats devoted to
nautical sports and, in the proposed disaggregation, these
will be confused with river or sea transport. Without
overlooking the fact that a given country may successfully
survey these units, it has not been thought convenient to
include them as a specific group in a general methodology
meant to serve a considerable number of countries.

(d) In certain cases, the distinction between passenger trans-
' port and freight transport is not as clear as it would seem
at first sight; in the rural areas of some countries, it is
common to see trucks transporting passengers on top of
packages and buses which, together with the passengers,

carry significant amounts of freight. It is not easy to
handle rigorously if the Ministry of Transportation does not
have appropriate mechanisms of separation. What is most

advisable for the energy sector is to follow the same guide-
lines as for the transportation sector and to adopt a disag-
gregation by subsectos which, although it may not be per-
fect, is well-founded from both the information and insti-
tutional standpoints.

The examples given above are only a few of the ones for which the
proposed disaggregation by subsectors does not permit adequate
discrimination; many others could be found without much effort.
To resolve the particular cases in question, the general
criterion will always be valid: it consists of comparing the cost
of a more detailed separation, -whenever feasible, with the
information benefit it would contribute. The ability to dif-
ferentiate the primary from the secondary will save on wuseless
efforts and prevent any doubts.
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2. Disaggregation by End-Uses

Fr _ . , .
tDomt;:lhetphy51cal p?lnt of view, the useful energy correspondin
e transportation sector is mechanical force. Accordinglyg

L

the only use would be for the transportation of persons and goods

E?;?ugh Fhe. developm?nt of mechanical work and kinetic ener

a is topic 1s amply discussed under the next point of this sii;

inigter.g Howeve;, this single use can in turn be disaggregated
sub~uses, epending on what kind of is 1

producing the force. Thus, there are: Ot motor i in charge of

- Internal combustion engines
- Injection engines

- Steam engines

- Electric motors

- Diesel~electric motors

- Gas turbines

While all of these enegi
gines produce mechanical force
r ] ] 3 th
with different efficiencies and, when inter—fuel ;ubstizugioz;

are EXamlned, these dlfferen =] Wlll V to e —
ce
ha e b taken into ac

0 ; . .
i;hezfmarﬁ%nil us?s such as lighting, air conditioning and heat-

: gld bve icles w1l% not be taken into consideration, since the
ou e of slight importance against mechanical energy' 7

sﬁzdcozringportation has the largest value in practically all of
| injectiznrlii izd, tg date, it uses only internal combustion or
e el gt es, ecagse the electric motor is still in the
experimenta ma'gf?. The internal combustion engine uses gasoline
In the vast Sugh ity of cases, while in recent times the use of
e ioah is aicohol (methanol or ethanol), liquefied gas
and a'ura gas hgs been initiated. These different
can result in changes in the respective efficiencies.

EEEES cro;;;;efe;enc1mg d%saggregation by subsectors and by pro-
duc iéentifieda eg possible exceptions,all the types of engines
are ldentd . or example,. the diesel o0il which is feedstock

ransportation could in principle be used in steam en-—

gineS (the case iS very i i Q -
rare in rac i i i i
] p 1Ce) r in dlesel Electrlc

Ho

engfzzgj ;gesiaixgﬁples do not merit a greater disaggregation of

end-use. s gi' e accepteq that the type of engine and,

Contra.t', e ficiency, is determined exclusively b

co roaz zng product’w1th subsector. At least this is always truz

in roa mezzzsp;rtatlon, wh?ch, due to its large relative weight
ol transportation which has oriented the developmen;

of this methodolog i
v. There 1is only one end i
; -use in
zzzgsporiatlon. secFor and it yields only one form of useghi
gy, known in this methodology as "mechanical force". 1In thgs

respe i i i

thepiggu :hgri is consistency with the methodology presented for

the ind 5 ria ﬁector, in which the end-use of steam consumed b
eam turbines to produce movement does not appear under thz
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end-use of steam but rather under the use of mechanical force,
and where the efficiency of production also takes into account

the efficiency of the boilers.

it is convenient to contrast the energy products and

in any case,
so that within each

each type of engine within each subsector,
group thus constituted there is constant efficiency.

3. Final Energy, Useful Energy and Efficiencies

In a flat world without frictional forces, to move & vehicle and
jts load, the joint mass of which is "p'', over an elementary
distance"dx", requires a force "f". When applying this force,
the speed of the vehicle increases by "4v", so that the work done
will be equal to the incremental kinetic energy:

Fdx =mv dv (1)

Once the vehicle has attained what could be called its cruising

velocity (this would be v = 80 km/hr), no force is needed to keep

it in movement, according to the principle of inertia. So, the
load could be transferred to any point in the world, with no
effort. When close to its destination, it must simply be remem-—
bered that, in order to return the vehicle to its resting posi-
force equal but opposite to the former will have to be

to do an equivalent amount of work, but this time in
order to decelerate. Since there are no frictional forces, the
driver will not be able to apply the brakes (actually, the
concept of braking would not exist in this world), but would have
to do something similar when turming on the motor and going into
reverse, like an airplane when landing. To do the work 2Fdx, the
vehicle has a combustion engine which consumes C liters per
kilometer of a fuel whose calorific value is P; therefore, the
to increase or decrease the velocity by dv is

tion, a
applied,

energy expended
cPdx.

Under these circumstances, the efficiency of transforming chemi-
cal energy into kinetic energy ist

N= mv dv (2)

where it is clear that the numerator represents useful energy and
the denominator final energy, both of which are elementary.

In this hypothetical world, it would prove simple to define and
measure the magnitudes which concern us. If the mass m is 7now
expressed by means of the weight W and the gravity g, we would

have:

n= (Wg) v dv (3)
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The. ?receding formula permits calculation of the instantaneous

eff%c1ency 'for transporting W tons over dx kilometers and

by integrating, we would obtain average efficiency. Furthermofe,
]

introducing the ti i = i i y
Ints g ime interval dt (v = g%), in which the changes
N= (W/g) v.dv = (W/g) dv (4)
¢ Pdt v c P dt

we can see that efficiency will depend only on the accelerafi
dv/dt of the vehicle, whether to take it from a standin os’t%on
to the cruising velocity or vice versa. If this accelgrzt'l l?ﬂ
constant, the efficiency will be too. on s
FFom an energy standpoint, it would be a very economical world
51?ce both passengers and freight could travel long dista .
wh%le consuming little fuel in the first and last meters of ngzs
trlp._ Even in the case in which transit became more complicatez
and it proved necessary to increase or decrease velocity -alon
the way, the energy consumption would increase but would ret .
to zero if velocity were kept constant. o

This examp%e make§ 'it possible to establish a very important
concept: t?e ?ff1c1ency of a vehicle on a flat road and in the
absence of frl?tlonal forces depends solely on acceleration: the
uszfg% e?ergy is the kinetic energy of the vehicle plus its ioad
an inal energy corresponds to the f i ine
o decioratinit uel consumed in accelerating

What happens in the real world? Things are much more compli-
catgd. Let us continue with the hypothesis of a flat surfacepblt
adding friction forces, mainly the ones which affect the mov N

of the wheels against the ground, and air drag. Assumin e?ﬁzz
such forces depend on velocity squared, the work needed %o tak

the wvehicle plus its load to a certain speed, and to k it
there, will now be: : ’ sep

Fdx = m v dv - Bv2 dx (5)

Where E is th.e fIlCthn COEfflCle 1t W]l]ch dei)e d on 8]

The final energy consumed to do the work will continue to b

cPdx, but now it will not be used just to accelerate or decel f
rate but also to overcome the frictional forces so that : .

when' the vehicle is traveling at a constant’ speed e roy
contl?ues to be consumed and this consumption is proporéionZirfy
the distance traveled. For this reason, the real world expe do
more energy than the hypothetical world of the example. penes

It can also be understood that in the real world " useful energy"
and, therefore, "efficiency" prove much more difficult to defx':gy
Hence, what is common is to express consumption in terms of f;EZi
energy, as a specific consumption ¢ in liters or gallons per
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This means that, for each kilometer traveled, it is

kilometer.
to do at least enough work to overcome the frictiomal

necessary
forces.

In fact, the "utility" of a transport vehicle, whether an automo-
bile, truck, plane, train or ship, is to "transport" passengers
or vehicles in the real world, so that it is necessary to work
against the frictional forces—- but not just against those for-
ces, but rather all of the obstacles which present themselves in
the real worlid. The magnitude transported is commonly expressed
in ton-kilometers TKM or passenger—-kilometers, PKM; and it is
evident that the end-use of the sector 1s represented by these
magnitudes, just as the industrial sector is represented by the
value added or physical production, There can thus be an energy
consumption  per TKM or PKM or value added to compare means of
transportation or industrial production technologies among them—
selves. This is the traditional approach to the problem, without
going into the details of more rigorous definitions, which are

often confusing.

Nonetheless, it is also common to hear that an internal com—
bustion engine has an efficiency of 14.5% and a diesel engine of
18%Z, so that an injection engine is 257 more efficient than a
combustion engine. What do these values mean? To what useful
energy do they refer? What relation is there between these
efficiencies and specific consumption to ton- and passenger—
kilometers? There is more than one possible answer.

Alternative 1

Specific consumption c¢ in gallons or liters per kilometer 1is
considered as the basic information input. With it can be calcu-
lated the total consumption Z for a particular means of transpor-—
tation (subsector), during one year. The useful energy € is
calculated as €z, where is a typical efficiency which de-
pends on the type of engine, If X is the TKM or PKM transported
by this means during the year, the relations:

g= Z/X or g = i/x (6)

represent the overall unit consumption of this mode of transpor-
tation. However, these coefficients should not be called "effi-
ciencies" but rather, more appropriately, "elasticities". Ac-
tually, e and & can vary from year to year, due to:

- changes 1in specific consumption ¢, when there are altera-
tions in the composition of the fleet;

- changes in the load factor of the vehicles, meaning that
more (or fewer) passengers or tons can be transported with

the same amount of energy output;

- improvements in the road system, meaning that the same trip
can be made with a smaller consumpiion; etc.
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So, € will come from a regression (whether linear oY not) between
Z and X, just as regressions are done in the industrial sector to
determine the consumption/value added elasticity. It would also
be an elasticity which captures, in econometric form, the effects
of a better or worse "efficiency” im the transportation of pas-
sengers and freight and, as such, it is a coefficient apt for
making ‘demand projections incorporating the effects of conserva—
tion, automobile import policies, increases in the vtilization
factor, etc. £ also takes into account the thermodynamic and
mechanical efficiency of a given type of engine and lends itself
‘to expressing fuel substitutions among the different modes of
transportation.

Alternative I thus corresponds to pragmatic defiﬁitions of final
energy, useful energy, efficiency and elasticity, without wor-
rying about the intimate nature of these concepts, and it permits
resolution of the energy planning problems of the transportation
sec?or with acceptable rigor, As can be observed in the fol~
lowing chapter, the coefficient ¢, which determines final energy

can be calculated by means of surveys, as a function of all o%
the variables desired, so that very detailed models can be con-
structed for the bahavior of the sector.

Tra@itionally, € , as defined by Equation (6), is called energy
efficiency. However, according to the preceding definition, the
term "elasticity" is more appropriate" ,and the term "effi;ien—
cy" is reserved for , as defined by Equation (2).

In this alternative, n has a reference value and is associated
with an efficiency of production (of mechanical force). It is
useful only for the sake of comparisons between engines at the
level of useful energy production, under the assumption that the
use of that energy does not depend on the type of engine,

To take kinetic energy as useful energy in the real world does
not offer any interest from the physical standpoint, since the

mere inclusion of the forces of inertia (associated with kinetic

energy) does not permit adequate expression of the work required
to tramsport an object from one point to another; it is also

;e;essary for frictional forces to take part, as can be seen
elow.

Alternative II

In doing horizontal work against frictional forces, it is
necessary to develop a force known as the horizontal thrust

wh%ch is much smaller than the weight of the object to be moved,
This dis the force which must be placed in Equation (5) where Fd;

in the expression f is i i

o wOrkpnece or useful energy. ThlS‘ls then defined as
. .ssary'to accelerate and keep in movement a vehicle

plus its load in a field of frietion forces." Note that if the

move?ent- were no longer horizontal, but rather sloped,
gravitational forces would also be in play.

According to this alternative, the efficiency is:
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------------ Q)

where ¢P, or the consumption in calories per kilometer has - the
dimension of a force which can be called "final force" and which
is quite a bit larger than the other "useful force" due to (1)
enthropic losses in the heat cycle of the engine; (2) losses
due to friction in the engine; (3) f£frictional losses in the
transmission system; (4) other losses such as the ones in the
ignition or injection system, etc. So, the friction within the
device is manifested in these losses whereas the frictiom of the
device 1in its totality against the ground and the air drag are
manifested in the useful energy. Therefore, this efficiency
stated as a coefficient of forces could well be defined as

EFFICIENCY OF PRODUCTION.
Undoubtedly, when working with values such as the ones used in
Alternative I, reference is being made to efficiency of

production. To delve into greater depth in these concepts:

The useful energy of production is then defined as the production

" of useful force <capable of modifying vehicle velocity and of

maintaining it against the friction of the ground, water and/or
air. Some criterion should be decided on as to what type of
ground friction is being considered at this point in the process,
since the useful force will be quite different according to the
type of terrain. It is proposed that, strictly speaking, one
should say: "friction against a flat surface with standard pave-
ment". Hence, efficiency of production in road transportation
{and analagously in other means of transportation) depends on:

- The condition of the engine-carburator

- The condition of the auxiliary system (ignition-injection)
- The transmission system

- The design and condition of tires

- The aerodynamic design of the vehicle

In other words, it will depend only on the vehicle design and
maintenance features, just as the efficiency of steam production
in industry depends on the boiler design and maintenance parame-

ters.

In a second stage, there will be EFFICIENCY OF USE, which will
provide an didea of how the useful force produced is employed,
under real operating conditions. First, these conditions are
examined: {1) the terrain may not be paved or the pavement may
be in poor condition; (2) the streets and highways may not be
flat, but rather may have ups and downs; (3) a greater amount of
traffic calls for slower speeds and stops with the motor running
(for example, at traffic lights); (4) etc.

Experience clearly shows that to transport the same load between
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the same points under these conditions, a final force c¢”P larger
than cP is now needed, and the new energy consumption can be
measured. What occurs with useful force is not so clear, how-
ever. Take the same vehicle which under ideal conditions con-
sumed a final force cP and produced a wuseful force F: what
useful force should be associated with it when the final force is
¢“P? Theoretically, a new force F7 equal to the work necessary
to transport the vehicle plus its load under the new conditioms,
could be defined and measured. This force will usually be great-
er than F. Nevertheless, it is preferable that a concept inde
pendent of F’be worked out, by following a similar approach as
to what was done with mechanical force, in the industrial sector.

Take a stationary electric engine which consumes an amount of
electricity ¢ to produce mechanical energy E in the shaft. This
energy is equal to the kinetic emergy of rotation plus the ?ork
done against the frictional forces to keep the shaft rotating.
The example is equivalent to keeping a vehicle in movement under
ideal conditions, since the stationary engine rotates and the
vehicle moves along a smooth surface (moving engine). Now by
connecting the engine to any mechanism such as an agitator or a
cutting instrument, so that, because of the type of process, the
engine must accelerate, decelerate and even stop several times,
the electricity consumption will have increased to ¢” owing to

the utilization of useful force F.

Likewise, it can bhe assumed that a vehicle which moves along
under real traffic conditions requires more final force per unit
of useful force. Overall efficiency is defined as:

N N2= F ' (8)

where nj is the efficiency of production defined by Equation (7)
and N2 , the efficiency of use, is:

n, = ¢ (9)

In other words, n; is defined as the relation between final force.

under ideal traffic conditions and the same force under real
conditions. The advantage of this treatment is that it separates
overall efficiency into two factors: one called efficiency of
production, which depends on vehicle technology and maintenance,
and another called efficiency of use, which depends on traffic
conditions and road design.

Alternative IIT

Along the same lines of Alternative II, the separation of
production and use 1is done beforehand. Useful energy of
production is the force necessary to accelerate the engine and to
keep it turning at an angular speed w (which can be associa;ed
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with the velocity at which the wheels turn during testing without
a load), but with the vehicle standing still, This useful force -
available in the rotating shaft is used when the vehicle is
started up under real traffic conditions, and its consumption is
ct

The drawback to this alternmative, which basically means taking as
efficiency of production the efficiency of an engine operating
without a load (as though it were a stationary engine) is that
this efficiency would depend only on the engine-transmission
technology, leaving for the efficiency of use of aerodynamic drag
and friction of the tire against the ground.

4. General Flow for the Balance of Useful Energy (BEEU) in the
Transportation Sector

On the basis of the preceding definitions, it is possible to
determine the structure of the BEEU for the transportation sector
and to defimne, at the same time, the flows and the equations
which relate them. The following chapters will specifically
discuss the procedures for collecting and processing data which
are proposed for calculating such flows.

First of all, BEEU applied to an automotive unit (vehicle) follow
a two-stage scheme: one where the final energy is transformed
into the mechanical force produced, and a second where the latter
is used under particular traffic conditions in order to provide
useful energy. If Alternative I is adopted, only the first stage
will be taken into account, whereas Alternatives II and 1III
consider both.

Intermediate Available

JEfficiency] Energy or [Efficiency] Energy or

Final | of | _ Useful I of I Useful
Ener Producti En Use Ener

gy ! uction] ergy | I gy

I i Produced >I [ Consumed

In the first stage of application of the methodology, what 1is
proposed is to use the first alternative, so that only the effi-
ciency of mechanical energy production, i.e., the engine, is
covered. In later stages, as a function of the specific inte-
rests in each country in terms of detailed sector knowledge,
Alternatives II and III, which consider efficiencies of use of
transportation vehicles, could be taken into account,

As for the BEEU for the entire sector, it will contain:

Final Energy and Useful Energy for each

- Source
- Subsector
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it is clear, then, that it will be necessary to design procedures
for collecting and processing data in order to make it possible
to disaggregate consumption as discussed above. Additionally,
and so that this consumption structure will serve the purposes of
planning, it is useful to express passenger—kilometers and ton-
kilometers with an identical disaggregatiom. While the latter
figures do not form part of the BEEU, they are an indispensable

complement to it; among other reasons, in order to provide knowl~

edge on elasticities.

Work will begin by identifying the fundamental parameters of the
sector, taking road transportation as a basis since it entails
the greatest degree of complexity. The findings of this analy-
sis can easily be extended to other mades of transportation.

The reference universe for the subsectors which comprise road

transportation is the number of vehicles N which form the vehicle

park, together with their most important features. Among these,
mention can be made of:

- The type of vehicle: it is necesgsary to know N for each
category, such as motorcycles, private automobiles, taxis,
pick~up trucks, campers, trucks, vans, buses, etc,

- The vehicles in circulation: care should be taken that N
represents the real number of wehicles in operation and
not simply the number of registered "births". 1f there
is uncertainty in this regard, some mortality model should
be applied to remove the units that are no longer in service
due to age. '

- ?he cylinder capacity or engine size in cubic centimeters or
1nches3 for each category. It is frequently possible to
determine cylinder capacity from the car make and model.

- The transport capacity offered, measured by the number of
seats if it is a passenger vehicle, or by tonnage if it is
for freight. It is also convenient to know the weight of
the automotive units themselves.

- The model or age of each unit within each category.

- The type of fuel, which will usually be gasoline, diesel
LPG, or alcohol. ’

- The type of service, whether private, official or publie,.

A good data bank on the vehicle park should cortain at least the
features enumerated above, although within each category there
may be other features which could be of more interest for the
transportation sector than for the energy sector, in order to
provide for inspection functions (color, number of owners, acci-
dents, etc.)

The license plate number is essential for identifying each wunit
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within the park and also for establishing regiomalization, since
many surveys will call for regional sampling.

Of all these characteristics, only the first, i.e., number of
units within each category, can be measured through a census.
The others can be obtained by means of more oT less complicated
surveys and, generally speaking, the same surveys can be used to
measure operational parameters (primarily, mileage and utiliza-
tion factors, as seen further on), complemented by others.

The three basic parameters which should always be determined
through specific surveys are:

- Specific consumption, in liters or gallons per kilometer.
- Annual mileage L.
- Utilization factor. ¢

To separate final consumption Z by fuel and by subsector and
category of vehicle, mileage and specific conmsumption are needed:

Z=N¢cl (10)

To handle passenger-— and ton-kilometers properly, mileage, avail-
able capacity Q and utilization factor are used:

X=NQL & (11)

In FEquatioms (10) and (11), except for N and sometimes Q, the
other variables are random varibales for which the surveys should
provide expected values and standard error.

Another reference universe other than the park, which is taking
on growing importance, is the one known as vehicle-kilometers; it

can thus be defined as:

V=NL (12)

This is applied mainly to interurban transportation, where the
procedure for using & widespread survey to count all of the
vehicles which travel the highways is becoming popularized in
many countries. Vehicle—kilometers are obtained from a sample
mechanism known as AVERAGE DAILY TRAFFIC COUKTS and can be car-
ried out manually or through automatization. I1f this information
is available (for it is usually prepared by the inspection agen-
cies of the Ministry of Transportatiomn), it is of great wutility
in determining mileage and interurban utilization factors as an
alternative method to the determination of the park. Note, for
instance, that when Equation (12) is divided by the total number
of the park, mileage is obtained.
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Below, general criteria for taking basic energy surveys on road
tran5portaFion are provided, remembering that the aim of this
docu?e?t is not to present the results of a case study from a
specific country, but instead to establish methodological

guidelines of general validity, based on the experience gained in
some countries.

The amount of data-gathering procedures which exists din - the
transportation sector, whether permanent or specific, are so
varied that here, more than anywhere else, it is necessary to

have a good appraisal of information i
: prior to the surve i
will be carried out. ye which

Generally speaking, it can be said that BEEU in the transporta-
tion sector should begin by using available information (if there
is any) and then, on the basis of its analysis, the decision will
?e made as to whether it would be worthwhile to improve the
information through successive-approximation surveys, What fol-
lows 1is the way a particular country {Colombia) soclved the data-
base problem; the aim of its presentation is to provide a
reference supported by practical results.
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CHAPTER IT

DATABASE FORMATION

ROAD TRANSPORTATION

1. Specific Consumption

An attempt is made to learn about the average energy expenditure
in a category or group of vehicles under real operating condi-
tions and then to relate this expenditure to the technical and
operational variables which determine it. For this purpose, it
is mnecessary to design a random experiment known as a FOLLOW-UP
SURVEY, which consists of monitoring vehicle behavior over a
certain amount of time and of measuring consumption.

From the beginning, the technical and operational variables to be
measured in the experiment must be soundly selected, taking into
account the fact that the remaining ones will form part of the
data dispersion around the expected specific consumption values.
In order to be able to come up with a good design, it is neces-
sary to have a good assessment and for that it is mnecessary to
do: (a) an exhaustive review of existing information and (b) a
pilot survey permitting calibration of the order of magnitude

" with which the variables in play will influence consumption.

The sampling frame to be applied is an exclusively random sample
without replacement of the universe of vehicles in groups or
subpopulations. This dis not very simple to do and sometimes
unresolvable difficulties are encountered. Assuming that the
universe in question is available on a computer disk, with
which half of the problems would be taken care of, it would be
possible to extract a random sample using random numbers. No
matter how great the difficulties in extracting this sample,
these seem small in comparison with the logistical problems which
arise from here on. Only two will be mentioned as examples. (1)
Having selected a vehicle from a computer file or an ordered pile
of forms does not mean that the owner can easily be located; only
if the file is very up-to—date will it also contain data on the
last owner and, in most cases, the owners will be scattered over
different parts of the country and in remote towns and cities.
To do a previous sample of towns and cities would complicate the
procedure unnecessarily and would raise the processing costs.
{(2) The fact of having located the owners, no matter how compli-
cated it may be to do so, does not mean that they will be willing
to subject themselves to an experiment which would cause upsets
in their daily 1ife and which would not entail any benefit for
them. The use of force is impossible in these cases, since there
are mno appropriate legal instruments, as in the case of popula-
tion censuses, which are backed by law.

In order to counteract these problems and substantially reduce
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sampling costs, what has been called a pseudo-random frame h
been wused; it consists of selecting a group of vehicles wh o
owners are willing to carry out the proposed experiment tr ?Se
to coYer the features of the automotive vehicles (model ’c 1’y3ng
capacity, age, representation by cities, tec.) in p;o zrir‘1 o
compérable to those of the universe. For buses, trucks gr tlogs
working through private firms for providing public service 'ixis
necessary.for the firms to instruct their drivers to coo e;a;e n
th? experiment. This type of sample works very well whei as in
thlS- case, the results are expressed by means of a m;del l;
conditional expectations, usually calculated by a regres 'D
inalgsis ésha“function of the variables observed, in ordgr l:i::
o . ,

o ;ajilintiﬁg Ezisgr22.the proportions in which the wvariables

The followtup surveys can be done on every type of vehicle and
CaE'S?OW sléght virlatlons in execution, depending on the type of
venicle and on whether or not consumption i

i
reiete and p s in urban or inter-

The' survey consists of monitoring the vehicle during one or more
typical trips, filling the tank with fuel at the beginning and
the end of the run, in order to measure consumption Thg ot
dary units of information are the trips and not the ;ehicle:econg
one same ?nit may appear more than once in the survey extr;é::d
from ? universe of trips, The greatest success is ogtained wh
the .1nterviewer travels in the surveyed vehicle and takes tin
rea?lngs himgself. It is difficult for the driver to re 3
v?rlables such as number of stops with the motor runnin (t EEF
lights, loading and unloading of passengers). ® trentie

The variables to be treated are:

- Consumption (c¢)
- Cylinder capacit )
- Jatnder P y (Kp
- Average annual mileage (L)
- Average velocity durin i
g the trip (v) together with
of stops with the motor running ’ ¢ number
- gyp? of terrain, paved or dirt, whichever is predominant
om%nant slope: %nclines, declines or indifferent; this
:zzéizie iz gi blnterest in interurban transport and the
s shou e i i
Sfer chosen well so that there is a dominant
- Height above sea level i '
» Wwhich can be expressed as
1500 meters or less than 1500 meters ’ more than
- Hour at which the trip is made: this is of interest for the

urban mode and can be i
expressed in terms of peak
non-peak hoursg ’ ours or

E:e data clean-up process is a very important stage, in which it
necessary to detect the anomalies which usually arise from
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logging errors. In order to avoid the accumulation of inconsis-
tencies, it dis necessary to carry a detailed control of the
surveys, as they are done, and to repeat them whenever deemed
convenient. A team of well-trained interviewers is the best
guarantee for resolving the multiple problems which will undoubt-

edly arise.

Once it 1is certain that the data are consistent, they can be
analyzed by means of some model responding to the type.

E(c/Kps €5 Ly vs T )= g(c/Kp,e, L, vy T3) (13)

The function g can be found by means of a regression analysis or
ranges equivalent to a stratified sample or a sample without
fixed effects. It is also important to determine the conditional

variance.

V(C/Kps € L: Vs Ti) (14)

The explanatory variables may have more or less weight, according
to each case and the countries under study. - Something that has
been observed din the work done so far is that there 1is no
correlation between consumption and mileage; therefore, the lat-
ter variable can be discounted, with great advantages for mathe-

matical treatment.

Knowledge and control of conditional variance is important for
the following reason: the experiment as designed captures (1)
technological variables and (2) traffic variables, but does not
capture (3) maintenance variables such as motor synchronization,
condition of the tires, if the motor has been overhauled or not,
etc. All of these wuncaptured variables form part of the
conditional wvariance and there is no reason why this cannot be
considered as constant (homocedasticity hypothesis). The size of
this wvariance will tell wus if the chosen sample size is
sufficient to obtain good reliability despite having considered

(3) as negligible.

Once the model of conditional expectations and its variances has
been gauged, by means of the function g, the next step 1is to
determine the probability of the conditional expectations. For
this purpose, it is necessary first to amalyze the covarilances
among the explanatory variables, in order to detect possible
multicolinearity effects among them. After we are sure that all
of the variables included in the function g are independent, the
expected comsumption is calculated as a function of the marginal
distribution functions of these variables. These functions will
come either from knowledge about the universe or from some other
survey. The following should be kept in mind: before including
some explanatory variable in the model, 1t 1is necessary to
ascertain that the marginal distribution of this wvariable is
known or can be known through some sampling procedure; otherwise,
it is preferable to discard it.
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The following formula is applied:
E(E(c/KP, ev, T4 =/ ..... g(Kp, esvy Ty) f(Kp)f(g)f(v)f(Ti)

dkp dg , dv, dT; (15)

For the variables of discreet nature such as Ti, the integrals
are transformed into summations.

The standard error in the consumption estimator calculated in
this way is the square root of its variance and this is the sum
of the variance of conditional expectations plus the probability
of conditional variance.

A satisfactory sample size for the follow-up samples is not very
large, although it depends on the number of variables selected.
The survey begins to yield good results starting with a size of
approximately 50 cases when only one variable is selected, and
can reach a maximum size of 250 samples for a greater number of
variables. '

It 1s worthwhile to stress that with this method, which is not
very expensive, a very detailed structural model of consumption
is obtained as a function of technological features and traffie
conditions; all of these are policy variables in long~term plan~-
ning, which for the first time ever would have explicit, reliable
measurements.

2. Mileage

Every wvehicle in the universe travels a given number of kilome~
ters in the course of a year, and these are cumulative during its
lifetime, The average populational expectation (probability) of
mileage is unknown and, by means of the survey discussed under
this point, the population expectation can be estimated on the
basis of a conveniently designed sample.

Mileage 'is a very difficult parameter to measure in practice and
there 1s no one unique method which works with one hundred per-
cent certainty in every case. When it is certain that the
odometer has worked correctly all the time-~ and this happens
primarily in relatively new vehicles—— this device can be used to
measure the annual mileage. There are several drawbacks which

must be resolved by the interviewers. As has already been noted,

the first thing that must be dome is to verify if the - odometer
has always functioned properly; if the driver cannot answer, it
is better to omit the interview. If the odometer really reflects
the cumulative mileage, knowing the model of the automobile {and
the month in which it began to work, in the case of the newest
automobiles), the annual mileage can be calculated by a quotient,

When doing this quotient, the average mileage is being calculated
for the years of life of the vehicle, without any possibility of
distinguishing different mileages from year to year. If there
had been significant changes in the behavior of the vehicles of
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the universe with respect to annual mileage, the odometer method
would be giving the average mileage for an average year with
respect to the age of the individuals in the population,

For the vehicles which already have a certain age and whose
mileage ' gauges are working properly, it is necessary to verify

how many times the device has run a full cyecle (there are usually
100,000 km per full cyecle).

Then we have the vehicles which do not have odometers or omnes in
which these have not been working for some time. In these cases.
the only way is to find out about the daily, weekly or monthly
mileage and to take as valid, the responses which coincides. One
question which always works well is weekly or monthly fuel con-
sumption, from which it is possible to obtain mileage by dividing
by specific consumption, which is calculated by means of the
follow-up survey.

In public-service vehicles, whether these are taxis, trucks or
buses, the drivers or firms to which they belong can provide good
responses on each vehicle,; the mileage here is more regular and
care must be taken to verify how much time during the year each
unit has been out of use due to repairs or other causes. Private
cars without mileage gauges are, without doubt, the most dif-
ficult group to deal with.

Given all of the aforesaid, it is foreseeable that the mileage
gsurveys will have a high degree of rejects. This does not
constitute a problem as long as there dis no significant
correlation between negative responses and some other important
variable; this can be analyzed through hypothesis testing with
the covariance. It is also useful to analyze the hypothesis of a
possible correlation between mileage and age, din the sense that
older cars have shorter rums. If this correlation exists, much
more care must be taken in sampling in order not to bias the

share of older cars.

Great skill 1is needed in handling the hypothesis testing, in
order to judge the quality of the samples and be able to do
statistical analyses of crossed correlations.

No matter how complicated the aforementioned procedure proves to
be in measuring mileage, there is no other option; 1its success
calls for a suitable combination of refinement in data-gathering
together with statistical sample control. The follow-up method
like the one used for consumption is not possible in this case,
for several reasons: first of all, because in order to obtain
good results the monitoring time would be too long, since the
sample unit cannot be the trip but rather a group of trips over a
given time; furthermore, it is necessary to rely on the odometer,
since there 1s no other wmeasurement procedure. Finally, the
vehicles which do net have an odometer would have to have one
installed, and this would entail heavy increases im costs and
legal and logistical problems. Experience has shown that the
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‘spot procedure y%elds good results when the stages are lanned
well and the biases which could appear are dealtP i
opportunely, e

As-for the sample frame, the procedure of a household s

private cars has been discounted due to the high ot Tor
though from a statistical standpoint it is an adequatecht. Ev?n
has th? drawback that when a visit is paid to the hzame’ e
automobile may not be there. The best thing is to inv:zéig;::

cars in their natural environment, i.e., streets and highways.

There are countries which, due to the organization imposed b

payment of registration fees and license plates : £f Y goos
conceptual frameworks which could pe used to adv;ntz . go?d
occurs, for example, when there are certain set dates EZé lThls
to make payments, in which case these meeting places could . a?es
be converted into Tepresentative samples of a given univers:aslly

When this is nmot true, other mechanisms must be applied
For the ecase of determining total mileage (urban pilus inter-

nga;), d? ?ethod %nown as the SERVICE STATION SURVEY has been
velioped; 1t consists of interviewing vehicles when they go

t?rough gasoline stations to fuel up. The method is inexpensiv
i;nce thﬁ mobilization of the interviewers is reduced to a minf
um. The underlying didea is that every active vehicle must

necessarily visit some service station with some frequency

The i i i
he first step consists of sampling stations, which is quite

simple since these are well distributed in the cities and on the -

?ifhways, precisely at those points where traffic is most
EF ense,l so that, with a good geographical distribution of stg-
ions, all types of vehicles will be captured.

As for the secondary sam i i
ple units, which are the vehicl
sample of sEPLACEMENT AND UNEVEN PROBABILITIES is taken es%hi:
Eeans that if the universe is of a size N, theisample siée n
e gugyllargeﬁ than N and will tend to be infinite As for EEZ
pProbability that a vehicle of milea i .
. ; ge L will be chosen hi
increases the higher the milea i i . eir
: ge, since a vehicle whi ir-
cgiates ggre kilometers in a year will have to fuel 153 ;zie
often. course, this probabilit i |
; y will not depend 1
- mileage but also on other facto ’ omption.
d rs such as specific consum ti
;12; of th? fuel tank, and the habitsg according to which a griﬁ?é
uels up with only part of the capacity of the tank

The average populational mileage is estimated as:
NE (L) =1 Li/Pi‘ (16}

-:E- that if.f?r every vehicle which has appeared in the sample
de;snd?robabillty c;n be estimated by means of g pProbability gi

ending only on the sample the i .

s problem will have b
We have shown that in fact, P fertort oo
: ’ » can be estimated a posteriori

thg? the mll?age estimator thus constructed is asymptotica?;d
unbiased, This demonstration is complex and goes beyond thz
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of this document. It can be consulted in an article en-

scope
" which appeared in one of the

titled '"Service Station Surveys,
issues of OLADEZ Energy Magazine.

In order to learn about the interurban part of mileage, it is

necessary to apply a different method, based on a COUNTING STA-
TION SURVEY. On a recad map, counting these from a certain point
at the city limits, measurement stations are set up to capture
the vehicle flow without indeterminates for any section of high-
way 1included between  bifurcations, in a way similar to the
procedures commonly used to determine vehicle-kilometers. By
counting all of the vehicles which pass through the stations and
multiplying by the distance between stations, interurban vehicle-—
are obtained. For this purpose, 1t is necessary to

kilometers
take samples on given days of the year considered "typical' (a
survey of days can be done and distribution analyzed). Mileage
is then:
Lt = vV (17)
N

and urban mileage iIs taken as the difference between the total
mileage estimated on the basis of the service station survey.
For the buses involved in urban passenger service, it d1is not
necessary to apply such an intricate sample frame as for the
service station survey, and it is much better to recur to a

sample of equal probabilities. This is not difficult, since
these buses are usually concentrated in firms and/or lines in the
different cities. Thus it is important, as a first step, to

sample the cities, because mileage may depend significantly on

city size.

The case of taxis, whose mileage also depends heavily on city
size, can be obtained through taxi companies (if these exist) or

through service stations.

A CITY, LINES-COMPANIES and BUS SURVEY can be handled very well
by means of a multi-stage sample where: (1) the city sampling
is stratified; (2) the sampling of lines and companies can be
systematic or stratified, taking the sample of a universe of
lines ordered according to the number of buses which they have;
(3) within each line chosen, there can be a census or systematic

sampling of buses and their mileage can be checked through the

company or the driver.

Finally, there is a bus sample for each stratum of the cities and
the respective estimates of mileage per stratum must be made.

Before concluding the mileage aspect, it is convenient te develop
the already cited method of measurement by means of weekly or
monthly fuel consumption a little more. This procedure, which

can sometimes be more accurate than the direct measurement of L,
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consistes of determining through sampling the pr?duct ?L in
gallons per week or per month, by means of ?onsumptlon qlv%ded
by price. While measurement may prove easler, 'the statistical
inference of average annual mileage is more complicated. In the
first place, weekly or monthly consumption may not be c?nstant
throughout the year, since the user responds to the question .of
how much he uses when the car is in circulation, without taking
into account the time which the unit is not in use because of
repairs, family vacations, etc. Additional questioms rela%ed to
such times aid in interpreting the results. Another difficulcty
is that the estimator for expected mileage and its variance will
be the expectation and variance of the quotient of two random

variables:
E(L) = E ( cL /c)

This entails more complex mathematical maneuvers which, although
not unsolvable, certainly call for greater care and knowledge in
the treatment of the variables involved.

Another procedure for measuring mileage that should be mentioned
ig the one related to oil changes, in those cases where dates and
vehicle mileage are recorded at the time of the previous change.
This works only when most of the interviewed users keep such
records and it depends on the customs of each coutnry.

3. Utilization Factor

Take Q as the tramsport capacity for an automotive unit, measured
in tons for freight and number of seats for passengers, and take
q as the amount of freight or passengers actually transported.
The vehicle utilization factor is defined as: :

¢ = q/Q (18)

An effort must be made to estimate the expected value in the
population for different subsectors and types of vehicle, by

means of sampling.

For light passenger vehicles in urban tramnsport, a TRAFFIC LIGHT
SURVEY is applied. Previously, a city sample should be done,
even though no strong dependence between the utilization factor
and city size is expected. Within the cities, traffic lights are
selected with an adequate geographical distribution and for each
traffic 1light samples are taken on a work-day and on a non-
workday and at different hours, so that there will Pe a good
representation of peak hours and off-hours. If it is §e31red
(and it is possible) to be more rigotrous, it would.be wise to
typify the stoplight-day-hour by volumes of traffic, altho9gh
this information is not always available in sufficient quantity
and quality. When it is not possible, there should be a "sight"
distribution of the traffic lights and hours in order to have a

good idea of the volumes of traffic. The aid of specialized
personnel from the offices of the Ministry of Tramsportation is
of great value in obtaining a good sample. In addition, if
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through a pilot sample it is shown that the utilization factor
does not depend on the location of the traffic light nor on the
hour, a simple random sample is satisfactory.

The survey consists of counting the passengers for each type of
vehicle, when these stop at a red light. Thus, very numerous
sample sizes are obtained for private cars, taxis, campers, pick-
up trucks, din a sample with replacement. Sizes of 500 to 1000
per category are satisfactory.

The expected value is obtained as the simple sample mean, which
can also be weighted by volumes of traffic, according to the type
of sampling applied. To calculate the standard error of the
estimate, it is convenient not to restrict the application of the
hypothesis of normality and to use the broad hypothesis of Tche-
bitcheff, which calls for larger sample sizes but which is valid
for any type of distribution. In this case, it is safer and
cheaper to take more samples than to study the probability of the
mean in all of the possible samples given the risk that this will
be influenced by the distribution of the frequency with which the
vehicles form lines at the lights.

For urban passenger buses, a more refined version of the BUSLINES
SURVEY is used. First, a city sample is run and then a sample of
lines and buses, in the same way that the mileage survey was
done. Then, a monitoring survey is conducted in the buses at
different hours, with the interviewer traveling in the bus and
counting the number of passengers present at different (fixed)
points along the way. For example, 10%, 20%...100% of the bus
route, Then, it 1s possible to calculate a weighted average of
hours, according to the volume of traffic (known) for each line.
In reality, the utilization factor for public urban service has a
double frequency distribution as a function of hours and the
route covered. It is also possible to incorporate the variable
workday/non-workday and to do the corresponding weighting.

In sampling of this kind, it is convenient to do hypothesis
testing to prove or disprove assumed relations between the utili-
zation factor and the large number of variables that could affect
it. Occasionally, a previous ranking survey can be conducted to
study the hypothesis and, with those results, a final design can
be formulated for the sample. This two-stage procedure can
reduce the costs of the final sample design based on a sounder
knowledge of the phenomenon.

For urban passenger transport, there can be other approximations
other than this survey, depending on the quality and quantity of
previous information which can be gathered. A CENSUS or RECORDS
SURVEY of firms and offices which inspect transportation can
provide new universes of reference such as the number of tickets
sold. Also, mileage and utilization factors can be verified in
this way, and from the analysis of the information gathered, a
need, and the method, for carrying out complementary surveys
will appear.
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For the interurban mode for freight and paséengers and for 11
types of vehicles, the COUNTING STATION SURVEY is’ applied aA

mentlon?d before, the best technique for doing this ¢ .e ;
survey is a multi-stage sample by groups. At the same tiiz thot
m}leage and the utilization factor are being investigated ti

fixed features, cylinder capacity, make, and model, age ané t .
of fuel can be asked about if they are not known on’the basis YP;
a ce?sus of the wvehicle park. Once a sample of the universe gf
cou?tlng stations has been selected, within 4it, a systemati

vehlcle- count is taken and the number of passengers is ycount ;C
For this purpose, it is mecessary to stop the vehicles and ih.
only practical way of doing this is with the help of the high ;
patrols. The sample sizes are very large, on the ordef ng
100,000 and above, in order to obtain small errors of estimation.

The sFatistical processing of a survey of groupings proves uit
complicated and demands an in-depth analysis of the diffgr1 .
?nbiased estimators with those which have the least variance; e?t
is often convenient to use biased estimators whose bias ra,idit
approaches zero if certain conditions are fulfilled,. It ispth ,
funda@ental to look into the particular conditions in which tﬁn
experiment is done {(these can vary a great deal from cas .
case) and to propose adequate estimators for these. © e

Ratio’ and regression estimators can be used advantageoﬁsl wh

certain wvariables which determine the experiment (for eiam len
the.number of counting stations by groups or strata of the g e:
lation) are not correlated to the characteristics which are Ee?u
measured. Hypothesis and correlation testing is a tool of et
value in selecting the estimator best adapted to the experimgiiat

The. transport of wurban freight, 1if it leaves aside rivat

Frelght, can be covered by means of a SURVEY OF FIRMS Tﬁe .
1?portant urban freight vehicles correspond to foodstuéfs ( omo
cially beverages), construction materials and furniture ti:pe—
ported in regular-size trucks which are generally gr;u ed i
types. Consultation with the firms chosen in the sample caﬁ 11H
the Problem. The universe of firms should be known (instituig vz
statistics, social security, mercantile registers) together wi:h
the’number of employees and, if posgsible, the fleet of trucks and
ggelr characteris?ics. A stratified or systematic sample can Ee'
trziés'as a function of the number of employees or the number of

Care must be taken in conducting this survey so as to ensure tﬁ t
the destination of the freight is not interurban, 1i.e 'that tg
truck whose freight is picked up at some point in the-;it wili
?ot pass through any counting station for the interurban Zur

in which case it would be computed as interurban. e

Insofar as the passenger surveys, the measurement is reduced to a
?roblem,of counting people; in the case of freight, the situatio
is more #elicate and only in very well organized systems will i?
be‘ possible to read the weight of the load on the control sheet
which the driver carries. Otherwise, the only way to veiif;
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weight is by installing a system of scales, either automatic or
manual. These systems are becoming increasingly popular in many

countries.

4. Fixed Features

The type of fuel, capacity for transport, make and model, cylin-
der capacity and age are fixed features of the park and the ideal
thing would be to learn about these as part of the census infor-
mation. When this does not occur, it is possible to turn to
surveys geared to measuring the operational features—— principal-
ly mileage and the utilization factor-- to obtain estimators for

these elements.

For capacity, cylinder capacity, make and age, frequency estima—
tors are sought; and for type of fuel, estimators of bi- or

multi-nominal proportiom.

Mention has already been made of the fact that in the interurban
mode, the fixed features can be obtained jointly with the utili-
zation factor in the sampling by groups at the counting stations.
For urban buses, the survey of lines and firms permits identifi-

cation of the type of bus.

More delicate can be the case of the light-vehicle {fleet and
although the survey of service stations is a perfectly adequate
framework for the fixed features, the sample size demanded by
mileage is not gufficient to yield frequency estimators.

For this last case, PARKING LOT SURVEYS have been designed;
these consist of visitng sites in which vehicles are parked and
recording the make and model. For the latter, even though it is
not always possible to know the exact year, ranges can be estab-
iished by the make of the vehiclés. For this survey to be
successful, there should be a previous, detailed classification
of the park, with knowledge about the most vigible details which
make it possible to characterize the vehicles using only the

instrument of sight inmspection.

5. Efficiencies

If Alternative I is adopted, it is sufficient to multiply
consumption by subsectors and by type of fuel, according to an
efficiency of reference which will depend only on the type of
engine and the type of fuel, but not on the design features of
the vehicle. Supposing, for the sake of simplicity, that there
are only two fuels and two kinds of engilnes—- gasoline for com-
bustion engines and diesel for injection engines—- and that their
respective efficiencies are M and n~ , in Alternative I all of
the vehicles whether cars, buses or trucks, would have the same
efficiency if they use the same fuel, The specific consumption
will obviously vary not only by type of engine but also by vehi-
cle category. Take ¢ and c¢”as gasoline and diesel consumption

within a homogeneous group. Useful energy per kilometer will be:
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z= nec = n'c (19)

It must'be kept in mind that if an efficiency is adopted fo h
combust}on engine, let us say n = 0.145. the other effici i t'e
aut?matlcally fixed by Equation (19), at n"= 0.18 the in?ncy'lS
engine. Furthermore, Equation (19), which equates the JeCt;OH
energy produced by different motors, serves as a check on USE'U1
tency for the specific consumption surveys and it is rpected
that the conditional expectations of these, for the same EXPiCted
Fory variables, will have a relation approximatel o the
inverse of the efficiencies. v equal to the

if Alternative II? is adopted, there will be two efficiencies;
or ease of recording, the one for production will be written a;
v and the one for use as y . Useful energy will now be:

P

.Z = \)uc = W u'ec (20)

Eff1C}ency of use is given by a consumption ratio as indicated i

Equation (9). What is this consumption? Equation {(13) e'dln
the answgr: if the parameters corresponding to travel oprovzlES
paved_ highway under ideal traffic conditions are put in: : ?t
equaFlon, consumption under ideal conditions is obtained ? ehis
p¥0X1mate form. If the parameters corresponding to real}n 3P—
tions are not used, greater consumption is obtained Th “ratio
between the two results in the efficiency of use ‘A ; ritio
rule, ‘but one which makes a lot of sense in theo;y ispEiCt ;al
one .same vehicle, the efficiency of use is obt;ined 25 the
quotient of highway consumption and consumption in the cii; tgs

be more precise, we :
» would say " : .
conditions". y "highway consumption under ideal

Ezus, we ?ave seen.how the specific consumption survey will at
e same time make it possible to resolve the problem of ffi
ciency of use. erEt

TPehaspects re%ated to efficiency of production are left to deal
glt » by ad?ptlng the same reference values for Alternative I, or
mztiz;tempglng tohdevzlop a more in-depth treatment of the in%or—
. ven though the experience i
: Even gained so far does not e
perm%t defln%tlve answers, it is evident that the subject opZnZ
tie i:zeresting prospects for the treatment of useful energy in
nsportation sector It can be imagi
; . gined that efficienc f
production does mot only de > o
pend on the type of engine b
the type of vehicle and 1 ; E mamie. design
ts mechanical and aerod i
Consultations with vehicl o the Taboraron:
e manufacturers and even the 1
. ; aborato
EESt:' me???ring the horizontal thrust force that appears ii
quation or vehicles of differ
ent types can shed 1i
on knowledge about one of . cters B
: : the most important a
planning in tranwsportation sector. | paxameters o

6. General Scheme for a Road Transportation Database

igr Ehe purpos?s of summarization, the surveys discussed in this
apter are listed below in order to show more effectively the
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relation between these and the respective parameters which they

determine.

- CEVE = Vehicle Census
- ESLI = Monitoring Survey of Light Vehicles

- ESBU = Monitoring Survey of Urban Buses

- ESBI = Monitoring Survey of Interurban Buses
- ESCU = Monitoring Survey of Urban- Trucks

- ESCI = Monitoring Survey of Interurban Trucks
- EDES = Service Station Surveys

- EDSE = Traffic Light Survey

- ECPA = Parking Lot Survey

- EDEC = Counting Station Survey

- EDEM = Company Survey (Urban Trucks)
- EDLE = Company Lines Survey

The following chart details the interaction between these surveys
and the parameters noted:

Groups of Park Fixed Specific Mileage Utiliz.
Vehicles Features Consump. Factor
Urban light CEVE EDES/EDPA  ESLI DES-EDEC  EDSE
Interurb.light CEVE ESLI EDEC EDEC
Urban buses CEVE EDLE/CEVE  ESBU EDLE EDLE
Interurb.buses CEVE/EDEC EDEC/CEVE  ESBI EDEC EDEC
Urban trucks CEVE . EDEM/CEVE  ESCU EDEM EDEM
Interurb.trucks CEVE/EDEC EDEC/CEVE  ESCI EDEC EDEC

———

After the surveys have been done and broken down for consumptien,
passenger— and ton-kilometers per subsector, it is necessary to
compare aggregate consumption figures with the corresponding
information on fuel distribution; for example, service station
plus direct distributors. Both figures should coincide
within the statistical error resulting from the gtandard errors
for the different estimators used. 1f the fit is not good, this
will be due to biases in the sampling procedures applied. 1If the
bias is very large, the reason will usually be detected easily.

sales

The sample sizes of the surveys presented do mnot depend on the
of the population (number of vehicles in the park), but
rather on the number of variables desired for inclusion in each
test. As a consequence, the cost of setting up a database omn
road transportatiom will be independent of the economic size of
the country, except Lo the extent that in a larger country it may
be necessary to include more variables in order to have adequate
estimators. For example, if the mileage in some vehicle category
depends on city size, in a large country a finer stratification
will be required and the ganple size will be larger than in 2

small country.

size

For the sake of reference, reference sample sizes for the dif-
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ferent surveys are given below:

ESLI, ESBU, ESBI, ESCU, ESCI: between 40 and 200
EDES: between 500 and 4000

EDSE: betwen 1000 and 10,000

EDEM: between 500 and 2000

EDLE: between 2000 and 6000

EDEC: between 50,000 and 200,000

Obviously, the sample size will be larger, the smaller the confi-
dence interval required for the estimates; and it must be kept in
mind that, in calculating total consumption and passeﬁger~ and
ton-kilometers, variances and confidence itnervals increase. In
general, it is quite satisfactory to have a confidence interval
of more or less 10%, and acceptable to have one of more or less
15% for Z and X,

NON-ROAD TRANSPORTATION
1. River

This mode-- which would only be of interest to the countries
which have large rivers—- is dealt with in a way analagous to
that of roadways, and Equations (10) and (11) are applied to
calculate consumption, passenger~ and ton-kilometers. To resolve
these, it is necessary to have:

- A survey on specific consumption
- A survey on mileage
- A survey on utilization factors

The park N should be known through a census or shipping record,
which should also provide the number of shipments per: (a) type
of fuel (gasoline, diesel, fuel 0oil); (b) passengers, freight, or
mixed; {c) transport capacity Q.

The shipments are usually recorded in a few port offices
corresponding to given river basins, so that the geographical
movement of these is reduced to just a few navegable rivers which
are perfectly identifiable. It thus suffices to take a sample of
SHIPMENTS in the port offices which are representative of the
characteristics of the park. What would be ideal is that the
greatest possible number of shipments from an office could pro-
vide the following information:

- DNumber of routes covered (ports of origin and destination)
- Capacity

— Number of trips per year made in each routre

=~ Fuel consumption for one of these trips

= Freight and passengers transported on one of these trips

The first three items define a more numerous sample, from which
the estimator for mileage L for each group of capacity Q can be
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extracted. Then it is possible to investigate the likelihood of
a correlation between L and Q, which will usually indicate that
the large vessels cover more kilometers per year than the small
ones do. If this correlation exists, there will be two or more
mileage estimators per capacity range o, there may even be a
continuous regression between L and (.

The specific consumption c is, without doubt, a function of Q and
nothing more than Q and its most suitable estimator is:

E(c) = T E(c/Qy) £(Qy) (21)

If there is a correlation between L and Q, the estimator for L is
analagous to that for c:

E(L) = 1 E(L/Qy) £(Qq) (22)

In both equations, the marginal distribution function for Q . f
(Qi), is known from information on the park.

The estimator for the conversion factor 0 will be the sample
mean, since it will most likely not be correlated to amything.

Once the expectations and variances in the basic parameters are
known, one returns to the fundamental equations (10) and (11) and
takes expectations and varlances in order to obtain the estimator
for consumption Z and for passenger- and ton-kilometers X, with
which all of the information required om river tramsportation is

generated,

2. Rail and Air

These modes of transportation are treated in a similar way and it
is wusually not necessary to do surveys, since both the
information on consumption as well as on passengers and tons
transported is available.

The number of units deployed, as measured in coaches for trains
and subways, and in units of aircraft are known,  as well as the
transport capacity in tonms and in number of seats, and the trips
made, in terms of number and mileage.

The transport capacity X“is calculated in toms (or passengers)
per kilometer. Since the real amount transported X is also

known, the utilization factor is:
&= X/X~ {23)

For consumption 7 it must be kept in mind that in the case of
trains, it refers only to locomotives or motor-coaches. Through
regressions or quotients of X and Z, the elasticities defined by
Equation (6) can be calculated, and this will permit a comparison
between the energy expended per unit transported under this mode
and the others.
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International air transport is e i
(withouF kilometers), eﬁteriug azgrizjsgngntgzsiszisrs “nd | fons
pared w1t? the respective fuyel consumption, Milea rg’ anq com=
a determl?ing factor because aircraft orient theirgefueié Y for
z:z;;zcairlps Fo'tﬁe‘countries where fuel is cheaper, ;iiﬂg or
possibilities of their flight schedule T o Fhe
b?tween Z and the number of passengers plus int . _he relation
will capture this preference of commercial firm:fnaiigiglc:EEight
vary

a4 great deal from one con
. ntr to ano .
respective pricing policies. 4 ther, according to the

Fortunately, the fuels in use in aviati ,
‘et fu AV ion~~ aviation gasoldin
goth gioéifisazg 354)-— are specific, so that, when fhe saI:sagg
air transportation ie Earket are known, the total consumption in
commercial  aviapi n lnown. Jet fuel is used in its totality 4in
the armed foroe n a t?Ough a small part might be earmarked for
commerein] aviatisﬁ- A;lat10§ ga§oline is divided into: (1)
aircraft for mri ’t (2) fumigation; (3) private aviation (small
forces. The an vate transportation, air taxis); (4) armed
known through sumption of commercial aviation is assumed to b
Bh company records or surveys. ' €

As m i i

Secto;ntigzed Erev1ously, fumigation belongs to the agricultural
obtention of the reg i i "

pective informati

gandled gs part of the information of the databaselgg Thoe o ot

or su

: ch purposes, a survey may be necessary, whether d

arms and/or by fumigation companies, v done on

As for private aircraft, the ones which |
st f : . operate as air taxj
‘EViaEESn 1:u§§§5i?ies which are usually controlled by the liijii
ond whanh oxthord es thr?ugh flying licenses. Knowing how man
ond whie S evenetﬁompénles are, it is possible to consult theiz
record The “yems e ?1rport re?ords or the civil aviation re-
e o ) P ? .small p¥1vate aircraft belonging to com-
private individuals will stiil be left but, since ito?s

slight in number, it 1
» 1t is not r
conducted, ecommended that a survey be

3. Sea

The state of or i i
g4nization of the info i
the ‘ rmation on this
b dgzzfatiﬁn éepends & great deal on the countries and mogef i
gathnering procedure is applied, an intensive diagnssgzz

study should be done wi .
th 1 : f1 s
surveying. ’ out eliminating the possibility of some

First of all it §

along the co; tlt gs.necessafy to differentiate between transg ort

with in & k? and international transport; the former is dp
on-kilometers and the latter in tons transported ealt

Then i i

"Speéiai§z3§5 f;ecesiary to determine whether or not there ar

products e eets’ such as the ones which transport petroleue
* on, cement, etc., and differentiate them from thz'
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Generally speaking, maritime transportation can rely on accurate
information on transported freight. If there are also up to date
fuel consumption records, it can be treated like  air
transportation, expressing coastal transport in ton-kiloemeters
and international transport in tons, In the latter case, there
are also times when ships fuel up with bunker din different
countries, according te the convenience of prices.

A very special case In some countries is constituted by the
fishing fleets; some of these ships can be real floating in-
dustries which process while they transport. There are countries
which place fishing consumption In the agricultural and fishing
sector, and this consumption should then be separated from the

general coastal fleet.

It will not usually be necessary to survey sea transportation in
order to estimate utilization factors, but surveys may be re~
quired for specific consumption and mileage on inland waterways,
in which case the procedure will be the same as for river trans-
portation. In dnternational transport, the fuel consumed is
almost exclusively bunker fuel, which, because it has a special-
ized destination, is known with certainty. Once all of the
possible information problems have been solved through records,
the decision will be made as to whether or not the information
still lacking merits surveys on consumption and mileage.

4, Efficiencies

For non-road transportation, it is recommended that Alternative I
since there is no concept relating to the traffic
of road transportation to which an efficiency of use
can be applied. One exception might be, however, railways, where
the rails are the main element of friction against which
frictiona forces are developed. It is true that a railroad can
be 1in good or bad condition, and that this will affect the
quality of the service by not allowing the trains to travel at
maximum speed. Given the way in which useful energy has been
defined—~- the work done against frictional forces under ideal
conditions—— it is clear that, in order to have a unit efficiency
the speed of travel should be ideal and optimal; it is

be used,
conditions

of wuse,
the one for which there will be the least final consumption per
kilometer, At this point of operation, there is efficiency of

increase 1In consumption can  be
Thus, there

transporfation

production and any later
attributed to a reduction in the efficiency of use.

are mno theoretical impediments in treating rail
with Alternative III. From the practical point of view, however,
rail transportation does not require surveys to measure specific
consumption, and it would perhaps not be justified for these to
be done just to measure efficiency of use.  The subject remains
open to discussion, however, and can be resolved in the future,
without discounting the option that some country in particular,
with a well-developed rail system, may want to undertake a deeper

study in the mear future.

River, sea and air transportation are, without doubt, cases in

115



w?ich efficiency of use, although it can be defined as a theore-
Elcal concept, has no practical meaning since the frictional
orces occur agaimst natural environments wh it]
ose ¢
b chonaed, onditions cannot

As efficiencies of reference for application of Alternative I
;omi. valuesftaken from a bibliographic compilation done by th;
nstitute o Energy Economics at the Baril i

recentes belou. oche Foundation are

- Steam locomotives using fuel oil 3.6%
- Steam locomotives using firewood 2.7;
- Steam locomotives using coal 3.0;
- Diesel~electric trains 28 0;
- Electric trains . 85:0;
- Seagoing vessels using fuel oil 7.0£
- Seagoing vessels using diesel 18.0%
- Jet turbines 18.0%

IE Wgulddse wogthwhile to delve further and expand the bibliogra
phy by adding data that the countries might h h
of their own experiences. ¢ e @s an outgrowth
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CHAPTER IIL
APPLICATIONS

1. General Considerations

As an application of the methodology discussed in this document,
the case of Colombia is presented as an example of a country
where most of the surveys mentiomed in the previous chapters have

actually been carried out.
a) Disaggregation by energy sources counsiders the following
products:

-~ Coal

- Motor Gasoline

- Kerosene and Jet Fuel
- Diesel (il

- TFuel 0il

- Non-Energy Products

b) Disaggregation by subsectors is:

- Interurban Private Passengers
- Urban Private Passengers

~ Interurban Public Passengers
— Urban Public Paasengers

-~ Urban Freight

- Interurban Freight

— Road Transportation

— Air Transportation

- River Transportation

— Sea Transportation

- Rail Transportation

e) The expected values for the parameters in the road tramnspor-
tation mode are summarized in the table attached herewith,

for the following types of vehicles:

- Private Cars

- Campers/Pick-ups

— Small Buses (P 300)

- Buses (P 600)

~ Buses (P 900)

— Light Trucks

-~ Heavy-Duty Trucks (2 axles)

- Heavy-Duty Trucks (More than 2 axles)

- Motorcycles

The 10 above-mentioned categories correspond to the partic~
ular way in which the automotive vehicles in Colombia were

divided and which has been used for surveys and presentation
of the following paramefers: :

117



~ Annual mileage in km per year
- Specific consumption

Utilization factor, in number of persons per vehicle
or load carried

The three parameters are detailed in the following table, by
type of fuel and according to urban and interurban modes.

d) With respect to efficiencies, in the case of Colombia Alter-
native T was adopted and the following values were taken:

14.5% for all of the gascline engines in road trans-

portation

18% for diesel engines, or the values resulting from

relating specific consumption when both are known

{see Equation (19))

- 207% for diesel oil in sea, river and rail transpor-—
tation

15% for gasoline in air transportation

16% for gasoline in river transportation

18% for kercosene in air transportation

7% for fuel o0il in sea transportation

~ 10% for coal in rail transportation

2. The Case of Colombia

With all of the foregoing assumptions, the BEEU are be
elaborated, including the format and results of for the case of
Colombia in the following pages.
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TABLE I-1

TRANSPORTATION SECTOR

BASIC PARAMETERS

- THE CASE OF COLOMBIA

: Tcal

UNIT

1983

YEAR

" Annual Mileage

Utilization Factor

Specific Consumption {Gal/Km)

BASIC PARAMETERS

GASOLINE DIESEL OIL

(Km/Year)

(Pas-Tn/Vehicle)

Urb. Inter.

Inter.

Urb.

Inter.

Inter. Urb.

Urb.

6047.21 0.03382 0.02706 0.03382 ~ 0.02706 1.85 2.59

6259.65

0.05078

Campefs + Pick Ups

Private Cars

1.91 2.92

0.05078  0.04062

0.04062

5146.40

8475.26

48005.73  0.03911 0.03129 0.03911 0.03129 0.96 2.94

47993.76

Taxis

48703.39  0.14050 0.11310  0.11240 0.09050 71.00 72.07

48500.00

P 300

119

67.00 67.97

0.11310

48703.39  0.16650  0.13920

48500.00

P 600

0.14060

0.11310 62.55

0.13920

48703.39

P 500

0.07140 0.05712 0.07140  0.05712 (%)45.00 (%)89.50

6987.00

41513.00

(5 Ton)

Light trucks

0.12310 0.09830 (%)89.50

53679.63

{(5-12 Tomn}

Heavy trucks

(%)89.50

0.22370 0.17900

56932.67

"(two-axle)

Heavy trucks

1.00

0.01538

B556.64

Motorcycles
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CHAPTER T

DEFINITIONS AND BASIC CONCEPTS

1. Disaggregation by Subsectors

The need to disaggregate final consumption in industry by subsec-
tors is amply justified, and it represents a logical stage in the
evolution of energy balances. One of the most important reasons
why, is related to the preparation of models for energy demand
projection: whether these are econometric or analytical process
models, they are always heavily determined by the relation be-
tween energy consumption and some value which is characteristic
of industrial production. In the industrial sector, value added
is the most commonly used indicator for these purposes. The
concept of the elasticity of consumption/value added or energy
content thus appears in different definitions, for this is one
way to express energy consumption per economic unit generated by
industrial production activities.

As a result, the problem of disaggregating consumption is
undoubtedly tied to national acecounts. Since these are usually
based on the internatiomnal classification - ISIC, then this
system will alsoc be used as the methodological basis for disag-
gregating consumption.

The ISIC classification cannot, however, be translated mechani-
cally dinto the energy balance. The system is composed of four
digits, the first of which indicates the branch of economic
activity and the 1last three of which characterize the finer
divisions of the branch.

There is no reason of a theoretical nature to reject the maximum
4-digit classification; furthermore, some countries in the region
already have information on energy consumption at this level, at
least for some products. The difficulty of working with four
digits, and even with three, lies in the sample design, the size
of which is excessive and very costly.

It is thought that a two-digit system is the minimum for the
current state of energy information in Latin America, and that it
would permit QLADE to work out a common pattern for comparisons,
which could include all of the Member Countries.

Table 1II.l schematizes the classification proposed in this meth-
odology (Groups 1), 1its correspondence to the ISIC and the
respective nomenclature. Chart IT.2 includes a summary breakdown
of the four-digit ISIC classification for the industrial sector.

With reference to Table I1I.1, it can be observed that for 7 of

the groups there is direct correspondence between the energy
balance and the two-digit ISIC. These are:
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: Food, Beverages and Tobacco

Textiles, Clothing, Footwear and Leather
Wood and Furniture

Paper and Pulp

Iron, Steel and Non~Ferrous Metals
Machinery and Equipment

Unspecified

. s

L B B T e RO (RO
O D QO P DN

ss ww

It should be pointed out that the sector "Wood and Furniture"
will present very low levels of energy consumption in most
countries, and in these cases could be added to "Machinery and
Equipment," whose consumption will be of an intermediate magni-
tude. From the conceptual standpoint, the furniture industry and
its raw material, wood, can be considered as manufacture of non-
metallic equipment, so that there would be no problem in din-
cluding it under Group I.9 if such consumption were very low.

In Group 1I.5, "Chemicals," the subgroup 3530. , corresponding
to petroleum refineries, is excluded because the energy balance
computes these under the supply sector and also because they must
be subtracted from the value added when it is desired to cal-
culate elasticities. In some countries, this may produce a
certain amount of confusion, especially in the cases in which the
petrochemical facilities are integrated into refineries,

In these cases, it is recommended that an effort be made to
separate consumption and wvalue added and to place refineries
under "supply" and petrochemicals under "demand". When the re—
fining sector of a country is being planned, this should be done

using a special technique proper to supply models. Otherwise, .

petrochemical consumption is treated as a case of demand projec~
tion and thus must be separated. ' '

With the same criterion, 1t is necessary to eliminate coal dis-
tillation in coke furnaces from the "Chemicals" group (other
than 4in dirom and steel manufacturing) ; however, in most cases
its low relative weight will not increase the enormous effort
that separation would entail. If coal liquefaction and gasifica-
tion installations were to take on importance, -they should be
- given the same treatment as refineries. Alcohol distilleries
using vegetable feedstock receive the same treatment, as can be
seen in Chapter IT of the Base Document. :

Group I.6, '"Cement," corresponds to 3692 of the four-digit ISIC,
and Group I.7, "Stomes, Glass and Ceramics,” to ISIC 36, except
for the subgroup corresponding to Cement. This separation is
highly wuseful since cement-making is one of the heaviest - energy
consumers, where substitution processes are the most evident.
Furthermore, what remains of the ISIC 36 after taking out cement
will also account for a very large consumption; so, the practice
in some countries is increasingly tending toward separation. One
difficulty arises, however, with the ISIC subgroup 3692, which
includes not only cement but also lime and plaster, and with the
national accounts classified according to the ISIC Version 11,
There 1is no other way to separate cement from lime and plaster.
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In most countries, both the energy consumption and value aéded of
the cement plants is several times larger than those for lime and
plaster. In a first approximation, it coulé then be accepte§ thit
Group I.7 includes only cement consumption and that t?li hs
compared with the value added of all of Su?group 3692, with the
awareness that a slight error is being committed.

In a second approximation, lime and plaster consumption can Pe
added to Group I.7, so that its comparison with economic
parameters would not offer any difficulties.

One of the most complicated groups to deal with, ?espite Fhe fact
that there are no discrepancies with the two—dig%t ISIC is 1.8,
“"Iron, Steel and Non-Ferrous Metals." Tt sp?ciflcally refers to
Coke Plants and Furnaces, the usual practice in the OLADE ?alan?e
being to place both kinds of installations on the supply side (in
transforamtion centers) and to express the flows by means of a
double recyéling, which proves to be a little vague.

The way in which the problem has now been solved-- and it is not

i ‘ i lants on the supply side
the only way—— consists of leaving coke P 1 .
and of passing furnaces to the demand side. This approximation

is adopted for the following reasons:

- From the point of view of the value added of the group,
furnaces are very significant; coke plants are not. There-
fore, by leaving furnaces in the group, we‘can accept the
value added just as it comes from the national ac?ounts,
considering as negligible the slight error that removing the

coke plants would imply.

- The complication of the double recycling in one trans-
formation center at the level of supply them disappears.

- For the energy planner, the furnace is a problem of exo-

genous demand, whereas the coke plant constitutes the asso-

ciated supply.
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BALANCE CORRESPONDENCE
GROUPS TO ISIC
I-1 31

I-2 32

I-3 33

I-4 34

I-5 35~-3530
I-6 .3692
I-7 37

I-9 38

i-io 39

TABLE II,1

DISAGGREGATION OF THE INDUSTRIAL SECTOR IN SUBSECTORS

ACCORDING TO THE ISIC CLASSIFICATION

NAMES OF SUBSECTORS

FOOD, BEVERAGES, TOBACCO
TEXTILES, CLOTHING, SHOES AND
LEATHER

WOOD AND FURNITURE

PAPER AND PULP

CHEMICALS (EXCEPT PETROLEUM
REFINERIES)

CEMENT

IRON, STEEL AND NON-FERROUS
METALS (EXCEPT COKE PLANTS IN
INTEGRATED IRON AND STEFL
MILLS, BUT INCLUDING FURNACE)
MACHINERY AND EQUIPMENT
UNSPECIFIED

TABLE I1I.2

ISIC CLASSIFICATICN OF THE INDUSTRIAL SECTOR

Code of Industrial Groupings and Groups

Code for
I81C

groupings

and groups

311-
312

3111

3112

3113

3114

3115

3116
3117

3118

3119

3121
3122

3123

Code for

mal feeds
Elaboration of die-
tetic compounds and
others
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- Industrial ISIC Industrial
"Activity groupings Activity
and groups
313 Beverages industry

Manufacture of food- 3131 Distillation, recti-
- stuffs, except for fication and mixture

beverages of alcoholic bever-

Slaughtering of cat- ages

tle, preparation and 3132 Wine industries

pregervation of meat 3133 Malt and malted

Manufacture of dairy beverages

products 3134 Non-aleoholic bev-

Canning and preser- erages and soft

vation of fruits and drink industries

vegetahles 314 Tobacco industry

Processing of fish, 321 Textiles manufac-

crustaceans and ‘turing

other seafood and 3211 Thread, knitting

freshwater fish and textile finishing

Manufacturing of 3212 . Articles made from

vegetable and ani- : textiles, except

mal oils and lards 7 apparel

Mill products 3213 Manufacture of knit-

Manufacture of bak- ted goods '

ery products 3214 Manufacture of wall

Sugar mills and re- hangings and carpet

fineries 3215 Manufacture of cords

Processing of cacao

and manufacture of 3216 Manufacture of cot-
- chocolate and candy ton and cotton blends

Elaboration of vari-

ous foodstuffs

Elaboration of ani- 3217 Manufacture of wool

and wool blends



tilizers and pesti-
cides
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Code for . Code for
ISIC Industrial ISIC Industrial
groupings Activity groupings Activity
and groups and groups
3218 Manufacture of ar- T
tifi?al ?nd syn— 3311 Sawmills, workshops
thetic fibers and for dressing lumber
blends and other woodwork-
3219 Manufacture of other ing activities
textiles :
322 3220 Mauu{acture of ap- 3312 Manufacture of wood
parel, except shoes and cane containe
3221 Manufacture of other and small cane arfs
clothing, except ticles
shoes 3319 Manufacture of
323 Industry of leather other wood and
and leather goods ‘cork products
and simulated furs
and leather, except 332 2320 Manufacture of fur—
shoei and other ap- niture and acces-
pare sories, except
3231 Tanneries and fin- those mainlypmetal
: ishing workshops
3232 Industry of prepara-
zlon and dying of 341 Manufacture of paper
urs and paper
3233 Manufacture of paper products
1?ather goods and 3411 Manufacture of wood
simulated leather, pulp, paper and
except for shoes cardboard
and other apparel 3412 Manufacture
of
324. 3240 Shoe manufacturing, and cardboard bgiz:r
except for vulcan- : and containers
;zed or TOldEd rub- 3419 Manufacture of other
er or plastic
pulp, paper and card-
331 Industry of wood and boar&'prgducts |
wood and cork pro-
ducts, except furmi- 342 3420 Printers, publishers
ture and related indus-
tries
351 Manufacture of in-
dustrial chemical
. substances
3511 Manufacture of basic
industrial chemiecal
substances, except
fertilizers
3512 Manufacture of fer-

Code for

ISIC

groupings
and groups

Industrial
Activity

Code for

ISIC Industrial
groupings Activity
and groups

3513

352

3521

3522

3523

3528

3529

353 3530

354 3540

355

3551

3559

Manufacture of

Manufacture of syn- 356 3560

thetic resins, plas- plastic products

tic materials and

artifical fibers, 361 3610 Manufacture of ob-

except glass jects of clay, ce-
ramic and porcelain

Manufacture of other 362 3620 Manufacture of glass

chemical products : and glass products. -

Manufacture of paint,

varnish and lacquer 369 Manufacture of other

: non-metallic mineral
Manufacture of phar- products
maceutical products
and medication 3691 Manufacture of clay

_ A products for -con-

Manufacture of scap structions

band cleaning pro- 3692 Manufacture of ce-

cosmetics and other ment,lime,plaster

toiletries 3699 Manufacture of non-
metallic mineral
products not speci-

Manufacture of dif- : fied above

ferent chemical 371 3710 Basic iron and steel

products A industry

Manufacture of chem- -

ical products not 372 Basic non-ferrous

specified above metals industry

Petroleum refineries 3720 . Copper and aluminum
recovery and cast-—

. ‘inguminio
Manufacture of dif- 3721 Lead and zinc re-
ferent petroleum and covery and casting
coal derivatives

3722 : Tin and nickel re-

cover and casting
Manufacture of rub- :
ber products 3723 Refining and cast-
Manufacture of tires ing of precious
and tubes
Manufacture of rub- 381 Manufacture of
ber products not metal products,
specified above except machinery
' and .equipment
129



Code for

Code for
ISIC Industrial Industrial
groupings Activity groupings Activity
and groups and groups
3811 Manufacture of 3826 Manufacture of ma-
knives, hand tools chinery not classi-
and hardware items fied elsewhere, ex-
in general cept for metal- and
woodworking
3812 Manufacture of fur- _
niture and acces- 3827 Manufacture of ma-
sories, mainly me- chinery and equip-
tallic ment not specified
3813 Manufacture of metal above, except elec.
structural products 3829 Manufacture of ma-
chines, devices and
3814 Manufacture of equipment not spe-
plumbing and heating cified above
products 383 Manufacture of
3819 Manufacture of metal electrical machin-
products, not speci~ ery, devices, ac-.
fied above, except cessories & supplies
machinery and equip~ 3831 Manufacture of in-
ment dustrial electrical
382 Manufacture of machin-- equipment
ery, except electrical .
3832 Manufacture of ra-
3821 Manufacture of motors dio, television,
and turbines and communications
3822 Manufacture of machin- equipment
ery and equipment for
agriculture 3833 Manufacture of
3823 Manufacture of machin-. electrical devices
ery for metalworking and accessories for
and woodworking household use
: 3839 Manufacture of
3824 Manufacture of special electrical devices
machinery and equip- and supplies, not
ment for industry, specified above
cept machinery for 384 Manufacture of
metalworking and .transportation
woodworking equipment /materials
3841 Naval constructions
3825 Manufacture of office .and ship repair

machines, for calcu-
lation and accounting 3842

3843

3844
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Manufacture of rail-
road equipment
Manufacture of auto-
motive vehicles
Manufacture of motor-
cycles and bicycles

Code for

ISIC Industrial

groupings ‘Activity
and groups

3845

3849

385

3851

3852
3853

390

3901

3902
3903

3904

3909

Manufacture of air-
planes

Manufacture of trans-
‘potation material,
nep

Manufacture of pro-
fessional and scien-
tific equipment,
measuring and con-
trol instruments -
photographic devices
and optical instru-
ments :
Fabricacitn de e-
quipo profesional y
cientifico e ins-
trumentos de medida

y control, nep
Manufacture of photo-
graphic equipment and
optical instruments
Manufacture of clocks
and watches

Other manufacturing
industries '
Manufacture or jewel-
ry and related arti-
cles

Manufacture of musi-
cal instruments
Manufacture of sport-
ing goods

Various manufactur-
ing industries
Various other manu-
facturing industries
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2. Disaggregation by Uses

Industrial end-uses cover such a variety that it could be said
that every manufacturing technology is characterized by given
processes which have an associated pattern of energy end-use
How:vzr,f for the purpose of presenting the minimum end-uses
neede or preparation of the energy balance th i

e f
e oaed. s ollowing are

- steam

— direct heat

- mechanical force
- other uses

. lighting

. feedstock and electrolysis
. transportation#*

. others

* k3 » s = )
Th1§ use is placed in the industrial sector for the purposes
of 1nfo?mat10n~gathering, but later the part corresponding
to the industrial sector is removed, as shown in Table TI.3

These end-uses are the most suitable e i
xpression of the ENERGY
NEEDS or USEFUL DEMAND of the industrial consumer. Actually
industry doeg not require electricity or fuel oil except as ;
?zansbof r;nnlng its engines or heating its furnaces. There will
en be a demand for steam, for heat, for mechani
feedstock or for lighting. arical force, for

These demands by use depend basically onrtwo factors:

- the manufacturing technology

- the degree of efficienc i i |
y with which the technolo i i-
lized in practice s

For ?xample, the steam used in sterilization processes in the
good ;qustry can be utilized with greater or lesser efficiency
epending on pipe insulation and the level i

dependr : els of load loss in the

Steam is then an intermediate agent required by the steriliza-
Eion Fechnology. The way in which it is produced can be altered
gf-d?ffirent (forms of final energy (substitution)  or by more
erriclent use (conservatiomn), but it is a requi {

7 ire i
the fechrolony. q ment inherent in

The same line of reasoning can be followed with other forms of
useful energy which can be catalogued as true TECHNOLOGICAL
INVARTIANTS. These offer the advantage of generalization since
they offer the convenience of independence between the, ener

plannerd perspective and that of the industrial plannergy
Wher?aé the latter must think of processes as heterogeneous és
steylllzation, distillation, fusion, calcination, milling lami

nating, ete., it suffices for the former to think in t;rms of
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steam, heat or mechanical force.

Another advantage of this classification is that it maintains the
thermodynamic unit in the approach to industrial processes, and

‘the LAW OF ENTHALPY CONSERVATION may be applied to all of them;

this is one of the easiest ways of expressing energy conserva-
tion. Since enthalpy is a function of state, it is sufficient to
know the flows through a closed surface, which includes the
process under study, without the need to worry about the innumer-
able and complex intermediate states through which it passes.

As for the processes which involve electricity, this should
invariably be transformed into the theoretical equivalent of 860
Kcal per kWh (which can be considered as the enthalpy content of
electricity), so as not to distort the thermodynamic consistency

between flows.

Unlike electricity, the enthalpy content of steam depends on
pressure, temperature and degree of saturation; and its values
can be consulted in steam tables. The case of furnaces is some-—
what more complicated and a certain amount of additional concep-
tual effort is needed to understand the generalization implicit
in what has been called "direct heat". Broadly speaking, a
furnace (and also the particular case of a dryer) is a place in
which some processes such as a chemical reaction, dehydration,
caleination, toasting, fusion, liquefaction, evaporation, subli-
mation, etc., takes place. In all of these processes there is:

- a material agent which undergoes a physical-chemical trans-
formation

- a fuel which, directly or indirectly, contributes the re-
quired heat (what is termed "direct heat") and which usually

also produces exhaust gases.

It is then possible to do an enthalpy balance between the fuel
reaction heat and the remaining enthalpy of the gases and the
material agent which the process undergoes, no matter what the

nature of the latter.

3. Final Energy, Useful Energy and Efficiency

The foregoing definitions of disaggregation by intermediate uses
lead to the concept of efficiency, and simplify its presentation.
The best way to visualize the problem consists of observing the
energy consumption process in industry in two stages:

- the production of steam, heat, mechanical force, etc., from.
energy sources.

- thé use of steam, heat, mechanical force, etc., in manufac-
turing processes.

Therefore, there 1s an EFFICIENCY OF PRODUCTION and then an
EFFICIENCY OF USE. The product of these two will yield overall
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efficiency or simply "efficiency". If energy is now ﬁult’ lied
by source of energy, or final demand by overall efficj]:p oy
useful demand is obtained and the difference between th s
constitutes the losses, This method is adopted for each ens—ﬁzzo
As re?ommended in the Base Document and the other sect 1
appendices, the first S8tage of application of the method ira
suggeéts the determination of useful energy, in res .
efficiency of production. The determination of efficiengonii e
and the application of overall process efficiency have by -luse
for a second stage of development. . sem fett

If ?nly the first of the two efficiencies is known i.e
duction, when it ig multiplied by final demand, the’useéui’degzog
;t the level of production, or intermediate demand, is obtainez
I summary, it can be said that final energy is that which is
zszsureg :; th; beﬁinning of the process and useful energy at t;:
. O o the i
Products. and ty endfisezfn be disaggregated by subsectors, by

%Ee Problem.of deteFmining efficiencies deserves special comment
! is very common in the work on energy demand that reaches thé
tﬁ:: of_u:eiul enerﬁy to use ADOPTED EFFICIENCIES from manufac-
ng catalogs; this practice has been est ishi
: _ ablishin certai
sFandard values which are applied with more or less gr' a?ﬂ
different countries. - Teor A

It -1s Fhought that this approximation is sufficient when d d
projection focuses on emphasizing the mechanisms of SUBSTITE??H
among the various sources which compete in price on a market to
pFoduce the same amounts of intermediate demand. Undere éh e
gizgums;?nﬁeé, _;t is not so much the absolute value of efficigtsxf
wnich is of interest but rather their relative 1
- reflect the fact that one source is either " fios e
than another in satisfying the needs of :rg?szz gzcisjiogifIClent

iﬁﬁiﬁimezltit ﬁs pgssible toe work with MEASURED EFFICIENCIES
: R oug they. are preferable to ado ied les,
: h pted efficienci
gntall the major drawback of high costs for measurement proigi
AE;;;g g;? honly wiy ;o measure efficiencies is through ENERGY
s ich reveal thermedynamic parameters for i
eal the industrial
plants. Even so, it is very difficul i .
. » t to gemeralize these 1
statistically for -a numerous i ecomes
. group of industries. It beco
Eece:sary to work with measured efficiencies when what is desiisz
Es . O express the mechanisms for CONSERVATION or RATIONAL USE oF
NERGY (RUE), because these entail the need to do audits

2?: igg efficéencies which have heen defined (prodﬁction and use)
ualized in the three basic ener
: he : gy uses: the case of steam
;Eowzhetilﬁplesg, since it is produced in a boiler and clearly
4t production and use are i
, physically separate I
case of mechanical force and di - . e
‘ irect heat the se i i
physical but rather conceptual. | paration fs mot

Mechanical force isg produced in the shaft of motors and turbines
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Frequently, the

and i1s used, for example, in a process to cut metal pleces or in

"a fluid agitator.

motor and the mechanism of use (such as the
agitator or cutting piece} will be integrated into a single unit
but, when overall efficiency is being studied, a conceptual
separation can be made between the Iinstrument which produces
energy and the one which uses it. Continuing with this example,
the motor may be efficient because its magnetic circuits are in'
good condition but the worn blades of the agitator may dissipate
energy; therefore, there are two possible causes of inefficiency:
one in production and another in use,

In the case of direct heat, something similar occurs: production
takes place in a furnace having a characteristic efficiency, but
the discharge gases and the agent which receives the heat are
energy sources which are utilized to a greater or lesser extent
(heat recycling), and which characterize an efficiency of use.
With respect to other end-uses, it is worthwhile to note that:
There could be a good deal of argument as to the efficiency of
lighting, and values range from 6% to 100%Z, according to the
criteria used. Feedstock, electrolysis, cleaning, etc., should
have a fictitious efficiency of 100%, since they do not corre-
spond to a truly energy use. All of these end-uses are
unsubstitutable with respect to soutces, and they do not lend
themselves to major conservation programs.

In the case of tramnsportation (outside the plant), no comments
will be made here, because its consumption does not correspond to

the industrial sector.

4, BEEU Applied to an Industrial Unit

Here, an attempt is made to apply the technique of FLOW DIAGRAMS,
to the units of industrial manufacturing, following the guide-
lines of the principle of energy conservation. This is the same
technique wused to design the energy balance for a country or
region, The industrial diagram is presented in Figure II.l.

In general terms, an industrial plant performs the dual function
of buying and producing energy, in the form of primary and secon-
which are later transformed into useful forms such

dary sources,
direct heat, mechanical

as those defined under Point 2 (steam,

force and other uses)}. The ENERGY BOUGHT is disaggregated by
source, according to those presented in the energy balance ma-
trix. :

First of all, it is possible to develop the concept of NET ENERGY
INPUT (NEI), which is defined as the energy which enters the
plant, disaggregated by sources, without any duplication. In many

the NEI will be equal to the energy bought but, in order

cases,
the following should

for the treatment to be completely general,
be kept in mind:
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- If the plant sells energy, commonly eléctricity and

some~
times steam, these sales should be subtracted from the
purchases, In calculating the NEI, in the particular case

of electricity, it is possible to obtain a negative input

when the sales to other plants or to the public service grid
are based on auto-production.
- Some plants may have hydraulic generators using a current of

water of its own or leased, If the turbinated hydroenergy

is not bought, it should figure as an input so that there
will not be an imbalance.
- There are plants which produce substances having an energy

content as by-products of the production process, e.g.:
~ the black liquor and stillage from the paper industry
- the reformed products of the chemical industry

- the furnace gas from the iron and steel industry -

- the LD gas from iron metallurgy

It is worthwhile to group these forms of energy as a primary
source called RECOVERY, which is incorporated into the OLADE
energy balance, under the concept of "Other Primary Sources". '

Once the NEI has heen identified, 4ts flows for each one of the
sources (see Figure IT1.1) should be specified. The first thing

that can be done with the energy which enters is to use it 1in
AUTO-PRODUCTION of electricity, through:

- the aforementioned hydraulic generators
- ~diesel groups
- gas turbines

Hydro and the corresponding fuels should be subtracted and
respective electricity should be added to the purchases, In the
same way, the coal which feeds into the iron and steel coke

plants will be a negative flow, and the coke produced will be a
positive flow.

the

The second use that can be given to the input is INDIRECT AUTO-
PRODUCTION of electricity through steam. The situation is g
little more complicated since the steam comes from recycling in
the boiler to feed into the steam turbogenerators. It will there-
fore be necessary to do the boiler balance previously-- which in
this logic of flows appears afterwards in order to express the
steam in terms of the fuels which produces it-- subtracting it
from the respective NEI and at the same time computing
produced electricity in the NET.

auto-
A third concept which should now be included is the
fuels such as gasoline and diesel 0oil bought by many industries
for use in the trucks which distribute merchandise. In the
present methodology, this end-use forms part of OTHERS; however,
it does not correspond to the industrial sector but rather to the

following:
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transportation sector, although it would seem to be an
industrial consumption.

If the flows related to direct auto-production, indirect auto-
production and transportation are added to or subtracted from the
NEI, as need be, an important function is obtained. It is known
as TFINAL CONSUMPTION BY SOURCES in the plant and, when 1t is
added by sources, it can be much lower than the NEI. The dif-
ference 1lies in the fact that part of the apparently industrial
flows of the NEI should be placed on the supply -side {auto-
production of electricity and coke plants) and the rest under
final consumption in another sector, i.e., transportation.

Final consumption by sources can now be compared to FINAL CON-
SUMPTION BY END-USES. When dealing with- electricity, this can
feed into: (1) motors and (2) resistance furnaces. The fuels
which are utilized in (1) diesel engines, (2) heating ovens and
(3) boilers and the steam from the boilers can be recycled in (4)
steam turbines or centrifugal pumps for use as mechanical force.
Here again, there must be transformation of the steam £flows
recycled in the fuels which gave them origin, in order to sepa-
rate them between steam and mechanical force. There should be
consistency, but not equality, between final consumption by

sources and the sum of final consumption by end-uses: between

the two there is variation in stocks and statistical error.

Table TII.2 summarizes all of these ideas: it starts with net
energy input, which, after the addition or subtraction of the
flows related to -auto-production and transportation, yields final
consumption. This is disaggregated by end-uses, and efficiency
of production is also indicated. In the lower part, the interme-
diate useful consumption is calculated first, as d result of the
gummation of useful consumption weighted by the respective effi-
ciencies of production. Then, the efficiencies of use are noted
(depending on the end-use or the source), and useful consumption
is calculated by weighting intermediate consumption according to
these efficiencies. Finally, losses are calculated as the dif-
ference between final consumption and useful consumption. The
column of the right-hand side ultimately vreflects the total
useful consumption, useful consumption by sources and average
efficiencies.

It is not the intention of this methodology to recommend the
adoption of specific values for efficienies. However, 1in the
event that no other sources are available, some indicative ranges
must be established; these are presented in the glossary cited in
the Base Document).

5. BEEU Applied to the Industrial Sector

Under the preceding point, it has been seen that, on the basis of
a flow diagram conceived of in a general form, practically all of
the data which comprise the energy balance of an industrial plant
can be placed in the form of a double-entry table. This shows
how the energy balance for the entire industrial sector of a
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country or region can be presented. However, it can be seen that
if one wants to visualize all of the data it covers, the proposed .
disaggregation call for a four-entry table, the four entries
being:

- By subsectors (10 plus Total = 11)

- By uses (4 plus Total = 5)

- By products (according to the OLADE balance = 21)

- By type of consumption (final, wuseful, efficiencies and
losses = 4)

The OLADE balance puts the most numerous dimension (energy sour-
ces) in the columns, and this practice should be respected in the
presentation of the industrial balance. So that it can be done
in one (or, maximum, two) double-entry sheets, it will be neces-—
sary to omit some information.

A system using one main data sheet and another auxiliary sheet is
proposed. ' '

The main data sheet will contain maximum detail on final
consumption and a summary of data on useful consumption, as shown

~in Table II.4.

The auxiliary data sheet (Table II.5) is nothing more than the
right-hand side of the table in Table II.4 (starting from the
column for final consumption by sources) for each industrial
subsector. There will thus be 10 sheets for each country and
they will form part of the countrys own energy balances; how-
ever, these should not necessarily form part of the matrix of the
OLADE balances, even though they should be attached for inclusion
in the OLADE data bank.

The auxiliary sheets represent the final stage in data processing
for the industrial survey. The aspects related to:

- DATA SHEETS

- ANALYSIS OF EXISTING INFORMATION
- SAMPLE DESIGN

- SAMPLE EXPANSION

will be discussed in Chapter 11, which is devoted to the forma-
tion of databases for the preparation of detailed BEEU for the
industrial sector. Thus, between the initial stage, represented
by the balance per plant, and the final stage, corresponding to a
country§ balance by subsectors, there are instruments of a
statistical nature which aid in going from one stage to another.
Figure I1T7.2 schematizes the relations among the principal com-
ponents of a project to construct disaggregated BEEU for the
industrial sector.
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FIGURE 1I.2
SCHEME FOR THE EXECUTION OF A PROJECT DESIGHN

FOR INDUSTRIAL ENERGY BALANCES
CHART II.5 .

ELEMENTS OF DEFINITIONS STATISTICAL ELEMENTS
PRESENTATION OF DISAGGREGATED ENERGY BALANCES ' AND PRESENTATION

FOR THE INDUSTRIAL SECTOR o ANALYSIS OF EXISTING
INFORMATION

I
SOURCES PRIMARY SECONDARY o

' ' FLOW DIAGRAM SAMPLING DESIGN
FINAL CONSUMPTION ‘ I ) I

. Subsectors (10) } I
Steam - . I DATA-COLLECTION FORM

.. Direct Heat ’ ' I

.. Mechanical Force . ' . 1

.. Other Uses . I

I

. Total Final Conéumption
+» Steam
.. Direct Heat
. Mechanical Force , _ :
.. Other Uses : BALANCES BY PLANTS

. Useful Consumption
.+ Steam '
.. Direct Heat
.. Mechanical Force
.. Other Uses
. Average Efficiency EXPANSION OF SAMPLES
+« Steam
«+ Direct Heat
.. Mechanical Force
.. Other Uses

Mh—qh—‘ﬁ-ﬂh—l_ﬂl—l-ﬂl"—lh—ii—l-‘ﬁb—l—l

BALANCES BY SUBSECTORS

e e s Bt

INDUSTRIAL BALANCE IN
OLADE FORMAT
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CHAPTER 11

DATABASE FORMATION

1. Data—Colleéting Form

To develop the proposed methodology, which culminates with the
preparation of national balances up through useful energy, it
will be necessary to undertake a series of data-gathering steps.
A survey must be done, and a data sheet permitting construction
of balances by plant will be used for that purpose.

Since the unit of information is the industrial plant and in 4t
there can be different sections of data recording, the technique
of constructing a form by MODULES has been preferred. Each one of
modules is identified with some physical - section of the
factory in which specific processes take place, data on _which
will be compiled. In each country, the contents of the form to
be used should be decided on after the particular situation has
been reviewed; however, it ig possible to determine contents of
reference such as those shown in Figure 11.3, including 9 dif-
-ferent modules. In the first, general data on the firm are

indicated, €.8., output, by major products and their monetary
value; number of employees, ghifts and -hours worked per year,
etec, The latter information is important as a check on consis—
tency when the hourly flows must be turned into annual values,

their
and thus permits calculation

Module II records the movements of énergy purchases and
prices, salegs, and auto-production,
of the net energy input.

one
such as those
Not only energy
but also installed bpower capacities and effi-

described 1in the flow diagram of Figure TI.1.
flows are noted,

ciencies. With respect to the latter, it should also be pointed
out whether these are standard or catalog values, or measured
values.

With few exceptions, energy units are not specified in one single

form, and it is permissible to use a different unit for each
flow. This is for the purpose of having the information g0
directly from the records to the modules, without any uncon-
trolled conversions, which are always sources of error. Thus,
the use of abitrarily selected conversion factors can also be
avoided; the most appropriate thing to do is to convert them by
means of a computer pProgram utilizing fizxed factors for alil of

the units employed in industry.
The most complicated situation of flow measurement is with steam,

due to the fact rhat most industries do not have flow meters (or
they do not record the readings) in ‘the required
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CONFIDENTIAL

- PERICD:
o oy OF PLANT 2
n AND ACTIVITY NAME OF FiRM LOCATION OF
R A g
;(NamESJ Product{ Amount Product Amount
it | Product]|. Amount roduc
: 0OF Product | Amoun
AND QUANTITY
{. PRODUCTS
pecify currgncy)
“';TOTAL PRODUCT I ON Work on holidays NUMBER OF EMPLOYEES
: s o " HOURS WORKED
HOURS W
ORKED arcate DURING YEAR
Schedules
E STEAM. STEAM
IV, FUELS USED YO PRODUC
R PRObCED MODULE PRODUCED AND STEAM USEQ T0 PRODUCE
AUTO-PRODUCED R Y |
AMOUNT $ PAID »
IN A YEAR )
- Gl FUEL UNET AMOUNT
Gas
Natural GCas
Coal
Vegetable Waste
Hle Waste
Diesel 0i1
ricity
ricity Fuel Oi1
Produced
ey Recovery
AMOUNT PRESSURE™ FJEMPERATURE .
jed Gas High
Medium
Low
Total Value-in Kcal
gg?lzggNT"N TYPE CAPACITY Efficiency
' ECTRICITY
E {11, FUELS USED TO PRODUCE EL
IN DIESEL/TURBOGAS SETS A :
Electricity |
" o " Steam lectricity
- : Used roduced
STEAM AND ELECTRICITY Keal kWh
! d | Turbin Cumulative
PMENT 1IN Installe UI‘_} e ula
ggg:\MMTURBiNES Capacity Effitency | Efficiency
al Electricity
Installed L.
EQUIPMENT Cgpaeity wy [Efficiency

sel Engines

urbines
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DATA-COLLECTING FORM



" _MGDULE. Vi DIRECT HEAT

FUEL UNIT AMOUNT

Natural Gas

Coal

Firewood

Vegetable Waste

Electricity

MODULE VI, MECHANICAL FORCE

AND TURBINES

FUEL UNIT
Electricity
Dieset 0il
Steam
FEQUIPMENT iN MOTORS ilnstaﬂed

v ol

Capavdtys Efficiency

Electric Motors

Kerosene
Diesel Engines

Diesel 011
Steam Turhines

Fuel 0i1

EQUIPMENT IN . ..

FURNACES - TYPE Capacity Eff101e§cy

' MODULE V1., OTHER USES

FUEL %ightingt ot s . I'Pirolysis)
(Unit) ranspor efrigeration EGEdStOQK

MODULE vill. DISTRIBUTION OF THE THREE
BASIC FORMS BY PROCESS.
INDICATE NAMES OF PROCESSES,
PERCENTAGE OF USE AND
EFFICIENCIES {if known)

Natural Gas

( )

Electricity
{ )

Ligquefied Gas
{ }

Casoline

{ )

kerosene

( 3

Diesel Qi1
{ )

Coke
{ )

Gharcoal

{ )

NAME OF PROCESS

Steam

Mechanical Force
with Electricity

Mechanical Force
@ith Otﬁer Fuels

Direct Heat with
Electricity

-Direct Heat with
Other Fuels

MODULE 1X. OBSERVATIONS
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places. Module IV permits specification of three different steam
qualities, which are: high, medium and low. . Obviously, ‘the
ranges and temperatures for each quality cannot be specified a
priori. Experience has shown that it is best for the informant to
do this since temperature and pressure readings are more accurate
and readily available than flow measurements; 1f ranges were
used, the real values would be lost and these are of great impor-
tance for caloric calculations using steam tables.

In Module V. the principal difficulty lies in the number of hours
that electric motors are used per year. The data which should
be collected in. the form are hours weighted by installed power
capacity, since what is of interest is the time which the average
installed k:lowatt functions in the whole plant, thus taking into
account installed capacity that is used as a reserve or that
which is ouf of use or in manitenance. :

Module VIIl is geared to examining in which processes the inter-
mediate forms are used, and with what efficiencies, for the
purpose of providing guidelines for the determination of effi-
ciency of use.

2. Analysis of Exdisting Information

Before applying a data sheet such as the one described under the
preceding point, a SAMPLE DESIGN should be planned and, before
the sample design, there must be an INFORMATION ASSESSMENT. It is
not possible to establish a unique criterion for how to carry out
a countryd information assessment, due to the fact that each
oned special circumstances make the problem of constructing an
energy datsbase for the industrial sector a particular problem.
However, the following general considerations can be formulated:

First of :11, a diagnostic should be done of the UNIVERSE OF
REFERENCE over which the sample will be taken and expanded. This
universe is characterized by two main values:

- INDUSTRILL ENERGY CONSUMPTION AND ITS DISAGGREGATION BY
SUBSECTOLS

- NUMBER 0I' INDUSTRIAL FIRMS BY SUBSECTORS

The existing data-collection instruments should be reviewed,
e.g., censuses and industrial surveys carried out in recent
years. On the basis of these, the countries can be clagsified
according tc the following categories:

- Electricity and fuel consumption and the number of indus-
trial establishments are known for a two-digit ISIC divi-

sion.

- Electricity consumption and the number of industrial estab-
lishmerts are known, for a two-digit ISIC c¢lassification,
but not fuel consumption.
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- Consumption by subsectors is mot known, but the number of
establishments is,

The third case is the most freguent in the countries of the Latin
American region; in most of them periodical industrial surveys of
an economic nature are carried out, according to which industrial
plants are identified for the national accounts and information
on production, value added, number of employees, etc, is gath-
ered. These surveys form the basis for the preparation of input-
output matrices sufficiently generalized to suppose that all of
the countries of the area will have this instrument available.

It does not go without saying that, if there are countries which
do mnot have this basic information of an economic nature for
their industrial sector, they should begin to gather it before
doing an energy survey of a specific nature-— with a2 form like
the one discussed in the preceding point-- since it is not possi-
ble to design or expand a sample when the characteristics of the
universe from which the sample is to be extracted is unknown.
For such countries, the recommendation is to start with an
industrial census of a general nature and to collect data on
electricity and fuel consumption.

It 1is worthwhile to comment here om a fact which frequently
arises, and which should be the 'subject of a good assessment in
order to focus the design of an industrial survey on energy uses
successfully. We refer to the situation in which there is knowl-
edge about the sales of energy companies to industrial elients
by subsectors (two-digit 18IC). The sales are not Strictly
consumption, but they are very similar. Besides, the most common
case is for this information not to be complete; instead, only
some distributing firms have it, or have it for only some
products. If this information is partial, it cannot be taken as
the wuniverse; however, it may constitute a SUBUNIVERSE OR
SUBPOPULATION, the wuse of which can be of great utility for the
design and expansion of energy samples. No general technique can
be offered for dealing with with subpopulations, since in most
cases they must be treated invidually. An attempt is only made
to stress the fact that, many times, they serve as a very
suitable tool for indicating a sound approach; the good criteria
and experience of the specialist will do the rest.

As for the universe of reference, it is of interest to investi-
gate the relation between energy consumption and number of estab-
lighments. The experience of most of the countries is that just
a few establishments account for relatively high percentages of
industrial consumption; these percentages increase a lot in the
beginning when more establishments are added, and much less later
on. This 1is true because heavy equipment (large boilers,
furnaces, heavy-duty engines) is concentrated in relatively few
MACROCONSUMERS.  Thus, if the industrial plants of the universe
are ordered according to decreasing consumption, a distribution
like the one shown below is obtained:
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- 17 of the establishments account for 80% of total con-
sumption

- 104 of the establishments account for 95% of total con-
sumption

- 1Z of the establishments account for 60% of electricity
consumption, 70Z of diesel consumption, and 90% of fuel oil
and coal consumption

These figures, which are only of an indicative nature and may
vary from country to country, nevertheless express the order of
magnitude of a widely accepted rule which, due to 1linguistic
simplicity, may be termed the LAW OF ASYMMETRIC PROPORTIONS.
This means that the distribution function of the two properties
which characterize the population is totally asymmetric and can
be located in the upper part of the diagonal, as observed in

Figure II.4.

This rule of assymetry varies, however, when applied to the
different branches of industry; the largest assymetries appear in
the most numerous subsectors, e.g., food, textiles or chemicals,
In subsectors represented by a few large-capacity units, such as
cement or iron, the curves approach the diagonal, reflecting the
fact that consumption per establishment has a similar order of
magnitude. When . the subsectors are joined, the most numerous
ones nevertheless impose asymmetry on the group as a whole and
this property is tapped to make a sample design providing good
representativity, overall and by branches.
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FIGURE TI.6

Relation between Industrial Consumption Levels and Number of

Establishments - Law of Asymmetric Proportions

100 %
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3. Guidelines for Sample Design

Even though no strict design applicable to all of the countries
can be established, since it depends on the collection of pre-
vious information, . it is possible to establish general criteria
on which to base this design. In order to develop the ideas
which follow, some very general hypotheses are taken; met in a
large number of countries, these are as follows:

Hypothesis 1- The country has an economic survey on the manufac-
turing industry, which is done periodically and
which provides information for the two-digit ISIC,
both on the number of existing establishments and
on the main economic features (employment, produc-
tion, value added, ete.).

Hypothesis 2- The aggregate sales of electricity and fuel made
by the firms of the sector by subsector and in two
digits are known. '

Hypothesis 3- The aforementioned law of asymmetric proportional-

ities between energy consumption and number of
industrial establishments.
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Under these hypotheses, it is necessary to apply a technique of
STRATIFIED SAMPLING WITHOUT FIXED VALUES. The first thing that
must be done is to stratify the population; since consumption is
not known before sampling is done, the population cannot be
stratified on the basis of consumption. However, some economic
variable  that is assumed to be strongly correlated to
consumption, such as the ones already mentioned-- value added,
production wvalue, number of employees, fuel and Ilubricant
consumption, etc. Notice that a correlation variable is needed,
but this does not imply that it has a deterministic relation to
consumption: the relation is statistical. Stratification by
correlation works well, and it is convenient to do a posteriori
corrections to include those macroconsumers (presumably few)
which statistically speaking remain outside the chosen selection
criterion.

Once an adequate variable has been chosen, it is necessary to
define the cutoff intervals for forming the strata, i.e., what
the ranges for grouping the establishments according to this
variable will be. It is very difficult to provide a general
mechanism for making the cutoffs, and it is best to treat the
problem as a case study. For example, if a survey shows that the
industrial plants that have more than 200 employees represent 70
or 807% of the value added of the sector, that group is defined as
the UPPER STRATUM; the other strata are derived somewhat arbi-
trarily according to the implicit share of the wvariable; for
example: 200-150 employees, 150-100, 100-50, fewer than 50.

What is important is to isolate the upper stratum, which will be
of OBLIGATORY INCLUSION and which will have a sample size equal
to 1% of the total population. This stratum 1is expected to
account for 80% of coénsumption and, since all of the elements are
being shown, the variance in the estimators will be equal to zero
and the results will have a 1007% reliability. It does not matter
that this upper stratum concentrates, for example, 1007 of the
cement plants and only 0.5% of the food plants since the latter
will presumably account for 70 or 807 of the consumption of their
branch. For the rest of the strata, it is recommended that a new
subdivision be done by subsectors. Thus, 30 or 40 new strata,
containing approximately 997 of the establishments, will be ob-
tained. Here, there is a division of possible approaches to
follow for completion of the sample; this depends on the ‘quantity
and precision of the existing information and on the objectives
of the study. For example:

- If consumption by products and subproducts can be calculated
reasonably well through statistics on sales and distribution
by the firms, it is sufficient to sample only the wupper
stratum and to expand the results by end-uses, equipment and
efficiency, against this consumption, for each one of the
branches of industry. This is a valid procedure as long as
the  sample estimators indicate the DOMINANT END-USES BY
SOURCES AND BRANCHES. For example, if 100X of the diesel
0il that is used in the foods industry in the upper stratum
is for generating steam, 1t can be expected that the same
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The methodology explained thus far can be applied ‘conven~-
iently to a centralized industry. In general, the so-called
rural industry (bakeries, brickmakers, boilers, block brown-
sugar factories, fermented beverage plants, etc.) do not
form part of the systems of economic surveys nor of national
accounts. This type of industries, which many times consume
large amounts of low-efficiency, non-commercial energy, con-
stitutes a special subpopulation, about which nothing is
usually known. The survey to be done therein can usually be
dealt with by applying only Module V (direct heat), since it
furnaces which operate with discontinuous loads
(batches). The production value is estimated on the basis
of the number of loads produced in a year. In the case of
these industries, the sample designs should be based on the
features of more remote settlements, such as production of
bricks, bread or lime in artesan-level units, and one should
proceed with pilot surveys and investigations in order to
gauge the order of magnitude prior to sampling per se.

comprises

As has been seen, the execution of a stratified sample depends on
possibility of ordering the industrial establishments of the

according to a criterion which is expressed by some
correlated to consumption. In this stage of sample
care must be taken and we can affirm that, if a

the resulting sample sizes will
universe,

the
population
variable

design, utmost
good stratification is attained,
fluctuate between 1% and 2% of the individuals of the
with levels of reliability between 90 and 95% for the main varia-

bles.

sample design 1is necessary, but not

It is also necessary to assure that
the collected data are correct, and this is done through visits
by specialized surveyors to the industrial plants. These survey-
should preferably be chemical, mechanical or process engi~
neers and, only through dialogue with their colleagues in the
industry, will they be able to transform a not always well-
organized mass of data into the systematic information require-

ments of the data sheet.

In any case, a good
sufficient, for success.

ors

4.

In order to guarantee the consistency of the data gathered with a
form like the one in Figure II.3, an energy balance must be done
for each plant, wusing a form like the one in Table 1I.3, and

preferably using a computer program.

Guidelines for Data Processing and Sample Expansion

The facilities and drawbacks presented by computerized processing
described in Chapter IV of the Base Document; it only re-
mains to be mentioned that an exhaustive investigation should
be carried out on the possibilities of the computers, languages
and packages available, as well as of the administrative and

reading formats.

were

manual consistency processing for all of the physical flows

Take
or take the input flows into

at the level of final consumption,
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the transformation equipment. As for the output flows, which
correspond to what has been defined as intermediate usefu% con-
sumption, these should be checked together with the efficiencies
of production. Furthermore, it is very probable that in most
cases the output flows of direct heat, mechanical force and steam
will not be calculated on the basis of adopted efficiencies,
gince there are no registers at the exit of the transformation
equipment. A careful analysis of the efficiencies declared by
the industrialists should therefore be done, and all of those
values which fall outside the ramge should be rejected. It is
sometimes better to adopt average -efficiencies for groups of
industries having transformation equipment using similar technol-
ogies and to apply these to the individveal plants. By applying
these efficiencies to final consumption by use, the intermediate
useful consumption is obtained. Then, the efficiencies of use of
the intermediate forms are analyzed to obtain useful consumption

and losses.

The energy balance by plant indicates whether the survey under
analysis 1is correct or not. There are two types of sources of
exrror: FRRORS 1IN DATA COLLECTION AND ERRORS IN DATA HANDLING.
The former are solved by resampling and the latter are detected
by means of a consistency program. Once all of the errors have
been detected and taken care of, there are consistent surveys, in
which the following can be verified:

- The net energy input for each source is equal to the sum of:
direct or indirect auto-production, non-industrial final
consumption, and industrial final consumption.

- Industrial final consumption for each source is approximate-
1y equal to the sum of final consumption by end-uses.

- The measured or adopted efficiencies of production have
acceptable values, 1in keeping with the technology o¢f the
transformation equipment.

- The efficiencies of end-use adopted are in line with the
results yielded by the energy audits, in the event that
these have been done. Otherwise, standard patterns can be
adopted or 100% can simply be taken until there is better
knowledge about the problem.

The second stage consists of expansion of the sample by means of
the application of inferential statistical techniques to deter-
mine the population estimators of the energy balances. Here
again there is an option for approaches, depending on the charac-
teristics of the country under study. Rather than doing a case
study under hypothetical conditioms, only general processing
guidelines can be given.

Tt 1is useful to work with the AVERAGE PARTICIPATION COEFFICIENTS
for each source in each end-use for each subsector.
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These coefficients, through hypothetical examples, express that:

- 100% of the natural gas in the cement industry is used for
heat

- in the foods industry, 70% of the fuel oil goes into steam,
.20% into heat, and 10% into mechanical force

- in machinery and equipment, 65% of the electricity goes into

mechanical force, 207 into heat, and 15% inte lighting, etec.

From the statistical point of view, the foregoing values repre-
sent SAMPLE MATHEMATICAL EXPECTATIONS and will be taken as
POPULATION EXPECTATION ESTIMATORS, whenever the ESTIMATED VARI-
ANCE of these estimators is low. In other words, to produce the
value added of the group, the members distribute the sources
among the end~uses in a similar way, at least in a given region
where there is sufficient supply of this energy. When the energy
endowment among the end-uses in a group is net very wuniform, it
is because the group is not homogeneous. In general,
heterogeneity disappears the more refined the <classification,
Further refinement should be sought by 1ncorporat1ng a third or
fourth digit of the ISIC classification.

In general, these participation coefficiencts for sources in end-
uses will be independent of the size of the plant and they will
actually reflect the characteristics of the transformation pro-
cesses . in groups of plants that work with given energy needs for
given manufacturing technologies. They will not depend on substi-
tution among energy sources, and they may be applied to an his-
torical time series of consumption by energy scurces.

Example: if 70% of the natural gas and fuel o0il is earmarked for
steam, this percentage continues to be valid even though the gas
has dincreased to 4% annually and fuel oil has declined to 10%
over the last ten years. The coefficient expresses end-use under
given conditions of supply: dif fuel o0il is consumed, 70% is used
in steam; if gas is consumed, 70% also goes to steam, but it does
not matter how much of either fuel is consumed.

It is thus important to be able to characterize all of the sample
by means of a MATRIX OF PARTICIPATION COEFFICIENTS of minimal
variance and to do a diagnostic of sample data. Until one 1is
sure that these coefficients are capturing the homogeneity, if
necessary, they can be tested or rejected by applying more or
less complicated statistical tests, according to the situations.

Since these coefficients are stable over time, at least .while
there are no substantial changes in the industrial production
processes, they provide both a basis for sample expansion through
historical time seriesg, and a tool for forecasting future demand.
In this methodelogy, it is of interest to underscore their capac-
ity for end-use in sample expansion.
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1f the country has an historical series of consumption by sources
and subsectors, it will then be sufficient to multiply these
gseries by the respective coefficients in order to draw up series
of final consumption by end-uses and useful consumption by
sources and by end-uses. The problem of expanding end-use on the
basis of known consumption is thus resolved.

I1f the country does not have a gseries, one should be constructed
on the basis of the survey discussed herein and then the same
procedure of multiplication by the participation coefficients is
followed. Now we are facing a more complicated problem, which
could be stated as follows: aimultaneous expansion  of uses and
consumption by subsectors, assuming that total consumption by
sources is known. ‘

The sample provides fimal consumption by sources and subsectors.
To go from there to final consumption for the population, several
expansion methodologies may be applied, depending on the parti-
cular circumstances of the country under analysis. The simplest
case is to suppose that the sample distribution is applied to the
entire population, and then the total consumption by sources is
multiplied by the sample shares for the sources in the subsec-—
tors. This simple method yields good approximations when the
sample has covered 90% or more of consumption, but it has the
drawback that it cannot be used to reconstruct an historical
gseries, since one could hardly sustain that if the same sample
had been taken five years before, the percentages by subsectors
would have been the same. Unlike what happens with the partici-
pation of end-uses within a subsector, +hese are not stable over
time, since the historical evolution of the branches of industry
is not usually homogeneous. Application of another resource con-—
sisting of the search for some relation’ between the expanded
consumption for the year in which the survey was done and some
economic indicator of industrial production by subsectors is
commonly used, for which there are historical data and the
historical series of consumption is - thus reconstructed. - The
drawback is that the consumption series and the indicators need
to be correlated in order to determine the parameters which will
be used in the demand projection models.

The most general procedure, and the most complicated, consists of
following the guidelines of stratified sampling. Given 1ts
particularity for trying to explain a large variety of situations
which can arise, it is indicated by means of a very simplified
example. Let us suppose that in a country there . are 10,000
industrial establishments whose fuel oil consumption is 1,000,000
barrels; that 200 units have been sampled, of which 100 belong to
the stratum of obligatory inclusion, and the other 100 to a
second stratum. The first stratum yields a sample consumption
(equal to the population) of 800,000 barrels, which are
redistributed equally by subsectors. There are then 200,000
barrels left for distribution. The sample consumption of the
second. stratum shows given consumption per capita by subsector,
which when multiplied by the respective number of establish-
ments, and added yield a consumption of 350,000 barrels instead
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of 200,000. The error is due to the large variance and this is
in turn due to insufficient stratification. It is to be expected
that a more refined stratification would lead to some per capita
consumption which would yield a distribution by subsectors, the
sum of which would be close to more than 200,000 barrels, but
there would always be a difference to be corrected. What is’
important is to set & 1limit of acceptability between the dis-
tributed sum and the real value and then to accept the latter as
the sum, maintaining the shares suggested by the sample. Rela-
tively large errors can be accepted, since they will only affect
20% of consumption, whereas the remaining 807 is exact.

Tor reconstruction of historical time series by subsectors,
assuming the industrial consumption by sources of energy to be
known, it 1is recommended that the following resource be used:

when taking the complete sample for a given year, questions can

also be asked about historical informgtion, “only for Modules II
and ITI and the part of electric power auto-production with steam

in Module IV. Hence, an historical estimate can be made of net
energy input and its components for the groups of firms which
provide this information, With this, annual participation 18

obtained by sources and by subsectors, and these are applied to
industrial consumption by sources.
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CHAPTER 111

APPLICATIONS

1. Ceneral Considerations

This chapter applies the methodology presented previously to somi
specific countries. As examples, the cases of' Colombia. an

Brazil are presented, since they are two countries of Wlde%y
available information on the topic. The case of' Col?mbla is
obviously very closely tied to this met?odology, since 1its mgs;
immediate antecedent is the study on industrial surveys carrie

out within the Energy Information System (EIS) of Ithe Natloqal

Energy Study (NES).

The data for analyzing the case of Brazil were taken from thﬁ
publication "Preliminary Report on the Useful-Energy Balance

(August 1984).

Some differences were found with respect to the proposed
methodology 1in terms of disaggregation by subsec?ors and some
values assigned to efficiencies. For example, 1t ?an b? seen
that the case of Brazil does not register consumption 1in the
subsector ''Wood and Furniture". Furthermore, 'the subsector
"Machinery and Equipment” -does not appear clearly in the balance

included in the aforementioned publication and the sector.

"others", unlike in Colombia, where it appears with very
significant levels of consumption. In order to offer e%emen?s for
clearer criticism, the adopted disaggregation 1is detailed in the
following table:

‘ Cemento
ement .
iron ' Ferroguca e Ago, Ferroligas,
Mineracac e Pelotizacao
Machinery o
Chemicals Qu%mlcos
Foods,... Alimentos,...
Textiles,... Textl}g...
Paper,... Ceramica
Others : Cutros

In relation to energy products, the following equivalencies have
been taken:

Naturél Gas Gas Natural
Coal Carvac Vapor
Firewood Lenha .
Diesel 0il Oleo diesel
Fuel 0Qil Oleoc combustivel
i fied Gas Gas licuado .
é;gg;ine Naftas (comsidered negligible)
Kerosene . Kerosene
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Industrial Gases Gas

Coke Coque de carvao mineral
Electricity : Electricidade

Charcoal Carvao vegetal

Vegetable Waste Bagaco de canha

Recovery Qutras fontes primarias e se-

cundarias

It is possible that there have been errors of interpretation in.
the. assignation of subsectors and products, which could be

corrected after the review of the preliminary document with a
view to a final version.

The treatment given to the two cases examined is exactly the same
and consists of:

- generation of a file containing final consumption by
subsectors and by sources

- generation of as many files as subsectors containing the
coefficients of participation by sources and uses and the
levels of adopted efficiencies.

Through a computer program, the information from the two files is
read and combined, and the form for the useful-energy balances
for the industrial sector are prepared.

The base data come in both cases from a broad survey plan carried
out in the respective countries. '
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TABLE II-9

INDUSTRIAL SECTOR

FINAL FUEL CONSUMPTION - BRAZIL
YEAR: 1983 UNIT: Tecal
FoOD  TEXTILE SHOES  WOOD PAPER CHEMICALS CEMENT STONE IRON MACHINERY OTHERS TOTAL
BEVERAGE APPAREL LEATHER FURNIT. PULP GLASS

NATURAL GAS .01 - .00 .00 .00 100.00 4770.00  230.00 30.00 1090.00 .00 .00 6220.00
0OIL : .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
COAL 1560.00 99.97 .00 .00 1089.00 1380.00 9289.99 119.99 550.03 -.00 .00 14289.00
FIREWOOD '15210.00 1590.00 .00 .00 5180.00 770.00 .00 11419.99 .00 50.00 50.00 38920.00
VEG. RESIDUES 40010.01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 40010.01
ELECTRICITY 6030.00 3240.00 .00 .00 4430.00 7990.00 1950.00 2500.02 12770.00 10170.00 11190.00 60270.02
LIQUEFIED GAS3 180.00 40.00 .00 .00 40.00  799.99 .00  330.00 430.00 .00 680.00 2500.00
KEROSENE 230.00 250.00 .00 .00 40,01 70.00 .00 70.00 250.00 .00 540,01 1450.01
DIESEL OIL 1210.00 80.00 .00 .00 150.01 2130.00 340.00 69.99  2279.99 .00 1350.00 7610.00
FUEL OIL 8860.01 4570.00° .00 .00 5710.00 16220.00 5390.00 4010.00 14420.00 1760.00 7720.01 68660.01
COKE .00 .00 .00 .00 .00 .00 .00 .00 32390.02 30.00 660.00 33060.02
CHARCOAL - .00 .00 .00 .00 .00 .00 3999.97 .00 31039.97 1000.02 .00 36039.96
INDUSTRIAL GAS 160.00 20.00 .00 .00 10.00 .00 .00 .70 6030.00 200.00 350.00 6840.00
. RECOVERY .00 .00 .00 .00 .00 220.00 470.00 00 500.00 2320.00 80.00  3590.00
TOTAL 73450.00 9889.99 .00 .00 16750.00 34350.02 21669.97 18620.00 101750.01 15530.00 27470.00 319480

.00




YEAR: 1983

TABLE II-10

INDUSTRIAL SECTOR

PARTICIPATION AND EFFICIENCY OF FUELS FOR END~USES - BRASIL

STEAM

FINAL

DIRECT HEAT MECHANICAL FORCE OTHERS OTHERS

PARTICIP. EFFICIENCY PARTICIP. EFFICIENCY PARTICIP. EFFICIENCY PARTICIP. EFFICIENCY

NATURAL GAS .00 .00 .00 .00 .00 .00 .00 .00
OIL .00 .00 .00 .00 .00 .00 00
. .00
COAL 86.30 60.00 13.70 10.00 .00 .00 .00 .00
FIREWOOD 86.10 60.00 13.90 10.00 .00 .00 .00 .00
VEG. RESIDUES 100.00 60.00 _ .00 .00 .00 .00 .00 00
ELECTRICITY 77.70 95,00 15.50 37.00 6.20 90,00 00
. . . 30.40
LIQUEFIED GAS .40 65.00 70.80 27.00 28.80 25.00 .00 .00
KEROSENE . 1.80 80.00 198.20 27.00 00 00 0
. . .00 .00
DIESEL OIL 12.70 80.00 26.40 27.00 60.90 35.00 .00 .00
FUEL OIL 86.90 80.00 13,10 27.00 .00 .00 .00 .00
COKE | .00 .00 .00 .00 .00 .00 .00 .00
CHARCOAL .00 .00 .00 .00 .00 .00 .00 .00
COKE GAS .30 80.00 99.70 27.00 .00 00 00
'RECOVERY ‘ : ' -00
: .00 .00 .00 .00 .00 .00 .00 .00
TOTAL .00 .00 .00 .00 .00 .00 .00 .00
INDUSTRIALSECTOR::
INDUSTRIAL ENERGY CONSUMPTION - BRAZIL
1983 UNIT: Tcal
1dustrial Subsector Natural Fire~ Plant Total Elec- Liquefied Diesel Fuel Indus, Total
e Gas 0il Coal wood Waste Recovery P.E. tricity Gas  Kerosene 01l 0il Coke Charcoal Gases §.E. TOTAL
yod, Beverages and Tobacco 0 0 1500 15210 40010 0 56700 6030 100 230 1210 8860 0 0 160 16670 73450
ceam 0 0 1346 13055 40010 0 54452 4085 1 4 154 7699 0 70 0 12544 66996
irect Heat 0 0 214 2114 0 0 2328 935 127 226 319 1161 0 0] 160 2928 5855
sehanical Force 0 0 0 0 G 0 0 374 52 0 737 0 0 0 0 1163 1163
thers 0 0 0} 0 ] 0 0 36 0 0 0 0 0 G 0 36 36
extiles and Apparel 0 0 100 1590 0 0 1690 3240 40 250 80 4570 0 0 20 6200 9890
team 0 0 6k 1590 0 0 1654 130 7 28 35 4533 0 0 0 4794 6448
irect Heat 0 Q 35 0 0 0 35 32 26 le2 32 37 0 0 20 310 345
echanical Force 0 0 0 0 0 ¢ 0 2884 6 0 13 0 0 0 0 2903 2903
thers 0 0 0 0 4] Q 0 194 0 0 0 0 0 0 0 194 194
aper and Pulp 10C 0 1090 5180 0 0 6370 4430 40 49 150 5710 0 0 10 10380 16750
team 100 0 1090 5170 0 0 6360 377 Q 40 10 4984 ¢ 0 0 55312 11772
irect Heat 0 0 0 10 0 0 10 84 14 0 59 725 0 0 10 832 923
iechanical Force C 0 Q 0 0 0 0 3836 25 0 81 ¢ 0 0 0 3942 3942
thers 0 0 0 O 0 Q 0 133 0 0 0- 0 0 0 0 133 133
hemicals 4770 0 1372 770 0 220 7132 7990 800 70 2130 16220 0 0 0 27210 34342
S team 0 0 627 479 0 220 1322 376 262 5 731 14290 0 0 0 15664 16986
Jirect Heat L7770 0 745 294 0 0 5809 336 526 65 935 1930 Q 0 0 3792 9601
fechanical Force 0 0 0 0 0 0 0 6336 11 0 464 ¢ 0 0 0 6812 6812
Jthers 0 0 0 0 0 0 Q 943 Q 0 0 0 G 0 O 943 943
Cement 230 0 9290 0 0 470 9990 1950 0 0 L0 5390 0 4000 0 11678 21670
Steam 0 0 0 0 0 0 0 2 0 0 1 162 0 0 Q 165 165
Direct Heat 230 0 9290 0 0 - 470 9990 113 0 o 2 5228 0 4000 0 9344 19334
Mechanical Force 0 0 0 0 0 o 0 1776 0 0 337 0 0 0 0 2113 2113
Others 0 0 0 0 0 0 0 59 0 0 0 4] 0 0 0 59 59
Stone, Glass and Ceramics 30 0 120 11420 0 0 11570 2500 330 70 70 4010 G 0 70 7050 186
Steam 0 0 0 0 0 0 0 5 0 1 3 100 0 ] 4] 110 110
Direct Heat 30 0 120 11420 0 0 11570 855 327 69 38 3904 0 0 10 5268 16938
Mechanical Force 0 0 0 0 0 0 0 1625 3 Q 29 0 0 0 0 1658 1658
Cthers 0 0 0 0 0 0 o] 15 0 0 0 4] 0 0 0 15 15

et o i e A o £ B e e U8 e B o . o P e e
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CHAPTER I

DEFINITIONS AND BASIC CONCEPIS

1. Disaggregation by Subsectors

From the standpoint of energy planning, the need to disaggregate
t@e residential sector into Rural and Urban subsectors is justi-
gled on the basis of consumption profiles differentiated accord-
ing to energy sources and on the basis of the reality of the
large migratory movements in a rural-to-urban direction currentl
existing in the region. 7

The urban residential sector uses more energy sources whose
production, distribution and pricing are controlled by large
enterprises and by the State, whereas rural residential con-
sumption is more intensive in the use of uncontrolled forms of
energy such as firewood, charcoal, agricultural wastes, etc.

For their part, the migratory movements from rural areas to urban
areas have a heavy impact on the demand for controlled energ
(such as electricity and liquified petroleum gas) and thus conZ
stitute an important planning parameter. '

EYentua%ly, it will be possible to opt for greater disaggrega-
tion: 1?to 9rban, small urban, and rural subsectors, which might
b? more in line with the features of population distribution in a
given country. '

At any rate, it is important for the definition of subsectors to
be the one adopted in each country for carrying out censuses or
gousehold suiveys, since this considerably facilitates making
ata compatible and probably reduces the need f i i
or £ -
e iong ield investi

It is worthwhile to note that the subsectors proposed herein are
nﬁt made up of homogeneous groups of consumers and, furthermore,
t ere. are large disparities in consumption within these, as a
function of levels of income. :

2. Disaggregation by End-Uses

Within the subsectors under consideration, energy is conéumed to
meet’ the different needs of equipment using quite diversified
sources. The present document will conmsider disaggregation b
thg following energy end-uses and equipment associated with thesz
end-uses:

- Heating

Energy consumed for space heating in homes, hot-water radia-
tors, electric radiant heaters coupled with fans or not, gas

168

heaters, coal heaters, etc.
Air Conditioning/Ventilationm

Energy used to run electric air-conditioning units, fans,
air circulators, etc.

Cooking

Energy allocated for cooking on or in stoves, burners,
isolated conventional or microwave OvVens, immersion heaters.
otc. whethey electric or run on fuels. )

Water Heating

Energy whose destination is heating water for personal or
household use, 1in electrical showers, cumulative or flow-
feed heaters, whether electric or run on fuel.

Refrigeration

Energy consumed to refrigerate food in electric or fuel-run

refrigerators, freezers, etc.

Mechanical Force (electrical appliances, water pumps
and others)

to operate electric or fuel-run motors for

Energy used
blend-

different types of equipment, such as water pulps,
ers, waxers, vacuum cleaners, etc.

- Lighting

Energy consumed in internal and external lighting for
homes, in incandescent , fluorescent or vapor (mercury or
‘sodium) lamps. gas or kerosene-vapor lamps, wick lamps
using kerosene or other oils, lanterms, battery-run lamps,

candles, etc.

- Radio-Electronics

Energy used in laser, communications and information equip-
ment such as televisions, radios, micro-computers, etc.

- Others

Energy used in electrical equipment and others.

3. Final Energy, Useful Energy and Efficiencies

Final energy is. that consumed in the home to satisfy given needs,
which may be lighting, food refrigeration, water heating, etc.
The problems related to final energy appear in the digaggregation
of this consumption by end-uses, since there are difficulties in
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determining the values consumed for each end-use. For example,
in the case of electricity, there is no problem in knowing the
total monthly consumption in a household, since it is measured by
the distributing -company (utility) and recorded for billing
purposes. However, within the home there are not meters for the
consumption of each device. In order to disaggregaté the
consumption of this source, it is therefore necessary to investi-
gate the real potential of the different electrical appliances
and the consumption habits of the members of the household. The
same thing may occur with other sources, such as the tank of
liquefied petroleum gas, which may be connected so as to feed
simultaneously into more than one device (e.g., the stove and a
water heater). Here, also, the total monthly LPG consumption can
easily be obtained, but its disaggregation by devices will depend
on knowledge about the variables which determine consumption in
each one of these devices. '

For its part, the concept of useful energy involves some problems

related to measurement of the efficiency of energy tramsformation
in the equipment, thus requiring a more in-depth discussion.

In an ideal thermodynamic machine (reversible processes), the
relation between the work that can be recovered (dW) wusing a
certain amount of energy (final energy dQ ) is known as
thermodynamic efficiency and may be expressed as a function of
the temperaturs of the hot and cold sources, as follows:

aw T¢
N = [REy—— = ]_ -— —— ) (1)
(-dQ) T
where T¢ > T, The case of T® < T, corresponding to refrigera-

tors and heat pumps, will be dealt with further on. For the
machines which carry heat from a hot source to a cold source,
efficiency is always less than the unit (n <l), so that part of
the energy consumed is dissipated in the form of heat 1in the
. environment and the rest can be tapped. The latter part, which
is actually utilized, can be termed useful energy, Ey. There~-
fore, the relation between useful energy and final energy is
given by:

Ey =nEg (2)

Since real machines do not work with reversible processes, nor
- with a succession of reversible processes, their efficiency is
always lower than thermodynamic efficiency, the latter being the
maximum theoretical 1imit for the efficiency of a machine or
thermal device.

Refrigerators and heat pumps are pieces of equipment which
displace heat from a cold source to a hot source. The thermo-
dynamic efficiency of this type of equipment, defined in a way
analagous to.the one above, is usually known as the coefficient
of performance, and may be expressed as: g
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_dQ TC ,
FE - - —— [ ——
-dW Th . 7€ 3
where!
(r¢ < 18

The coefficient of performance assumes values larger than the
unit ( n > 1). Real refrigerators and heat pumps always have
values lower than those calculated by this formula, since they
do not work with quasi-static processes..

For this type of equipment, useful energy; as defined previously,
willl be expressed in the following way: :

E, = nEg (4)

assuming values always larger than those for final energy.

More generally speaking, we can define the efficiency of any type
of energy-converting equipment as the relation between the energy
or work recovered at the outlet of the eguipment and the energy
consumed to do this work or to generate this new form of energy.
We will thus have a conceptually homogeneous definition for all
of the end-uses described in section 2 of this chapter. This
generalization will permit measurement of this parameter din a
more or less simple fashion, even for the generation of

mechanical force and lighting.

The different types of energy-converting equipment can be divided
into two systems: in conversiom per se and in energy end-use. Im
the case, for example, of water heaters with storage units, the
electricity or fuel is used to heat water in a tank; when a
faucet is opened, the heated water must travel through the pipes
until reaching the point of use, so that we may think of an
efficiency of transformation of the electricity or fuel into heat
(sometimes known as efficiency of production) and of an efficien-
cy of use which, in the example, is due to heat loss through the
insulation of the walls of the tanks and the pipes. A generic
scheme illustrating this situation can be seen below:

FIGURE III.1

SYSTEM A: | | SYSTEM B: |

I
Final [ ENERGY ] | PROCESS | Useful
Energy JCONVERSIOR]{ .| OF ENERGY | Energy
Demand M I ’IUTILIZATION] | Demand

I I

SYSTEM A + B

Sovme] ot ) —] — f— p—
] f— — p— — po—
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Several types of energy-conversion equipment , im practice, are
separated into two systems: conversion and application or use of
energy. The difficulties in measuring the efficiency of System
A 4+ B" have led to the preparation of some useful-energy balan-
ces which include only the efficiency of System A, sometimes
known as the first transformation (in the case of the balance of
the OECD, for instance, where useful energy is defined as that
recovered by the final consumer at the outlet of the ‘conversion
devices). When this limit is taken for the system to be meas-
ured, various simplifications are possible , the most important

of which are those related to refrigerators, air conditicners,.

and heat pumps, where the efficiency of electric motors and not
that of refrigeration systems as a whole is measured; similarly,
for the equipment which generates mechanical force, the measure-—
ment is concentrated in the motors, ~ omitting the information
related to the efficiency of the equipment for application of the
mechanical force, such as the blades of a fan or a water pump,

etc.

Therefore, as in the case of the_Residential Sector, the effi-
ciency of the equipment used (on side A of the figure for System
"A 4 B") can be determined in a relatively simple way with lab-
oratory measurements, and it is possible to include this informa-
tion in the OLADE balance, taking the efficiency of conversion as
though it were the overall equipment efficiemncy.

It 1z even possible to include a measurement of the additional’

losses derived from the habits of equipment use, defined as the
relation between equipment consumption under dideal and real
conditions. In practice, this.relation can be taken as equal to
the unit for most end-uses, excluding perhaps cooking and space-
conditioning equipment, due to this "poor use™ which could entail
a substantial increase in energy consumption. The concrete
conditions for preparing the balances for each country will
indicate up to what point the measurement of efficiencies should
go. In any case, it is suggested that in the first stage of
application of the methodology only efficiencies of production be
applied, leaving for later stages the determination of
efficiencies of use and the application of overall efficiency.

In order to determine useful energy, it is necessary to know:
- the main types of devices used by final energy consumers;

- the amounts of final energy really consumed in these de-
vices; and,

- the efficiencies of these devices under mnormal operating
conditions.

The first two requirements are the subject of analysis in Chapter
2 of this sector document. The efficiencies of the devices  can
be the subject of specific research in each country, in view of
the fact that experience shows that the real values encountered
in practice are frequently different from those indicated by
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manufacturers. Since it is impossible to measure this perfor-
mance, it 1s preferable to use the information available in
studies carried out previously or, when this is lacking, informa-
tion from technical literature at the level of manufacturers.
Some indicative values are presented in Table TIII.1.

4, Energy Balance Applied to a Residential Unit (Household)

Energy is bought, gathered (in some cases, such as firewocod and
vegetable wastes) and occasionally generated (in a few cases
within the rural subsector), ‘thus forming the Net Energy Input
(NEI), which is the energy that enters the household, disaggre-
gated into several sources and then transformed into wuseful
forms. For those househelds which also render small services or
produce goods that demand energy, this consumption should be
subtracted from the NEI and transferred to the corresponding

. sector, so as not to create errors in the determination of the

sector§ consumption. The NEI will be disaggregated into - the
following sources:

LE - Firewood
RV - Vegetable Wastes
EE - Electricity
GL ~ Liquefied Gas
KJ - Kerosene
CV - Charcoal

etc,

This 1list dincludes only those energy products of major con-
sumption, although practically all of the sources considered in
the OLADE balance could appear in the residential energy con-

‘sumption.

The NEI can_ be considered equal to the final consumption by
sources since in most cases there are mno stocks; when these
exist, they are negligible with respect to the emergy consumed
annually, '

Final consumption by sources cam be related to final consumption
by end-uses. The consumption of the electrical devices which
account for the different end-uses of energy in the home
{(refrigeration, space conditioning, lighting, mechanical force,
etc.) will be aggregated and related to the final electricity
consumption which appears on the electric power bill; in the same
way, fuels should be considered according to the different end-
uses and related to final household consumption. ‘

The analytical procedure for carrying out the above is 1il-
lustrated in Figure II11.2. Work starts with final consumption by
sources, which should be coherent with the disaggregation of
consumption by end-uses. in the lower part of the figure, the
totals for final consumption by end-use and useful consumption
are calculated as the sum of fimal consumption weighted by the
respective efficiencies of production. Finally, losses are cal-
culated as the differences between final and useful consumption.
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TABLE III.1
RESIDENTIAL SECTOR

ENERGY . CONVERSION EFFICIENCY
(Taken at the outlet of the first conversion)

Water heating electric 90-93%

without storage: : gas 50-65%
Water heating electric 65-807%
with storage: gas . 45-50%
Cooking: gas oven , - 40-50%
electric stove . 40-80%
wood stove 5-20%
charcoal stove 7-25%
gas stove . 7-9%
conventional elec~
tric oven 10-25%
microwave oven 35-42%
wood oven 2=7%
Lighting: incandescent lamp 2-3%
fluorescent lamp 7-18%
mercury-vapor lamp 8%
sodium-vapor lamp 16%
fluorescent bulb 40%
gas lamp 0.5-1%
kerosene lamp 0.1%
Heating: electric 100%
, coal 5-10%
fireplace 2-5%
gas 50-65%
Electric Motors: (refrigerator, air

Note:

conditioner, air cir-
culator, drive-~force
generators in general) 70-90%

Large dintervals have been adopted in order to include a

larger number of observations.
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This procedure takes into account only the efficiency of the
first transformation. In order to account also for efficiency of
use, it 1s necessary to apply a scheme similar to the one pro-
posed for the Industrial Sector for useful enmergy in an in-

dustrial unit,

5. Energy Balance Applied to the Residential Sector

The energy balance for the residential sector can be presented
with the aid of the diagram proposed din Figure III.2. Different
schemes should be worked out for the subsectors (2 or 3, accord-
ing to point 1 of this chapter) and for the entire sector.

In addition to these, an auxiliary chart should be presented with
the efficiencies considered by use and by source, so that the
methodology of calculation will be completely clear and will aid
in the task of planning for future demand. This table can be
presented in the format shown in Figure ITI.2, eliminating the
lower part (the lines "Total," "Average Efficiency by Use,"
"Useful Energy Consumption," and "Losses").

These tables represent the final product of the task of preparing
an energy balance in terms of useful energy for the Residential

Sector.
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FIGURE I1I.2
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LOSSES

CHAPTER 1T

DATABASE FORMATION

i. Significance of Sample Surveys

Sample surveys can be defined using a technique which, given a
known universe and a limited number of observations, permits the
inference of conclusions about the entire universe.

Refinement of the statistical theory and development of sémpling

mainly for the purposes of market surveys, assure
larger than those

s0me

techniques,
high levels of reliability, in some cases
possible to attain in observations of the entire universe:
experts in the area of statistics have suggested that the census,

traditionally done once every ten years, could be eliminated with
the execution of annual sampie polls.

The apparent contradiction of affirming greater precision for an
observation done as a sample over one done in the entire universe
reflects the significance and limitations of a sample survey.

sample survey lies in the great difficulty of

'The defense of

observing the entire universe with sufficient detail. For exam-~

ple, in the case of the census, the fact that it is carried out
to be

ten years and the large number of interviews

once every
done call for the rapid training of a large number of interview-
ers and the use of relatively simplified questionmnaires. The low

inevitable

level of detail of the information gathered and the
errors cof chservation committed in the execution end up generat-
ing larger distcertions than these which could occur in 32 well-

planned sample survey.

The opponents of sample surveys, however, point to (a} the diffi-
of carrying out a sample i1f the universe is not known and

culty
possible sample biases that oculd heavily distort the

(b} the
results.

Despite these arguments, for & study on energy end-uses in the
residential sector, the sample survey is without doubt the most
appropriate data~gathering technique. The sample offers two

specific advantages:
- With the execution of a small number of surveys (depending

on the size of the country and on its sociosconomic chavac-
teristics, it can be sufficient to do 5000 tfo 30,000}, it

becomes possible to conduct a study which, extended to all
consumers, would be impossible both technically and sconom-

ically;
The limited number of surveys allows the use of broad gques-—

tionnaires and qualified technicilans, to compile a set of
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data which it would not be viable to gather with larger
surveys. '

The major difficulty in the execution of a sample'survej lies, as
noted by dits critics, din the danger of introducing ‘system;ti
selection (drawing) biases which could in turn introduce seriou:
distortions in the results, or even invalidate them. The onl
way of reducing errors to a minimum are (a) previous study of thz
universe, permitting the review of the results, and therefore
discovering possible distortions and (b) elaboration of sim 1
and reliable selection techniques. oee

It would be impossible in a few short pages to discuss the diffe-
rent techniques used, the exhaustive treatment of which would
d?mand a separate document, Consequently, the Present document
limits itself to providing some specific indications and to
underscoring the main elements which characterize a sample surve

in the area of energy end-uses in the residential sector. 4

The first indication is the recommendation that any survey'to be
conducted has the support of a statistical expert Voperating in
the country and, insofar as possible, methods and subsamples
coherent with those used in the country§ compilation of official

stati?tics. This recommendation is important not only in
assu?lng the tecbnical quality of the project but essential in
Permltting a reliable test of the results of the investigation:
1? is preferable to lose the detail of the geographicai
distribution of energy consumption in non-homogeneous regions
than to generate a consumption distribution in areas 1in which

there are no disaggregated demographic data to verify the

validity of the sample.

The second indication is the need for a previous study of the
universe to be surveyed. The sources which keep a  record of
data of. great significance for the study of residential energ
consumption are scant. When beginning a survey without a preZ
vious review of data, the risk is run of improperly dimensionin
the sample and preparing an insufficient questionnaire,. ¢

As for characterization of 4 survey on residential ener

consumption, it is opportune to note some comments on the part%Z
cu}ar features of this type of teal. The first refers to ‘the
unit which is the subject of the survey, Given the wver
defin?tion of "residential,"” the subject of the study is conf
sumption in the home; the unit of investigation will therefore be
t?e household. It should be remembered that, in given situa-
tlons,' Fhe units of observation can be differént. For example

condominiums present an energy consumption which must be broke;
?own among many households; furthermore, there can be situations
in which consumption must be analyzed in the broadest terms as
in the case of collective residences (boarding houses) or ,com-
munes, According to the country, it is necessary to anticipate
d%ff?r?nt levels of observers, so as to guarantee adequate
significance in the data. In order to have an idea of the weight
that phenomena of this type can have in a survey, it is suffi-
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¢cient to cite the fact that, for the condominiums of the city of
Sao Paulo (Brazil), the average additional consumption per family
among the residents of the apartments is 50 kWh/month, i.e., only
a 1little more than 30% of the average household consumption

citywide (154 kWh/month).

Generally speaking, it can be said that in the life of a house-
hold, energy enters as a source which permits the functioning of
more or less complicated equipment involved in day-to-day living.
Therefore, copnsumption is tied to having equipment and to the
pace and style of the populations way of life. The variable
which most affects consumption is the income of the consuming
unit, since it 1is what determines the possibility of owning
equipment, what the lifestyle will be and, ultimately, what
resources will be available to pay for the energy consumed,

In countries having very highly-stratified income, as im Latin
America, energy consumption (especially commercial energy such as
electricity and petroleum products) can be concentrated in a
small fraction of the countryd population: from 10 to 20% of
the population can be responsible for more than 50% of the total
consumption of the residential sector.

In a2 sample survey, assurance of the representativity of a modest
part of the population becomes extremely difficult, because it
calls for a notable increase in the number of observations to be

“analyzed. Continuing with the example of Sae Paulo, 4df the

survey had not been stratified for consumption but done linearly
for the number of households, it would have been necessary to do
more than 10,000 interviews in order to obtain statistical repre-
sentativity among the major consumers. Through stratification,

the selection was able to ensure the same margin of error with

only 800 interviews.

This highlights the fact that, whenever possible, the investiga-
tion should be with a stratified selection of energy consumption.

Research stratification does not only refer teo the need to be
aware of the largest energy consumption recorded; it dlso implies
the need to have better knowledge about the mechanisms of end-
use. In fact, low energy consumption reflects end-uses aimed at
covering the basic requirements of housing, lighting and cooking.
To cover these, there is little variation: the pace of living
and eating patterns tend to be constant. As consumption in-
creases, other demands are covered and there is greater variation
in equipment and costs. The larger number of surveys to be
carried out with the increase in consumption serves precisely to
assure that this wariation is taken into account.

2. Previous Study of the Universe of Consumers

It is impossible to enumerate all of the sources of  knowledge
about the universe, since these vary from country to country and
from region to region, but they can be grouped into three diffe-

rent categories:
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General Sources
Sources of Information on Energy
Sources of Information on Equipment

(oIS
W N

2.1 General Sources

The primary source of information is constituted by population
censuses, which are carried out in almost all the countries every
ten years. No matter how synthesized, the census offers, at the
very least, a general picture of the consistency and distribution
of the population in the territory, including number of families
number of households, number of members of the family, age ran:
ges, floor space or number of rooms. One essential element
present in most censuses, is the distribution of families as ;
function of income. This element is of great utility because the
qistribution of energy consumption shows a strong correlation to
income. This data can therefore be used to construct a series of
preliminary hypotheses on energy consumption distribution.

The.construction of a series of synthetie census charts, accom-
panied by preliminary hypotheses on energy consumption, permits
an initial picture of the country and the tentative #reparation
of a series of sampling models.

Besides the census, which is the primary source of information

I » ?
there can be specific surveys which are indispensable for obtain-
ing better knowledge about the universe. The surveys which are
done most frequently are: '

- National sample surveys on the economic situation and cost
o? living, These usually collect data on energy consump-
Flon per household and on the weight of energy consumption
?n the cost of living and the family budget. They  are
important not only because of the data which they contain
but also because they offer a proven model for sampling i;
the country. Whenever possible, it is convenient to use
the same techniques, both because they have been proven
effective in the country and because they offer elements
for verifying the quality of the results.

- Local sample surveys which are generally carried out by
local authorities such as prefectures, by regional entities
and by development organizations and which provide detailed
data on given regions.

2.2 Sources of Emergy Information

Eor the commercial sources of energy in general, annual BEEF are
publ%shed by the corresponding ministries or secretariats (ac-
cording to the country: Mines and Energy, Energy, Industry and
Trade). The data are usually available with different levels of
territorial aggregation or by sources.
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The cross-referencing of socioeconomic data extracted from the
census with the consumption data supplied by territory mnormally
gives a good indication of the energy profile of the country,

‘'with some details on residential consumption by energy source,

thus permitting the reconstruction of elements such as:

- Percentage of residences with electric power, average con-
sumption of such residences, and total consumption of elee-
tricity in the residential sector;

- Distribution and consumption of energy sources of petroleum
origin for residential end-uses, in some cases permitting
identification of cooking, lighting, water and space
heating, mainly by sources such as LPG, kerosene and other

fuels.

The firms which distribute electricity and petroleum products,
whether public or private, can supply data on residential con-
sumption in a more detailed form. It is important to have access
to these data and to the occasional surveys conducted by the
firms, because they usually give a substantially more detailed
disaggregation than the one available at the national level,

The use of biomass at the residential level is usually dif-
ficult data to obtain. In any case, it is important -that offi-
cial sources such as the Ministry of Agriculture or the offices
in charge of forest supervision be consulted.

It is important to remember that all of the information gathered
prior to the investigation will make it possible to better dimen=-
sion the sample and to orient the questionnaire in the most

appropriate way.
2.3 Source of Information on Equipment

Residential energy consumption depends to a great extent on the
equipment utilized. Knowledge about the availability amnd quality
of the equipment used in the country is essential for permitting
a preliminary overview of the country and for facilitating the
preparation of the respective file, The survey on availability
of household appliances can be divided into two parts: one
quantitative and one qualitative. -

From the quantitative point of view, it is possible to review the
statistics on production or impertation available in public
entities and commercial establishments. The latter sometimes
have available market surveys and consumer profiles to support

their marketing policies.

These surveys, despite the fact that they do not supply data
homogeneous with those of official surveys, may permit the con-
struction of consumer profiles and relate the possession of
specific electrical appliances to family income. In market
surveys 1in general, the different variables are analyzed on a
regional basis, making it possible to complement census data.
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Historical data on equipment sales, associated with estimates of
useful lifetime, can permit the construction of preliminary hypo-
theses about the possession of equipment, to be confirmed in the
survey, and other hypotheses on the distribution of energy con-
sumption among the equipment.

A qualitative analysis of marketed equipment offers two justifi-
cations: to facilitate preparation of the questionnaire and
data-gathering and to permit preparation of specific recommenda-
tions for the reduction of energy consumption, once the survey
has been concluded.

The execution of a qualitative analysis of equipment. can be
entrusted to a university research laboratory or another accre-

dited dInstitutionm. In the case of imported equipment, it is
possible to request data from the efficiency tests which are run
in most of the industrialized countries. The most important

types of equipment to be tested are those related to lighting,
refrigeration, water heating and space conditioning. It is
worthwhile to note that the measurements taken in laboratories do
not supply data directly applicable to the field; in general, it
is necessary to introduce correction factors in order to adapt
them to local conditions such as temperature, grid tension, and
calorific value of the petroleum products used.

In testing, it is important to take into account the variables
existing in user behavior that might affect energy consumption,
because these variables should be checked during an interview in
order to obtain more reliable responses. For example, in the
case of an automatic washing machine, it is not important to ask
about the duration of the wash, which could vary according to the
load or the waters intake pressure. Most models have a fixed

specific consumption, depending on the cycle used.

Summarized in a table, the characteristics of the principal
equipment marketed in the country can serve as support 1in the
preparation of the questionnaire and in the residential field
survey,

Once the investigation has been concluded, a comparison of the
consumption of the different types of equipment can permit pre-
paration of technical standards for production, thereby assuring
less energy consumption, or the modification of import laws with
a view to providing incentives for the entry of more efficient
devices.

3. Sampling Methods

After the data on the situation of a country in general, and its
energy situation in particular, have been compiled and analyzed,
plans for samples and selection techniques can begin to be
studied.

Iy

Depending on the availability of data and/or resources, it is
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possible to follow three basic approaches to surve&s and selec~
tions: '

- Survey of all of the residential universe on a geographical:
basis, ‘

- Survey of the universe having electric power, using the

lists provided by the utilities.

- Typological survey, using an intentional selection, choos-
ing homogeneous groups of consumers and attempting to out-
line the energy consumption profile.

A sample of the entire universe may appear to be preferable.
However, in reality, it is a complex survey which can demand a
long time for execution and a great deal of experience in sam-
pling. Its execution could be justified only in countries in
which statistical information is scarce and the electrification
index is lower than 507%. Under these conditions, execution would
become more complex, equivalent to a preliminary census.

When there is more information and the electrification index is
higher than 50%, it is always preferable to conduct a survey
dividing the universe into two subuniverses: residences with
electric power and those without. This division corresponds to
the possibility of using different sampling systems and to an
effective difference in the nature of the two subuniverses, which
even calls for use of different questionnaires.

The first subuniverse, of residences with electric power, usually
represents the most advanced sector of the economy, near the
large centers of production and consumption. Lists available
from utilities provide preliminary knowledge which facilitates
the survey and permits immediate identification of consumers. .
This sector represents the degree of evolution which will - be
attained by the second sector when it enters the phase of elec-

trification.

The second subuniverse, of the residences connected to the elec-—
tric power grid, usually represents the least economically de-
veloped stratum, the farthest away from the large centers. This
is the essential feature of the stratum, seo it is important for
its homogeneity to be verified. In fact, in some regions there
can be relatively well-to-do residences not connected to the
electric power mnetwork. To proceed with identification, it is
possible to do a preliminary test studying the importance of
specific equipment such as absorption refrigerators run on LPG or
kerosene, stationary generators and similar devices.

Once there 1is preliminary knowledge about this stratum, it 1is
possible to prepare a sampling plan which, in keeping with the
specific conditions of the country, can follow a typological
criterion, with selection of typical agglomerations in which the
patterns of use are analyzed, or a random sampling criterion on
a geographical basis.

183



3.1 Survey on a Geographical Basis

A sample survey based on the geography of a country region or
city entails the basic difficulty of needing to ha;e a clear
p%cture of population distribution in the territory (and some~
times its features) so that it will permit the distribution of
surveys in the different areas and establish homogeneous rando

selection criteria for the households to be surveyed. .

The most commonly used technique for the plan of sampling, selec-
tion and estimation is the self-weighted selection in ;ulti 1

stages, which was disseminated during the 19608 for househoi’de
surveys, This technique was consolidated in 1969 by the United
States Census Department, in a publciation entitled: “Atlantida:
A Case Study on Household Sample Surveys,” which presents th'
base methodology for sample surveys in any country. During tha:
decade, the United States Agency for International Development
and. the Inter-American Institute of Statistics provided pman

Patln American countries with methodological support for ch
implantation of a system of continuous household polling. There-
forez it'is a fairly well-known methodology, of fairly widespread
zgpllc;tzon: If a2 sampling system of this type has been implant-

s W i
ST :hislzeigggzis§g'ls that the survey on energy consumption

Otherwise, it i? recommended that the methodological bibliography
presented he?ew1th be studied, because it would be impossible to
g0 into detail on this aspect in just a few short pages,

In. t@elfollgwing pages, it is worthwhile fo discuss the basic
principle of surveying and its influenc
ooty € on the study of energy

The basic criterion for the sampling plan consists of generating
3 s:ries fof primary and subsample units- which will permit the
rawing of a fixed number of observations
thr i
random selections CuEh successive

?he complexity of the construction of a sample of this type lies
in the need to have previous knowledge of the universe, in order
to assure Fespresentativity. One essential element in assurin

representativity is that the units of sampling and subsampling
be perfectly identifiable, possibly coinciding with the headi .
used for the demographic census. e

In dividing the territory into large regions, the primary unit of
samp}ing can be the minimal administrative unit probabl

muncipalities, which should be grouped according to’ size Iy
general, within the municipalities, those having a popuiatioz
larger than 100,000 inhabitants Or regional capitals are consid—
EFed self-representative, thus making the probability of selec~
b:ogaﬁggi? to 1. In the other municipal groups, selection will
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Once the other secondary units of the sample have been estab-
lished, a similar procedure is followed until reaching the units
of the last stage, represented by the households, which will also
be selected in random fashion, according to the number of inter-

views to be done.

This sampling mechanism, conceptually simple but of complex ap-
plication, can entail some constraints for the surveys of final
energy use, especially when the sample is small. This technique
assures a proportional sample with the consistency of the popula-
tion, since the subject of the survey is energy consumption,
which can have strong variance. With random selection of the
population dinterviews, it is possible to underestimate the con-
sumption of some strata of the population. The phenomencn is
especially serious in Latin America, where the heavy concentra-
tion of dincome tends to generate large dimbalances din the
distribution of energy consumption. In Guatemala, for instance,
0.1%7 of the families are responsible for 3% of the total energy
consumption, and 7% of the families are responsible for 35% of
the electricity consumption. In a sample survey, to collect the
details on consumption distribution among population strata of
this order of magnitude demands working with margins of error on
the order of 1% or less, thereby excessively increasing the

number of interviews.

The solution for reducing the number of interviews is to try to
stratify the selection in the regions having the largest energy
consumption. Data on consumption distribution on a geographical
basis are therefore essential, even digaggregated by source 1if
possible. Using as a parameter the sum of the consumption of all
of the energy sources, we can obtain distortions as a function of
the different efficiencies recorded among sources: traditional
fuels, mainly firewood, offer a relatively low efficiency. Add-
ing together the traditional and commercial fuels, we can ease
the differencies in the patterns of end-use. Returning to the
example of Guatemala: 7% of the population accounts for 35% of
the electricity consumption. If the balance is done including
all of the sources, this figure drops to 12% of the total
residential energy consumption. There is obviocusly a profound
difference between a high consumption of traditional fuels and a
high consumption of commercial energy sources.

Therefore, whenever there are data on regional consumption of
energy sources, it 1is recommendable to weight the sample for
energy consumption by region, If such data are not available or
are not very reliable, the monetary income of the region could be

used as a weighting factor.

3.2 Listing Survey

In a list of electricity consumers, selection is much easier than
in the geographical survey. The first advantage is that all of
the universe is included in the list and, therefore, the selec-
tion can be made using a mathematical method, with the certainty
of covering the entire universe. The second advantage is that it
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"permits previous detailed knowledge because it makes available
elements such as recent consumption, historical consumption, type
of ?onnectlon, and supply tension; and in some cases 1t 4g
Eos51ble to record other variables such as type of construction

ocation (urban or rural area) and t i )
2 ) . ype of use agricul
residential, mixed), (28 rural,

It is a good rule to carry out a preliminary study of the ligt
before proceeding with the selection. . Especially if the 1list is
stored in an electronic system, it is worthwhile to extract
randomly selected listsg according to the main variables, to order
these (lower to higher) by average monthly consumption: and ¢o
include “total sums with the numerical consistency of the con-
zﬁgszsbegzw:consumptlon stratum. The list‘may follow the Vmodel

Model 1

gonthly f Number of [Total Consump~ TAverage Consump- [Total No
onsump-} Consumers [tion MWh/month tion kWh ' :
tion o] [ % /month }Consumers

The monthly consumption used to order the consumers merits com-
ment. In countries in which there is a marked seasonal varia-
tion, consumption should be calculated as the average of the
consumption over the last twelve months, When there is not a
notable change in seasons, consumption can be calculated on the
basis of the consumption of the last three to six months. There-
fore, it is convenient always to use an average consumption in
o¥der to avoid biases in the reading of the meters or temporary
S}tuations registered in residential consumption,. After selec-
;}on of the households to be surveyed, it is useful to extract a
t;z;veoioziisTonthly consumption of each residence over the lagt

In a stratified universe, in which the distribution of events is
not balanced, the quadratic deviation offers only an indication
of variance,

O?ce the distribution of consumers by ranges of consumption
w1ihin the universe is known, it is possible to proceed with the
selection of the size of the sam i

ple and with ¢
selection. ‘ ne  random

Sizing of the sample should take into account two different
elements: availability of trained personnel and of funds to
?arry out the survey with the desired degree of precision. It isg
important that these operations be carried out with the support
zi.a statistical expert; there are specific indications regarding
th;g c:z;tz:?logy under numbers 1 and 5 of the bibliography for
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Selection

Once the sample size (n) of N consumers has been determined, the
selection can be done sequentially within the list, choosing a
consumer X after a random result r, with 0 fr [ n,

where:
N = total number of consumers in the list
n = number of surveys to be selected

With a selection of this type, the probability that each stratum
will be drawn is equal to its frequency in the list, so that the
sample is self-representative.

Despite the advantage of self~representativity, a sample of this
type offers the disadvantage of a large series of surveys among
the average consumers (which usually show little variance 1in
their energy consumption patterns) and a limited number of
surveys among large consumers (which have a large variance).

The most suitable way to carry out a stratified selection
consists of assuming two variables: (a) numerical consistency
of consumers per stratum and (b) consumption, thus increasing
the representativity of the consumers having the largest monthly

consumption.

Continuing with the example of the survey run in the city of Sao
Paulo, the following interview distributions were ohbtained, using
a linear selection or a corrected version of the optimal Newman
distribution, to assure representativity in the first and last

strata:
Model 2
Monthly Consump- Total Linear Corrected
tion Stratum Universe Sample Newman Distribution
0 - 300 77 571 29 30
31 - 200 1 208 350 469 ' 293
201 - 500 587 444 224 326
501 - 1000 45 123 17 56
+ - 1000 7 774 3 30
TOTAL 1 926 262 735 735

A comparison of the three columns allows us to visualize the
advantages of each type of selection. In the linear sample, the
consumers have an equal probability of being selected. There-
fore, the greatest representativity is attained for the strata
with the largest numerical share; 63% of the interviews are done
among the consumers which show little variation in their con-
sumption patterns, without sufficient coverage of the last and
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next~to-the—last strata, which account for more than 10% of

energy consumption.

Using a corrected version of the optimal Newman distribution, the
interviews decrease among the average consumers and greater re-
presentativity among those of largest consumption is assured,
thus guaranteeing representativity in all strata.

Expansion and Certification of Results

Once the survey has been conducted, the expansion of the results
is determined by the chosen selection mechanism.

In the case of a linear selection over the number of consumers,
there 1s direct correspondence with the universe: the features
covered in each survey correspond to the characteristics of a
number of consumers equal to the relation between the sample size
and the number of consumers in the universe.

Expansion factor total number of consumers

e e

number of interviews

1f the interviewing is stratified, there is an expansion factor
per stratum; thus:

expansion factor number of consumers in the nth stratum
for the nth stratum =-—- — — (D)
number of interviews

1f din the course of the survey a new feature were found, which
would divide the universe into two subuniverses, the expansion
should be done using a weighting factor which would indicate the
proportion of consumers in each subuniverse and subsample.

The concept willrbe best clarified by using a practical example:

In the Sao Paulo survey, it was found that the meters (and there-
fore the universe represented by the list)} had two Dbiases: a
meter can serve only one family or more than one. From a
sociological point of view, it interests us to know consumption
per household and not per meter. When the survey was concluded,
the consumers were divided into two subuniverses: one with
meters serving one single family and another with meters serving
more than one. :

The treatment given the data can be seen in the sequence of
Models 3 through 9. :

Model 3 reproduces the characteristics of the stratified meters
by range of monthly consumption. The right-hand side
incorporates the data from the interviews done; the left-hand
side, their expansion for the city of Sao Paulo.
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Models 4 and 5 present the situation of shared meters, dealt with
first at the level of meters, and secondly at the level of house-
holds.

Models 6 and 7 present the situation of the meters which serve
slum areas, dealt with first at the ievel of meters, and
secondly at the level of households.

Model 8, obtained from the difference between 3 and 4  and 6,
chows the situation of the meters which serve one single family.

Model 9, obtained from the sum of 8 and 7 and 5 {added in the
stratum of monthly consumption per household), shows the situa-

tion of household consumption.

The Expansion Factor

The advantage of distributing the universe a posteriori is that
it permits evaluation of information not contained in the 1list,
e.g., consumption per household, division of consumption into
urban and rural areas or by apartments and houses, or even other
variables not used in the selection phase.

Reserves

In the execution of a field survey, there are always consumers
selected which, for one reason or another, cannot possibly be
surveyed. There are many reasons why, but the most frequent
cases are as follows: ‘

- Refusals

The person refuses to be interviewed. Since there is no
possibility for forcing him, there can be a reduction in
the number of refusals by:

. insisting on the confidentiality of the data;
. undertaking a campaign of clear information on the im-

portance of the survey;
. giving prizes or donations to the persons who attend the

interviews.
- Impossibility of Locating the Address

With the aid of the utility company, using the person who
reads the meters or the respective maps, it becomes easier
to identify addresses. :

- Impossibility of Locating the Interviewee (not found at
home)

In order to define the problem, before anulling the survey,
it 1is necessary for the interviewer to visit the address
three times, at different hours and on different days of
the week, even in periods outside the normal working hours.

189



As a rule, it is convenient to avoid substituting interviews not
conducted because systematic biases can be intreduced, which
would alter the quality of the findings or could offer a .d%s—
torted picture of the universe; for example, representatlv%ty
could perhaps not be assured among the types of consumers which
live in isolated areas or areas of difficult access or among
families in which all of the members work.

3.3 Typological Survey (Cluster Analysis)

This type of analysis can be applied when there is no list for
the universe, as in the case of the residences not connected to
the electric power grid, or when there is a homogeneous class qf
consumers, e.g., the residents of low-income housing developments

around large cities.

A typological survey may represent an adequate mechanism for
learning about the universe, without the need to recur to com-
plex statistical sampling on a territorial basis.

In this case, it is necessary to -define the universe clearly and
to study the variables so that the results, degpite.the'fact that
they will not permit expansion, will permit visualization of the
relation of the sample to the universe. The study of Fhe varia-
bles depends strictly on the socioeconomic and geographic charac~
teristics of the country; therefore, it is left up to the
criteria of the analyst, who should have an in-depth knowledge
about the universe to be surveyed, :

For the sake of example of the variables to be treated, assume.a
survey to be taken in a rural area of a hypothetical -country in
which rural electrification is less than 10Z%. The part w%th
electric power can best be approached on the basis.of a ll?t
from the utility company. In the area without electric powgr, it
is important to analyze the social and geographical variables
which might affect energy consumption.

It is possible to group the relevant variables into three
different categories: sociceconomic variables, climatic
variables and energy availability variables.

Socioeconomic Variables

The essential elements are represented by the categorization of
economic activity under headings such as agriculture, livestock-
raising, vegetable and mineral extraction.

Within these variables, it is important to define elements such
as size of farms, type of crops, and type of management. For
example, there is a huge difference between the surface area of
colonists”large farms and a small farm, or between a regio? -of

extensive cattle-raising and another of intensive coffee-ralslng.
A mining region has features different from those of an agri-
cultural =zone,. Therefore, the regions of a country should be
grouped as a function of these variables, in an attempt to define
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homogeneous areas. Whenever possible, in the definition of re—
gions, it is opportune to maintain the groups used by other
entities, e.g., by the Ministry of Agriculture.

Climatic Variables

Average temperature and humidity are the two variables which most
affect residential energy demand, primarily in terms of space
conditioning and the demand for hot water for the purposes of
hygiene. It is important to separate these variables, to which a
third can be added: altitude. In fact, the higher the altitude,
the greater the thermal variations to which the climate is
subject, thus generating greater demand for energy in heating
processes. This phenomenon is especially perceivable in the use
of water for cleanliness; in the higher regions, there is a
tendency to heat water more frequently.

Geographical variables should be used for a second stratification
of the defined regions. For example, it may become necessary to
divide a homogeneous coffee~growing area of small farms into two
regions, as a function of the climatic variations recorded in two
different areas.

Variables for Availability of Traditional Energy

Residential energy consumption can be strongly influenced by the
local availability of energy sources,. The wvariables which
should be taken into account are the existence of native plants,
the existence of reforestation and, indirectly, the size and
type of land management. In areas of intensive cultivation or
small farms, or even in semi-desert areas, there is a tendency to
see a notable reduction in the availability of firewood, which
significantly affects energy consumption. These variables, like
the ones above, should be used in the distribution of the previ-
ously defined regions.

Once the population has been grouped by homogeneous areas, one or
two localities in each area are selected for surveying. The
locality having been chosen in keeping with the number of resi-
dences, there can be total coverage or a sample survey. In any
case, the results of the survey will yield a series of types
which constitute merely an indication of the pattern of end-use,
not a total balance of the energy consumption of the population.
Even so, especially when the energy source in use is native, the
analysis permits a fairly realistic picture of the orientation of
energy consumption and aids in understanding the two most serious
problems of indigenous sources: '

i) the environmental impact of the consumption of local sour-

ces, primarily the effects on plant cover and possible
energy shortages;
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ii} the potential demand for commercial energy, principally
electricity and oil derivatives, in the case of an expansion
of the distribution networks.

Finally, the typological survey makes it possible to compile
information not usually available on the type and efficiency of

the equipment which consumes traditional energy.

4, Data-Gathering Instrument

A good questionnaire depends on a sound assessment and on a good
pilot survey by which to gauge it. The guestionnaire presented
herewith should be taken as indicative, since, respecting - the
first affirmation of this paragraph, the final format should be a
function of the assessment and pilot survey ‘carried out in each
country or region. Several of the questions in the first module
can be answered from existing surveys.

In addition, it should be noted that the questionnaire proposed
here should be applied to households; another supplementary one
should therefore be prepared to deal with the problem of collec—
tive consumption in condominiums and community residences. This
can be formulated with questions on the existing equipment and
the amounts paid on the collective gas and 1light bills. The
distribution of the global consumption among the apartments can
be done in the same way as the distribution of the expenses of
the condominium, i.e., according to the percentage of surface
area of the dwelling in relation to the overall area of the
condominium,

One last observation should be made in relation to the units of
measure of firewood consumed in the home. Experience has shown
that firewood and other biomass fuels are gathered or marketed in
regional wunits which should be the subject of a previous survey
in order to determine their equivalencies with conventional met-—
ric units, Such a survey will enormously facilitate the work of
completing the questionnaire and will substantially reduce the
level of error in the responses.
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SURVEY
RESIDENTIAL CONSUMPTION OF USEFUL ENERGY
QUESTIONNAIRE
City: _ District:

Neighborhood: State:

MODULE 1

GENERAL INFORMATION

1. Characteristics of the consumer§ residence and of the
region.

1.1 Location of the residence.

1.2 Do you carry on some ecomomic activity in the home which
would influence energy consumption? If so, what?

1.3 What is the area of the residence?...... m{2)

1.4 How many rooms does the residence have?
vees.s living room «e.... bedrooms .o.-s. kitchen
wes+s. bathroom weee.s garage = aeuas . others

1.5 Are you served by public networks of:
veesss gas? weeve. electricity? es.... water?
...... do you have a power meter?
...... does the meter serve other homes?

1.6 What is the predominant activity in the area where the
residence is located?....c.ivivivrcasraccnnas ersereen e von

1.7 What is the average ambient temperature?
in winter ...... G in summer ......

1.8 At what altitude is the residence located?.....occceeen-s

1.9 How many permanent residents are there in the home? .....

1.10 What is the family§ monthly income?

1l te 2 MS ... 2 to 5 MS ......
5 to 15 M8 ...... 15 to 20 MS ......
More than 20 MS ...... (MS = minimum salaries)
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1.11 How many people work? .....

1.12 In what type of activity?

Owner ...... Public employee ......
Own boss ...... Employee in a private firm ......
Other ......

MODULE 2

TOTAL ENERGY CONSUMPTION

2. Specify what kind of energy is used and how much is con-—
sumed:

I [ Wwhere | Unit of |Duration of[MonthlyjAnnual |
[ Energy Source] used?* | Measure | the Unit JConsump]Consump]
{ 1 [ in Days | I
[Piped gas
JLGP
JElectricity**
[Firewood
JCoal
[Kerosene
[Diesel
[Gasoline
[Others

— lighting

- cooking

~ refrigeration

- water heating
space heating

- air conditioning
- mechanical force
-~ others

B = = T s SRR R = R L B AL
1

L 1f the electricity is auto-generated:

generator make ......eseecrses’vese POWEL CAP:. covcvnevues

fuel used ...... consumption ...... per day, month or
year

percentage of attention to household needs ..e..-

hours of generation per day ....ceuveeavs-e
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ENERGY END-USES
3. Lighting
3.1 To light the house, do you use electricity orrsome other
source?

MODULE 3

() Electricity (continue with 3.3)

() Another source (continue with 3.2)

3.2 Others

I : | [ Unit | Duration of | Monthly |
| TYPE i Amount ] of I the Unit [ Consump ]
i | I Measure] in Days 1
I

[Gas lamps |

| : i

IKerosene lamps with]

lincandescent shade |

| I

[0il lamps I

| I

[Wick lamps I

{Fuel 1

I |

JOthers (specify) i

| |

3.3 The incandescent lamps are:

| ] No. de ] Average Daily Use I
I TYPE | Lamps J=——m—emmm e e 1
% } 10-1 hour]1-3 hours]3-6 hours] 6 .hrs. + I
I[.... watts | {
f.... watts I I
I.... watts I i
[.... watts | I
... .watts I |
I I I
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L
-

The flourescent lamps are:

No. of | Average Daily Use i

Tubes [-- - et |
10-1 hourli-3 hoursl3—6 hours] 6 hrs. + |

. watts
. watts
. watts
. watts

Josm| poovwt vt itkinf i o] e jne
. . - .
- . . - .

I
I
1
I
|
I
|
I
I

"t bk e

4. Cooking

4.1 Characterization of the Stove and Conditions of Its Use

TYPE

I IWith [No. of]Size of]Used JAverage use-]
JAmount]an Jburn- [burnerswhich [ful burners I
Jmeals? | per day

I * 1

Joven? Jers I

I | !

[LPG stove
I
[Piped-gas
Istove

I

[Elec. stove

|

J[Wood stove

1

[Coal stove

I

[Kerosene
Istove

|
Jothers

| (specify)
l

oond el i) VER Dt jesmael o i b e S| o] o] Peiind et bl pm—{ s poonent pe]

|
l
1
|
|
I
I
|
|
I
I
I
I
|
I
|
I
I
I
I

% 1 - Breakfast

2 - Lunch 3 — Dinner
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4.2 Energy Consumption in Cooking 4.5 The firewood consumed come from:
( ) Naturally fallen wood
I IUse (days [Use (hours [Unit of[Duration [Monthly ]
i TYPE Iper week) [per day) [MeasureJof unit [Consump. ] { )} Felling of native forests
I I [ H lin days ] * I
I | ( ) Felling of man-made forests
ILPG stove I I ,
1 I I ( ) Wastes and residues
[Piped-gas 1 I
gStOVE ; I 4.6 Does your stove have an exhaust pipe?
I
[Elec. stove | I ( ) Yes ( ) No
I [ |
iWood stove } | 4.7 How many people eat each day?
I
ICoal stove I I (1) at breakfast ......
I I I (2) at lunch cerees
{Kerosene I I {3) at dinner erreas
Istove I I
| I | 5. Refrigeration
[Others I I
1 (specify) I 1 5.1 What type of refrigeration do you have and what is its
[ : | I consumption?
I I I
JHorno I |
I I I I I Make | Model | Unit | Duration | Monthly |
i TYPE I I * I of ] of the unit | Consump. ]
* In the case of electric stoves, note power capacity. - i I | [Measure | in days I * I
I I I
4.3 What type of wood stove is used? [Electric I I
. I I I
( ) Masonrywork [Gas 1 |
: I I I
{ ) Metal [Keroszene I i
I I I
( ) Only loose rocks
* Also specify the number of doors and type of defrosting.
() Others (specify)
' #k In the case of electric refrigerators, note power and size
4.4 How is the wood stove used? (capacity).
() Continuously ( ) In the open air 5.2 The refrigerator is located:
() Discontinuously ( ) In a closed environment Where sunshine enters ( ) Yes ( ) Bo
Next to a stove or oven ( ) Yes { ) No
( ) To heat water for bathing and other sanitary purposes With surrounding ventilation () Yes ( ) No
{ ) For space heating 5.3 In what number (position) is the regulating knob set?

( ) Others (specify)
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5.4 Freezer

Make: = ......

Model:  ......

Capacity: ...... Vertical ...... Horizontal ......

Months of use per year: ......
6. Water Heating
6.1 What kinds of showers do you have?
1 | I i [ I
] No. | Electric(*) | Gas (%%) | Make [ Model I
I i 1 | I |
I | - I
I 1 1 I
| | I
I 2 ] I
I 1 |
I 3 1 I
I { I
(*) Maximum power ...... Minimum power ......
(*%) Unstored gas
6.2 How are the showers used?
I [Number of | Months of year conmnected/power [ Average |
I No. Jbaths per } —-_— e e [ duration |
I 1 week I Maximum I Minimum Jeach bath |
I I I i [(minutes) [
| I I
I 1 1 I
| | I
I 2 1 I
| | |
I 3 1 I
I I 1
6.3 What type of electric faucets do you have?
I I | I Time of Use I Months of Use]
] Make | Rumber I Power | per Day | per Day I
I | I I I |
I I I
| i I
H I 1
| I I
I I |
I I I
1 I |
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6.4

What type of central water heater do you have?

Wit ramttef i

I i 1 i 1 I
[Number | Elec. I Gas [ Other )| Capacity | Make I (power)
I I 1 I I
I [
| |
1 [
I 2
1 I
I 3 ] '
I I -
6.5 Ho# is the water heater used? -
i ] Number of Baths I Average Duration of
INumber ] per Week I Each Bath (minutes)
i ! I
I 1 I
I 1 1 |
i I i
I 2 ] 1
I I i
I 3 1 I
1 I |
6.6 Is your water heater bpermanentliy connected?
{ ) Yes
( ) No For how long? ..,.... hours/day
6.7

How many points of simultaneous usge are therae?

Heating and Air Conditioning

What type of air conditioning do you use?

Make:

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

------------------------
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7.2 How is it used?
3 l 1i ; Heating {
% Time of Use % Cooling 1 %
I I l
] months/year % i
|
I hours/day i ]
I I
7.3 What type of space heating do you have and how is it used?
[ Unit ]DuratiénlMonthly |
1 entors | £ f unit JConsump. |
I TYPE %Heaters %Make Model iMeZsureign e ] o %
—— |
I Electric I ]
i | I
I Gas I [
| | I
[ Coal 1 [
I | I
I Other | [
I (specify) | I
1 I
* In the case of electric heaters, specify power.
I I |
l i l Coal [ Other |
i Time of Use % Electric ; Gas % 0a 1 {
| I I
I months/year % ;
I
I hours/day } !
I
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8.

8.1

Others

What are the electric and elec

in good working order?

._..______....._.__..____...._,__._...___.__._......__.._..___.

01
02
03
04
05
06
07
08
09
10
il
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Blender
Electric mixer
Juice extractor
Electric knife
Can opener/knife sharpener
Meat grinder
Coffee mill
Slicer

Vacuum cleaner
Waxer

Crusher

Stove extractor
Extractor
Ventilator
Water pump
Drill
I'ypewriter
Razor

Massager

Sewing machine
Lawn mower
Peeler

Food processer
Pump

Ice cream maker
Others

e e e e e e s e e e e

Stereo equipment

Calculator

Record player

Radio

Slide projector

Videocassette recorder/player
Message recorder

Others
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tronic devices that you have

Item Product {Hear) No.
35 Yogurt maker

36 Cotton candy machine
37 Popcorn machine

38 Grill (Sandwich maker)
39 Toaster

40 Coffeemaker

41  Electric pot

42 Electric oven

43 Mini—Dog(Brosterizer)
44 Plastic sealer

45 Micro-wave oven

46 Clothes dryer

47 Dishwasher

48 Heater

49 Bottle warmer

350 Hair dryer

51 Clothes washer

52 Water heater

53 Others

§ ?
What type of washing machine do you use?

e et e el ey iy ot Pl Pt ot Dot

8.2
Make: N
Model: =000 aeeeeivsesissas
Power: =000 saiisassecnsene
Use-days/week: = ..iciieiennanas
Use-hours/day: = +icesvcnenveans
8.3 What type of television set do you have?
. Use (days [Use (hours]
k I | I
{ TV % Bii; } Color | Make | Model | per week) {per day) %
I [ White | I I I I
I I l
I 1 1 i
| I I
I 2 ] l
[ I !
I 3 1 l
| | ]
I 4 1 !
I |
8.4 Does use of the television set change on weekends?
{ ) No
( ) Yes - Explain ........................:::::::::::::::
8.5 What type of iron do you have and how is it used?
Use
Can temperature be] Use I
f Make { Model { adjusted? [ days/week { hours/day
| I U I
| |
| |
i |
1 2 1
I I
I 3 1
| I
I 4 1
I I
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CHAPTER III

APPLICATIONS

1. General Considerations

This chapter will present the Residential Sector results ob-
tained from the BEEU prepared for Br321l by the Ministry of
Mines and Energy (MME).

The results presented herein can serve -as a reference for
application of the proposed methodology. Some bibliographical
references are also included for consultation by interested
countries.

2, The Case of Brazil
The BEEU basically covers the following stages:

- . 1identification of the end-uses of the various energy
sources;

- identification of the consumption equlpment used and assess-
ment of its efficiency;

- evaluation of the destination of final energy in the differ-
ent end-uses; and :

- determination of useful energy by multiplying final energy
consumed by the respective efficiency (efficiency of produc-
tion, as conceived of under the methodology proposed by
OLADE) . : '

The balance was prepared using studies developed previously in
the country, i.e., there was no consumer survey.

Although the results of the Brazilian balance are aggregated in a
different form, it was possible to disaggregate them according to
the end-uses considered in the methodology proposed by OLADE, as
shown in Tables III.1 to ITI.4:

Table III.1

Destination of Final Consumption of the Different Energy
Sources for Selected End-Uses

Table III.2

Average Efficiencies of Energy Sources in End-Uses
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Table IIL.3

Consolldated REEF,

Indicating the
Source in Final Energy Consumption,

Composition of Useful Energy

Table I1II.4

Destination
Uses, Their Efficiency an

of Final Consumption for Selec

d the Composition
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| TABLE I11.2
TABLE III.] : :

RESIDENTIAL SECTOR
RESIDENTIAL SECTOR :
' EFFICIENCY OF END-USES
DESTINATION OF FINAL ENERGY,
. &3]
(%)
: Gas {(harcoal
' - Elec~ Firewood LPG Kerosene
End-Use/ Elec- Firewood Lpg Kerosene Gag Charcoal End-Use/ tricity
Source tricity Source
Air Condition- ' Air Condition-
ing and Venti- 1ng’and Venti- 62 _ _ _ - -
lation ' : 2.0 - - - - _ lation .
10
ine - - 10 45 - 45
Cooking - 100.0 99.0 - 81.7 100.0 Cooking
. , - - 0.2 - -
Lighting 29.4 - - 100.0 - - Lighting 4
Refrigeration 33.4 - - - - - Refrigeration 62 -
Mechanical Force 1.4 - - - - _ Mechanical Force 62 -
Radio- Radio- . 100 _ _ _ - -
Electronics 8.3 . - - - - - Electronics .
, - 58 - 583 -
Water Heating 19.8 - 1.0 - 18.3 - Water Heating 100
Others 5.7 - - - . - Others 100 -
TOTAL 100.0  100.0 100.0 100.0  100.0 100.0
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TABLE II1.3

RESIDENTIAL SECTOR

FINAL ENERGY AND USEFUL ENERGY

Year: 1983 Unit: BOE
Sources Final Energy Useful Energy Efficiency
Consumption (1) % Consumptiog (2) % (2)/(1) %
Electricity - 25,596 12.4 14,785 32.5 58
Firewood '139,752 67.4 13,975 30.6 10
LPG 34,754 16.8 15,682 34.4 45
Kerosene 1,555 0.8 3 ~ 0;2
Gas 1,598 0.8 756 1.7 47
Charcoal 3,747 1.8 378 0.8 10
TOTAL 207,002 100.0 45,579 100.0 - 22

I Tcal = 100 TOE = 720 BOE
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TABLE III.4

RESIDENTIAL SECTOR

FINAL ENERGY AND USEFUL ENERGY

Year: 1983 Unit: BOE
Sources VFinal Energy Useful Energy Efficiency
Consumption (1) %7  Consumption (2) % (2)/¢1) %
Air Condition~
ing/Ventilation 430 0.2 296 .7 62
Cooking 179,263 86.6 30,449 66.7 17
Lighting 9,108 4.4 318 0.7 3
Refrigeration 8,487 4.1 5,287 11.6 62
Mechanical Force 399 0.2 253 0.5 62
Radio-Elec. 2,070 1.0 2,070 .7 100
Water Heating 5,796 2.8 5,484 i1.9 95
Others 1,449 0.7 1,449 .2 100
TOTAL 207,002 100.0 45,579 100.0 22

1 Teal = 100 TOE = 720 BOE
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CHAPTER I

DEFINITIONS AND BASIC CONCEPTS

1. Disaggregation by Subsectors

The Commercial-Services-Public Sector includes a wvariety of
activities in which the features of energy consumption are
substantially different.

To the extent that the intention is to use BEEU as a tool for
energy assessment, it becomes imperative to disaggregate the
sector in a set of relatively homogeneous activities, both inso-
far as energy requirements and the evolution of their level of
activity. '

This proves to be of fundamental importance in explaining the
variations produced in the energy consumption of the sector.

Furthermore, both the BEEU and the energy assessment constitute
a point of departure for demand forecasting analyses.

The definition of the subsectors should thus necessarily be tied
to the organization of the macroeconomic information, given the
fact that any analysis for forecasting energy demand necessarily
requires linkages between energy consumption and the Ilevel of
activity in the branch being dealt with.

Precisely due to the diversity of activities encompassed herein,
this is an especially difficult sector in which to determine an
indicative variable for the level of activity, din order to best
explain the characteristics of energy consumption.

But no matter what the method used im future analyses for fore-
casting, it seems highly convenient to define the subsectors on
the basis of an international classification which all of the
countries can respect in their infermation systems. For that
purpose, just as in the case of the industrial sector, the propo-
sal is to base the sector breakdown on the ISIC classification.

Even though this classification covers the wide range of activi-
ties which constitute the sector, it is mnecessary to peint out
that the information usually recorded in the statistical systems
(both energy and sociceconomic) is circumscribed to formally
established services and does not cover the informal activities
which in some countries of the region may be relevant.

for example, in some countries a large part of the commercial
activity is not tied to the formal infrastructure but takes place
informally 1in the streets. To the extent that these activities
require energy consumption, this will not usually be recorded in
the information systems; its detection should therefore be one
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of the aims of the database design.

Table IV.1l details the activities included in Major Divisions 4,
6; 7, 8 and 9 of the ISIC Classification- Rev. 2, which, general-
ly speaking, constitute the Commercial, Services, and Public
Sector. The inclusion of Major Division 7 responds to the fact
that the Divisions, Headings and Groups comprised therein give
rise to energy consumption not accounted for under other sectors,
particularly under the Transportation Sector: energy consumption
in offices, establishments, etc., dedicated to Transportation and
Communications should be accounted for under this sector.

In Major Division 4, only Division 42 (Waterworks and Water
Supplies) is considered to form part of the sector, since Divi-
sion 41 (Electricity, Gas and Steam and Hot Water Supplies)
should be treated within the energy-producing activities.

This is clear enough insofar as electricity and gas (Groups 4101
and 4102), but with respect to Group 4103 (Steam and Hot Water
Supplies), it should be noted that, when this service exists,
both the distributed steam and hot water should be treated as
just another secondary source, for the purposes of the balance

According to the definition of useful energy in the Base Docu-
ment, the process of energy consumption by the end-user usually
consists of two consecutive stages: production of useful forms of

- energy, and their subsequent use, with the intermediate energy

demand serving as the link between these two stages.

To the extent that the useful forms of energy (steam, hot water)
are not produced by the end-user but rather integrated into a
transformation center, intermediate demand becomes confused with
the final demand for a new energy source: steam or hot water.

In addition to the potable water service, included under Division
42, the energy consumption derived from Public Lighting should be
made explicit, because these do not correspond directly to any
Heading or Group under the ISIC Classification, but are included
under Division 91, together with the rest of Public Administra-
tion and Defense.

As a function of these considerations and in an attempt to reduce
to a minimum the number of subsectors, what is proposed is the
disaggregation of the sector as shown in Table IV.2.

The same table also shows the correspondence between the proposed
subsectors and the headings of the ISIC.

The criteria on which the groupings or disaggregation of the

activities were fundamentally decided are as follows:

- relative homogeneity insofar as the type of energy used in
each subsector.

- disaggregation of those activities whose relative evolution
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TABLE 1v.1

ISIC CLASSIFICATION OF THE COMMERCIAL-SERVICES-PUBLIC SECTOR

%Divis H 1Group] Activity
------ [ g —— '
P 41 [ 410 ] IElectricity, Gas and Water T
| 1 I 4101]Electric Light and Power l
I | I 4102]Production and Distribution of Cas I
; i } 4103} Supply of steam and Hot Water i
) ey [ R
% 42 % 420 ] 4200]Waterworks and Water Supplies ——-H}
____________ I"“"‘I""‘"‘"“"'"‘_"" —_— - -
i 61 | 610 [ 6100]Wholesaling —~ §
—————— e | S
% 62 ] 620 | 6200]Retailing 7T 3
—————— I e e
I 63 | I IRestaurants and Hotels -
I I 631 ] 6310]Restaurants, cafes and other establishments
I I I [which expend food and beverages
{ % 632 % 6320{Hotels, boarding-houses, camps and others
e d Dttt SR I e T
I 71 | I [Transportation and Storage o
I 72 ] I 1Communications
[--——-- I S e ——
I 81 [ 8i0 -[Financial Establishments
)| I [ 8101]Monetary institutions
I | I 8102]Other financial establishments
% { [ 8103]Financial services
———————————— I | -
I 82 | 820 [ 800]Insurance T I
1 e e U i
I 83 ] I IReal Estate and Services Rendered to I
I I I [Companies
I I 831 | 8310FReal estate %
% I 832 ] [Services rendered to companies, except for i
I | Irental of machinery and equipment I
i I [ 8321]Legal services I
i I I 8322[Accounting, auditing and bookkeeping services I
I [ 8324]Technical and architectural services I:
{ I I 8325]0ther services rendered to companies, except I
I I [for rental of machinery and equipment I
; f 833 § 8330]Rental of machinery and equipment |
________ - ]-- ———— '
f 91 % 910 | 9100JAdministration and Public Defense %
____________ [——]-——
I 92 1 920 | 9200JHealth Services and Similar ;
[ | I | I
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TABLE IV.l (continuation)

ISIC CLASSIFICATION OF THE COMMERCIAL-SERVICES~-PUBLIC SECTOR

[Divis.]Grping[Group]

[--=—-]-=--~]

Activity

- T

93

vt i) | el povent (el Sl Woviel Y| Py (] o] pusiy podnm parsw| ol Vo] ot vl et Sl j—) ] j— o i ey ) S| st ju— o) fovous| el el ey vl — — o] pons] - p—

[Xe]
£~

O
-
3]

O
el
o

I
I
|
|
|
I
I
[ 9332]Veterinary services
|
I
1
1
|
I

I____

]Social Services and Other Related Community
[Services '

9310JPublic instruction

9320JResearch and scientific institutions
[Medical and odontological services and other
[veterinary services

9331]Medical and odontological services and other
Jhealth services

9340]Social welfare institutions

9350[Business, professional and labor associations
JOother social services and related community
Iservices

-9391JReligicus organizations

9399]Social services and related community services

]Entertainment Services and Other Amusements
|Cinema and other amusements

9411} Cinematographic production

9412]Distribution and exhibition of films

9413]Radio and television broadcasts

9414]Theater producers and amusement services

9415]Authors, composers and other independent per-
Jformers

9420]Libraries, museums, botanical gardens and zoos
Jand other cultural services

9490 Entertainment and amusement services

i
1
]
1
;
()
]
]
1
|
|
i
1
|
|
|
|
|
|
!
1
I
|
|
|
i
1

1)
I
P . Sy

]
(W)

o
Ln
[

O
un
f ]

O
un
\t=]

I__m_

[Personal Household Services and Repair
[Services

'9512]Electrical repair shops
9513]Automobile and motorcycle repair
9514[Watch and jewelry repair
JOther repair services
9520]Laundries and laundry services, cleaning and
Jdyving establishments
[Direct personal services
9591 [Barber shops and beauty salons
9592} Photographic studios, including commercial
Iphotography : i
9599 Personal services otherwise unspecified

——— I___”

9600] International organizations and other extra-
[territorial organizatioms

I
I
|
|
|
I
I
|
I
I
I
i
H
%
] 9511]Repair of shoes and other leather articles
|
I
I
I
I
|
|
I
|
I
I
|
|
I
i I

Voo ot Joerel e o paind frevent Prewsd Bovos| iad asasd Aemwed et Wwvel Peweed piiet Puiid Mma| et owee] [rret e poed Pt Misant Jomm| fovwn ot bl boscad (et el jwedl bt Jome pomant b pumd iy ey ] frwes] pevend
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TABLE 1IV.Z2

COMMERCIAL-SERVICES-PUBLIC SECTOR

DISAGGREGATION 1IN SUBSECTORS
CORRESPONDERCE WITH THE ISIC CLASSIFICATICON

1934 + 935 +939 +]
I 9 + 95+ 96 |

|Groups ] Correspondence | Name of the Sector i
IBalance] with ISIC I I
—— [ == o f —- i
I 1 I 42 4+ Public JPublic Services
| I Lighting | i
J--mmmmm e e memmeeee I
I 2 I 61 + 62 + [Wholesaling and Retailing i
I I 71 + 72 ITransportation, Storage and Communications |
1 s I - i
I 3 I 631 [Restaurants ]
e i- - - I
1 4 I 632 [Hotels I
J—-mmmm G I-- - — I
1 5 ] 81 + 82 + 83 [Financial Establishments, Insurance, Real]
i 1 ]Estate and Services to Companies |
---mmn f--mmmmm- R - - I
I 6 I 91 -~ Public JPublic Administration, Defense and Govern— |
I 1 Lighting Iment

e e

I 7 I 933 [Public Health

I I e (N—— -

I 8 [92 + 931 + 932 +]Other Services

|

I

I

I |
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in relation to the sector can vary substantially, according
to the type of policy which is applied.

- consideration of the possibilities for obtaining direct
information on the formation of a database, primarily with
reference to the sample design.

The fact that the proposed level of disaggregation may or may not
prove sufficient for a good analysis of demand forecasting will
depend on the degree of complexity of the sector in the coun-
tries, as well as on the importance of the sector in each coun-
tryg total energy consumption.

Along general lines, the disaggregation in the proposed eight
subsectors can be considered sufficient, with Subsector 8, corre-
sponding to "Other Services', being the most heterogeneous.

.This situation should be kept in mind especially in the sample

design for the preparation of sectoral balances.

2. Disaggregation by End-Uses

From the energy standpoint, the activities that are considered
under each one of the subsectors represent very different end-
uses, ranging, for example, from the predominance of caloric uses
(cooking, water heating) under groups 3 and 4 of the balance,
{Restaurants and Hotels), to the predominance of uses such as
lighting and air conditioning in groups 2, 5 and 6, (Businesses,
Financial Establishments and Public Administration, respective-
ly). Furthermore, there are activities which have one single use
and one single source, as in the case of Public Lighting.

For the purposes of elaboration of the balance, it is proposed
that the following uses be considered:

- Heating
- Cooking
- Water Heating

- Air Conditioning/Ventilation
- Refrigeration
- Mechanical Force

- Others

These. end-uses, or purposes, for which energy is used in the
sector are similar to those of the Residential Sector.

However, in the case of the Commerical, Services and Public
Secteor, the features and types of equipment used in the category
"Other Uses" vary widely among the different activities which
comprise the sector.

In most cases, they are fundamentally caloric end-uses such as
dry cleaning, sterilization, etc., in activities such as public
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health (hospitals).

In some cases, the production of useful forms of energy can serve
Eo?i than one energy end-use or purpose; for instance, one single
oiler can be used for space heating and for water heating for
sanitary purposes.

This 4is a situation similar to the one discussed under  the
Industrial Sector, in connection with the production of steam i
a b?iler'for different purposes or end-uses (supplying the stea;
requirements of. production processes, electric power auto-
production, mechanical force).

Consequently, just as in the productive sectors, it -will be
necessary to determine the flows of hot water (useful form of
energy produced in the boiler) destined both for i

and space heating. wacer heating

Unlike the productive sectors, where the energy nee&s or useful
?emand of the user is-always determined by production processes

in the case of the Commercial, Services and Public Sector th;
useful demand of the user in many cases is associated witﬁ the
level of comfort or mechanization of the different activities.

To the extent.that human energy is not included in the energy

IJ!::falam:ézsI,1 considerable disparity can appear in the useful .demand
or mechanical force. This fact demands s i ' i1
comple deoiret pecial care in the

Useful demand in the Commerecial, Services and Public Sector
therefore depends on two factors: :

- the level of comfort and/or mechanization and
- the efficiency with which the equipment is used.

In this regard, there is {mi i
great similarity between this sec
the Residential Sector. ror and

3. Final Energy, Useful Energy and Efficiencies

Following the conceptual scheme set forth in the definition of
useful energy in the Base Document, which congists of observing
the energy consumption process in two stages:

- pro?uction of heat, cold, mechanical force, etc., on the
basis of energy sources and 7

- use made of heat, cold, mechanical force, etc., 1in each
activity '

The overall efficiency of energy end-use will be given by the

product of the efficiency of each one of these s ici
' tages (eff
of production and efficiency of use). ® ( e
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In the case of space conditioning (whether heating or air
conditioning/ventilation), the two stages are clear and
correspond to:

- the production of the necessary heat or cold and

- the degree of utilization of that heat or cold, given the
insulation of the spaces.

To preserve food or medicine through refrigeration, the degree of
utilization of the cold produced is also associated with envi-
roonmental conditions, given that the efficiency of the cold-
producing equipment varies with ambient temperature and the fre-
quency with which the doors of the equipment are opened and

closed.

Although efficiency of end-use is very difficult to measure, and
given the heterogeneity of the universe, it would not seenm
appropriate to propose, a priori, that it be quantified by means
of an energy audit (of the industrial type). Some countries in
which the consumption of heating or air comnditioning is impor-
tant have implemented information-gathering systems at the level
of building insulation, mnot only for the Commercial, Services and
Public Sector, but also for the Residential Sector.

As described in the Base Document, in a first stage of prepara-
tion of BEEU, omnly the efficiencies of production of the dif-
ferent end-uses are accounted for; the elements conducive to
evaluating the efficiencies of use are not included.

In any case, and only for those end-uses which represent an
important comsumption and in which efficiency of use is much less
than the unit, it is recommended that the different methods which
would lead to an estimate of that efficiency be analyzed.

Table 1IV.3 presents some efficiencies of production compiled by
the Institute of Energy Economics (IDEE), which were used in the-
preparation of a Regional BEEU.
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TABLE IV.3

EFFICIENCY QF PRODUCTION IN THE

COMMERCIAL-SERVICES-PUBLIC SECTOR

el (ot ] J—y oo —

(%)

I I 1 1 1 1 1 I 1 1 1 1
[ USES I LE] cV] GL] GN] KE] EE [ AL] Fol Dol GO
[ L-COOKING- _ |
I EQUIPMENT I 11 1 1 L © 1 1T 1 1
e[ =] [ -] [ — [ =] - [ =] =] -~-]

a) Clay Oven T2o] 1 1 I 1 I 1 1 I

b) Economic Stove I 20] 25] 1 | I I I ] I

¢) Hearths ' [ 10] 15] | 1 | [ | N

d) Spits [ 51 8 I 1 | | I

e) Grills I 3 5 | I I | | I

f) Stove-Heater I | [45 1 50]35 ] 80 | 1 1 1. 1
I- - [--1---1-—-f---1-—1--——I---1-=-1-~-1-~~1
[2-WATER HEATING I
I EQUIPMENT P v b 1 1 1 I 1 1 1 1
[ -—1-—I1--l-—-i{-—]-—1-—-1-—]-=-]~--1
] a) Tank i1 K451 50fF §9071 351 1 |
I b) Thermotank I 24] [50 | 551 I 95 1 I ] I 1
I - [---1--1--1-—-I1--~1--—f-—-I-—-f-—] -~~~
[ 3-HEATING : I
I EQUIPMENT 1 1T © P 1 1 I T © I 1
[~ I---1-—]-—-1-—-]-—]---]-—]-—]-—I---1
[_a) Open hearth I 51 I 1 1 1 I 1 1 T &
1 b) Closed hearth [ 20 I 1T 1 1 I 1 1 1 '}
[ ¢) Stoves I [50 ] 60740 ] 80 1 1 40] 1
] d) Boilers 1 i 165 | 65] ] I I 60] 60] I
Jmr e e -—-1--1-—I1---1---I---1-—f-—-1-—1---]
[4-LIGHTING I
I EQUIPMENT I 1T I 1 1 1 I T 1 1 1
[ e e [---1---1-—-]---}-—-{-—]-—-]-—]-—-]-—-1
[ a) 0il lamp I [2.51 1 21 I T 1T 1 1
[ b) Wick lamp I ] | 1 J1.6] I | | I |
[ ¢) Incandescent I I I I 1A4.5 I S T |
[ d) Mercury ] | L 1 f 1t [ I |
[ e) Fluorescent ] 1 I I 1151 1 1 I
[ £) Sodium I 1 ° ¢ 1 1i8.5F 1 1§ 1
[ I--—-1-—1---{-—1---I--—f--I-—[---1---]
[5-ATR CONDITIONING {
i EQUIPMENT I 1 1 1 1 1 I 1T I 1T 1
|- e I---1---1---1---1---I--—1---]-—[---]---1
! a) Ventilator-fan I I 1T 1 1 1971 1 T 1 ¢t
[ b) Air conditioner I | I I 1 F91 1 1 1 1

I-- el (atte et (o] [oie] bt [ttt e e Eted el
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TABLE IV.3 (Cont.)

EFFICIENCY OF PRODUCTION IN THE

COMMERCTAL-SERVICES-PUBLIC SECTOR
(%)

I I I 1 P 1 1 I T 1T 1 1
I USEsS 1 LE] CVI GL} GNJ KE] EE | AL] FO] DO} NF]
[ 1-OTHERS I
I EQUIPMENT I 1T ©T 1T b 1 | A S R A |
[ I—]-—1-—]-—[-—]-—=~]-—]—-]-~=]~—]
] a) Transistor Electr.} | i | | J100 | ] I I I
I b) Lamp Electronics [ I i I ] 25 i | | I I
I ¢) Irom 11] 20] 36 I 28] 80 | I i I |
] d) Electric Motors | I 1 I I 80 ] I I ] I
I e¢) Commercial Boilers] I I 1 751 1 I I 65] 65 I
I £) Commercial Ovens | I | I 651 I I I 40f 40 1
l Rt T ) o (o s e P pt e e

| 7-WATER PUMPING 1 I I I I I 70 1 I I 20T 15]
- ~—- I—==I===]==l-==]===]====] === ===[~mr] =]
Source: Balance Energético, Tomo IIL "Planeamiento Energético

Global de Large Plazo para la Provincia de Entre Rfoz"
CFI Bs. As. Argentina, 1980. Prepared by the Institute
of Energy Economics (IDEE),.
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CHAPTER II

DATABASE FORMATION

I. Data-Collecting Form

The contents of a data-gathering sheet should be gauged according
to the particularities of each country. The contents of the form
which is presented herewith can be used for the sake of refer-
ence, since it is of a more or less general nature; and correc-
tions can eventually be made in the end-uses under
consideration. ' . '

For warm countries in which the use of heating is marginal or
non-existent, or in the sectors where cooking does not take part,
etc,, such uses should not be included.

The form is divided into five chapters. Chapter I refers to gen-
eral data on the establishment: type of activity, location,
surface area, economic data and regimen of activities, number of
employees, etc. '

Chapter II details the information on electric power to be
recorded: origin, types of equipment for auto-preduction, sales
to third parties, etc. The same procedure is used for fuels in
the following chapter.

Chapter 1V disaggregates consumption by uses, details types of
equipment, and reviews the terminology for each case.

Finally, the 1ast chapter refers to the control and revision of
surveys. '

It is necessary to note that, in many cases, it may be convenient
to add the brand name of the equipment when power output or

capacity is difficult to register.

2. Analysis of Exigting Information

The type of form discussed above will fundamentally depend on the

sample design which must be implemented, and on a diagnostic of the -

existing information,

The information on energy consumption in this sector, at least
what is presented in the BEEF-OLADE, appears aggregated with the
consumption of the Residential Sector, under the name
Residential, Commercial and Public Sector.

This presentation does not mean that some countries cannct main-

tain the information for each sector separately. If this has not
been done, it should be disaggregated.
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If on the basis of the methodology presented herein the
consumption of the Residential Sector has been quantified prior
to the consumption of the Commercial-Services-Public Sector, the
formersd consumption will have béen defined. '

If the aim is to determine the total consumption of this = sector,
prior to launching the proposed survey on uses detailed under the
following point, a more numerous survey should be undertaken, the
objective of which would be to quantify the energy consumption of
the sector (and/or subsector).

The survey on total comnsumption should contain only Chapters 1II
and II1 of the sheet presented above, concerning the consumption
of electricity and fuels., This survey should have as a frame of
reference the type of sample used for censuses in the Services
Sector, or other type of sample surveys normally done in the

sector.

Even though the record of information on electricity is included,
it can be omitted for a large number of establishments since its
origin is Public Service; consumption by subsector can be ob-
tained from the records of the firms which render services.

The same thing ocecurs with some fuels, as in the case of natural
gas or piped gas, which are billable sources with ‘consumption
records for the sector and/or subsector in the producing and/or
distributing firms. '

The major problem lies in commercial sources whose distribution
is not through fixed networks (e.g.,liquefied gas, gas oil, etc.)
and in non-commercial sources.

In any case, this type of survey should have broad coverage; it
is very simple to carry out and is usually inexpensive.

As for the information which should be available to define the
universe of reference, i.e., the energy consumption of the
Commercial, Services and Public Sector, and the number of
establishments in each subsector, work begins with a fairly
logical assumption, which is knowledge about this last
piece of information. The state of energy information can offer
the following variations:

- Energy consumption by subsector is not known, but energy
consumption for the entire sector is.

- The consumption of electricity supplied by Public Services is
known, but the amount of fuels for each subsector is not.

~ Energy consumption by subsector is known.
The third case may be the least frequent for the countries of
Latin America; a more frequent case would be the second; and the

most common would be the first, as long as there are records on
total sectoral consumption (either because they were already
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available or because the above-mentioned survey on total con-
sumption in the sector has been conducted).

The second case implies the existence of records on the basis of
which the electricity billed to each subsector can be known

together with some information on fuel sales made to certai;
establishments in the sector, These records constitute
invaluable information for the sample design, especially in the
case of electricity, which in turn constitutes a basic element of
control for the expansion of the sample done on energy end-uses.

One last alternative with respect to the state of information is
that for any of the eight subsectors considered there are records
for some of the activities presented; thus, for example in
Subsector 7, ™"Public Health," there may be records on e;erg

?onsumption by sources in hospitals or public and/or private éiz
institutions, as may occur for the financial establishments of
the States, public or private schools, etc.

One particular case of analysis is constituted b

_ v the so-called
INFORMAL SERVICES, about which little is recorded from both the
energy and non-energy points of view. In general, it can be
affirmed that:

a) The number of "establishments" or "employees" is not known:

- X g H

therefore, the universe is unknown, thus implying the impog=
5ibility of any sample whatscever.

b) Most of these types of services are devoted to the sale of
finished products, not generating any type of energy con-
sumption, in which case the failure to consider them does
not create any problem.

c) There may be some services, such as the sale of foodstuffs

which have to be cooked, the energy consumption of which

will have to be estimated. Given the characteristics of
this type of activity, the most advisable thing to do is to
have the survey in the Residential Sector capture that
consumption (actually, the form presented in this sector
foresees this type of problem), since that survey will
surely be able to do so much more reliably than the one
designed for this sector.

If such consumption is detected, it should be accounted for
under the Commercial, Services and Public Sector, and sub-
tracted from the Residential Sector.

d) Other types of informal services such as portable market
stands, 1in which the products are transported to the place
of sale, thereby generating the consumption of commercial
energy, should be captured under the transportation sector,

on the basis of surveys designed for freight transportation.

e) Even though the level of "informal activity"” in some coun-
tries can reach important magnitudes in the general level of
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economic activity, this does not seem to occcur from the
energy standpoint, since its incidence is quite marginal or

non-existent.

Finally, by taking the consumption of commercial scurces in the

"legally formal activities, i.e., in the establishments in this

sector which contribute to the formation of the gross domestic
product, it can be observed that in many activities there is a
relative concentration of consumption in establishments which can
be considered "large" but, unlike in other sectors such as the
Industrial Sector, for example, the curve of distribution
inequality or asymmetric proportion can approach the diagonal

more.

3. Guidelines for Sample Design

The guidelines for designing a consumption sample by END-USES
will be based on the assumption that sectoral energy consumption
is known and that the number of establishments per subsector is
known, together with the most relevant economic variables: value

added, number of employees, etc.

In dividing the population under study into subsectors which,
from the energy standpoint, have a certain degree of homogeneity,
and in presenting a certain concentration of consumption in those
establishments considered "large," it is proposed that a strati-
fied sample be done.

Before going on to the formation of strata, 4t is necessary to
specify that there will be certain activities in some subsectors
which will not form part of the sample. Such is the case of
PUBLIC LIGHTING included in Subsector 1, since electricity con-
sumption c¢an be obtained directly from the energy companies, or
from those public or private establishments for which energy
consumption is known by sources (schools, hospitals, public ad-
ministration, etc.); and the case of DEFENSE, including Subsector
5, the consumption of which is usually highly confidential. In
this case, it is most probable that this consumption will figure
in the Sector OTHERS or in Adjustments.

Keeping 1in mind the observations made under point 1, regarding
the heterogeneity of activities, and given the need for a varia-
ble correlated with consumption to stratify the population, it
has been thought convenient to adopt the number of employees as a
stratification variable, since this is the most closely represen-
tative wvariable in energy consumption. However, there may be
others such as surface area of the establishment, to be corre-
lated with consumption in lighting and climatization (heating or
air conditioning); the number of beds in a hospital, to be corre-
lated with total hospital consumption; value added, etc.

The formation of the strata will include:

Stratum (A), of obligatory inclusion in the sample, made up of
the large energy-consuming establishments, working from the
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11T of the survey form presented.

Using statistical inference, the sample is expanded to the popu-
lation on the basis of the analyzed estimators. This expansion
will depend on the type of sample taken and on the properties of

the estimators.

the aim of the study is to measure useful energy consump-
y case it will be necessary to determine
hare of each source in each end—use in

Since
tion by end-uses, in ever
a matrix for the average s

each subsector.

This matrix is prepared by considering the sample averages as
estimators of the populationd expectation parameters, These
estimates, on the basis of their variances, will give a certain
idea of heterogeneity within each stratum considered.

The determination of whether or not there is heterogeneity 1is
equivalent to testing the variances of the sample averages ob-
tained for each stratum, by testing the hypotheses to be defined

in each case.

tives of the stratified sample 1s to form strata
which are as homogeneous &S possible from within, but heteroge-

neous among themselves. Hence, it is expected that, on the basis
of a good design, the matrix of the sources participation in

end-uses will have a certain homogeneity in each subsector under

consideration.

One of the objec

matrix for shares in subsectoral final consump-

11 be obtained by end-uses and by
f production (measured or
this will yield useful
measured at

By applying the
tion, final consumption wi
sources. When related to efficiencies o©
adopted) for each source in each end-use,
consumption by source and by end-use,

intermediate

the level of efficiencies of production.

in the event that energy audits are done to provide efficiencies
these should be related to useful intermediate

of use,

consumption, so as Lo obtain overall efficiencies of use.
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SURVEY FORM

COMMERCIAL, SERVICES AND PUBLIC SECTOR
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SURVEY FORM

COMMERCIAL, SERVICES AND PUBLIC SECTOR

GENERAL DATA

1.1

1.2

1.3

1.4

Activity

Restaurant Beauty Salon

Hotel Hospital or Sanitarium
Bar or Cafeteria School

Rotisserie Public Office

Laundry or Dry Cleaner
Address

Street: _ Number: City:
Phone:

Characteristics of the Building
No. of rooms Area
Does the establishment Is it connected to the sewage

have running water? disposal system?

YES NO "YES NO

Economic Data and Regimen of Activities

No. of persons employed: Permanently
Temporarily
Total

No. of persons served (complete the information for each
activity)

- Clients per day S students
patients: internal
external

- Gross income
- Regimen of activities

* No. of months worked per year
* Specify months not worked

Days per week Schedule
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2. ELECTRICITY

— 1Is the energy used exclusively auto-generated?

NO YES
~ Supplier Provincial firm
Municipal firm
Private firm
~ Power contracted in KW
- What type of feed system is there? One-phase
Three~-phase

— Is there generating equipment? YES NO

-~ Frequency of use

2.1 Type of Generator
[ TYPE OF | FUEL CONSUMED IPRODUCTION] INSTALLED CAPACITY[
[GENERATOR] TYPE [JUNIT ]| AMOUNT } 1979 [ AMOUNT | UNIT 1
I I IMEAS. | [ (kWh) 1 | |
1 | I I I I I |
IDiesel 1 | I [ I | I
I | I I l | I I
1Gasoline } i | I I 1 1
l | I I | l I I
[-——-- I I | | I I I
H \ i I I | I [

2.2 Energy Sales to Third Parties

- Do you sell electricity to third parties? YES NO
~ Units sold: public service kWh

other consumer
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2.3 Electricity Consumption (kWh)

Billing is monthly biannual
I Period | I 1 | | 1 I I
I I 1 1 2 1 3 1 4 1 5 ] 6 I TOTAL 1/ ]
JGen: I I I I | I I i
I ' [ [ [ | i [ | |
IBought | I I I I I 1 i
I I I I 1 I I I I
JAuto- I I | I I I I ]
]1Generated | I | | 1 | I I
| I | I 1 I I I I
I Period | I I i | I I I
I { 727 I 8 1 9 1 10 111 12 ] TOTAL I
[Gen: I i I I I | 1 I
1/ Complete this column only if billing is biannual (every six
months); in this case cross out the second half of the
chart, If billing is monthly, cross out this column and
complete the second half of the chart.
3. FUEL CONSUMPTION (EXCLUSING THAT CONSUMED IN TRANSPORTATION
AND AUTO-GENERATION)
3.1 Type and Amcunt of Fuel Used
I | CONSUMPTION | I
TYPE I UNIT | - JOBRSERVATIONS ]
I | ANNUAL | MONTHLY | I
| I | : I I
~Liquefied Gas [number] -————-- ] ——— I i
I I | | |
a) Cylinders [number] —---—-- I ————- | 1
b) 15-Kg tanks [number] ~—————-vr ] == I i
¢) 12-Kg tanks [number] --=——-——- ] —=—— I |
d) 10-Kg tanks [number] —-—-—-- [ - I I
e) Others i I - ] —————— 1 Which? I
~ Kerosene [liters] —-—————- I -——== 1 I
~ Gasoline [liters] =—=————- | et I |
- Diesel 0il Jliters] -—————- I ————- | ]
—  Fuel 0il Jliters] —====— | N | |
- Firewood ftons | -——-—o-o ] ————- I 1
- Others I -1 [ -———- 1 Which? ]
I I I I I
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4, TUSES

4.1 Lighting .

[CAPACITY | AMOUNT JUTILIZATION] OBSERVA-]

N
] DEVICE:] SOURCE | (WATTS) | (No.) [(hrs./day) | TIONS
[ 1 | » i I 2/ I
i Telectricity ]| 25 I I I
[Incandes-felectricity | 40 I 1 I
Jcent Jelectricity } 60 I . | 1
[Lamps Jelectricity | 75 b i 1
I Telectricity I 100 | | I
| [electricity | 20 1 I . 1
[Floures-~ Jelectricity | =~ 40 I | I
Jcent lelectricity | I I I
[Lamps felectricity [ I b 1
I- - Jelectricity | 1 i 1
I I B I | 1
]Lamps [kerosene 1 | 1 I
| I | I I I
[Lamps I I | I [
| | I I I I
[ ] | I I I
I I | I | |

I
|
l
|
I
I
|
|
|
|
|
I
I
!
I
|
I
I
1

2/ Complete'this column only if

-the lamps are used permanently.

Otherwise, expain frequency under "Observations".
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~ IToaster

4.2 Cooking

1
[ DEVICE ]
I I

SOURCE

JCAPACITY | AMOUNT JUTILIZATION] OBSERVA~-]

(WATTS) | (No.)

[(hrs./day) | TIONS

{Household]
[Cooking |
I I

[Industr. |
[Cooking |
| I

[Ordinary |
Joven 1
I I

[Microwave]
[Oven

|

I
J6rill

I

I
[Spit
|

IDeep
[Fryer
I

|
[Pots

|

[Pancake
[Grill

I

[Waffle
[Iron

|

[Oven

1

[Coffee-
Imaker
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4.3 Water Heating (only for washing and hygieme) = - -

I A ,

] DEVICE | SOURCE ] (WATTS) 1 (No.) [I(hrs./day) 1 TIONS |
I I | | I | |
[Boiler | | o | I I I
13/ I 1 l B! | |
I l I | | | I
[Thermo- | | | | | |
[tank | | l I l |
i | | I [ I |
| I | | I l |
[Tank I I | I- I |
I H I I I I |
I i I I I | I
|Stove I I I I I |
| 1 I I I I I
| | | 1 | | I
| | | | l | I
| I l I I I I
| I | 1 | | 1
| | | I | | |
| I I I l | 1
3/ Ask about the characteristics and consumption of the pumps

to raise hot water.
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“JCAPACITY | AMOUNT |UTILIZATION] OBSERVA-]

o | (e it i B B et oin] pied it foveind et Jomnd

Air Conditioner

4.4 Heating
1 [ENERGY | AMOUNT ]CAPA-]UTILIZATION]OBSERVA-|
]| DEVICE JSOURCE [ (No.) [CITY ]J(hrs./day) JTIONS |
| | I | I I I
| Radiant | I | I 1 I
1 Radiators | I I | I |
]-BOILER | I I | | I
| ‘Air circu-] I i I 1 I
I  lation | I | I | I
| | I I | | I
I I I | I [ I
|-Resistance 1 I | H 1 |
I-Quartz I | I | 1 I
|-Radiator 1 I I | I |
[-Portable 1 | I I I |
| I | | I | |
I | | I I | |
[-Balanced~ | i I I | |
[ draft 1 | | I | |
[-Infra-red I I I I | |
I 1 | | I | i
| | | I I | I
[-Wick N [ | I | I
[-Drop _ 1 i I I I |
[-Pressure 1 | I I | l
| | | I [ I
| | I I I I
Salamander I H | I I 1
| | I I I I
Open Hearth | | | I I I
1 | | | I I
Spit | [ | 1 I I
1 | | | I I
Stove | { | | I |
| i | 1 I |
Heater I i I | I |
| I I | I I
| I | I | I
| I I I [ I

NOTE: Ask about characteristics and consumption of the pumps used
to circulate hot water or air.
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CHAPTER IIiI

APPLICATIONS

i. Thé Case of E1 S8alvador

: The case of El Salvador, where most of the surveys presented in
the preceding pages have been carried out, is'included as as
example of the application of the methodology discussed in this

document.

For the sake of example, see Tables IV.4, corresponding to -the
disaggregation of final consumption by sources in the different
subsectors, and IV.5, corresponding to the disaggregation of
electricdty consumption by end-uses and subsectors. "
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TABLE IV.4

COMMERCIAL~SERVICES-PUBLIC SECTOR

FINAL POPULATION CONSUMPTION - EL SALVADOR

t BOE

UNIT

1984

YEAR

TOTAL

COMMUNITY

HOTELS FINANCIAL

RESTAURANTS

GENERAL

INSTITUTIONS

ESTABLISHMENTS

COMMERCE

42.47

10.26 27.61 57.90 145.81

7.57

Electricity

17.67

11.04

1.86

4.77

Liquefied Gas (LPG)
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5.62

3.12

2.50

Diesel 0il

4.28

0.61

3.67

Fuel 0il

173.38

27.61 72.67

18.29

12.34

42.47

TOTAL
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CHAPTER 1

DEFINITIONS AND BASIC CONCEPTS

1. Disaggregation by Subsectors

This' sector groups the activities related to the primary
production corresponding to the Major Divisions 1 and 2 of the
ISIC Classification: on the ome hand, Agriculture, Hunting,
Forestry and Fishing and, on the other, Exploitation of Mines and
Quarries, the divisions and headings for which are presented in
Table V.1,

Table V.2 presents the proposed classification for disaggrega-
tion of the three subsectors to be inceorporated into the present
methodology, as well as the codes for the headings to be consid-
ered under each subsector.

Just as 1in the industrial sector, it is mnecessary to refine
certain activities which wmight be accounted for under other
matrices of the energy balance (supply) or included in other
consumption sectors, or to include consumption from other sec-
tors.

This sector will only include direct energy consumption, i.e.,
not the energy content of the inputs, equipment and materials
used in the units of exploitation, since these are accounted for
under the Industrial Sector. For example, the energy equivalent
of inorganic fertilizers incorporated into agriculture will not
be counted, nor will the explosives used in mining.

This sector is perhaps one of the most controversial in terms of
the problem of assignation of energy consumption among sectors,
since the information concerning many of the productive activi-
ties does not in principle seem to be duly separated as to what
is strictly primary (and therefore attributable to Agriculture,
Fishing and Mining) and what undergoes a process of transforma-
tion (attributable to the Industrial Sector). For the sake of
example, let us cite: the mining-metallurgy complexes; the ex-—
traction of wood combined with the manufacture of paper pulp;
fishing and processing of fish products, etc.

In addition to this problem of distribution of consumption among
sectors, there are others regarding the treatment of information
(specifically the universe of reference of the sample frame).

On the Dbasis of groups, the ISIC classification considers the
possibility of determining the principal activity or groups of
principal activities. However, in practice there is vertical
integration of activities (examples given previously), which
makes it impossible to obtain information (value added, number of
employees, etec.) for each product, service or group.
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Therefore, '"the establishment or unit according to the type of
activity should be classified in the group of the ISIC which
includes the goods or services that constitute the bulk of the
gross product. Thus, for example, an establishment which com-
bines the cutting of trees with a sawmill will be classified
as a sawmill and the clay quarry combined with a brick factory
will be classified as a brick factory."” (%)

According to this criterion, the energy consumption associated
with the activities of establishments which cannot be separated:

- agriculture from agroindustries
- fishing from the fishing industry
- mining from metallurgy

should be considered in the pertinent subsector corresponding to
the Industrial Sector.

However, given that from an energy standpoint-- e.g., substi-
tution among sources, projection of consumption and energy com-—
servation-- the designation of this consumption has very dié—
similar characteristics depending on the sector to which it 1is
assigned, the following reordering is proposed at the subsectoral

level:

a) Agriculture Subsector

This will include the activities of Divisiong 11 and 12 of the
ISIC Classification, with the following clarifications:

- Heading 121 (Silviculture), related to "explqitation of
forests; sapling nurseries; planting, repopulat10§ and con-
servation of forests, etc.," contemplates the possibility of
including charcoal production when it is done within the
forest. It would be convenient to separate such production
and to include that consumption under the pertinent Trans-

formation Center.

- Heading 122 (Wood Extraction) of the Agriculture Subsector
will contain exclusively ‘'sawmilling camps, lumberjack
contractors and lumberyards devoted mainly to cutting wood

and producing logs...etc." (¥)

"The operations of lumber and firewood extraction carried
out in combination with sawmills, pulp factories and other
transformation establishments which cannot be stated sepa-~
rately,'are classified in Groups 3311 (Sawmills), 3411 (Wo?d
Pulp, Paper and Cardboard) or 3511 (Manufacture of Basic
Industrial Chemicals), respectively." (¥*¥)

(*) See United Nations Office of VStatistics. Statistical
Reports. Series M No. 4, ISIC Rev. 2, page 16.

(#*) See United Nations Office of Statistics. Statistical
Reports. Series M No. &, ISIC Rev. 2, pp. 16-17.
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Therefore, in order to account for the energy consumption
associated with Group 122, it will be necessary to subtract that
accounted for in the above-mentioned industrial groups.

b) Fishing Subsector

In some countries this subsector is quite difficult to express.
In such a case it is proposed that it not be disaggregated from
the Agriculture Subsector.

It will cover energy congumption in commercial fishing, including
that done by the processing ships and fleets devoted to fishing
and elaboration of fish products.

The ISIC classification establishes that: “the processing ships
that are devoted exclusively to the elaboration of fish products
and that can be considered as isolated establishments are classi-
fied under Group 3114 (elaboration of fish, shellfish,...}", so
that if this is the case of a given country, the respective
energy consumption is accounted for under the Industrial Sector.
In practice, it can prove extremely complex to separate the
activities of capture and manufacturing and, therefore, the ener-
gy consumption related to each one of these stages.

In the event that these stages cannot be separated, it would be
convenient for the consumption originated by these to be in-
cluded within this subsector.

¢) Mining Subsector

The exploitation of mines and quarries includes the extraction,
preparation and enrichment of minerals, as well as complementary
activities (crushing, cribbing, 1lixiviation, fusion, etc.) to
prepare and enrich ores and other raw minerales, in order to
facilitate their later marketing.

In wmining activity, the stage of extraction culminates with the
obtention of the ore for which purpose, 1in certain cases, it is
necessary to remove variable amounts of sterile products. The
ore treated im the enrichment plants makes it possible te obtain
concentrates; the percentage of mineral increases in different
concentration ratios according to later treatment (metallurgy).

In addition, different types of establishments can be presented,
generally classified under Large Mining, Medium-size Mining and
Small Mining, devoted to mining-metaliurgy activities which ecan
cover different stages of the production process.

EXTRACTION==mmmmm [ ENRICHMENT--—-—————- [ METALLURGY
Thus, whereas in Large Mining most of the establishments have

integrated processes including the three stages, in Medium-size
and Small Mining the first twe can appear together or separately.
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TPus, it clearly appears that for integrated establishments, it

glil provehextremely difficult to disaggregate energy consumption
etween what is strictly Mining and what is strictl I
(Metatlureny . vy Industrial

Therefore, 1in addition to the energy consumption pertinent to
this subsector, it is proposed: '

- to include all of the energy consumption of the integrated
complexes.

- to exclude the iron and steel industry (incorporated 1into
the Industrial Sector)

- to exclude metal refining, recovery and forging, as well as
Fhe production of ingots, bars, billets, tubes, etc., in
isolated (non-integrated) establishments included in Divi-

sion 372 (copper, aluminum, lead, etc.) of the Industrial
Sector.

Furthermore, Divisions 21 {Exploitation of Coal Mines) and 22
(Production of Crude 0il and Natural Gas) will be excluded,
Pecause the energy consumption associated with these activities
1s accounted for under the Energy Sector (supply).

2. Disaggregation by End-Uses

2.1 Subsectoral

The disaggregation of energy consumption into end-uses presents
such different features—- according to the subsector, technology,
equipment and source being dealt with-- that it is necessary to
detail the production processes or tasks of each subsector in
order to gquantify the useful energy resulting from each end-use.

2.1.1 Agriculture Subsector

This includes all of the tasks carried out in agriculture for

farming, livestock-raising and forestr " Th inci
s . e princ 1
detailed below: ¢ g wpal rasks aze

i) Farming activities: these correspond to preparation of the
soil (plowing, disking, “hoeing, etc.), planting, clearing,
supervision, protection and harvesting. Depending on the
production methods used, these tasks can be carried out
using only hand labor, by combining hand labor with animals
or with farm machinery, or by combining hand labor, ani-
mals, and farm machinery.

The type of equipment includes tractors, harvesters, plant-—
ers, etc., i.e., primarily motor-driven farm machinery which

consumes mostly conventional fuels.

ii)} TIrrigation: the use of water (from surface or subsurface
sources) for dirrigation can be through motorpumps run on
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fuel or electricity, windmills, manual pumps, animal force,
waterwheels or simply by gravity.

iii) Water pumping: for livestock troughs. The alternative end-
uses are listed under 1ii).

iv) Livestock-raising activities, workshops, and lighting:
these refer to the breeding and fattening of livestock 1in
specific installations, as well as the extraction, cooling
and treatment of milk prior to commercialization or domestic
industrialization; and to the repair of machinery and tools
in the unit of production. These activities may require
direct energy consumption in motors and specific equipment,
and in lighting for the facilities.

v) Support transport for production: this is what is needed
for productive processes, whether through automotive vehi~
cles, pack animals or manpower.

vi) Support  transport for marketing: this is what occurs be-
tween the unit of production and the centers of storage or
sale, whether through automotive vehicles or manpower.

vii) Imorganic fertilizer: this is the incorporation of inor-

ganic nutrients into the soil. The energy consumption of
this activity is included under i) and v).

viii) Organic enrichers: this is the organic matter incorporated
into the soil through crop residues and animal excrements.

The residues and excrements may come from the crops and
livestock on the farm into whose soil they are incorporated.
In this case, the energy consumption for that incorporation
(e.g., through plowing) is included under a) and no energy
consumption should therefore be added in.

ix) Treatment with agrochemicals: this is the use of pesti~-
cides, herbicides, " insecticides, etc., in pre- and post-
planting on farms and plantations and in livestock-raising.

" Energy consumption is included in i) except for that related
to aerial fumigation carried out by the unit itself.

Thus, the end-uses associated with these tasks would be:

Movable Mechanical Force (Tractors and Farm Machinery)
Stationary Mechanical Force (Stationary Motors)

- Irrigation

Water Pumping

- Refrigeration

- Thermics

. Heating

. Water Heating

. Drying

{

i
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- Lighting
~  Transportation
- Fumigation

It is proposed that this list be grouped as follows:

~ Tractors and Farm Machinery
- Irrigation and Water Pumping
- Transportation and Fumigation
- Others
. Lighting
. Refrigeration.
. Drying :

. Water Heating and Space Heating
. Mechanical Force

2.1.2 Fishing Subsector

The energy end-uses to be accounted for under this subsector may
be broken down according to whether or not the ships are  devoted
only to fishing or if they also do processing.

In the first case, the end-uses will be:
. Mechanical Force (cranes, mills, etc.)
. Transportation (displacement to and from the place of
capture)
In the second case, it will also be necessary to add:
. Steam (sterilization, etc.)
. Refrigeration (refrigerators, freezers, etc.)

. Direct heat (water heating, drying, cooking)

2.1.3 Mining Subsector

The activities carried out in the productive process of this
subsector demand the consideration of different end-uses
according to the stages of extraction, enrichment, and metallurgy
in reference. 1In the case of TRANSPORTATION, it is necessary to
clarify that the movement of minerals and/or materials within the
mine will be accounted for as Mechanical Force (conveyor belts,
rails, etc.); on the other hand, transport through pipelines from
the mines storage area to the outside will be accounted for

under the Transportation Sector.

i) Extraction

~ Mechanical Force (drills, mechanical shovels, rakes,
conveyor belts and rails, elevators, pumps, etc.)

~ Lighting (electric, batteries, carbide, etc.)

- Ventilation {extractors and ventilators)

249



ii) Enrdichment - TABLE V.1

~ Mechanical Force (crushers, grinders, vibrators, miscel-

laneous transporters, centrifugators, pumps, etc.) DIVISIONS AND GROUPINGS UNDER MAJOR DIVISION 1 AND 2
- Lighting '
~ Steam (dryers, etc.) Divi-  Group- . Title
sion  ing . . :
- Ventilation (extractors and ventilators) e
iii) Metallurgy 7 Major Division 1. Agriculturé, Hunting, Forestry and Fishing

It is proposed that the same classification adopted for the

Industrial Sector be used. - i1 ’ Agriculture and hunting
111 Farming. =~
2.2 Sectoral . : _ 112 ' Agricultural services
' 113 Ordinary hunting and using traps, repopulation
According to points 2.1.1 to 2.1.3, the energy end-uses of animals
considered in this sector are quite varied, and some of them 12 o Silviculture and_lumbering
appear in the different subsectors. In order to present the end~ ' 121 Silviculture o
uses that can concentrate a large percentage of the sectoral 122 Lumbering
consumption, as well as to take into account the particular 13 - 130 Fishing

subsectoral features, the following classification is proposed:

- Mechanical Force Major Division 2. Exploitation of Mines and Quarries
- Steam
- Direct Heat 7
- ° Pumping and Irrigation 21 210 Exploitation of coal mines
- Others _ 22 220 Production of crude oil and natural gas
. Caloric 23 230  Extraction of metallic minerals
. Lighting 29 290 Extraction of other minerals _
. Refrigeration —_——— - ——— —_—— - et LS
. Electrolysis - ' '
_+ Others
TABLE V.2
3. Final Energy, Useful Energy and Efficiencies
The foregoing description of the different end-uses and the ‘Disaggregation of the Agriculture-Fishing-Mining in . Subsectors
stages of the productive process which gives them origin, just as - _ and Their Corresponding ISIC Classification

described in the Base Document (Chapter I}, permits treatment of
the concepts of final energy, useful energy, and efficiency. It

will thus be necessary to specify the efficiencies of production R e e e e e ———————————
for each subsector and each end-use, as suggested for the first 1 [SUBSECTOR NAME ] 1ISIC ] '  TITLE |
stage of application, and the efficiencies of use which determine ' | [JOLADE METHODOL. [DIVISION] . o S B |
overall efficiency. ' ' -1 7 (e — | SR ———— "“ J——

‘ [1.1 Agriculture | 11 [Agriculture and Humting I
If it is necessary to quantify "measured efficiencies" both for I T I 12 [Silviculture and Lumbering 1
production and use, by means of audits to implement energy N T . ]~ S O S ———
conservation mechanisms, it is logical to think that there will ’12.]5"Fishing I 13 | Fishing I
be certain activities of those described above for which it will , e e ] e | - ) _ I
not be mnecessary to carry out an audit, either because con- [3.] Mining I 23 ]Extraction of Metal Minerals ., . |
sumption is marginal or because there are combinations of uses, I 1 : I 29 IExtraction of Other Minerals <1
sources, and equipment which cannot be disassociated or substi- L _ e e e e —— e _—
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tuted for (wind energy in windmills for pumping drinking water to
animal troughs}. _ :

Furthermore, the efforts to carry out energy audits should con~

centrate on those stages of the productive process for which
there are no specific uses for a source, as well as on the
energy-intensive nature of the product.

To measure efficiency of use, it will be necessary to anélyze the
-stages of the productive process of the three subsectors consid-
ered, which can be sumamrized as follows:

i)

Mining'and Fishing Subsectors:

Evidently, it will be more important.to consider efficiency
of use in integrated processes such as mining and metallurgy
and fishing and the fishing industry than in small mining
(low degree of mechanization and, therefore, very low energy
consumption of inanimate sources) or in fishing. 1In the two
cases cited for integrated processes, the type of measure~
ment to be taken is identical to an industrial audit, since
the end-uses under consideration are similar. .

.In the case of tramsportation in fishing per se, there ig

no practical significance for measuring efficiency of use
since it has been included under the Transportation Sector.

‘Agriculture Subsector

In this case, an attempt is made to separate FARM MACHINERY
AND TRACTORS from the rest of the end-uses, since they
constitute the principal consumer of direct energy in this
subsector and since the rest of the end-uses (refrigeratiom,
drying, water heating, etc., i.e., the "process" uses)
merit a treatment similar to that of any industrial process.

Just as 1in the Transportation Sector, quantification of
overall efficiency in the case of the use of FARM MACHINERY
AND TRACTORS deserves come clarifications related to the
concept of work and the end-use of mechanical force

corresponding to farming activities, An attempt is made to.

provide a method for quantifying EFFICIENCY OF USE, for
which purpose the analysis will be limited to the case of
tractors used in plowing.

The drag developed by the tractor is known as "traction" and
the unit of measure will be kg of force. The farming activ-
ity which can best serve to illustrate the different factors
which have a bearing on traction force is plowing. Special-
ized literature discusses the concept of the "tilling coef-
ficient" which refers to the traction needed per unit of
surface area of the plowed section (kg/dm2 or kg/cm2). This
coefficient is determined experimentally in each country or
region and is usually tabulated for different types of soil.
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ii)

iii)

For the sake of example, some values are presented in Table
V.&'. )

The tilling coefficient depends, first of all, on soil
conditions; it dis higher in soils which are irrigated by
infiltration than in those irrigated by aspersion. Other
factors which influence the value of this coefficient are
the specific weight of the soil, the weight of the plow, the
speed of plowing, the humidity of the so0il and the design of
the plow.

"Therefore, if what is desired is to measure the traction

required by a plow with four 12" disks plowing 15 cm deep in
a soil whose tilling coefficient is 0.6 kg/cm2:

- tilling width
4 x 12" = 4 x 0.30 em = 1.20 m
-~ gurface area of plowed section:
120 em x 15 em = 1800 cm2
- traction
F = 1800 cm2 x 0.6 kg/cm2 = 1080 kg

As in the case of the Transportation Sector, the work here
would bet '

T = Fdx S - W

In the example above, 1if the surface to be plowed were one
hectare (ha), then: T

- the distance covered in plowing one héctare with a width
of 1.20 m is d = 10 000 m2/1,20 m = 8333.3 m

- T = 1080 kg x 8333.3 m = 9 x 106 kgm = 33,3 CVh
This is the work that would be required in the drawbar.

The value for F can also be calculated on the basis of motor

output (P), mechanical efficiency (Ry) and plowing speed
(W) B
P. Ry ' :
F = —eoereeea e (2)
v

Expression (2), in technical units, takes the form:

253



Plev) - Rp
Flrg) = === (2
Vikm/h) - 0.0037 (CVh/kgm)

In referring to the output of a tractor, it is necessary to
specify clearly what is being dealt with: motor output,
measurements of the pulley or force intake or the measure-
ments of the drawbar. The difference between the first and
the second is due to: a) losses due to friction in the
tractor transmission; b) rolling resistance and ¢} skidding.

The rolling resistance of the tractor is the power it needs
to keep itself in movement at a given speed, without a load.
It depends on: a) the type and state of the soils; b) the
load of the axis (the larger the load, the. greater the
resistance); «¢) the pressure in the tires (in compacted
roads resistance is inversely proportional to pressure, but
on worked land it is directly proportional) and d) the size
of the wheels, since the greater their diameter, the lesser
the resistance (see Table V.3).

Skidding causes losses of power because it reduces the space
covered. The greater the tractiom capacity, the lesser the
skidding. The traction force is: 1) directly proportional
to the weight of the wheels with drive; 2) direclty propor-
tional to the diameter and width of the tires; 3) inversely
proportional to the pressure of the tires on soft soil and
4) dependent on the type of tread.

The relation between the power of the bar and that of  the
motor is known as the mechanical efficiency of the tractor
or traction efficiency and it constitutes what was termed 3]
in the foregoing expression:

Power in the bar

Ry = (3)

Power in the motor

iv) This efficiency can well be considered as an EFFICIENCY OF
USE since it is a function of the conditions of utilization.
Table V.3 shows, as an example, some of the values for Ri
for different types of soil; it can be seen that, as the
rolling resistance coefficient increases, the mechanical
efficiency decreases for average traction.

Continuing with the example, the energy required in the
motor will be a function of R;. Suppose a new field (R} =
0.75), the energy required in the motor will be:

1080 kg x 0.037 (CVh/kgm)
E(CVh/ha} = memem e = 44.4 CVh/ha
1.20 m % 0.75

v) The total force along the way will then be the work Fdx
equal to useful energy, which could be defined as "the work
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needed to accelerate and keep in movement the tractor and
farm machinery dragged along behind it, plus the work which
comes into play due to the drag force developed by the

tractor."

Given that there is no heat engine which absorbs heat from a
light bulb at one same temperature and transforms it com—
pletely into mechanical force, there will be an efficiency
of production to be quantified in order to evaluate the

resulting final energy.

Accepting that the final energy which is really used in the
farming under consideration is:

C K dx (&)
where:

C - specific consumption (lt/km)

K - calorific value of the fuel (Kcal/1lt)

dx - tractor displacement (m)

overall efficiency will be:

R = ____,.,____....___._-..;.--.— - (5)

F oo e (6)

On the basis of points 1) through v}, particularly point iv), it
is possible to deduce that in the case of the agricultural sec-
tor, the efficiencies of use cannot always be measured for farm
machinery and tractors, since the efficiency (Rl) is basically
determined by soil conditions, which can be modified very little
and do not lend themselves to any implementation of energy con-

servation whatsoever.

Only in uses other than mechanical force, basically in the ca-
loric wuses or processes described under point 2.1.1 of this
chapter, it is feasible to take into account the measurement of
the efficiencies of use, in which case an indispensable condition
will be to analyze the importance that energy consumption has for
the end-uses in consideration.

4. BEEU Applied to a Unit

Of the three subsectors analyzed, Mining is perhaps the one which
entails the greatest difficulty in terms of allocation of con-
sumption, for its later transfer into the energy balance. Hence,
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the application of flow diagrams for designing balances for one
productive firm or unit is presented below only in the case of
the Mining subsector. ‘

In order to make this treatment general, let us begin by assuming
that a mining plant-- particularly mining-metallurgical com-
plexes-- can buy and produce energy, whether primary or secon-
dary, for transformation into useful forms (steam, direct heat,
mechanical force, etc.). These sources can be disaggregated
according to the ones represented in the general summary matrix
of the OLADE Energy Balance. :

The concept of Net Energy Input (NEI) responds to the energy that
enters the establishment, disaggregated by sources. In many
cases, the NEI will be equivalent to purchases but, in order to
generalize the treatment, the two following situations should be
kept in mind:

- that the establishment may sell energy, in which case that
energy should be subtracted from the purchases. If there is
auto-produced electricity sold to third parties or delivered
to the public grid, it may occur that the NEI will bhe nega-
tive. A similar situation may arise with steam.

- that the establishment may auto-produce electricity by means
of a hydraulic gemerator, in which case, although the energy
is not bought, it should be accounted for in the balance.

Once the NEI has been determined, the flows for each source
should be identified according to the scheme presented in Figure
V.1, The first destination of the energy that enters can be
Direet Auto-Production of electricity through steam, whether in
hydraulic generators, diesel groups or gas turbines. In this
case, the hydroenergy and the corresponding energy sources should
be subtracted and the electricity bought should be added to that
purchased.

Another example of the NEI may be the indirect auto-production
through electricity based on stean. This steam comes from recy-
cling in the boiler to feed into the steam turbogenerators; it is
therefore necessary to do a boiler balance previously. In the
flow diagram, this balance appears afterwards in order to be able
to express the steam in terms of the fuels that produce it,
subtracting them from the respective NEI and adding the auto-
produced electric power to the NEI.

The fuels used in means of transportation outside the mining

complex will be accounted for in the Transportation Sector.
. However, the emergy used to move freight or passengers within the
mining complex will be accounted for under "Mechanical Force” in
this subsector. -

Final consumption by sources will thus result from adding to, or
subtracting from, the NEI, as necessary:
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- direct auto-production

- indirect auto-production

" = transportation outside the complex.

This final consumption, when added by sources, can be lower than
the NEI; the difference is explained by the fact that part of
these flows should form part of supply (case of -auto-production)
or part of another consumption sector (in this case, the Trans-

portation Sector).

Table V.5 shows a type of auxiliary data sheet in line with the
disaggregation of energy sources in the OLADE methodology, and
contains details on final consumption and a series of data .for

calculating useful energy.

On the basis of these auxiliary sheets for each establishment, it
is possible to generate fimal consumption and useful consumption

by sources and end-uses in the subsector.
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TABLE V.3

ROLLING RESISTANCE COEFFICIENTS AND MECHANICAL : TABLE V.4
EFFICIENCIES ON HORIZONTAL SURFACES, FOR VEHICLES : :
‘ WITH PNEUMATIC TREAD

FUNCTION
ENERGY REQUIRED IN THE TRACTOR ENGINE, FOR PLOWING, AS A

RK
QF THE TILLING COEFFICLENT AND DEPTH OF WO

n :
SOIL CcRRY 2 CRR/n (Cvh/Ha)
Pavement or good dirt 1
‘road - 0.03 0.85 - 0.035 1 e 1
) . Tilling I"""""_-_'ﬁ--”‘-f - (.50 lowed soil) i
Fairly good dirt road 0.05%* 0.80% - 0.062 %cOe;ficientl = 0.75 (natugal field | 0 (p I
' . or pasture £ work (em) I
Field or flat natural } (kg/cm?) [Depth of work (cm) I_?ff’_i‘_i __________________ I
pasture 0.06 0.75 0.080 [mmmm T T T T T 10 15 20 1
' { {10 15 20 1 W 1
Bumpy terrain 0.10% 0.60 0.167 N e [-mmmmmmmmm T T 15 29 30 1
{-— 0.20 1 10 15 20 } 30 Wl 59 |
$0il plowed in terraces, i 0.40 1 20 30 39 1 " 67 g9 |
with packed soil 0.25 0.50 0.500 0.60 1 30 44 59 59 39 118 1
% 0.80 1 39 29 ¥ { 74 111 168 1
Scll recently plowed , i 100 1 49 74 99 1 _ I
or losse sand 0.35 0.40 0.875 1 N
[ —
. . ‘s different types
* QOwn estimate. . Reference values for the tilling coefficient for di
1 Average values from McKibben, Eugene and J. Brownlee Davidsom. of soils: 9
“"Transport Wheels for Agricultural Machines." Agr. Eng. 20 - _ ¢ Buenos Aires) 0.30 kgfem
(12): 469-473, 1939. Keep in mind that the CRR is directly sandy (e-8-» west of the ?rov1nce o 7 0.45 kg/em
proportional to the inflation pressure, on loose soils, and ' cirm (e.g-» region of Juﬁln) inc) 0.60 kg/cm
inversely proportional on firm seils it is inversely propor- firm-claylike (e.g., region of Pefgi Buenos Aires) 0.80 kg/cm
tional to wheel diameter (the data in this table refer to ast of the Prov. ©

claylike (e.g-» eas
wheels measuring 6.00 x 16 and similar dimensions) and it is

. . ient is inversely propor=
directly proportional to the weight borne by the wheels. For one same soil, the tilling coefficien

i tional to
ional to the wumidity of the soil and dlrzctiz grgpi;/h)-
tionalk e
2 Values cited from De Dios. Carlos A. "Potencia y energia Slzed e y of che soly
absorbidas por miquinas de labranza y siembra"”. Estac. ' Exp. P

Agr. Pergamino. INTA, page 8, 1972. These values refer to SOURCE: Frank. R. OP. cit., page 326.
average traction.

SOURCE: Frank R "Costo y Administacion de la Maquinaria Agri-

cola"; Editorial Hemisferio Sur; Bs. As.

1977, page
356.
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CHAPTER II

DATABASE FORMATION

1. Data-Collecting Form

In the case of the Agriculture—Fishing—Mining Sector, according
to the preceding points, it will be necessary to prepare dif-
ferent information-gathering sheets, given the particular feg-
tures noted for each one of the subsectors.

In general, it can be said that the contents of the surveys forms
are geared to obtaining information on énergy consumption by
sources and end-uses, and at the same time to detecting the types
of equipment associated with that consumption,

It also proves imperative to obtain information on "non-energy"
variables for wuse later in statistical treatments in order to
relate energy consumption to the level of activity developed in
the subsector, as well as in the treatment of the design
bProcessing and expansion of the sample. ’

The contents of the sheets for the Agriculture and Mining subsec-
tors will be detailed below; the Fishing subsector has not been
included since, from the energy standpoint, it will basically
cover the information contained in Modules III to VII of the form
for the Industrial Sector. -

1.1 Agriculture Subsector

The contents of the questionnaires for this subsector will be
substantially different, depending on the activity dealt with
%.e., livestock-raising (%), farming or forestry. In fact, Eh;
informaticn to be compiled on the different end-uses and
equipment, as well as on non-energy variables, will be ' quite
different depending on products such as coffee, bananas, poultry
milk, etc. ,

Even though the survey forms should be adapted to the réality of
each country, what is presented is a questionnaire which can
serve as a reference for agricultural and livestock activities in
general.

As for the survey form on agricultural/livestock activities

unlike other sectors, in the unit of information (establishmenti
there are not different sections with data recorded for each
stage of the production process.

(*) See "Survey on Energy Consumption in the Livestock Sector,"”
Energy Sector Division, Costa Rica, December 1985.
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The contents of the reference survey comprise three modules. The
first two refer to non-energy data such as location, surface area
destined to production and under irrigation; volume of production
by type of crop for a normal year (if the year of the survey was
not a normal year); production of animal and vegetable residues
and their destination; livestock production; labor employed and

time worked.

The third records energy consumption by end-uses and sources in
the different types of equipment that can appear for each use.
Unlike in the industrial sector, efficiency values are not in-
cluded. However, power capacities and hours of use of the
different types of equipment must be assigned.

With respect to hours of use, the record does not offer any major
drawbacks in equipment using mechanical force, for example trac-
tors and farm machinery. There may, however, be difficulties in
estimating hours for some end-uses such as irrigation. In this
case questions should be specified on: months of duration of the
irrigation, flow, water consumption, etc., from which, in refer-
ring to a given crop, given soil conditions and a given power
capacity, hours of use can be calculated.

The possibility of recording the consumption of aerial fumigation
is included in point 5 of this module (other uses); it should be
stressed that this consumption will always be accounted for when
not contracted out to third parties.

1.2 Mining Subsector

The contents of the survey for this subsector are divided into
five modules, of which the first refers to general data and

productive activity.

Modules II to IV records information on energy consumption by
sources and end-uses. The disaggregation proposed for these is
worthy of mention:

- Description of equipment in the mine and enrichment plant.

- Electricity and fuels consumed in the mine and enrichment
plant.

- Fuels used for electricity auto-production.

Furthermore, there is the possibility of recording information on
the stages of industrialization or metallurgy mentioned under
point 2.1.3 of the previous chapter, for the case in which the
surveyed establishment is integrated and energy consumption is
included 1in this subsector. Thus, the following are incorpo-

rated:

- Fuels used in steam production and amount of steam produced.
- Direct heat.
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- Mechanical force.
- Other uses.

The end-uses incorporated in this case will therefore be those
already described in Modules IV and VII of the Industrial Sector.,

2. Analysis of Existing Information and Guidelines for Sample

Design

To do an assessment of existing information obviously constitutes
the first stage of any sample design. This diagnostic should be
based on the analysis of information provided by agricultural
censuses, general censuses on economic activity (including the
Fishing and Mining subsectors), surveys usually dome in these
subsectors, special studies (even though partial), etc.

The situation that may arise in terms of basic information, which
is understood as the information which constitutes the Universge
of Reference, varies according to what has been recorded in the
countries but, even more, it varies according to the importance
that the three subsectors analyzed herein have in the national
economy and according to the modes of production detected in each
subsector. :

The basic information to which reference is made is constituted
by the total energy consumption of each subsector, the number of
productive  establishments for the Agriculture and Mining
subsectors, and the establishments as well as the fishing fleet
and processing ships in the Fishing subsector.

As for total energy consumption in the subsectors, certain
situations may arise because: -

- subsectoral consumption is aggrepated and usually included
in the Industrial Sector.

-  energy consumption is known for only one of the subsectors.

- subsectoral consumption is disaggregated into three subsec~
tors. '

In the third case, total energy consumption will coincide with
that of the universe of reference, in which case a-design will
have to be made to disaggregate total consumption by sources and
end-uses.

The second case is what occurs in countries such as Chile and

Peru (perhaps Bolivia also), where there are records on total

energy consumption in the Mining Subsector or mining~metallurgy; -
in the case of Peru also in the Fishing Subsector or fishing

industry; in the case of Uruguay in the Agriculture Subsector,

etc., records which appear in the publication of the respective

national balances. )
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The presentation of the BEEF prepared by the different countries
that show aggregate consumption in these subsectors (which would
be the first case presented above)} does not necessarily mean that
records will not be available with the corresponding disaggrega-—
tion. For those cases in which consumption seems to be aggre-
gated, and therefore usually included in the Industrial Sector,
it 1is inevitably necessary to proceed with disaggregation prior
to the preparation of useful-energy balances.

Necessarily, sectoral and/or subsectoral consumption must be
known previously for application of a survey on END-USES, since
what is definitely wanted is to quantify the SHARE of each SQOURCE
in each END-USE for each SUBSECTOR. Actually, as will be seen in
greater detail under the next point, the measurement of wuseful
energy consumption 1n physical quantities (TOE) consists of
multiplying total subsectoral consumption (in absolute terms) by
a matrix of participation coefficients (%).

Therefore, if records were not available on subsector con-
sumption, the first step would be to quantify it through a survey
much more numerous than the survey on end-uses. The design of a
sample to quantify total consumption and conmsumption by sources
in these three subsectors depends on the features of each coun-
try, basically insofar as the importance of the subsector in the
GDP, the type of activities developed in each subsector, etc.
Likewise, the survey form will contain only questions referring
to the consumption of commercial sources, of the type which
figure in points II1.6 for the Agriculture subsector and III.

for the Mining subsector.

It is also necessary to point out that, according to the informa-
tion existing on the characteristics of the activity of each
subsector and on the modes of production used, there can be more
than one type of sample. Therefore, it can be affirmed that
there will be experimental samples according to the universe of
reference and the activities of each subsector; for example,
there can be MECHANIZED and UNMECHANIZED; for the Agriculture
subsector, IRRIGATED and UNIRRIGATED, etc., which means having
different sampling alternatives.

However, the guidelines for sample design which are proposed
below for a survey on end-uses are valid if there is information
on energy consumption by subsector, in addition to the non-energy
information for each subsector which characterizes the level of
economic activity.,

The foregoing is also generally valid for the Industrial Sector
in terms of the LAW OF ASYMMETRIC PROPORTIONS, in which a wvery
low percentage of establishments accounts for a large percentage

of consumption.

On this basis, what is proposed is to do a stratified sample,
considering each subsector separately and, within these, to stra
tify according to their particular characteristies(*). Actually,
not only the importance of the participation of END-USES in the
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total consumption of each subsector is different, but also its
nature.

Thus, there is a clear differentiation insofar as the comp051tion
of strata in the three subsectors:

- Mining subsector: there are two strata to be cdnsideréd,
depending on whether the establishments are integrated or
not. In other words, small and/or medium-size mining is
separated from large mining, since the latter (of obligatory
inclusion in the sample) will surely not concentrate .a
substantial percentage of the energy consumption of this
subsector, but will present a structure of end-~uses very
different from that of small and/or medium-size mining.
Furthermore, the establishments devoted: solely to extraction
tasks wusing unmechanized energy (usually, hand labor for
extraction and pack animals for transporting the pro-
duction), as in the case of certain limestone quarries,
etc., will not form part of the universe,.

- In the Fishing subsector, it is possible to preéent‘ two
different modes of production, which generate two types of
sample designs:

i) where the activity is "centralized," i.e., that there
us a legal entity (establishment or firm) of produc—
tion, 1in which case what is proposed is a stratified
sample or census if the activity is concentrated in a
small number of firms. Stratification will consist of
considering the establishments according to the capaci~
ty and importance of the fishing fleet and/or according
to whether the ships are devoted merely to fishing per
se or are processing ships.

ii) where the activity is "artesanal," in which case there
will not be records on establishments but there may be
records on ships dedicated to this activity. In this
case, a random sample can be done, on the basis of the
shipping records available in port offices (naval pre-
fects). In this case, the only energy end-use to be
considered will be transportation, since the rest of
the end-uses (mechanical force, in particular) is
manpower.

It will not include artesanal fishing using manpower as
the only source of energy. :

In order not to repeat the concepts referring to quali-
ty of the gsample, soundness of the estimators, ete.,
suffice it to say that for the entire Mining subsector

(*)  This is valid for the Mining and Agriculture subsectors;
however, for the Fishing subsector, and in particular for
artesanal flshlng, another type of sampling is proposed.
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and for variant a) of the Fishing subsector, all of the
conclusions for the sample design of the Industrial
Sector are wvalid.

iii) For the Agriculture subsector, certain criteria on
which to base the design are presented below. For most
countries there is information, with a greater or les-
ser degree of disaggregation, the source of which is:
agricultural surveys, specialized surveys, information
records from agricultural extension  organizations,
information records from international organizations

{FAQ), etc.
This information refers to:
- Personnel occupied on farms and wood plantgtions.
- For agricultural products, number of farms by size.

- For each crop, number of farms and surface area of lands
cultivated with and without irrigation.

- Physical output by crop and efficiencies of production.

- Livestock by size and type of farm.

- Number and power of tractors and farm machinery by size of
farm.

All of this information is provided by the Agricultural Census;
it can even be disagpgregated by biogeographical areas (or natural
areas} , whereas the agricultural extension organizations or
other public offices (Ministries, Secretaries or Departments of
State, etec.) and/or private institutions (cattleraisers associa-
tion, etc.) can provide part of this information.

What is important to determine in this part of the work is which
information will be wused for stratification and what the
stratification will consist of.

First of all, due to the specifications of this subsector, a dual
stratification is proposed, with two categories referring to the
type of "activity" and another referring to farm size.

Type of "Mactivity" 1s understood to be a group of products
(erops) normally used in the studies on agrarian economy and also
in those on rural energy, with the aim of mainfesting their
importance in the value added of the subsector and presenting
certain homogeneity from the energy standpoint. Thus, the sub-
sector can be grouped into three prinecipal "activities':

- Annual crops such as cotton, rice, corn, beans, potatoes,
wheat, barley, etc.

- Perennial crops such as sugarcane, coffee, etc.
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- Livestock-raising, breeding, products of animal origin,
e.g., eggs, milk, etc.

The relative importance of each one of these categories depends
on the production structure of each country and will obviously be
reflected in the energy consumption structure of this subsector.

The second level of stratification is a function of farm size.
Even though in the specialized literature the size of the farm
refers to whether it is a multi-family, single-family or subsis-

tence farm, it 1s also necessary to categorize farms according to
size:

- surface area under exploitation, for annual and perennial
crops. Number of tons produced can also be taken, but this
variable is closely correlated to surface area. -

- number of heads or productive units in livestock production.

For this second level of stratification, it is difficult to
determine the number of strata to be considered, since it will
depend on each individual case. There may be cases din which
good representativity of the universe may be obtained by taking
the three categories all together: let us suppose the number of
establishments corresponding to large, medium-size and small
farms. There will be some cases in which this division will be
insufficient, and others in which it will be excessive.

According to the existing information, it will be possible  to
determine the number of establishments that account for an
important percentage of the wvalue added of each one of the
activities. These establishments will be of obligatory inclusion
in the sampling and will form a stratum for each one of the three
activities, For the rest of the strata, it will be convenierit to
analyze the products of each activity, according to the reality
of each country, thus shaping new strata (let us suppose H) which
will represent an important number of establishments.  According
to the quality of the existing information, the sampling may lead
to different variants which are difficult to generalize about.

However, perhaps the most commen case may be that of not knowing
about the consumption of the products considered under each
activity, 1in which case there will be "H" subuniverses for which
the average consumption of each form of energy will be inferred.
By doing a simple random sample in each stratum "H", and from the
analysis of the variances in the estimators, it will be opted:

- to accept the estimates,
- not to accept the estimates, in which case it will be neces-

sary to increase the sample size or else to reformulate the
stratification of the "H" strata.

If regionalization contributes concrete elements to the reduction

of variances in estimates, it should form part of the stratifica-
tion, This will also depend omn each study since >~ whereas
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accuracy may increase, costs will also be higher.

3. Guidelines for Data Processing and Sample Expansion

r data processing will not be reiterated here,
discussed in detail in Chapter 4 o? the Base
software, database, errors in data mén-
tests on information consis-—

The guidelines_fo
since they are

Document, in terms of: ;
agement, errors in data ceollection,

tency, etc.

. . £
As for expansion of the gsample, this will de?end on t@eet?pe o
sampling done and on the properties of the estimators, 1.€.:

ne with proportional alloca-
g that the sampling fra?—
or if the sample is

- if the stratified sample is do .
tion, which is equivalent to sayin
tion is the same for all of the strata,
gelf-weighted.

in the stratum is done on the basis of a

- 1f the sample
simple random sample.

how the sample size has been determined.

analysis of the variance in the estimators.

i e
all of these clarification have been. maii,cazzs
expansion will depend on each particular ca;e, but 1np2rtiCiPa—

i i average
i i to determine a matrix O
it will be necessary s
tion for each sources in each end-use for each subsec

Assuming that

Thi ticipation calls for an analysis of expected valuesi (er
o PaF tg sample guch as estimators of the populations
e e p Zters %hese estiamtes will be accepted as long ?s
iﬁzezziimzizzmvaria;ce is acceptable or not rejected on the basis

of the tests usually done in these cases.

y found on the basis of hypothes%s
variance in the estimators 18

statistical
of wvariables

Not to reject the variabilit o
i - i ay that the

testing—— that 1s, to s

not significant—- implies accepting galw§ys i?om Ehe

point of view) a certain homogeneity in the &€

dealt with.

i nt
given the gtratification proposed for the differe

in principle there should be ?o ?ajzgargzobizti
insofar as being able to characterizg a matrix o e Y he
i iance. In fact, in the Mining subsector, pen. the
?1ﬂimal vzr omplexes are separated from small and. medium s11
1?t?gratet rcrizes the consumption of the latter w1l% basicatif
Eznizgmthancal f;rce, whereas integrated jndustry will prac

cally be of obligatory inclusion.

In reality,
subsectors,

with a stratification according to
and within these
will also be

ishi tor,
In the Fishing subsec : stra
“artesanal? or Meepntralized" activities,

between fishing per Se and processing, there
geparation into strata by end-uses.
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Finally, din the Agriculture subsector, the dominant end-use of
"annual crops" and "perennial crops" is in mecahnical force for
farm machinery, although in some cases its use for irrigation
purposes may be important, As for livestock-raising, it isg
possible to have a certain amount of heterogeneity in end-uses,
but it will depend on how diversified the activity 1is.

Once the participation matrix has been determined, for the
calculation of useful energy, it should be kept in mind whether
efficiencies of use are available or ouly efficiencies of pro-
duction, whether measured or adopted,

In any case, when the shares of the sources under the end-uses
are related to efficiencies and strata consumption, the useful
consumption of the sources will be obtained.

270

SURVEY FORM

AGRICULTURAL SUBSECTOR
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SURVEY FORM

AGRICULTURAL SUBSECTOR

ACTIVITY: MIXED FARMING
I. GENERAL DATA

a) Name of the establishment ........... Cheds s ces it

b) Geographical Location

Landmark Mailing Address
Locality Department
Municipality

II. FARM

1. Rural Farm

a) VFarmiﬁg 5eason (%) ,.ivivniiitaarasirsnoannns ... years
b) Total area under exploitation ....ieeeveeeeenann has.
¢) Area under cultivation ..... cerssaserns wieeeessanas.
d) Area in pasturelands ........... cerrearanns <+ .. has,
e) Area in forestlands ......ceoeeen S erereeaeraaena has.
f) Area under irrigation ...... Ceeesenaneans sesevsshas,
g) Area lying fallow or unutilized ......c0.aes «+..has,

2. Volume of Agricultural Production
a) Farming season(*): YEAR:

b) - Was it normal from an agricultural standpoint?
YES NO

¢) If it was not normal (droughts, excessive rains,
lack of labor, etc.), indicated the last normal
farming season. YEAR:

d) Indicate the area planted, cultivated and harvested
for the last farming season or for the last normal
farming season, if the last farming season was not
normal..

The data in the following chart refer to:

- Last season - Last normal season

(*) This is the period to which the survey data will refer.
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I FARMING ] I AREA I AREA I AREA IVOLUME OF |
I SEASON I cCRrop ] PLANTED ICULTIVATEDIHARVESTED IPRODUCTIONI
I (%) I IUnie]Amt, fUnit]Amt, [Unit]Ame. [UnitcjAmt, I
I I i 1 | I | I i I I
I I I | I 1 | I I I |
[Year of |~ I I I | | i I I I
[survey |- i | | I | | I | |
I (*)[- I I I I I I | I |
I I- I I I I I | I I I
I I 1 I 1 I I I ! | |
1 I I I I i I I I I 1
I TOTAL | I I i 1 I 1 I I I
I 1 [ I I | I I i I I
1 _ I I I I I I 1 I |
INormal [~ I [ I I 1 I I I I
Iyear I- [ ! | | i 1 I | I
1 (*)1- 1 | I I I | [ I I
I I- I | I I I I | I |
| I [ I I I I I [ | I
I I I 1 I I | I | | I
I ToTAL | I I I 1 | ! I | |
I I [ 1 | I i | I i I

3. Livestock~Raising

a) Is there livestock~raising activity on the farm?
YES NO

(Continue with the Survey only if the response was
11 "
yes",)

b) Indicate if the last year wag normal or not from the
standpoint of livestock—raising.

Last year normal Last year not normal
YEAR:

———

c) How large was the area devoted to livestock—raising
last year? ...

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

d) What was the livestock production?

Yearlof the data in the chart. YEAR:

(*) Indicate again the year of the farming season in reference,
either "the last" or "the normal",
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I | STOCK I AVERAGE WEIG?T ) %
No. of Heads I on hoof KG
'i L§§§§20g§ { Suery 2 I Normal | Survey [ Normal |
I I vear I vyear I year { vear i
[ I
i % I I I I
I I I | | %
[ CATTLE ( | I | I I
AR R S N N
' |
{ I I | I {
[ PIGS ( ) 1 I | i I
‘ C % | 1 ;
% I | | | |
| | I | I I
I i I | i I
I { 1 1 i i
4. Labor Employed

] Persons I Days per | Weeks per |Months per ]
| Employed | week % month % year }

| |
I | I I { E
I AGRICULTURE I { i I l
I I I I
i i | 1 l l
f LIVESTOCK % } f : ;
Shifts Worked: idndicate ....civeervnenecnarnnss



III. ENERGY CONSUMPTION FOR PRODUCTION

1. Farm Machinery

No.

|Make | [Hrs., JActivity(#*)}Fuel Consumption
Jand JPower] of [-—- I

[Model] cap.lwork/] AgroJLvstk] Type] Unit] Amt,
[(yr.)] (HP)lyear | % | Z

TRACTOR 1]
I

e e I ]

I
TRACTOR 2]
|
I

i
HARVESTER]
o]

|

I
HARVESTER]

2 ]
I
I

P T e it fie] | o fvven| e pos; jo] frweel jum— Wy paming pie] vt Poweel (uves| pusd beeed

) W St M el povove] US| sl e j— e PN Mk j—) el o] ]
(el fovved fuvewt (vvenl e f o] bovven| i o] gt forrt S v DA Dl po—
It ] el o] o |— — g VOOV frrww il Gl v povewni s} patsten ]
el et poeve] . e jom—] g evve e j—) ] eioet foven) o] fmem| hammt p—
e P B AR WAl e feeeet | | e o] Do S | P Mool frovewf  m—
Pvwnd et el o) j— o WS N (g Gt bovevst fvunel ] ol el o —
B Wt W] it povew) e po] ot ey pumm— g el pwews) b jummal e "

I
I
|
I
I
I
|
|
|
I
|
1
I
I
I
1
1
I
|
l
I

2, Irrigation

I I [POWER CAP| PUMP | HOURS | ENERGY CONSUMPTION
[ EQUIP- | AMOUNT ]=wwmmmm—m [ FLOW [OF USE/[~-=- —
[ MENT | | HP [ KW 1(m3/h)] YEAR [Type] Unit | Amount
I I I 1 I ] | | |

I I I H | 1 i I |

I 1 | I I I | | |

I i I I I | I I I

I I I I i I I I |

I I | I I I I I I

I | | I I I I | I

| I i | I I I | I

| I I | | | 1 1 |

i I I I I I I I |

I i | H I 1 I I I

I i | H I I I I I

I I | i I i | I I
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%) For agricultural products, indicate % of time for each crop.

|
1
I

] i o] ety el oot ol ey j— e P v

3, Water Pumping for Uses Other thanm Irrigation
I I [POWER CAP] PUMP ] HOURS | ENERGY CONSUMPTION I
1 EQUIP- | AMOUNT |-——-----—] FLOW [OF USE/] - -1
[ MENT | [ HP | KW [(m3/h)] YEAR -%Type% Unit % Amount }
I i I i I
% | I | l | | I | I
I | | I I I I I I |
I I | | I I 1 | I I
l | I | | | -1 { | I
| | I | I | I I | |
I I | 1 i I I I I I
| | | | l | | I | |
I I I I I I I I I I
| l | | I 1 | | | |
I | I I | | | I | |
| I I | I | | | I |
| I I | | I ‘I I I I
4. Grain Drying and Storage
4.1 Part of the production subject to drying and stor-
age: crop 1 crop 2 crop n
4.2 Operating capacity of dryers or silos (m3)
4.3 Months of operation
4.4 Energy consumptioﬁ'
I [POWER CAP] HOURS ] SPECIFIC | ENERGY CONSUMPTION |
] EQUIP- f-———-——r ] OF USE/ | CONSUMPTION I'”’-““—'T ——————————— |
| MENT ] HP | KW 1 YEAR. | - by hour %Type% Unit % Amount {
| | | I |
| | I | | I | I |
1 | | I ¢ I I i I |
| I | ! | | I | I
| | | l I I I I |
I | 1 | I | I | I
1 | | I | I | I |
1 | I | | | I 1 I
| | | I | | | | |
| i l I | I I I I
I I I | I | | I |
i I | I I I I I i
| I i I I | I I l
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Other End-Uses

5.

1 ENERGY CONSUMPTION [ TYPE OF
[Type] Unit | Amount ]| Deseri

|
I
ip. |
I
I
I
I
I
I
I
I
|
I
[
I
I

-] END-USES

I
I
I
I
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6.

SURVEY FORM
MINING SUBSECTOR
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AMOUNT

UNIT

l
I
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TYPE
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BRANCH: Metal

1.

[ e e e R e B B e B B B B |

SURVEY FORM

MINING SUBSECTOR

Non-Metal

GENERAL DATA

Application Rocks

1. Name of the establishment .......... e . e seas e
2. AddTeSS v.ieescccssraraaraanne e isesaes eaaan hesrmane
3, Productive activity
|
EXTRACTION I. ENRICHMENT
I
|
a) PRODUCT AMOUNT UNIT | PRODUCT AMOUNT UNIT
i
|
b) Do you work on holidays? I Do you work on holidays?
© YES NO I YES NO
I
|
¢) Work schedule i Work schedule
- Holidays and weekends | - Holidays and weekends
- Workdays I - Workdays
1
I ,
d) Number of employees i Number of employees
' |
|

MHMM_MM_”HW“HD-‘“MMHM
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ENERGY PURCHASED AND AUTO-PRODUCED

3.

EQUIPMENT IN THE MINE AND ENRICHMENT PLANT
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4. FUELS USED FOR AUTO-PRODUCTION

| |

r

I

|

} EQUIP- | AMOUNT JINSTALLED] ELECTRICITY]

FUEL CONSUMPTION

1

{ MENT I JCAPACITY | PRODUCED | TYPE | UNIT ] AMOUNT |
I | I I I |
I | ! I ! I I
[Diesel | I | I | I
IEngines | I I I 1 I
| i I 1 I I |
I I | I | I I
[Gas I I | I I I
[Turbines] I I I - I I
| I | | I | I
I i | i I I I
ISteam [ I I | I i
ITurbines] 1 i ] | I
| | i I I I I
| I I I I | I
[Others | I I I I I
I | I i I I I
| I | i | I I
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5, 1IN THE CASE OF AN INTEGRATED COMPLEX

5.1 Fuels Used To Produce Steam and Amount of Steam Produced
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5.3 Mechanical Force
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5.4 Other Uses
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CHAPTER 1

DEFINITIONS AND BASIC CONCEPTS

The treatment of the auto-consumption sector in the elaboration
of useful-energy balances (BEEU) has some particular features of
its own, with respect to the other sectors, since within the BEEU
the others cover demand, whereas thig one forms part of supply.

To facilitate treatment, two netly differentiated parts should be
distinguished: (1) TRANSFORMATION and (2) AUTO-CONSUMPTION.

With respect to transformation, the OLADE methodology-- and ac—
tually any other methodology—~ treats the conversion centers as a
balance of input and output flows, out of which automatically
emerge transformation losses and efficiencies. In energy plan-
ning, these transformation centers are dealt with as a typical
problem of supply, with techniques such as simulation or optimi-

zation, Since efficiencies and losses are inherent to planning
of energy supply, no additional concept such as useful energy is
needed to delve into greater depth, Nonetheless, there can be a

better disaggregation of efficiencies and an improvement of the
database in order to permit suitable estimates, since it would
not make sense to be concerned with better energy utilization at
the level of consumption sectors without paying due attention to
what happens in the transformation centers. However, no matter
how important it is, it is a traditional instrument for perfect~
ing balances and does not require new concepts for its
implementation,

As for auto~consumption, the situation ig different. From a
methodological standpoint, auto-consumption can correspond to
supply, given that projection techniques correspond to supply
models, When a refinery or a gas or oil well development site
is designed, auto-consumption is the result of 3 selection of
conversion and production technologies, and has little to do with
the techniques for projecting final demand. However, from the
point of view of the energy balance, the auto-consumption sector
(especially for oil and gas) is a large consumer and the guide-.
lines for end-use do not differ in any way from those of the in-
dustrial or mining sector. Auto-consumption is thus of a dual
nature, and the concept of useful energy is applicable in its
role as a consumption sector. The present methodology has adopted
the convention of including the energy sectorg own consumption
45 a consumption sector, as can be geen in the summary matrix of
the balance.

Insofar as the energy sector, the function of this methedology
can be visualized as follows: to provide a more detailed treat—
ment of transformation and to apply to auto-consumption a treat-—
ment analagous to that of industry or mining.
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In order to complete this discussion, it is wort@while to clarify
another aspect which frequently leads to confusion: the kflows
entering the conversion units are considered as fe?dstoc ’ has
"what is transformed". For its part, auto—consumﬁtlon gwhet er
from a conversion center or not) is considered as whét is con-
sumed". Therefore, it lends itself to being t¥eated in terms of
useful energy with the corresponding losses during use.

1. Disaggregation by Subsectors

The energy sectord auto-consumption occurs in different -stages,
one of which is transformation itself. There are important
amounts of auto-consumption associated with conversion centers.

Another stage which can be a large consumer 1is production of
primary sources.

The transport of some energy products—— especiglly fu?ls—— algo
accounts for large amounts of consumption. However, .1t muss e
kept in mind that the OLADE methodology does noF c?n51der hydro-~
carbon transportation by road, rail or waFer within the. eneriy
sector, but rather within the transportation secto?, since t
would otherwise be necessary to separate ?he frelght-car;ylng
fleet by type of products; this would require an enormous a?a—
base effort, which would not make a highly relevant contrlbutlin
to information and knowledge. 1In the case of hydrocarboné, only
the pipelines are left; these constitute extremely,spe?iflcbm?azz
of transportation within the energy secto?, and 1t. 15' o ;1ot-
that auto-consumption in the pumping staFlons and pipeline hea

ing systems should form part of this section of the useful-energy

balance.

The transmission of electricity does not entail auto~90n$um?t10n
since this form of energy moves freely alo?g the t§n51on llr‘lesi
except usually for very small consumptioq in certa}n eleci%lca
control mechanisms which are sometimes 1nst?1%ed in t@e ines.
It is evident that the transmission of electr%c1t¥ 1mP11es 1§¥ge
losses, just as the transportation of fuel in pipelines, shlps
and trucks also entails losses, although smaller omnes thgn those
in the case of electric power. -~ But such losses—— which are
included under ancother part of the balance—- should not be‘ con-
fused with auto-consumption; the concept o? usefu% energy is noz
applicable to them since they are not associated with i glvizszzs
or type of equipment. With respect to the ?alance, these :
function in the same way as the transformation losseé. . 2e;gz
prospecting also has aut0~c0nsumptiO?, fro? a theoretlza iv: -
point; however, given its small magnitude, it does not dese

be considered as such.
On the basis of the aforesaid, it may be concluded that:

i tion and
"The consumption related to productlon,‘ ;t?ansf?rmatloidered
transportation of energy sources through pipelines is cons
auto-consumption.”
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Therefore, the subsectors are:

- Transformation
- Production
- Pipelines

Production and pi i 7
pipelines may be combi i
ne i
latter are not very important. G in countries where the

] .

with some one of th
e three subsector i
. s defi
therefore be considered as a subsector in itzzifabove and  canmot

()’ tr ansf()rmai i0on CEEltE‘,I s and 1.t is d631r-able t0 d() t]:le .
2 .

type
same

- Petroleum refineries

- Public power plants
Auto-producing power plants
- Gas treatment plants

- Charcoal plants

- Coke plants

- Alcohol distilleries

- Other transformation centers
- Other transformations

Public power pl i
plants should ivi i
typens in turn be divided into the following
- Hydro
- Conventional steam turbines
- Gas turbines
- Diesel groups
- Nuclear
- Others

.and the auto-producing plants into:

- Hydro

- Conventional steam turbines
- Gas turbines

- Diesel groups

Further breakdown of the electri
jurthe : ic power balance b
imperaSg:ZtgginEgScess§ry in the OLADE balance, ybﬁzpeizf Eiant
in honoteceror rou’-WhICh should put the conversion technoio ;:S
o07 oo hydropoﬁer pings. Tra?sformation efficiencies range %r ,
with sns LaropOv P antg tépplng small heads up to 16% in o
weeh g aggrega:; eind 1? is obvious that the overalln
electrieiist oo t‘ectrlc.p?wer sector lacks significance f
Cuboporey P r:c lon efficiency. It is thus proposed that %
to o ance be p pare§ for.the electric power sector, in d .
uncertainty in the current methodologyé intergieﬁr

those
efficiency
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tation of the respective flows and in order to place the coun-
tries in a homogeneous situation for the sake of comparisons.

The production {(plus pipelines) subsector may be subdivided by
primary sources of energy; the respective auto—consumption will
thus in turn be subdivided by forms of energy, i.e.:

- 0il and gas

- Nuclear fuels
- Coal

- Others

It is evident that the three primary sources mentioned above will
for most of the auto-consumption in production and pipe-
The other sources such as hydro, bagasse,
negligible or  nom-existent
rouped under "Others”. One

account
line transportation.
firewood, ete., will register .
consumption and have therefore been g
exception might be bagasse drying, if that technology were to
come to play an important role in the future. The solar energy
or fuel consumed would vrepresent a considerable auto-
consumption; but drying would not constitute a new transformation
center (and neither would the preparation of nuclear fuels),
since there is no clear correlation at the level of the secondary
energy which could be generated on the basis of these operatiomns.
ear distinction between what is production of pri-
on the one hand and what is transformation of these
into secondary sources on the other. These two processes consti-
tute the large subsectors into which auto-consumption should be
disaggregated. This treatment offers the advantage of dis-
counting the tendency o open up new transformation centers,
thereby introducing fictitious new secondary sources which are
really treated primary sources. In the treatment of primary
sources there may be (and there are in fact) transformations of a
physical and chemical kind. This does not mean that they should
be considered as transformation in the sense of the energy bal-

in other words, there is a secondary source with a clearly
t the level of demand and demand

There 1is a cl
mary sources

ance;
independent entity working a

forecasting.

The disaggregation of auto—consumption by energy sources (primary
and secondary) is obvious, and corresponds to the columns of the
OLADE  balance. The most important auto-consumption will

undoubtedly be found in the following products:

- 0il

- Natural gas
- Coal

- Electricity

- Diesel oil

- Fuel oil

- Coke gas

- Refinery gas
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2. Disaggregation by . End-Uses

As a consequence of the concepts already discussed, disaggrega-
tion by uses works only for auto-consumption and not for the
feedstock used in transformation.

The following end-uses and Tespective types of equipment are
considered: ’

* Steam Boilers
* Direct Heat Ovens
* Mechanical Force . Motors and Pumps
* Others: o
- Lighting Lamps
- Transportation Moving equipment
- Refrigeration Cooling equipment
- Miscellaneous ~ Miscellaneous

Just as in the mining and industrial sectors, these end-uses
Tepresent the energy needs or useful demand of the user belonging
to the auto-consumption sector. In the production subsector, the
technologies of use are similar to those of mining, with a heavy
predominance by mechanical force. Coal mining and petroleum
activities will account for the largest consumption corresponding
Lo motors and pumping equipment, used primarily for extraction,
transportation and Storage of these sources.

In the transformation subsector, the centers of major consumption
are petroleum refineries, in which large amounts of steam, direct
heat and mechanical force consumption will be found, Electric
power plants will mainly register the use of mechanical force.

With respect to what has been termed "transportation" within
other uses, an important clarification should be made: this use
is associated with "non~specific moving equipment”, i.e., those

passenger and freight vehicleg that circulate around the reser-

voirs and plants-- no matter whether the load they carry is or ig
not the primary source under exploitation, This use should be
individualized in order to be able to subtract it from the energy
sectors§ auto-consumption since, methodologically speaking, it
corresponds to the transportation sector. The same thing does
not oeccur with the specific transportation equipment such ag
cranes or specially-designed trucks which usually cover short
distances within the mining areas; these correspond to the use of
mechanical force, just like conveyor belts.

The reason for thig distinction is that transportation as such is
not defined asg a use in this methodology, but rather ir is a
final consumption sector characterized by a vehicle park.
The only use of the transportation sector ig also mechanical
force; however, in the auto~consumption sector (just as in in-
dustry, agriculture, commerce and mining), there isg consumption
which corresponds to the transportation sector; hence, the de-
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ice of individualizing - ek
:ubtract it from consumption and thus avoid double accoun’ g

According to the ideas presented so far,
in : :
may be visualized in two stages:

- The production of steam, heat,

it as a use in order to be able to

3. Final Energy, Useful Energy and Efficiencies

the consumption process
i i tox
the establishments which comprise the auto-consumption sec

mechanical force, lighting,

cold, etc., from energy sources.
The use made of the useful forms produced.

first stage is characterized by an EFFICIENCY gz 55222C$£2§
d the second by an EFFICIENCY OF USE. Furthermo éUMED o

be USEFUL ENERGY PRODICED and a USEFUL ENERGY CON f: o

;iodict of these two efficiencies yields the overall efficiency

of each useful form (see Figure VI.1).

The

In the case of steam, the useful energy produ?edblsr2;2:iz;dth?§
hal of the steam at the boiler outl?t, vy At 1 L
e e Eial v of the fuels at the burner inlet, eff1c1enc¥l
thi‘sz ispobtained, which is the efficiency of the bboi’zi
EZESEC ;s a unit. The boiler acts as an Exter?ald cz:duswill
i ed must later e pipe
iggizzére Tﬁideigzambrzzgiiz reductions in the ex?anzion Izalzig
be;ore arriving at the process;st?;Zieiz i;pzzq;;;eoécur; amone
Pﬁth aloignigznplgisaldlgis;zdz of: a) temperature reduz;iazz
Eeiziée of dinsufficient insulation of the Elpi:;nsbin mzzs. re
decreases in the pipes and valves; and c} reduc ,

i he processes 1s
asured at the inlet of t
He the borter and this is expressed by means

to

a result, '
lower than at the boiler outlet,

of efficiency of use,

| Systems To [ USEFUL ENERGY | Systems 1} USEFUL
I Produce Useful ]| PRODUCED % gge ; e
of Energy | OR
gégééY i rorme ] INTERMEDIATE | IENCY% CONSEMED
EFFIC

H EFFICIENCY 1 ENERGY }{ o [ AVATLARCE
E e I 1 USE | ENERGY

I PRODUCTION 1 : ] i |

I I

Figure VI.l1 - Simplified BEEU

i inside and is
In the case of ovens and furnaces, heat is produced 1E:; e and 2®
used either to heat materials (sensible heat) or to Eiongheat).
physical state (latent heat)} or chemical state (reac

he
of production in this case corresponds to ¢t

reration Deous the enthalpy of the materials at the furnace

relation between
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outlet and the energy content of the fuels fed into the furnace,
The efficiency of use is associated with the systems of transmis-
sion and the ways in which the energy from these materials ig
used. Because of the diversity of processes, there is no unique,
clear example like the one for boilers. One .case of great in-
terest in petroleum refining is erude oil distillation: the
efficiency of production is that of the heating oven and the
efficiency of use corresponds to the distillation tower. '

The mechanical force produced is measured in the shaft of engines
(piston or rotary) and it is the work necessary to keep the shaft
moving; when it is related to the electricity (or fuel) consumed,
we obtain efficiency of production. This mechanical force in the
shaft is transmitted by means of different mechanisms up to the

processes of utilization. For this reason, new losses cccur in

association with efficiency of use,

For example, again in the petroleum industry, an enormous amount
of mechanical force is used by means of centrifugal pumps: to
transport fluids, some of which are very viscous, the efficiency
of production is in the pump itself, whereas the efficiency of
use depends on the condition of the pipes.

Hence, efficiency of production is a characteristic of the
equipment, whereas efficiency of use is related to the systems of

transmission and the ways in which the useful energy produced is

actually used.

With respect to the subject of energy transformation, it has
already been stated that at this level of the balance there is no
useful energy but rather primary energy or inputs and secondary
energy or production and that efficiency (of transformation)
comes from relating output to the respective dinput. From the
methodological standpoint, work continues with overall efficiency
in each conversion center, just as in the current balance, with
the sole addition of an expanded electric power sector by type of
plants, i.e., hydro, steam turbines, gas turbines, nuclear, etc.,
each one of which has a very different efficiency. The effi-
ciency of large thermoelectric plants (steam turbines and
nuclear) could in turn be broken down into components such as
steam production (boilers and nuclear reactors), turbine, and
generator. Thus, there would be an electrie power sub-balance
which could well be presented in an auxiliary data-sheet, to
identify clearly each type of equipment and its respective effi-
ciency.

It is also worthwhile to note that the construction of BEEU, with
the identification-- even though approximate, of the efficiencies
of final consumption and auto-consumption, calls for greater
-rigor in determining transformation efficiencies; these can mno
longer be mere statistical ratios between inputs and outputs, but

must represent the real efficiency of the conversion technol-
ogies.
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4. BEEU Applied to a Unit

The wunits of information in the auto-consumption sector are the
centers of transformation and the reservoirs. The forgeF are
similar to industrial plants and the latter to mining facilities.
In order to come up with a useful-energy balance for the auto-
consumption of each unit, first of all it is necessary to define
the NET ENERGY INPUT (NEI) as the energy which enters the unit,
disaggregated by sources. To calculate the NEI, all of the
energy inputs must be calculated and all of the ?utputs must be
subtracted. It must be kept in mind that, given its very nature,
the auto-consumption sector seldom purchases energy, but rather
tends to consume its own products and, for this "reason, its
consumption has come to be called "auto—consumptio? . Nonethe~
less, a refinery or a reservoilr area may buy electricity from the
grid and even buy fuels from other refineries and/or fields. ;t
may even sell auto-produced electricity, steam and fgels that it
usually allocates for auto-consumption, s?ch as refinery gases,
heavy residues and coke. Therefore, special care m?st be taken
in computing net input in the NEI, in order to avoid over- or

under-accounting.

Once the NEI has been determined, the following must be
subtracted:

- the equivalent in fuels of the auto~produced electricity and

- the fuel consumption used in transportation.

We thus arrive at FINAL CONSUMPTION BY ENERGY SOURCE in each
unit. This is disaggregated by end-~uses and the sum of ?ll of
the uses should be approximately equal to final consumption by

sources, although it will not be exact.

Figure VI.2 presents an analytical format for these operatio?s.
The same format can be used to record efficiency of production
under each flow. The sums of the flows by end—u§e and by source
multiplied by these efficiencies permit calculation 9f what has
been called intermediate demand , and multiplication of Fhe
latter by efficiencies of use (by use) yields useful consumption

and losses.,

A format such as the one in Figure VI.2 is, in turn, an ex?ellent
way to check for inconsistencies, since it makes it possible to
cross-reference among flows. It also offers the advantage of
being additive; several formats corresponding to several units or
the auto-consumption sector in its entirety may be added together.

One especially difficult case is undoubtedly when a petroleum
refinery (and less frequently a gas treatment cen?er) form? pa;t
of a petrochemical plant, since the latter is not included in the
Auto-Consumption Sector but in the Industrial Sector, Ko matt;r
how complicated it may be, an attempt should be made to apply the
format in PFigure VI.2, first to the refinery and th?n to the
petrochemical units, with a careful analysis of recycling for the
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purpose of calculating the respective NEIs. These integrated
refineries usually have steam-cracking and/or steam-reforming
plants, on the basis of which the petrochemical processes for the
production of aromatics or olefins begin. This is the cut-off
point for the application of balances per unit, since everything
that goes before these units is "refinery" and everything that
comes after them is "petrochemical plant".

‘In the treatment of natural gas, the situation is easier since,
at the same time that condensables are extracted, the ethane
flows earmarked for petrochemicals are also separated; sometimes
there may be a selective separation of olefins (propylene-
butylene) for polymerization.

In the case of coke plants, it should be remembered that the
methodology for the Industrial Sector considers furmaces in the
latter and not in the Auto~-Consumption Sector, Consequently,
furnace gas disappears from auto-consumption, leaving coke and
coke gas.
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Figure VI.2
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CHAPTER IT

DATABASE FORMATION

In order to arfive at a BEEU for the Auto-Consumption Sector, as
defi?ed in Fhls methodology, there are information difficulties
of diverse kinds. First of all, it can be said that the idea of

a

Survey or general census should be discarded because of the

diversity factor; it ig better to
group the problems
to seek specific solutions. : P by type and

i)

ii)

Efficiency of Commercial Energy Transformation Centers

For refineries, alcohol distilleries, gas treatment plants
and coke plants integrated into iron and steel plants, ga
materials (mass) balance should be done plant by plant ;nd

effi-ciency should be calculated as efficiency of mass and
then efficieney of heat flows. The losses in these wunitg
g;gi_igzzss. in mass expressed in caloric terms, as well asg

When installations are very complex, as in the case of
certain petroleum refineries, it ig necessary to adjust

‘ flow—accounting methods since over—- and under—accounting are

very frequent, Another Stumbling~-block is that numerous
flows of intermediate products which never reach the market
and which are usually destined to auto-consumption receive a
variety of names which do not coincide with the omesg used in
the balance. Nevertheless, in a masg balance every preduct
as strange as it may seem, should be compared to some one o%
the traditional derivatives, for which purpose it jig usueall
sufficient to compare API density or, 1if more precision 1?
desired, the range of distillation ag well,

In hydropower stations, efficiency is the result of relatin
potential energy at the site (flow x gravity x density E
head) to the electricity produced in the generator bars
both expressed in the same units, |

For thermoel?ctric plants, the best thing 1s to do a heat
balance, assigning electricity an enthaply content of 860
Kcal per «wh. The different efficiencies can be found

through checks on the enthal
t Py flows at the 1
boiler, turbine and generator. outier of the

Electricity Transmission Losses

This subject could not g0 without mention in this methodol-
ogy. As in the case of transformatrion losses, the electri-
City transmission and distribution losses must be accuratel]

determined. The losses which appear in a useful-ener ¢
balance should be real, since they occur in one of tﬁz
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1ii)

iv)

v) .

fields where there are greater possibilities applying con-
servation measures rather than being concerned with effi-
ciency of production and use in the consumption sectors, It
is also worthwhile to mention the problem of clandestine
connections which are often confused with losses but which
in practice result in under-billing.

There are countries in which apparent electricity transmis-—
sion and distriubution losses are far greater than admissi-
ble technical limits, and there an effort must be made in
the database, to upgrade the information without discounting
the possibility of measurements in the field, or even a
rigorous survey of the lines.

Efficiency in Non-Commercial Energy Transformation Centers

These mainly refer to charcoal plants and coke plants on an
artesanal level, where efficiency must be determined by
means of surveys consisting of materials balances and meas-—
urements of calorific value in some selected units. There
is no problem in estimating efficiency in this way, but it
is much more difficult to determine installed capacity and
therefore primary input and secondary production since the
universe of units is usually unknown.

BEEU aid in solving this problem, for they permit a better
estimate of charcoal and metallurgical coke consumption.
With a2 sound determination of efficiency, it is possible to
make a good estimate of the primary sources (firewood and
coke) which feed into the charcoal and coke plants.

Auto~Consumption

The magnitude of auto-consumption by sources and by subsec~
tors may usually be discovered by means of an investigation
of production centers, pipelines and transformation centers.
The energy companies almost always have this information and
attention should be paid here too to the products with non-
traditional names, in order to avoid underestimates.

Disaggregation of Auto-Consumption by End-Uses

In order to do this, it is necessary to run industrial or
mining surveys(*), as the case may be. The problem is thus
not resolved within the enmergy sector but, on doing the
industrial or mining surveys, the auto-consumption sector is
included as an obligatory stratum. The intention here is
not to repeat all of the statistical treatment of these
surveys which are proper to industry and mining. It will
simply be said that, as a result of these, the per—-unit bal-
ances of Figure VI.2. are cobtained. Since it is assumed

(*)

For the contents related to energy, see modules II-VII of
the Industrial Sector and modules III and IV of the ~Mining

Sector.
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that all of the units comprising the sector have been sam—
pled (at least the large consumers), the balance for the

sector as a whole will be the sum of the individuazl bal-
ances.,

Given that auto-consumption is concentrated in just a few
large consumers, it is not foreseen that it will be neces-

sary to apply sampling techniques, because all of th {
will be in the sample. e units
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CHAPTER III1

APPLICATIONS

This chapter presents the results obtained for the useful-energy
balance of the Auto-Consumption Sector prepared for Brazil by
the Ministry of Mines and Energy for 1983.

According to the conceptualization of the OLADE methodology, this
useful-energy balance corresponds to energy auto-consumption in
the transformation centers. In the Brazilian case, this repre-
gents a little over 7% of final energy consumption. The results
presented herewith aim to serve as a reference for the proposed
methodology; bibliographical references are also included for
their consultation by interested countries.

For the purposes of comparisons with the other consumption sec-
tors, the useful-energy balance for this sector basically covers
the following stages:

- identification of the end-uses of the different energy
sources;

- identification of the consuming equipmént and its efficien~
CYs

- evaluation of the destination of final energy, for selected
end-uses;

- determination of useful energy consumption by multiplying
final energy consumed by the respective efficiency (effi-
ciency of production, according to the methodology proposed
by OLADE).

The BEEU was essentially prepared using studies already avaialble
in the country. At a complementary level, a survey was done on
the centers of petroleum refining and electric power plants, in
order to determine the destination of the final emnergy consumed
therein.

The disaggregation by end-uses and the respective equipment was
as follows:

- Mechanical force: all types of motors, electric or fuel-
driven (including those used for refrigeration and pumping
purposes).

- Steam: beilers
- Heating or Direct Heat: stoves and furnaces.

The vresults obtained in the Brazilianm balance are presented in
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Tables VI.1l to VI.3:

Table VI.1

Con§olidate§ Balance of the Different*Energy Sources, Indi-
cating Their Values and Participation in the Consumption of

Final Energy and Useful ] ;
Efficiency ¥ setul Energy and Their Respective End-Use

Table VI.2

The same as above, but indicatin
s ating t
of selected end-uyses g the results at the level

Table VI.3

Destination of Final Consumption for the

Sources and Their Respective Efficiency fo
Uses.

Different Energy
r Selected FEnd-
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TABLE VI,.1

ENERGY SECTOR -~ BRAZIL

FINAL ENERGY AND USEFUL ENERGY

YEAR: 1983

I | FINAL ENERGY ] USEFUL ENERGY I EFFICIENCY ]|
I SOURCES I Tcal i 1 Teal |} I (2)/) I
I I I 2 1 «(2) I % 1 z |
e — — ] I i 1 a—
| I { | | I I
INATURAL GAS | 4320 | 6.6 | 4187 | 8.5 | 97 I
 (R——— j-mmn e I 1 e
[DIESEL I 3020 ] 5.3 ] 3520 | 6.9 | 90 1
1 R e [~ [=mmmmmm [
[ FUEL QIL | 11664 1 15.9 | 10379 I 20.3 1 8¢9 1
[ Em— [ e
ILPG I 130 1 0.2 1 108 | 0.2 1 83 1
I- -1 et | | - I -1 1
1GAS | 2160 ] 2.9 ] 1404 | 2.8 1 68 . I
1 I e e 1
[ELECTRICITY } 2061 1T 2.9 1 1836 | 3.6 | 90 [
I —-] | [~ ]
[BAGASSE 1 33091 ] 45.0 ] 16546 1 32.4 1 90 i
I N 1 e | ——-1
JOTHERS I 18638 1 21.31 12928 [ 25.3 ] 83 I
I-- - . — 1
[TOTAL 1 75964 1 100 I \50908 I 100 I 67 |
Jm=mmmmmmmeee [-m=—=mmmmn f— e e |
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TABLE VI.3

TABLE VI.2 :
ENERGY SECTOR - BRAZIL

DESTINATION OF FINAL ENERGY AND EFFICIENCY BY END-USES

ENERGY SECTOR - BRAZIL
(Z) -

FINAL ENERGY AND USEFUL ENERGY

YEAR: 1983 YEAR: 1983
l I [MECHANICAL FORCE] DIRECT HEAT ] STEAM I
FINAL ENFRGY _ [ SOURCES |PARTICI-]EFFI- |PARTICI-JEFFI- |PARTICI-]EFFI= |
END-USES | Tcal | } UiEF?L RIERCY | EFFICTERGY | I [PATION [CIENCY [PATION [CIENCY [PATION ]CIENCY |
I M 1 3 o I 7Mm ] I ] I et  — | — e —— fomm— I
-------------------- 1---i_--}--_ffi____{__ n % I I I I I 1 I I I
$§§§§NICAL} I I — % “““““““““““ f INATURAL GAS | I [ 77.2 1 90 [ 22.8 [ 80 |

i . —_— ——m e e — e e - ——
[-r—memmee e I--—-—?Z?-u{—n—flz_%u___EZZEu_{__ﬁf;f_f_ 2 ;DIESEL % % } 91.0 % 90 % 9.0 } 89 }
f [ I ] I I I s Ee— —— (R | — I
I—-ffﬁf% _____ f--_fffff,_§ 63.51 26892 | 52.7] 59 { ;FUEL OIL %__ __§ ___f 484 §_ i __§,_ff;f__§__ff___§
g;ggCT I I f __________ f """"""" % “““““““““ I 1LPG i I I 80.8 1 93 [ 19.2 [ 43 |
e L ] ol ] N N A N N
d romaL I I ] R St I I ~[mmm e [ [ e i e C— I
[Tomar. [ 7461 1100 | siost [100 | g9 | [eeormicrry | s6.7 | 0 1 1@ 33197 |
= I et I [BAGASSE 1 I I ] [ 100.0 T 90 |
I- ) [l (R () R | 1
[ OTHERS I I I 75.6 1 90 1 24.4 1 60 |
I ) . e
[ TOTAL [ 2.7 1 9 T 33.8 1 9 1 63.5 1 58 1
I [ | ) PRI (e |
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CHAPTER I

DEFINITIONS AND BASIC CONCEPTS

i. Disaggregation by Subsectors

g g

The OTHERS Sector substitutes f
. or what was called UNIDENTIF
CONS?MPTION in the QLADE Methodology as developed until now. TP

gizen ;hat Ege intention is to evaluate useful energy consumption
, or at purpose 1t is necessary to h i i
by subosctors cpo ¥y to have a disaggregation
—uses, sources, etc., the definiti

C : . ition of
Sgidentifleé Consumption would not allow such disaggregation:
erefore,.lt would not be possible to calculate Useful Eper ‘E
that definition were maintained. ngl

g:i 1definiti;m- contributed by the previous stage of the Metl
ology read as follows: "Includes that i |
consumpti i
gigen the nature of the information gathered, canngt EZ ;?222&
under the sect?rs described." (%) This reflects the impossibili~
ty of calculating efficiency of production and of end-use '

?;tgaliy, ghefinclusion of Unidentified Consumption may be Jjusti
e n ifferent ways: lack of fit b _

' etween supply and con-
:uﬁgFi?n values; ;onsumptlon not considered under anyysector' i:
ulticient control over th i i i . _
SopHcter e marketing destination of energy sour-

zhui, .1t will be ne?essary to make the utmost effort to detect
uce imperfections in the current systems for recordin
information. 5 sherey

The new matrix presented in Figure 11 of the Base Document

sentsg ? row corresponding to ADJUSTMENTS, 1in which it is th Pr;“
convenient to include the differences between the supply b lOug .
agd the émounts allocated to consumption sectors. ?nyth?sa;:es
s E destination of the primary and/or secondary sources afé
etected at the level of consumption sectors.

zgel gethod of expanding the sectors used in this methodology
; u Es t@e consumption associated with the residential sector
zn . the primary, secondary and tertiary sectors of the economic
czirzzpogg a Eoun;ry, except for the CONSTRUCTION sector, which
s 0 Major Division 5 of the ISIC ifi i
Therefore, the sector "0 " owi e g teatdon.
thers" will hav i
tor a5 ome cocoecot e the Construction subsec-—

(*¥)  OLADE. & _
, ’ nergy Balances for Lat Ameri
Quito, Ecuador, page 24. 10 America, February 1985.
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There are also two additional components in the Others Sector:

- consumption associated with unspecified activities which
correspond to Major Division 0 of the ISIC classification.

- unclassified consumption, i.e., that which has not been
attributed to any of the previously defined sectors.

Hence, the subsectors to be considered in the Others Sector
would bhe:

- Construction
- Major Division 0 of the ISIC
- Unclassified Consumption

The consideration of subsector "Major Division 0 of the ISIC"
will be closely related to the weight that this activity holds in
determining the GDP, since while the "zereo" division is a com-
ponent in the GDP, its corresponding value added is seldom found.
The subsector "Unclassified Consumption' is made up of those
energy sources whose destinations are not clearly specified.
Thus, even though no strict criterion can be expressed, there
will be a reference variable (sales) which will later be broken
down into sectors; if there were a difference, 1t would be

assigned to this subsector.

Finally, the "Construction" subsector is computed in determining
value added:

The construction of buildings to provide housing, services, or
industrial facilities (including assembly of industrial equip-
ment), as well as public works in general, e.g., water dams, port
facilities and roadways, transportation infrastructure, ship-
yards, distilleries, etc., and any other type of construction
done by private firms or public authorities. s

The work of construction, repairs and demolition carried out in
auxiliary fashion by the personnel of a company for their own use
is not dincluded if the firm is considered in another economic
division; for example, when excavation, clean~up, gallery or
well structuring activities are carried out as part of mining
activities, etec., which are classified under the Division corre-

sponding to Exploitaton of Mines and Quarries.

the organization of the information system, two

According to
subsector:

activities can be distinguished in the construction
public construction and private construction.

Although this disaggregation would not be necessary from the

energy standpoint, since there are no substantial differences
for either end-uses or sources, there could be differences in

terms of the formation of a database.

Thus:
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- P?BLIC CONSTRUCTION accounts for the consumption associated
with the activities carried out by public  authorities in
any of their manifestations: national, provincial or muni-
cipal governments, decentralized organs and firms (whether
work carried out with their own personnel or by means of
subcontracting done with private-capital companies).

- PgIVATE CONSTRUCTION accounts for the consumption associated
with the actlvlties of the private firms which operate in
the country, insofar as residential buildings and other
non-public destinations. |

2. Disaggregation by End-Uses

Disaggregation by end-uses depends heavily on the importance that
energy consumption has in each subsector considered in each case
Nonetheless, it can be put forward that: :

- the end-uses in subsector ¢) will not be considered, 1.e
those in unclassified consumption, o
1
- only 1n-the case of construction, whose eénergy consumption
can be'SIgnlflcant, will it be possible to do some kind of
expansion of the different uses, ’

From the energy standpoint, the activities considered in th
construction subsector have very similar end-uses with the
predominance of the use of mechanical force in both,cases Ho f
ev?r, there are other uses such as lighting and direc; hea:
whlch,. with some differences between public and private con:
struction, may take on a not-so-very-negligible difference.

For the purposes of pre i
paration of the balance, it ig
that the following end-uses be considered: PrOPQSGd

- mechanical force
- direct heat
- lighting

These end-uses, or purposes, for which energy is used res ond t
inherent charaqteristics. Thus, for example, the use of mzchan'f
cal force in the case of the Construction subsector and artiz-
ularly, in civil structures such as construction of ro;dsp air-
ports, etc., is tied to a special kind of machinery—- le;ele
mechanical shovels, rollers, mixers, etc. In the case of rin:,
sector activitiy, it will be determined by a very small nuiber ;
types of equipment, basically mixers and hoists. _P

As for ?ther end—uses,_the case of lighting will be of greater or
less?r‘lmportance depending on the mode of production and on the
conditions of the work under execution (for'example, construction
of an underground railway, exposed or not, or assembly of
turbines and/or mounting of the powerhourse in reinforced yc -
crete for a hydroelectric dam, etc.) Direct heat is basicag?y

312

used for heating and preparation of the tar or asphalt to be used
in a given project, with a relatively marginal importance.

Other types of equipment such as compressors, wused for fill-ins
and reinforced concrete work under pressure, are obviously
included under the use of mechanical force.

Finally, one particular case which deserves mention is that of
integrated trucks and mixers which, in principle, could give rise
to consideration of another end-use, in this case transportation,
but they will not be considered as such, since they are
incorporated intc the use of mechanical force.

Just as in the other productive sectors, for which the energy
needs or useful demand of the user are always determined by  the
production process, in this case they will also be associated
with the level of mechanization in the different activities.

To the extent that human energy is not included in the energy
balances, a considerable scatter may appear in useful demand for
the uses of mechanical force; this calls for special care in

sample design.

3. Final Energy, Useful Energy and Efficlencies

Following the conceptual scheme set forth in the definition of
useful energy~— which consists of observing the process of energy

consumption in two stages:

- production of heat, mechanical force, etc., by means of the
different types of equipment which consume different forms

of energy.

- use of heat, mechanical force, etc., in each activity.

Overall efficiency will thus be given by the product of the
efficiencies o0f each one of these stages: efficiency of pro-

duction and efficiency of use.

The EFFICIENCY OF PRODUCTION will be related to the type of
equipment and the source consumed under each end-use defined,
whereas the EFFICIENCY OF USE will be related to the utilization
process following production of this intermediate form of energy.

The dmportance of measuring efficiency of use lies in the fact
that it constitutes a fundamental element in implementing ENERGY
CONSERVATION mechanisms, and thus calls for energy audtis which

permit quanitifaction of efficiency.

Furthermore, energy audits should concentrate on those energy-
intensive areas for which there are no SPECIFIC USES by SOURCE.

In the case of the Others Sector, whether on the basis of the

adopted disaggregation by END-USES or the fact that it is not an
energy~intensive activity (considering total energy consumed by a
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country), it is not deemed necesary t
otne SFFICYENGY OF USE. y to make the effort of quanti-

E:us;adin zgeqfiriFfstaﬁe of preparation of BEEU, an attempt will
uantify the efficiencies of production ,
for wh
purp?se typ? of equipment, sources consumed, ;nd end- o
considered will be taken into account. ueee

Egis ;:liulatlon ?ill only be done for the Construction subsec-
the. : s very"llkely'tﬁat the calculation cannot be done for
subsector "Unspecified Activities" since there can b
zgizeiie ;f reference when the survey is taken, in ord:r t: :Z

relate uses, sources, and e in
efficiency of production. In this cgzi?mezgdaig E:inc e ot the
s?bsector considering "Unclassified Consﬁmption " usefaie phi
will be calculated on the basis of average é%ficien:y snerey

zglsthavegag: e;fiﬁiency comes from the following calculations:
e basis of the final consumption of a i :
subtotal obtained does not accoun e g oo lee

: : t for the subsector of "Unclas-
iiilid gonsumptlon" (A). The same procedure may be follow:; a:t
Obtaizzz o: zsiiul energy, in which case a subtotal (B) will be

H n e quotient of (B) and (A) will
: yield the a

efficieﬂcy to be applied to the final consumption of the Vgrage
tor of "Unclassified Consumption". suheee

Fo
r the sake of example, assume two energy sources: diesel and

electricit whos i : ;
BOE. Y e disaggregated consumption will be expressed in

— e e

_— SOURCE | FINAL ENERGY [  USEFUL ENERGY
sE } DIESEL  ELECTRICITY] DIESEL ELECTRICITY
;. TRANSPORTATION | 4,300 —_ _“i 860 -
. INDUSTRIAL I 2,600 1 1
3. RESTDENTIAL - 11388 { I’EEO 1’%30
4. COM/SERV/PUB [ 700 900 - | 420 ‘723
5. AGRO/FISH/MIN 1 1,400 80 | 280 64
6. AUTO-CONSUMP I 400 100 ] 240
7. OTHERS i I %0
7.1 CONSTRUCTION | 600 2 ;
7.2 UNCLASSIFIED | %0 ; 120 160
UNSPECIFIED |  800(%) 120(%) 1 a) b)
_________________ I —— ——— __.I ——
?;_f??f?fff_ i 10,000 3,680 | 3,480 2,844
_________ ——— ——— _I ——
9. TOTAL [ 10,80 3,800 [ o) 4)

(*) Calculated as difference (9) T T
(8) = (1) to (7.1)

(8)

a) = 3,480 x 800 = 278.4 b) = 2,844 x 120 = 92.7
10,000 3,680 .
c) = 3,480 + 278.4 d) = 2,844 + 92.7
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4. Energy Balamnce Applied to A Unit

The analysis of the energy balance applied to a unit is of
particular importance in the cases involving construction of
large projects, since the company may buy and produce energy,
whether primary OY secondary, and then transform this into useful
forms. These sources may be disaggregated in the way indicated
in the general summary matrix of the OLADE Balance.

The éoncept of Net Energy Input (NEI) responds to the energy

which enters the establishment, disaggregated by sources. In
the NEI will be equivalent to the purchases; however,

for the purpose of generalizing treatment, it should be noted
that there are cases in which the company generates its own
electricity. Unlike other sectors, this one does not consider
the alternative that the company will sell energy to third par-

many cases,

ties.

Generally speaking, auto-production in this sector is direct; in
other words, through diesel groups or gas turbine sets, in which
case it 1is necessary to subtract the fuels bought for auto-
production from the purchases and to add auto-produced electrici-
ty to what is taken from the public grid.

in means of transportation (usually for
de the project site should be accounted
Sector; however, those fuels used
hould be considered under the use of

The energy SOUTCES used
moving materials) outsi
for under the Transportation
in internal mobilization s
mechanical force in this sector.

final consumption may be less than the

When added up by sources,
should

NEI; this difference is brought about by the flows which
form part of the supply due to auto-production.

Table VII.1 is a type of auxiliary data sheet in keeping with the
disaggregation by sources of the OLADE Methodology, on the basis
of which it is possible to calculate final consumption and a
series of data needed for calculating useful energy.

sheets it is possible to generate final

From these auxiliary data
subsector end-uses and sources for each

" and useful consumption by
establishment.

Finally, it can be seen that, unlike other sectors, in the lower
part of Table vIr.l EFFICIENCY OF USE has not been included,
since, as explained under the preceding point, it will not be
considered in the Construction subsector.
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TABLE VII.1

AUXTLI
ARY DATA SHEET FOR CALCULATING THE CONSUMPTION

OF
FINAL AND USEFUL ENERGY IN A UNIT OF

THE CONSTRUCTION SUBSECTOR
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CHAPTER 11

DATABASE FORMATION

in relation toO what has been said for the other consumption
gectors, the formation of a database for the OTHERS Sector pre=
gents some differences and difficulties inherent to its particuar
treatment. 1n fact, both the application of a data sheet to

and their

gather {nformation as well as the design of samples
the UNIVERSE OF

kxnowledge about

expansion require previous

REFERENCE.

Thus, given the characteristics of the subsectorS of Unspecified
in terms of lack of

fied Consumption,
f the latter and the

e of the former, it

determine the parti-
tor involved

and Unclassi
about the universe
lack of knowledge ab
be possible to carry

of the end-uses for
£ useful energy consump

Activities
knowledge
possible
will not

cipation
in the calculation ©

af reference O
out the univers
out surveys to
each source and subsec
tion.

ed that useful energy

subsector, by taking
ent) and that the

calculated, on

g chapter anticipat
he Construction
on (use—source»equipm
o sectors would be
erage efficiency.

Point 3 of the previou
would be calculated for t
afficiencies of producti
useful energy of the other tw

the basis of the resulting av
subsector is

or the Construction
ibilities for

The formation of a database £
There are two poss

therefore presented herewith.
covering consumption:
of reference ag the establishments,

- to take the universe
ce area built.

1abor employed oF surfa

- to take the equipment park or fleet.
These possibilities depend on each case of application, and the
cularly depends on degree of concentra=-
of this

second alternative parti
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according to the type of activity and the specific features of
the country of application. In any case, a general format is
being presented here, with four modules, as can be seen in the
survey form for the Construction subsector.

Module I provides general data on the establishment. Note that
point ¢}, corresponding to the location, could be substituted for
by "location of the construction site(s)".

The second and third modules attempt to account for the energ
bought and auto-produced, as well as to characterize the autoz
producing equipment and the fuels it consumes.

Finally, Module IV disaggregates energy by END-USES.

2. Analysis of Existing Information

Before doing a sample design, it is necessary to carry out an
exhaustive analysis of the existing information, and this implies
preparation of a diagnostiec. Such an assessment cannot be based
on a _common criterion which could be generalized to all of the
countries. It will depend on each case of application. However
it can be said that the state of information on energy con:
sumption in this subsector, at least as presented in the OLADE
Energy Balance, appears to be either very aggregated with another
sector (usually the Industrial Sector) or else corresponds to. a
part of the UNIDENTIFIED CONSUMPTION.

This pr?sentation does not insist that the countries have this
information for each sector separately. However, if this were
not the case, it should be disaggregated or identified.

If the objective is to determine total consumption in the Con- -

struction subsector, prior to the proposed survey of end-uses
which is detailed under the following point, there should be a
more NUmErous SUrvey, the aim of which would be to quantify the
subsectorf energy consumption. The frame of the survey should
be the economic censuses (which normally include Construction) or
another type of survey of those usually run in the subsector.

?he record of information on electricity may be available since
its origin is usually Public Services, and subsector consumption
may be obtained from the records of the utilities companies It
should be clarified that this occurs in most cases, but the;e are
other cases derived from auto-production {(e.g., the case of the
large hydroelectric dams whose construction is far away fro

transmission or distribution lines). _y B

T?e same thing may occur with some fuels, as in the case of
diesel, fuel o0il, gasoline, etc., for PUBLIC CONSTRUCTION, since
they may appear in the records of the Public Administration or of
the private contractor hired for execution of public works.

In any case, this type of survey should have broad coverage; it
is easy to carry out and is usually inexpensive. |
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As for the information which should be available in order to
define the Universe of Reference, this is the emnergy consumption
of Construction, and the number of establishments in each
subgroup. Work starts from a fairly logical assumption, which is
the knowledge about the latter. However, 1t is necessary to
point out that usually the type of activities developed in the
Construction subsector are carried on outside the establishment,
so that it will be necessary to establish an information-
gathering mechanism for non-energy information (basically, labor
employed). As for the energy information, the following alterna-

tives may arise:
i) Energy consumption is not known by subsector.

1i) Consumption of electricity supplied by Public Services is
known, but fuel consumption in the subsector is not.

iii) Energy consumption is known.

The third case will most likely have to be discounted in the
countries of Latin America, where the most common case may be the
first and, to a lesser extent, the second, as long as records can
be obtained on total subsector consumption (either because it is
available or because the previously mentioned survey on total

subsector consumption was carried out).

The second case implies the existence of records on the basis of
which the electricity invoiced to each subsector is known, to-
gether with some information on fuel sales made to certain estab-
iishments in the subsector. As for electricity consumption, the
mechanism for obtaining the information refers to the records on
USERS SUCH AS CONSTRUCTION FIRMS, since this category of users is
normally considered apart from the rest of the users (when a
construction begins on a lot without a meter, the construction
firm requests the connection as a construction plant user, and
this status ends when the final permit for outfitting the site

has been granted).

There may also be the possibility of having information on fuel
consumption from the records of the distributors.

These records constitute invaluable information for the sample
design, especially in the case of electricity, at the same time
constituting an element of basic control for the expansion of the

sample on energy end-uses.

One particular case of analysis is the construction done to
expand residences, about which little is recorded both from the
energy and the non-energy standpoints. 1t can be foreseen that
the energy consumption associated with these activities would not

be accounted for because:

- In most cases, the use of mechanical force is only supplied
by hand labor (manpower), in which case the failure to
consider it does not create any problen. There is also the
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possibility that it can be covered by electricity (usuall
accounted for in the Residential Sector) but these case:
are so few and far between that th ] i

e ey will not merit any

- The number of ‘“establishments" or "labor employed". is
unkn?wn; ?herefore, the Universe is unknown. Thig implie
the impossibility of any sampling, d °
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tors, 1i.e., there will be a series of new strata which will
contain a considerable number of establishments.

Given that one of the working hypotheses is the lack of knowledge
about consumption needed to complete the design, it will be
necessary to take samples in each one of the strata into which
the population of the "Other Strata' was divided. The wuniverse
of reference will no longer be the establishments that are in
each group, but rather the subpopulations, for which the average
consumption for each source will be estimated, taking for each
a simple random sample. If the variance in the estima-

the process may continue to increase
or a

stratum
tors proves unacceptable,
the size of the sample, keeping the same stratification,

more specific stratification can be done, with a smaller range of
variation in the stratification variable utilized.
later on, estimators are calculated per activity, according to
the formulas provided by the stratified sampling; and these are
dealt with jointly with the estimators for the stratum of obliga-
tory inclusion. From this will result a second analysis of
variance, in order to verify the quality of the estimation.

On the basis of statistical inference, the sample is expanded to
the population, using the estimators analyzed previously. The
expansion will depend on the type of sample done and on the
characteristics of the estimators.

Since the objective under consideration is to measure useful

energy consumption by END-USES, in every case it will be
necessary to determine an average participation matrix for each
source in each use for the two subsectors.

This matrix can be drawn up on the basis of the sample means for
each end-use in the two subsectors, as estimators of population
expectations. The estimates, based on their variance, will give
a certain 1idea of the heterogeneity existing in each stratum

considered.

To determine whether or not there is heterogeneity is equivalent
to testing the variance in the sample means obtained for each
stratum, by means of hypothesis testing to be defined for each

case.

By applying the participation matrix to final subsector
consumption, final consumption by end-uses and sources will be
obtained. When this is related to the efficiencies of production
(measured or adopted) for each source in each end-use, the result
will be the intermediate useful energy consumption by source and
by end-use, measured at the level of efficiency of production.
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SURVEY FORM

CONSTRUCTION SUBSECTOR
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SURVEY FORM

CONSTRUCTION SUBSECTOR

I - GENERAL DATA

a) SUD SR CE O st et sttt ttetnaaaanosssaeenonenanssossnsanssnnonsanss
b) Hame Of Firm tviiuuiieennsesoensneessonsonoonsssonsnsannsesnes
c) T - 3 e I o 1 1
d) Number of Employees ....vciiniiniriveansnsssssansssansnrsnsannns
e) Work Shifts .; .............................................
f) Hours worked per year ....ieiciiuiiiiiinnnerenscarscscnnnanns

I Fuel I Unit | Amount [ $ Paid in]
I | | I a year |
1 e e [ e [ = l
JCoal i I | |
B ——mfmmm] [~mmmmmmme I
[Firewood I I ! I
e [-------- [~ - 1
[Charcoal I I I I
I e ) L |
[Electricity Bought | I I I
(R——————— - e e I
[Electricity Auto~Produced I I I |
[-- e — [-—---——m- [~ I
[Electricity TOTAL I H I i
[--- e J------—- J------—-- [-—---m l
[Liquefied Gas I I | I
| - - e R I- I-—- I
[Gas 0il I I I |
[---mmmm e -1 — [~ —-
[Gasoline I I | I
e mmmmmen] [-- [-mmmmmmmm-]
[Fuel 0il | | | I
e -1 [ [-——-mme 1
JOthers i I I |
I I I | |
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ITI - FUELS USED IN AUTO-PRODUCTION IN DIESEL/TURBOGAS GROUPS

I Fuel I Unit I Amount ]I Electricity !
I I | I Produced (kWh) |
I I -—1 -] |
IDiesel 01l I I I I
I I | I I
I —-1 | - I-- I
IGas I | I I
i | I I I
[-=--- I | | —— -}
(N I | I I
I | I | I
I —-- 1 e I
| S I | I I
| | | | |
I -—| - I |
[ TOTAL I I i I
I I l I I
I | I I I

I Equipment

I
|Diesel Engines

I

I
I
I

I
[Gas Turbines

I
I

I__
I
I
I

Pt} v g ot S vy

Ll e e i —
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IV - ENERGY CONSUMPTION BY

END-USES

a) Direct Heat

I 1 : I
1 Fuel I Unit I Amount I
i B -1 [~ I
{ I | I
1Coal I I 1
1 e -I- [----mmmmm 1
| : I | |
IFirewood % } {
1 - I DUV, SO _— —_—
| I | |
JFuel 0il | I |
[ O oo I
| | l |
| N | ] I
[ e e = m e I
I | I |
| S I I |
R e L ]
| | i |
| PN I ] I
| I i I
] Equipment Type I Capacity or Power i Efficiency .%
_______  — [ A
} .................... P | S I
| P I
S I
I | I I
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b) Mechanical Force

|

I

[Energy Consumption]Efficiencyl]

I

I Equipment linstalled] Hrs. of ] e |

I : [Capacity [Use/Year | Unit [ Amount |

I I I | | I

[Elec. Motors | I I I |

| I I I I I

[Diesel Engines] I I I I

I 1 [ I I I

[Others I I I 1 I

| S 1 | | [ I

| | | I I I

I I | I I I

c) Other Uses

I Source ] Lighting I Others I
I (Unit) i | ' |
I I I |
I Electricity I I 1
I « ) I [ I
1 1 I I
| | I I
I ( ) I I I
I I | I
| I I I
I ( ) | | I
I | | i
| I I 1
I I I |
I I I I
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