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INTRODUCTORY NOTE

Economic and social developments in the developing countries will require
growing quantities of energy services, particularly those performed by
commercial fuels such as oil. To the extent these additional services can
be secured through greater efficiency in the use of fuels, more of the
output of these economies will be available to foster higher living
standards and investment. The pay-off to energy conservation, already
high, jumped again with the oil price increases of 1979/80.

The tasks of using energy more efficiently is exceedingly complex in
developing economies, as it is elsewhere. Higher costs provide universal
incentives to substitute other factors for energy and to substitute among
energy forms and services, but extensive barriers to change such as
restrictive market conditions, foreign exchange shortages which may inhibit
importation of energy efficient equipment, and subsidies on fuels to
protect the poor, limit success. Moreover, adjustments that save energy
are to some extent end-use, technology, site, and culture specific. Thus,
while generalizations about appropriate policies may be useful, examination
of specific situations is required before the analyst can be reasonably
confident that policies designed to save energy will first, do so, and
second, achieve savings at a cost sufficiently low that the economy is left
better off.

"Energy Conservation in Kenya's Modern Sector" by Lee Schipper and his
associates of the Lawrence Berkeley Laboratory reports on an investigation
of the potential for commercial energy cornservation in Kenya. Kenya is
more affluent than many of its neighbors, with a per capita income of just
over $400 a year, but remains poor. Relief from some of the growing burden
of paying for energy could improve the prospects for growth in the modern

sector of Kenya and improve living standards throughout the country.



Energy statistics are not well developed in Kenya, a common situation,
and hence before analysis could begin, energy balances showing how and
where energy is used in the economy had to be constructed. On the basis of
these data, trends in energy intensities in the modern industrial, house-
hold, commercial, and transportation sectors were estimated and used as a
guide to the future potential for energy savings. The authors conclude
that "current energy intensities can be reduced in all sectors using cost
effective conservation measures,"--by in excess of 20 percent over the next
five years or so. The authors suggest, among other measures, those that
would reduce import barriers on energy efficient equipment, energy audits
for industry, energy-conscious commercial building codes, and training and
education in energy saving techniques.

The purposes of this study, as with many in this series, are two fold.
The first is to extend knowledge of energy demand and conservation in the
subject country. The second, equally important, is to develop a method-
ology which will be helpful to energy analysts in assessing conservation
potential and practice in other countries.

This discussion paper is one of several relating to energy conserva-
tion in the develoging world. The others include: John Jankowski,
"Industrial Energy Demand and Conservation in Developing Countries" and
Eduardo Moran and Pierre Vernet, "Industrial Energy Consumption in a
Developing Country: The Ecuadorian Case." Work of a somewhat different
nature but addressed to the same issues 1is nearing completion in India,
under the direction of Dr. R.K. Pachauri, at the Administrative Staff
College of India (Hyderabad). The Indian work contemplates an analysis of
the effect of increases in energy prices on the amount of energy consumed
in industry, and on consequent shifts in the amounts of other factors of
production consumed.

All of these studies have been funded by the Agency for International
Development under the ARDEN (AID-RFF Development and ENergy) Co-operative
Agreement No. AIL/DSAN-CA-0179. Lee Schipper and his associates served as
consultants to Resources for the Fufure in performing this study. Joy
Dunkerley and Scott Noll coordinated their work with the 1larger ongoing

effort at Resources for the Future.
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This paper is issued with the dual purposes of informing the research
and policy communities of results obtained from work in progress and of

eliciting comments on our efforts.

Milton Russell
Director, Center for
Energy Policy Research
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Chapter 1

INTRODUCTION

The severity and lasting impacts of the oil price shocks of 1973 and
1979 have convinced many governments, in both the developed and developing
world, that energy issues need to be considered seriously in all aspects of
national economic policy and planning. While many non-oil-producing devel-
oping countries survived the first price shock without serious economic
impacts, the second shock in 1979 may have had much harsher and more
permanent effects (Fesharaki, 1980). For this reason, some bilateral and
multilateral aid organizations have started according high priority to
energy issues. At the same time, many developing countries have initiated
activities and policier designed to help reduce oil imports, develop
domestic energy supplies, and promote the more efficient use of energy
resources. Recently there has been increasing interest in the potential
for energy conservation in developing countries. In this study, we examine
energy use and conservation in Kenya, both to provide a data base for
further work and to assess the role of conservation in the energy strategy

of a developing country.

Purposes of the Study
This study has several specific goals. First, we characterize and

analyze in some detail the flows of energy in Kenya, a representative
developing economy. This 1is the subject of Chapters 2 and 3. Such
characterization has not previously been done to the degree we regarded as
necessary for planning purposes. In light of the limitations in data
availability, methodology, and resources for such purposes (Schipper and
Mbeche, 1979; Schipper, 1980), we wished to determine how Ffar such
characterization and analysis could be taken. Our study should help policy



makers and future researchers facing similar limitations to decide the
quantity and quality of energy data they need and whether it can be
obtained.

Second, we wished to determine whether energy conservation is actually
practiced to a measurable extent in Kenya and to determine the future
potential for saving energy in Kenya in a manner consistent with the
country's aspirations for social development and economic growth. These
are the subjects of Chapter Y.

Third, we wished to obtain an indication of barriers to more efficient
energy use in Kenya, and to make some recommendations about how to overcome
these barriers through government policies and actions and desirable
external assistance programs (see Chapter 5).

Finally, this study may be useful in helping energv analysts assess
the resources needed to accomplish similar analyses elsewhere. Kenya
suffers from many of the problems facing other developing countries, such
as a high dependence on imported energy which results in a foreign exchange
burden, a high dependence on biomass as a source of fuel for rural fami-
lies, and an imminent shortage of wood. Because of these commonalities,
the Kenyan experience can be generalized in some degree to other developing
countries, although the sociopolitical differences among societies must be

kept clearly in mind.

Scope and Method of the Study

The study concentrated on the use of commercial energy sources. With

the exception of solar heating, neither renewable nor "traditional" fuels
were assessed, although it has 1long been recognized that "traditional"
fuels dominate the total energy flow in Kenya (on a calorific basis). The
problems of renewable energy sources in Kenya, particularly relating to the
production and use of firewood, are currently the subject of a major study
by the Beijer Institute, Stockholm, in cooperation with the Ministry of
Energy in Nairobi. In many ways, however, the most pressing problem for
many developing countries today is the effect of the high cost of oil
imports on their economies. Improved energy efficiency would provide
measurable relief from high import bills. This study seeks to contribute
ruch needed information about how o0il and related commercial energy sources

of energy are used in these countries.



During the course of the study, we found a surprising amount of useful
but unpublished information in various places in Kenya. While conditions
for accessing and using this information vary, knowledge of its existence
gives us confidence that the basic assumption of this work is correct: it
is possible to construct a useful picture of energy use in Kenya. We
obtained our most detailed information on the industrial and buildings
sectors. Residences and the transportation and agricultural sectors proved
to be much more difficult to survey. For reasons of practicality, we have
treated sales and consumption of fuels as identical, we have ignored stock
changes, and we have not attempted to determine the "useful energy" at the
point of end use (Leach and coauthors, 1978).1

Because of the preliminary status of this work, we are able to
construct national energy-flow tables for the entire Kenyan economy only
for the year 1979, on which we concentrated our initial effort. Future
researchers could, with additional effort, reconstruct detailed energy
balances for the years 1975-78. 1In order to assess the extent of energy
conservation, it is necessary to relate observed changes in energy use to
economic output. Many difficulties were encountered in obtaining measures
of output or activity. No data were available for individual firms; we
therefore undertook a partial economic survey of industrial firms in Kenya,
to measure their output. Relating energy use at the individual firm level
allows us to determine differences in use among firms and industries. Data
for other sectors are out of date; most recently published data on the
number of automobiles, for example, date from 1974, and the definition of

"automobile" has itself varied. The 1last year included in a published

1. Useful energy is defined as energy reaching the task and doing
useful work. Heat supplied to a boiler that never heats water, or hot gas
streaming around a poorly designed cooking pot, does not count as useful
energy. This definition is helpful for comparing efficiencies of energy
end-use devices. It is important to take account of the efficiency of end
use when comparing commercial and traditional energy resources (for
example, fuelwood for cooking), becaus= the latter are usually used very
inefficiently. Thus, a much lesser quantity (calorific content) of oil or
gas efficiently burned in a modern stove can substitute for a much greater
quantity (calorific) of fuelwood or charcoal burned in a traditional, very
inefficient stove. Because we do not assess traditional fuel use in this
study, such comparisons are less important.
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census available to us was 1969, and manufacturing output by industry was
last surveyed in 1977.

Three elements are raquired for a full assessment of Kenyan progress
in conservation of commercial energy. First, a detailed understanding of
the flows of fuel and electricity is needed; such information had not
previously been available in Kenya, and the present study partially
remedies that deficiency. Second, a picture of conservation measured at
the level of the individual firm needs to be obtained by studying the
energy intensity of the firm over time, and reviewing its experiences in
trying to economize on energy use. Finally, an assessment of the obstacles
encourtered by firms trying to conserve energy is important. This involves
Judgrients about the effectiveness of their efforts, measured against our
own estimates of possible savings (based partly on experience in other
countries). Together these elements allow for informed recommendations
about future energy conservation policies and credible predictions about
additional conservation potential in particular firms or industries, as
well as in the country as a whole.

Time and resources have limited this study to surveys of the largest
energy users in Kenya. We are forced to resort to significant
approximations in order to arrive at the overall flow of fuel and power in
the Kenyan economy and, with a few exceptions, we are not able to examine
the use of energy by all firms in each sector. Even so, such a study can
serve as a basis for specific recommendations about the kinds of future
surveys and analyses that may be needed for the successful implementation
of energy policies for the sectors using commercial fuels.

Since very 1little energy-related information has been published by
government or private sources in Kenya, most of our information was
collected through personal visits to firms and institutions. For many of
the sources, the number or extent of the visits was inadequate and
approximations were necessary to fill gaps in the sectoral energy-use
summaries. The most limiting resource in this study was the small number
of Kenyan counterparts who could devote time to data collection.

The reader should bear in mind that this report is based mostly upon
original and partial data from fieldwork. There is no body of information
in Kenya with which to compare the data, although some comparisons with

data from other countries are possible and useful. We have assumed



throughout that our sources in Kenya have provided accurate information to
the best of their ability, with no leaning to understatement or overstatae-
ment of either energy use or output. We have found some misprints and
obvious copying or systemic errors in data given us or published by
official sources, and these errors are indicated in the tables. Consider-
ing both the preliminary nature of the study and the inherent difficulty in
obtaining the required information, we nonetheless believe that a wvalid
picture of Kenyan energy use has been drawn. Furthermore, we feel that the
methods developed here can be usefully applied in other developing

countries.

Energy Conservation in the Developing Country Context

Until recently, energy conservation has not received serious
consideration in developing countries, either in energy systems studies or
in government energy policies. Probably the most important reason for this
lack of attention is that conservation has usually b=en considered to
connote curtailment of energy use through restrictions in economic
activity, that is, reductions in the provision of goods and services that
people want. Such a course would be antithetical t» the major societal
driving force in developing countries, and could hardly be expected to be
an enthusiastic component of government policy.

In the industrial countries, much evidence has accumulated that energy
conservation is compatible with economic growth. The relevant question is
whether this compatibility can exist only where development has already
reached an advanced stage and commercial energy use is large in absolute
terms, or whether conservation can also be a viable adjunct to a developing
society's economic goals. This question has been difficult to answer
because of the almost complete lack of detailed information on patterns of
energy use in developing countries.

For these and other reasons we attempted to determine the degree to
which energy conservation is taking place in Kenya, by examining the use of
energy in its "modern" sector. "Modern" refers to that part of the economy
using equipment and providing goods and services in facilities comparable
to those in the major developed countries. Therefore, in principle,
manufacturing, commercial buildings, hotels, electrified homes, and

automobiles are all covered by this study. 1In these sectors the experience



and expertise of industrialized countries may be helpful to energy planners
i) developing countries. Not included are the informal (noncommercial)
sector and the use of renewable energy sources in modern industry as well
as in the so-called "cottage" industries (including small service shops),
nor are fi.ewood and charcoal, the energy sources used in most Kenyan
households. Where possible, we indicate the uses of these unrecorded fuels
in commercial establishments, though we have not attempted to quantify them
systematically.

For the purposes of this study, energy conservation is defined
specifically as reductions in eneérgy use per unit of output, that is,

energy intensity, aimed primarily at reducing the costs of using various

forms of energy for producing goods and services. Additionally, changes in
the output mix of individual firms are reflected in changing energy
intensities. 1In a few cases we note the effect of output mix on changing
energy requirements; mostly, however, we assume that changes in energy use
per unit of output are due to changes in technology or operations that are
motivated primarily by higher energy prices. These changes are brought
about by the substitution of capital and labor for energy. For the country
as a whole, energy use per unit of aggregate output is the result of
changes in the amount of energy used in producing a unit of 1like product
and changes in the mix of final demand. These are often motivated by
energy prices, though government development strategies may influence the
overall mix of manufacturing output to a greater degree than does the price
of energy. Also, changes in personal behavior, such as less automobile
driving in response to higher gasoline prices, reduce aggregate energy
demand. Such changes, often called "belt-tightening," are not strictly
energy conservation, as defined herein.

With this definition of conservation, the level of energy savings in a
sector can be defined as the product of the amount of reduction in energy
intensity in the sector during a given period, times the activity level
(that is, output) today. Put another way, energy savings is the difference
between energy use after conservation has been realized and energy use that

would have taken place at the same level of output with no conservation.

This is important to bear in mind, because there may be energy conservation
and energy savings even though output has grown enough to increase total

energy use. Thus, conservation and savings are not inconsistent with



increased economic activity and energy use. An important signal that
energy conservation is taking hold is a slowing of the rate of energy-use
growth relative to the rate of econcmic growth.

This definition of conservation emphasizes its importance to a
developing country's economy. These countries have shown increasing
concern over the strains placed on foreign exchange earnings by oil prices.
Conservation allows the real output of goods and services to increase at a
higher rate than that of the energy consumption, therefore conservation
eases the relative burden of oil-import costs.

Conservation efforts in developing countries have been hampered by
inaccurate impressions sometimes held about the impact of saving energy.
To the extent that conservation was identified with using less energy per
se, rather than using energy more efficiently in the economic sense, it
became associated with nondevelopment. Development can indeed proceed in
tandem with more efficient energy use, because more efficient energy use

reduces the cost of producing goods and services.



Chapter 2

AN OVERVIEW OF
FZRGY IN THE KENYAN ECONOMY

As a background to the more detailed analysis of sectoral energy
consumption and related measurement of output we present here an analysis
of trends in aggregate energy consumption and production in Kenya, and the
social and economic factors affecting the amount and type of energy
consumed. These include demographic trends, level of economic activity and
its composition, and energy prices.

In many countries the data needed for aggregate analysis are easily
accessible from national or international sources. In the case of Kenya,
basic data are difficult to obtain and are of questionable reliability.
For this reason and also to assist those undertaking similar assessment
exercises in countries with an inadequate data base, we explain our

methodology and point out data deficiencies at some length.

Energy Production and Consumption Data
The Central Bureau of Statistics published in 1978 a volume entitled

Statistics of Fnergy and Power. This volume contains data on electricity

generation and on quantities of oil.produced and consumed in the Kenyan
economy as a whole, and a breakdown of o0il sales by total weight for a few

classes of "outlets," not necessarily final consumers. ‘The Statistics of

Energy and Power is useful in showing both aggregate consumption and the

changing roles of various energy sources. But the data contained in this
volume have certain limitations. There is little information on sectoral
or subsectoral uses of each fuel type. Clear conversion factors from
quantities of fuel to energy units are lacking, which makes it difficult to
use the data for energy analysis, since it is primarily the calorific

content of fuels that is important to users. Finally, the series ends in



1977. For 1978 and 1979, we have relied on the Statistical Abstract

(1979), the Economic Survey 1980 and results gathered from our own work.

In some cases we have modified official data. For example, we increased
the official figures for coal consumed in 1979 by a factor of more than
three to reflect the known counsumption of this fuel in the cement industry,
historically close to 80 percent of total coal consumption.

These data are summarized in table 2-1. Primary consumption includes
all energy losses in conversion. Secondary (end-use) energy consumption
reflects energy actually used in the economy, net of energy-sector
conversion. Losses in the energy supply sector are considerable in Kenya
(see the gap between primary and secondary energy in figure 2-1) in part
because of the low efficiency of thermal electric power plants, and in part
because the East African 0il Refinery (EAOR) refines a considerably greater
volume of oil than is used in Kenya. The excess is exported.

The accounting convention regarding hydroelectricity contributes a
significant uncertainty to the interpretation of the aggregate figures in
table 2-1. We show, for example, the primary equivalent of hydro-energy,
as well as its secondary (output) equivalent; that is, electricity output
in thermal plants as well as the fuel consumed to produce it. The actual
efficiency of thermal electricity production is approximately 23 percent.
However, in computing the primary energy equivalent of produced
hydroelectricity (that is, the amount of oil that would have to be consumed
to produce the same amount of electricity in a thermal plant) the customary
figure of 36 percent efficiency has been used. The inconsistency between
these two figures makes it difficult to use aggregate energy consumption
for comparisons over time because of the irregular effect of the

hydro-thermal mix.

Trends in Energy Use
Even with these data limitations, however, it is still possible to

trace well established trends in energy use in Kenya. The average growth
rate in energy use has been high. Total consumption rose by 80 percent
over the ten year period (1969-1979) or by an annual average rate of 5.4
percent. Total final use rose by 83 percent. The sharper rise in final
use means that out of a given total energy input into the economy a rather

larger part was delivered to consumers. The increase in consumption



Table 2-1. Kenyan Commercial Energy Consumption 1969-1979

(PI)
1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
Primary Energy Use 46.20 51.90 57.12 61.92 66.09 66.98 68.70 15.34 79.31 83.82 83.59.
Coal, Coke Imports .95 2.43 2.39 1.18 2.09 1.95 1.34 1.88 1.83 1.46 1.54
01l 40.00 43.64 48.41 53.90 56.90 56.60 58.27 65.21 67.217 69.46 70.19
Crude Imports 88.68 92.17 106.21 104.89 112.78 121.46 118.19 104,46 106.75 99.13 103.41
Fuel Exports -49.75 -54.89 -62.32 -60.10 -62.98 -61.45 -54.45 -55.41 -52.173 -38.28 -29.85
Stock Changes 1.07 6.36 4.52 9.1 7.10 -3.4 -5.47 16.16 13.25 8.61 -3.37
Hydroelectricltya 5.25% 5.87 6.32 6.84 7.10 8.43 9.09 8.25 10.21 12.90 11.86.
Production 1.1 1.21 1.22 1.4Y4 1.47 1.97 2.33 2.10 2.70 3.86 3.70'
Imports .79 .89 1.06 1.02 1.09 1.07 .94 .87 .98 .78 .58
Energy End Use 36.99 41.84 45.88 49,13 53.52 53.83 54.99 52.18 63.68 66.50 67.71
Coal, Coke Imports .95 2.43 2.39 1.18 2.L9 1.95 1.34 1.88 1,83 1.46 1.54
oi1°¢ 33.89 37.01 40.84 45.02 48.26 48.48 49.97 46.33 571.45 60.28 61.28
Primary Demand 40.00 43,64 48.41 53.90 56.90 56.60 58.27 65.21 67.27 69.46 70.19
Refinery Losses ~3.21 -3.3 -3.72 -~3.92 -3.78 -4.78 -4.79 -4.48 4.3 -5.10 -4.73
Electric Utility Use -2.88 -3.36 -3.89 -5.03 -4.93 -3.81 -4.01 -13.58 -5.53 -4.08 -4.18
Electricityd

Hydroelectricity® 1.89 2.10 2.28 2.46 2.56 3.04 3.27 2.97 3.68 4.64 u.37'
Thermal Electric Util. .62 .M .85 1.02 1.21 .98 .92 1.72 1.13 .93 .96
Fuel Input 2.88 3.36 3.89 5.03 4.93 3.81 4.01 13.58 5.53 4.08 4.18
Transformation Losses -2.26 -2.65 -3.04 -4.01 -3.72 -2.83 -3.09 -11.86 -4.40 -3.15 -3.22
Station Service -.05 ~.05 -.05 -.07 ~.13 -.09 ~.08 -.12 -.10 ~-.09 —.09'
Losses and Unaccounted -.32 -.36 -.43 ~.48 -.47 ~.52 -4y -.61 -.30 -.73 -.25

Note: Detail may not add to totals due to rounding.
[}

Values are estimated where data are not yet avallable or seem lnaccurate; the value given in the Economic Survey 1980 for
local production of hydropower (equivalent to 4.71 PJ) seems too high in light of the value given for total electricity demand; we
estimate utility hydro production by subtracting all other sources of electricity production from total generation (station service
i3 also estimated); if our estimate of hydro production is too low, total primary energy use may be somewhat understated.

aPrlmary cquivalent of hydroelectricity 1s calculated using a nominal 36 percent conversion efficlency.

bIncludes Bureau of Statistics estimated industrial hydroelectricity self-generation of .72 PJ each year.

cIncludes oil used to generate electricity by industry. The Bureau of Statistics vstimate industrial thermal electricity
self-generation at .18 PJ each year.

dExcludes industrial thermal electricity self-generation which the Bureau of Statistics estimate at .18 PJ each year.

eIncludes hydroelectricity generated by utilities and industries, and hydroelectricity imports.
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in Kenya was much more rapid than in industrial countries but very similar
to the rates experienced in many other developing countries over the same
period.

As figure 2-1 also shows the overall rise in energy consumption was
not steady. Before 1973, energy consumption rose very sharply indeed by
over 10 percent a year. Between 1973 and 1975 consumption stabilized.
After 1976 consumption started rising again by an average of 8 percent
annually.

Kenya depends essentially on two forms of commercial energy--oil and
electricity. Coal consumption is very small, accounting for 2 percent of
the total. The modernization of the railroad, and the dissolution of the
East African Community, which split off the Kenyan Railways from what had
been a larger operation, reduced even further the railroad demand for coal.

Petroleum Products. O0il products provide 90 percent of total final

consumption. All of the oil consumed is imported. Since all coal and oil,
as well as some hydroelectricity are imported, Kenyan energy dependence is
very high; foreign sources provided 88 percent of total primary energy
supply in 1979 down only slightly from the 93 percent figure provided from
abroad in 1969. Petroleum imports substantially exceed domestic
consumption due %o the large export of refined products to neighboring
countries. In 1969 net petroleum exports were 50 percent larger than local
consumption. Over the years this balance has changed and now net exports
are equivalent to about one-half domestic consumption. The Kenyan refinery
operation also means that refinery uses of petroleum are a significant part
(about 5 percent) of total domestic consumption.

This trade in petroleum products is of major importance to the Kenyan
economy. Table 2-2 reflects the stress on external trade baiances imposed
by increases in the price of imported petroleum. From 1970 to 1979, the
cost of imported petroleum fuel and lubricants increased from 9.4 percent
to 23.7 percent of total import costs, primarily as the result of increases
in price (5KL/ton vs. 39KL/tor) rather than increases in import quantity
(2,206,000 vs. 2,369,000 tons). At the same time, of course, the East
African 0il Refinery in Mombas~ generated foreign exchange through the sale
of refined oil products, which rose from 11 percent of total exports in

1970 to 17 percent in 1979,
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Table 2-2. Kenyan Balance of Trade, 1970-1979
(Millions of Kenyan pounds)

1970 1975 1977 1978 1979

Total Imports 158.0 362.9 531.4 661.2 619.7
Petroleum products 14.8 95.8 117.1 117.8 146.8
(percentage of total) (9.4) (26.4) (22.0) (17.8) (23.7)

Total Exports 108.8 238.0 501.8 395.7 412.8
Petroleum products 12.3 48,7 T2.4 60.3 68.0

(percentage of total) (11.3)  (20.5) (14.4)  (15.2) (16.5)

Total trade balance -49,2 -124.6 -29.6 -=265.5 -206.9
Petroleum trade balance -2.5 ~47.1 -44.7 -57.5 -78.8

Source: Economic Survey 1980 (Nairobi).

Proceeds from exports of refined products help finance oil import
bills. At the beginning of the period the petroleum trade balance was very
small; the deficit was about 0.5 percent of GDP. Since then the situation
has generally deteriorated. 1In 1978 and 1979 oil exports as a percentage
of total oil imports fell rapidly, both because of reduced foreign demand
for this exported fuel and a corresponding growth in domestic energy
demand. By 1979 the net trade deficit in petroleum products amounted to
KL78.8 million or 4.0 percent of GDP.

Electricity. Total electricity consumption rose rapidly over the
period--by more than 8 percent a year. Again such rates of growih are
typical and even somewhat 1low for countries in an early stage of
development. 1In Kenya, hydropower is more important than thermal generated
electricity, accounting for about 80 percent of the total. Imports from
Uganda provide an important contribution to the overall energy balance in
Kenya. The ample Ugandan hydroelectric resources, little used because of
the economic stagnation accompanying the recent political instability
there, have been s0ld to Kenya at very low cost. This has been an

important source of foreign exchange for Uganda, and had provided valuable
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electric power to Kenya. However, as the Ugandan economy stabilizes, there
Will be less electricity available for export to Kenya.

Thermal generation (based entirely on o0il) increased steadily up to
1973 but then fell back sharply in response to higher oil prices. The poor
rains of 1976/17 led to a virtual doubling in generation in 1976 but since
then it has fallen back to the 1974 level. About 10 percent of the total

thermally generated electricity is self-generated by industrial users.

Population and Demographic Trends

A substantial part of the rapid increase in energy consumption is
related to population growth. Both the rate of population growth and of
fertility in Kenya are among the highest in the world. According to a
report prepared by the U.S. Bureau of the Census (1980), Kenya's population
grew by an average annual rate of 3.3 percent between 1950-77. Kenyan
women have an average of 8 children in their lifetime. Even more striking,
since 1950 the population growth rate in each quinquennium has been
accelerating. During 1950-55 the five year annual growth rate was 2.8
percent. In the 1970-75 period annual population increases were 3.6
percent. World Bank data show that the population grew from 11.2 million
in 1970 to 15.3 million in 1979, an annual increase of almost 3.7 percent.
Part of the rise in energy consumption is related to population growth. In
addition, per capita energy consumption rose by an average of 2 percent a
year (see table 2-3).

Of major relevance to commercial energy consumption, the percentage of
the population 1living in urban centers increased sharply. Although the
population is still overwhelmingly rural, the percentage of Kenyans living
in towns of greater than 2,000 inhabitants has risen from 10 percent in
1969 to about 15 percent today. The average growth rate in towns of more
than 10,000 inhabitants since 1969 has been 7 percent/year, almost twice
the rate of increase of the population as a whole. This has important
implications for commercial energy use since urban populations are now able
to afford the superior commercial fuels at the same time that supplies of
traditional fuels are more difficult to obtain.

The population will continue to rise rapidly in the future. Half of
the present population is under the age of 15. If growth were to continue

at the present rate, the population in the year 2000 would be 34 million.



Table 2-3. Trends in Population Growth and Energy Consumption, 1970-1979

Annual growth

rate (%)

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1970-1979

Energy consumption (PJ) 51.9 57.1 €1.9 66.1 67.0 68.7 75.3 79.3 83.8 83.6 5.4
Population (106) 11.2 1.7 12.1 12.5 12.9 13.4 13.9 .y 4.7 15.3 3.5
Energy per capita (GJ) 4.6 4.9 5.1 5.3 5.2 5.1 5.4 5.5 5.7 5.5 2.0

Source: Table 2-1 of this report; and World Bank, Atlas (Washington,D.C., World Bank)
(various issues).

61
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Based on the trend of the past decade, over a quarter of those people would
live in urban areas. These trends provide a powerful momentum for further

rapid increases in per capita energy consumption.

Economic Activity
Energy consumption is also related to the level and composition of

economic activity. Table 2-4 gives data on Kenya's GDP in constant 1972
Kenyan pounds for 1970-79. The average rate of growth over the period is 4
percent annually. Though the course of growth was rather uneven, the 1973
0il shock appears to have significantly depressed the economy. Real growth
fell from 5.5 percent in 1973 to about 2.4 percent in the following two
years. The economy recovered in 1977 as a result of the world coffee boom,
but since then Kenya has experienced low rates of growth. In 1979 the
annual growth rate was again below 3 percent stemming from relatively low
worldwide market prices for coffee and tea, substantial increases in the
cost of imported petroleum, and declines in agricultural output due to

adverse weather conditions.

Table 2-4. Real Gross Domestic Product, GDP Per Capita and Energy/GDP

Ratio.
Real GDP GDP per capita
Annual Annual Primary
Millions growth rate  (KL) growth rate Energy/GDP
1972-KL®  (percent) (percent)  (MJ/KL)
1970 593.6 - 53.0 - 87.4
1971 603.1 1.6 51.5 -2.8 94,7
1972 632.3 4.8 52.3 1.6 97.9
1973 667.2 5.5 53.4 2.1 99.1
1974 685.4 2.7 53.1 -0.6 97.7
1975 700.0 2.1 52.2 ~1.7 98.1
1976 732.0 4,6 52.9 1.3 102.9
1977 800.2 9.3 55.0 4,0 99.1
1978 835.5 by 56.8 3.3 100.3
1979 859.4 2.9 56.2 1.1 97.3

Source: GDP data derived from World Bank, Kenya: Into the Second
Decade (Baltimore: Johns Hopkins University Press, 1975); Central Bureau
of Statistics, Statistical Abstract 1979 (Nairobi) and Economic Survey 1980
(Nairobi); Population data from table 2-3 and energy data from table 2-1,
this repor'..

AL = Kenyan pounds.
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Given the rapid rise in population, these relatively modest rates of
economic growth imply quite low--about 1 percent--increases in annual per
capita income between 1970-79. This rate of increase is lower than most
developing countries but about average for Africa, falling between the high
growth economics of North Africa and the negative growth economies in much
of southern Africa.

The composition of economic activity also affects energy consumption.
Rapid increases in output of the energy-intensive industrial sector
relative to less energy-intensive agriculture could lead to increases in
energy consumption well in excess of GDP. During the 1970s, however, the
structure of the Kenyan economy, as measured by the percentage shares of
various sectors in GDP, did not change dramatically. The figures in table
2-5 show that the shares of the agriculture, construction, and manufactur-
ing sectors increased slightly, while the shares of transportation and
communications decreased. Agriculture continues to be the dominant sector
of the GDP, accounting for about one-third of total GDP and employing about

three-quarters of the country's labor force. As we shall see in the next

Table 2-5. Total GDP by Source at Current Prices, 1970 and 1979

1970 1979 1970-79
Annual
(Million (Million growth rate
KL)  (percent) KL) (percent) (percent)
Agriculture, forestry &
fishing 173.0 33.1 679.0 34,4 16.4
Mining & quarrying 2.4 0.5 5.0 0.3 8.5
Manufacturing 62.2 11.9 249.8 12.6 16.7
Electricity & water 12.0 2.3 2.3 2.2 15.0
Construction 62.4 5.1 117.5 5.9 7.3
Wholesale & retail trade,
hotels & restaurants 55.8 10.7 209.2 10.6 15.8
Transport & communication 40.8 7.8 1MU4.7 5.8 12.2
Government services 76.5 14,7 290,13 14,7 16.0
Other services 72.8 13.9 267.2 13.5 15.5
Total GDP factor cost 521.9 100.0 1,975.0 100.0 15.9

Source: Central Bureau of Statistics, Economic Survey 1980 (Nairobi).
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chapter, changes within the industrial sector had implications for energy
consumption but in general compositional factors may not have had a major
influence on energy consumption.

Since the Kenyan economy is relatively small, each of these events had
a noticeable impact on the energy/GDP ratio. From an aggregate standpoint,
therefore, we can observe a leveling in the energy/GDP ratio since 1973,

with yearly variations explained in part by exogenous factors.

Energy Prices

The movement of these indicators points to the effect of energy
prices. As is well known, the real price of imported crude oil rose
five-fold between 1970 and 1979. The rise in prices of petroleum products
to final consumer was, however, much less (see table 2-6). The price of
gasoline doubled in real terms between 1973 and 1980, gasoil rose by 80
percent and kerosine by 70 percent. The price of LPG and electricity,
however, stayed constant in real terms. A combined index of energy prices
would show retail energy prices rising by 70 percent over this period and
wholesale energy prices by 150 percent.

While the rise in consumer energy prices was therefore much lower than
the rise in prices of imported oil, it was nevertheless substantial and
appears to have had a significant effect on consumption and on the economy.
Thus energy consumption, GDP per capita and the energy/GDP ratio rose
sharply in the early 1970s (see figure 2-2). In the two years after 1973,
both energy consumpticn and GDP fell by a similar amount so that the
energy/GDP ratio flattened out. Subsequently both energy consumption and
economic growth recovered, but unlike the pre-1973 period, energy
consumption rose in 1line with GDP per tiead, not faster, implying a
moderating effect of high prices on energy consumption. The influence of
energy prices is again illustrated in 1979 when energy consumption, GDP per
head, and the energy/GDP ratio all fell.

There were in this period many other developments which can influence
energy consumption--political difficulties with neighboring countries, good
and bad harvests, and commodity markets which stiil remain for an
agricultural country like Kenya a major determinant of economic activity.
It is in practice impossible to weigh the contribution of these individual

factors to change in energy consumption over such a short period. The



Table 2-6. Real Energy Prices, 1973-1980
(1972)(Ksh)2

Nairobi Wholesale Prices

Premium Gasoil, auto Heavy Jet turbo Residual

gasoline diesel fuel diesel fuel fuel oll Flectricity

(KSh/1iter) (KSh/11iter) (KSh/1liter) (KSh/11iter) (ESh/1l1iter) (KSh/kwh)
Feb. 1973 1.06 .71 .4o .30 .27 .162
June 1974 1.37 1.01 .72 .57 na na
June 1975 1.62 1.05 .70 .79 na .162
March 1976 1.68 1.17 .84 .39 .60 na
April 1977 1.47 1.03 .75 1.39 .60 na
June 1977 1.487 .99 .72 .97 .53 .175
June 1978 1.56 1.09 .73 na .54 171
April 1979 1.55 1.06 .72 na .55 na
June 1979 1.67 1.04 .71 na .55 na
June 1980 2.29 1.37 .95 na .76 na

Nairobi Retail Pirices

Regular Gasoil, auto Illuminating

gasoline diesel fuel kerosine LPG Electricity

(KSh/1iter (KSh/1iter) (RKSh/1iter) (KSt./1iter) (KSh/kWh)
June 1973 1.43 1.06 .82 2.71 .328
June 1974 2.08 1.46 1.8 3.54% .293
June 1975 2.14 1.46 1.13 3.34 .290
April 1977 2.03 1.49 1.22 2.97 .283
June 1978 2.07 1.50 1.13 2.63 .256
April 1979 2.10 1.54 1.17 2.63 .286
June 1980 2.68 1.84 1.39 2.64 .302

Note: na = not available

Source: Fuel prices provided by Shell except for turbo which is from the Statisties of Energy and Power, Table IV. Retail
electricity prices for 1979 and 1980 estimated from EAPL tariff information derived from average revenue over normal domestic
electricity customers.

aHhol.esale prices deflated by the GDP deflator and retail prices by a consumer price indes for middle income families living in
or near Nairobi. Prices given in Kenyan shillings.

61
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evidence, however, suggests that increases in energy prices in 1973 were a
major cause of the decline in peir capita energy consumption and in the
energy/GDP ratio in those years. This finding has important implications

for conservation potential.
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Chapter 3

SECTORAL ENERGY USE ANALYSIS

The identification of energy conservation potential within a country
requires detailed energy consumption data at the sectoral and individual
use level. Because of their highly aggregated nature and lack of detail
about wuse categories, the O0fficial Energy Balances--even with our
modifications~-were of limited utility for end-use analysis. We therefore
undertook new surveys of energy use. Our methodology, which will be of
particular interest to those undertaking energy assessment in other
developing countries, is described in detail in Appendices A-F. 1In brief,
we met with representatives of all the major oil companies, the electrie
power company, suppliers of solar water heating equipment, industrial
consumers and some important users of transportation fuels. Using the
information obtained from these sources, we were able to disaggregate total
Keryan industrial and commercial energy use for one year in some detail.
The power company data were tne most complete; the oil company (Shell/BP)
data covered perhaps 50 percent of industrial fuel use; and the supplier
and user data covered up to 100 firms and institutions. Unfortunately, it
was necessary to extrapolate product use by sector from the Shell data to
the entire economy as detailed in Appendix C. These data were aggregated
by activity (where possible) to correspond to economic indicators of output
given in the Statistical Abstract (1979).

For measures of output, we relied on indices of output for large firms

published in the Statistical Abstract, as well as information supplied

during interviews with individual energy users. These output measures were
then used to relate fuel and electricity consumption in each sector or
industry to economic act:.vity in that sector or industry. Our data on
indices and quantity of output are unfortunately not complete, but time

congstraints prevented further data gathering.
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Total Energy Flow
Table 3-1 presents the Keny-n energy flow for 1979 by sector and by

fuel. The disaggregation of consumption by fuel type within each sector by
fuels is based upon Shell data only, and is therefore approximate. Where
industry data are the product of extrapolation, disaggregation cannot
distinguish amoug fuel types. In such cases, we present figures for total
fuel use.

While Shell supplied fuel data from as early as 1972, data on
individual users were not as complete for 1977 as for 1979. Therefore, we
found it impossible to make the same industry-by-industry breakdown for the
years before 1979. However, we did repeat our sectoral breakdown procedure
for 1977, modifying our results with figures obtained from oil companies
for resale (residential) kerosine and LPG, consumption of fuel by East
Africa Power and Light Company (EAPL), EAOR, and Kenyan Railways, and
separating transportation and commercial energy use into a few well defined
subsectors. These breakdowns are shown in Appendix C, table C-1.

From table 3-1 we see that the major end user of energy 1is the
transportation sector, currently accounting for 50 percent of the tota?
energy consumption in Kenya. This is an exceptionally high share. 1In most
of the developing rountries, transportation accounts for about 20-25
percent of the total. All of the energy consumed in this sector is now in
the form of 1liquid fuels. In fact, the transportation sector consumed
fully 53 percent of Kenyan liquid fuel supplies in 1979. Although motor
vehicle transport accounts for the largest single use in this sector--20.7
petajoules--~the combined petroleum requirements of domestic and
international aviation run a significant second at 15 pet..joules, almost
all consumed as jet fuel. Again, the percentage of consumption accounted
for by av.. on 1is exceptionally high. This results from Nairobi's

position as a major airport in a north/south air corridor.



Table 3-1.

(Terajoules)

Composition of Energy Use in Kenya, 1979

Fuel
Sector Total Elec- Solar Total
fuel tricity energy
LPG Gasoline Jet Auto- Kerosine Heavg Aviation Crude oil Coal
fuel diesel oils gas
Residential 540.0 28u49.0 3u480.0 1029.6 1 4510.6
Commercial 245.5 106.0 102.0 463.0 916.5 1307.3 5 2228.8
Schools &
Hospitals 276.0 126.1
Hotels 509.8 157.8
Other 130.7 1023.4
Industrial 44,5 1571.6 725.0 11980.0 1310.0 15730.6 2155.7 17886.3
Energy 182.8 3995.2 8909.0 193.8 8140.0°¢
Refinery 4730.0 140.3
Electric
powerplants 182.8 3995.2 4178.0 53.5
Pipeline
Construction 0.2 762.7 4.8 34.8 302.5 27.0 829.5
Agriculture 0.3 543.8 4620.8 4.0 1329.8 6568.7 107.0 6675.7
Transportation 13881.7  14748.5 8771.2 28.7 2158.4 255.6 398u4,1 398441
Road 13878.0 6769.2 28.5 6.5 20682.2
Int 1 aviation 13273.7 13273.7
Domestic
aviation 1424.8 255.6 1730.4
Rail 1510.0 1045.0 2555.0
Marine 3.7 492.0 .2 1106.9 1602.8
Other 330.0 330.0 330.0
Total 930.5 14425.5 14748.5 16015.1 3874.2 19961.2 255.6 1640.0 76582.3 4820.4 6.0 BOHHS.Od
Source : Survey as described in appendices.

aIncludes industrial diesel o0il and fuel oils.

bElectricity counted at 3.6 MJ

cIncludes only losses incurred in elcctric power production and in oil refineries.

dTotal refers to column, not

-
Za

1 kWh and therefore reflects end use consumption.

ition of row entries.

See footnote c.

£C
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The industrial sector is second to transportation in total energy
consumption. About 21 percent of Kenyan fuel supplies and about 45 percent
of total generated electricity are consumed in the industrial sector'.1
Seventy-five percent of industrial fuel use is in the form of diesel oil
and fuel oils used in boilers to generate process steam.

As noted in Chapter 2, the energy sector incurs large losses in both
the generating of electricity and the refining of petroleum products.
Consequently, 10 percent of Kenya's total energy use is in the energy
transformation sector.

The residential and the commercial sectors together account for about
8 percent of total coumercial energy consumption. These two are major
consumers of electricity, accounting for about one-half of the total used
in Kenya. They consume only about 6 percent of all fuels however. Many
household tasks such as cooking are performed in Kenya with noncommercial
fuels, wood and charcoal. Residential and commercial are the only sectors

in which solar energy is used (see below).

Industrial and Commercial Sectors

Industrial and commercial energy use, which is the major focus of this
report, is dominated by oil and electricity, though a few firms use coal
and several utilize wastes from sawmills or agricultural operations. In
the industrial sector liquid fuels dominate (on a calorific basis), while
in the commercial sector electricity and 1liquid fuels have nearly equal
shares (see table 3-1). In the industrial sector, a few industries--
cement, oil refining, paper--account for a disproportionate share of fuel
and electricity use. These firms produce important raw materials for the
rest of the Kenyan economy, and export a substantial fraction of their
production. We examined these industries in considerable detail. In the
commercial sector, liquid fuel use is concentrated in hotels, schools,
hospitals, and laundries, while electricity is used in both these and other
establishments where fuel use is small, such as office buildings, ware-

houses, and pumping.

1. Note, however, that electricity use accounts for only about 6
percent--5 PJ out of a total 81 PJ--of Kenya's total energy consumption.
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Electricity use in the industrial and commercial sectors is well
documented by EAPL. For many years they listed the consumption of each
large customer (over 7000 kWh/month) in their billing records under Tariff
4 (Commercial) and Tariff 5 (Industrial). Business customers using less
than this amount were grouped in Tariff 3 (Small Commercial). Starting in
1979 several user groupings were combined, which makes it difficult to
separate residential consumption from that of small shops. We estimated
the consumption by small shops in 1979 on the basis of data supplied by
EAPL showing the numbers of consumers in different consumption inter'vals.2
Total commercial and industrial electricity use is shown in table 3-2. For
completeness we include official estimates of electricity generated by
industrial establishments using commercially purchased fuels, noncommercial
biowastes, and hydroelectric generators. To avoid double counting, this
Self-generated electricity is omitted from the overall totals of purchased
energy shown in tables 3-1 and 3-6.

Industry consumes one-half of all electricity wused by the
agricultural, commercial and industrial sector. Within industry, the
largest call for electricity is in the food processing industry, primarily
for pumping and refrigeration. In this industrial subsector there were 121
establishments using 148 GWh or electricity at an average of 1.23 GWh per
user. On contrast, the cement industry consumed 124 GWh in 1979, primarily
in grinding operations, but the majority of energy consumption was distrib-
uted among only five accounts. Consequently, the average electricity use
per establishment was about 25 GWh. The other major electricity users in

the industrial sector are the textile manufacturers.

2. Based upon pre-1979 EAPL sectoral breakdowns, we estimate the
consumption of electricity by small shops for manufacturing and services to
be 132.7 GWh; this is considerably less than that for heavy industry, but
comparable to the services sector. As these shops produce a variety of
non-energy-intensive materials and goods, their energy/output ratio is
probably very low, hence their contribution to the GDP may be considerably
higher than their energy share suggests. When the tariffs were revised in
1979 many firms formerly classified as shops and light industry were moved
into the main commercial/industry tariff, greatly increasing the number of
customers in this category. As a result, comparison of Tariff B + C with
earlier years' data (Tariffs U4 + 5) is not possible at this time.
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Table 3-2. Agricultural, Commercial and Industrial Electricity Use in 1979

Sector Consumption Percent of
(GWh) Total
Agriculture 27.93 2.5
Forestry, Fishing 1.90 0.21
Mining 6.13 0.5
Industry 528.58 47.0
Food Processing 148.47
Textiles, Clothing 80.57
Wood Mfg. 8.81
Paper Mfg. 23.74
Printing 11.16
Rubber Mfg. 15.71
Chemical Mfg. 19.56
Plastic Products 19.35
Glass Mfg. 9.65
Cement Mfg. 123.97
Other Non-Metallic Mfg. 5.68
Basic Metals Mfg. 32.02
Machinery Mfg. 24,14
Transport Mfg. 5.65
Construction 1.34 0.1
Refining, Pipeline 55.U47 4.9
Services 181.16 16.1
Public Services 20,04
Commercial Trade 1.79
Offices and Banks 22.67
Transport Services 33.U49
Storage, Warehousing 5.25
Communications 15.91
Miscellaneous Services 16.64
Restaurants .55
Educational Services 16.64
Medical Services 18.39
Hotels 45,38 4,0
Game Lodges 1.06
Hotels 42,78
Hostels and Clubs 1.54

Small Shops, Industry 132.72 11.8
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Table 3-2 (continued)

Sector Consumption Percent of
(GWh) Total
Off-Peak Non-Residential 60.00 5.3
Street Lighting 10.00 0.9
Unclassified and Other 5.13 0.5
Total Electricity Sales 1055.72 93.8
Self Generation 70.00 6.2

(not counted by EAPL)2

Total Agricultural, Commercial 1125.72 100.0
and Industrial

Source: See text of Appendix D.

aSelf‘-generation, estimated by Ministry of Power and Communications,
includes sawmills, sugar mills, and paper mills, commercially purchased
fuels and hydroelectric generators.

Outside industry, the major consumers of electricity are services (16
percent of total), small shops and industry (12 percent), and hotels (4
percent).

The use of electricity by industry is encouraged by low tariffs. The
tariffs, which are always substantially below the national average,
declined by about 20 percent in real terms from 1972 to 1978. Tariffs paid
by both 1large and small commercial users are rather higher than the
national average but here too they have declined by 20 percent since 1972.

Fuels. From table 3-1 it will be recalled that industry accounted for
20 percent of all fuel consumption, the energy sector for 12 percent, and
agriculture for 9 percent. Use of fuel by the commercial sector is only 1
percent.

Within the industry sector (see table 3-3), the cement industry is the

largest consumer, accounting for one-third of industrial fuel consumption.
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Imported coal is also used in large quantities by a cement mill and in
smaller amounts elsewher'e.3 The <ement industry includes only a small
number of companies, yet consumes more energy (fuels and electricity) than
any other industry. By contrast, the food industry, which is next to
cement in terms of energy use is represented by over 100 firms of varying
sizes. The large number of firms reflects the domestic demand for food
products, as well as exports of processed agricultural and food products
such as coffee, canned fruits, and meat. Opportunities for energy
conservation are large in both industries, but energy use is considerably
more dispersed in the food industry. This dispersion may make energy
conservation somewhat harder to achieve.

The other major consumers of fuel are textiles and paper. Together,
the cement, food, textiles and paper industries account for 75 percent of
all industrial consumption of fuels, as well as 63 percent of electricity
used by industry.

The traditionally highly energy-intensive steel industry accounts for
only 2 percent of industrial fuel use, and about 10 percent of industrial
electricity. This unexpectedly small consumption of fuel is due to the use
of scrap or billets rather than iron ore for feedstock. Of the two
feedstocks in use in Kenya scrap steel requires more energy for ingot
production than billets, yet scrap costs less than billets, which are
imported. One manufacturer is progressively increasing the percentage of
scrap in his feedstock, raising energy use conaiderably, in order to reduce

overall costs.

Sectoral Energy Intensities

In order to estimate the energy intensity of the subgroups of the
industrial sector, these data on energy consumption must be related to
measures of output, in this case value added by the various industries

expressed in constant (1972) Kenyan pounds. This is done in table 3-3.

3. Consumption data for coal were published in the Statistics of
Energy and Power through 1977, and through 1979 in the Economic Survey.
Unfortunately, the 1979 figure, 11 million tons oil equivalent, seems low,
either because information was not complete or because of a misprint. We
have adjusted this quantity upwards for 1979 from the ratio of the cement
mill's usage to total coal used in 1978.




Table 3-3. Energy/Industrial GDP Ratios by Industry, 1979

Energy/GDP
Energy use (TJ) Industrial (GJ/thousand 1972 KL)
GDP
(Million
Fuel Electricity Total 1972 (KL) Fuel Electricity Total
Food 3217 535 3752 54.06 59.5 9.9 69.4
Textiles 1354 290 1604 11.79 114.8 24.6 139.4
Paper 1684 86 1770 6.06 277.9 1.1 292.0
Industrial chemicals 837 70 907 5.01 167.2 LD | 181.3
Rubber 281 57 338 3.68 76.4 15.4 91.8
Clay apd glass? 794 37 831 .62 1280.6 60.3 1340.9
Cement 5570 4ye6 6016 4.70 1185.1 95.0 1280.1
Metal productsc 330 202 532 18.55 17.8 10.9 28.7
Transportatiog equip. 96 20 116 16.86 5.7 1.2 6.9
Miscellaneous 1568 412 1980 13.66 o . _—
Total 15731 2155 17886 134.99 116.5 16.0 132.5

Note: Energy/GDP ratios based on more detailed data than shown above.

aEnergy data only for the glass industry.

bFuel data exclude an estimated 1310 TJ of coal consumption. 1Industrial GDP for non-metals manufacturing.
cIncludes both raw steel and finished products.

dEnergy/GDP figures omitted since both energy and electricity consumptions are residuals.

6¢
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Clay and glass is by far the most energy-intensive industry, followed
by cement. The least energy intensive are food, transportation equipment
and metal products. Textiles, paper and industrial chemicals are
moderately energy intensive. By and large, those industries which are fuel
intensive are also electricity intensive.

Consumption of industrial energy depends both on energy/output ratios
and growth rates of each individual industry (see table 3—“).“ Comparing
the two we see that the two most energy-intensive industries are growing
relatively slowly. Output for the glass industry (1,281 GJ/thousand Kkl)
has less than doubled since 1972 while that for cement (1,185 GJ/thousand
k1) has increased by only 43 percent over the 1972-79 period. The
moderately energy intensive paper industry (270 GJ/thousand k1), by
contrast, grew by over 140 percent since 1975, in part to meet export
demand. The fastest growing Kenyan industry, transport equipment, which
has grown more than six-fold since the early 1970s. has the lowest energy
intensity of those industries listed, only 5.7 GJ/thousand kl. If trends
in industrial growth continue as in the past, the average energy-

intensiveness of the industrial mix may decline.

Transportation Sector

Total transportation fuel use was inferred from data provided by Shell
and other oil companies. The division between wholesale and retail sales
of the various fuels is known; we have estimated allocations of automotive
diesel fuel and stationary fuel uses (for example, buildings). Although an
accurate division of fuel use by road transport mode was not possible, deota
from some trucking and bus companies did allow us to arrive at partial
totals. The quantities of each kind of fuel consumed in 1979 are shown in

table 3-1. The figures for 1977 are shown for comparison in Appendix C.

4, Figures for GDP by industry were not actually published for 1979,
and for 1977 only for large industries. Therefore, we approximated this
breakdown by noting the corresponding 1977 GDP figures given in the Census
of Industrial Production, and multiplying each industry's output by the
1979 index of physical output (shown in table 3-4, which is a measure of
real output growth since 1977. This procedure is somewhat inaccurate since
relative price changes among the outputs of different industries can be
appreciable, particularly for energy-intensive industries such as refining,
cement, and paper.
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Table 3-4. Quantity Indices of Manufacturing Froduction

(1972=100)

1975 1976 1977# 1979#%
Food Manufacturing 123 151 163 167
Beverages and Tobacco 136 146 170 192
Textiles 143 11 184 215
Clothing 85 101 150 237
Leather and Footwear 184 181 190 182
Wood and Cork Products 141 135 153 176
Furniture and Fixtures 95 93 105 87
Paper and Paper Products 88 141 170 220
Printing and Publishing 148 1576 238 335
Basie Industrial Chemicals 89 8y 76 126
Petroleum and Other Chemicals 117 133 151 182
Rubber Products 103 146 170 204
Plastic Products 24y 310 383 610
Clay and Glass Products 96 77 i70 190
Non-Metallic Minerals, Cement 114 124 144 143
Metal Products 118 178 207 240
Non-Electrical Machinery 65 48 50 46
Electrical Machinery 139 159 193 243
Transport Equipment 102 111 178 663
Miscellaneous Manufactures 107 123 137 129
Total Manufacturing 121 143 165 199

*Provisional

Source: Derived from Central Bureau of Statistics, Economi. Survey
1978, Table 11.2, and 1980, Table 11.2 (Nairobi).

It may appear surprising that, according to our analysis, the
transportation sector is by far the largest consumer of fuels in Kenya.
However, this is due in part to our having limited the accounting to
commercial fuels. As transportation uses essentially no noncommercial
fuels, our accounting of fuel uses in this sector is virtually complete.
By contrast, the industrial sector still uses a considerable quantity of
renewable and traditional fuels; this is one reason for its relatively
smaller share of commercial fuel consumption. More important, the
transportation sector in Kenya is large because of the importanze of
Nairobi as a hub for road, rail, sea, and air travel throughout East Africa

and the western Indian Ocean.
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Within this sector, Jjet fuel is the most heavily used fuel type.
Kenya's tourist economy relies on continual traffic of intercontinental jet
aircraft, and the Nairobi airport has become a focal point for African air
tr‘avel.5 Jet fuel is often counted as an export, because it is sold to
foreign carriers, but the importance of tourism for the domestic economy
suggests that jet fuel should not be left out of the domestic accounting.
When jet fuel is removed entirely from the balance, the transportation
sector falls considerably in relative importance. In our analysis we
ccunted the full quantity of jet fuel consumed with the domestic
transportation sector.6 Using air traffic statistics, we estimate that at
most 10 percent of the turbo fuel and essentially all of the aviation
gasoline "avgas" used in Kenya are for domestic flights.

The role of Kenya as a focal point for African transportation also
extends to truck freight, since virtually all movements of freight to
Uganda, Rwanda, and Burundi, as well as some shipments to and from Zaire,
transit Kenya. Two-thirds of the liquid fuels consumed in road transport
are gasoline, and the balance autodiesel used in the extensive truck
traffic. The large share of gasoline in the 1liquid fuel balance is more
difficult to explain. One possible explanation is that the vehicle fleet
using gasoline is very inefficient.7 A more likely explanation is that the
distance travelled by gasoline-consuming 1light trucks and matatu (the
Kenyan equivalent of a jitney or minibus) are significantly underestimated.

Unfortunately, we do not have corresponding measures of transportation

sector activity to relate to these data on transportation. But some

5. A similar situation exists in Hawaii, where jet fuel accounts for
roughly 30 percent of the energy consumed or sold in Hawaii.

6. An alternative, though not commonly used, accounting scheme would
be to apportion jet fuel between inland consumption and bunkering by taking
the ratio of embarking passengers to total passengers traveling through
Nairobi, in order to make consumption figures reflect actual arrivals of
passengers who stay in Kenya.

7. If we presume that 80 percent of the gasoline is used by
automobiles traveling roughly 850 million km, then automobiles require 0.4
liters of fuel/km. This is a very high figure by international standards.
By comparison, the U.S. auto fleet requires about 0.16 1/km, and fleets in
Europe average near 0.1 1/km.
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general conclusions about transportation activity can be drawn from the
accompanying graphs. The level of transportation activity is sensitive to
the overall performance of the economy. Indeed, most of the indicators
grew more rapidly than GDP. The high economic growth of 1977 and 1978 were
raflected in increases in truck freight movements (from 1.17 billion km in
1975 to 1.6 billion km i. 1978) and automobile and rail passenger traffic
(figure 3-1).

Between 1972-75 auto ownership (not graphed) was rising at 7.4 percent
per year, but at only 4.8 percent after 1975. Yet as seen in figure 3-1
the slowdown in auto ownership has been more than compensated for by an
increase in total vehicle kilometers traveled. The most notable exceptions
to this general expansion, rail freight (down from 2.18 billion ton/km in
1976 to 2.01 billion in 1979; not graphed in figure 3-1) and aircraft
passenger movements, were affected by the border closing with Tanzania and
the political disruptions in Uganda. The recent decrease in the number of
flights may be due in part to the introduction of fuel efficient wide-
bodied aircraft between Europe and Kenya.

The transportation system is, as we have seen, closely connected with
tourism. Available data show a steady growth in tourism with the coastal
region surpassing Nairobi as the prime attraction. The number of bed-
nights in hotels is also rising rapidly (figure 3-2).

These transportation trends have important implications for energy use
for two reasons. First, most transportation activities are more energy
figure 3-1
intensive than the aggregate GDP. And second, truck transport is more
energy intensive than the rail transport that it is apparently displacing.
Also, the growth of tourism in the coastal region affects electric power
use noticeably because of the need for air conditioning in coastal hotels.
A better understanding of these trends in transportation and service
demands and their energy intensities is important for predicting future

energy needs.

Residential Sector

As information on energy consumption in this sector contained in a

recent "Household Fuels Survey" (cited in the Economic Survey 1980) was

incomplete, we had to rely almost exclusively on energy suppliers for
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Figure 3-1., Passenger Travel
Sources:
A, Automobile Association, Kenya Road Safety Report, 1980,

B. Economic Survey 1980 (Tables 14,9 and 14,10) and Statistical
Abstrect 1980 (Tables 174 and 180). ("Air Passengers'" is the total
number of embarcations and transit passengers in Nairobi and Mombassa).
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information to complete our energy balance in the residential sector. A
survey by McGranahan and coauthors (1979) examined energy use in a variety
of urban households but did not calculate total consumption for the entire
country. We found no other independent studies of electricity and fuel use
in the modern residential sector, though there is a growing body of
literature on energy use in rural households. Most residential electricity
consumption was identified as such by EAPL; residential use of fuels was
not so identified. Consequently, we inferred this information from
quantities of LPG and illuminating kerosine sold in small packages through
resale outlets, as reported by each oil company.

The residential sector accounts for 5 percent of total commercial fuel
consumption and 20 percent of electricity. On a calorific basis, fuels
outweigh electricity. Firewood and charcoal, not treated in this study,
are, however, the dominant fuels for residential use in Kenya. Openshaw
(1979) estimates that the residential use of these fuels is five times that
of the sum of all commercial energy forms. To make an aggregate estimate
of the total residential consumption of liquid fuels--kerosine znd LPG--we
used estimates of country-wide sales from each of the oil companies (see
table 3-5). The estimates are based upon sales of packaged kerosine, bulk
kerosine sold for resale, as well as gas cylinders. We may have overesti-
mated residential consumption of these two fuels, as they may also be used
in small shops.

Our results correlate closely with the preliminary figures from the
Household Fuels Survey which indicated a total of 3225 TJ of kerosine
consumed in 1978/79. On the other hand, the survey found 755 TJ of LPG
consumed in residences, much higher than our estimate (540 TJ). We believe
that the survey figure is questionable, as this amount would be over 75
percent of all the LPG n1sed in the country. Total consumption of both of
these fuels increased sharply from 1972 through 1979 (see table 3-5). It
was not possible to trace consumption per household as we could not
determine the number of households using these fuels. The oil companies
indicated that there are on the order of 100,000 to 200,000 LPG cylinders
in circulation, a portion of which are always at terminals being refilled.
This number can be taken as an upper limit of households using LPG. In per
capita terms, however, consumption of both fuels rose from 1972 to 1979, by

70 percent in the case of LPG and by 43 percent for kerosine.
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Figure 3-2. Tourism Growth

Source: Data for 1972-1975 from Economic Survey 1978 (Table 13.7).
1976-1979 data from Economic Survey 1980 (Table 13.5).
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Table 3-5. Residential Fuel Use

LPG Kerosine
Total Per capita Total Per capita
(TJ) MJ) (TJ) (MJ)
19722 253 20.9 1615 133.6
1977 384 26.7 2012 139.7
1979 _ 540 35.3 2939 192.1

Source: Data for 1977 and 1979 were obtained from each oil company.
Data for 1972 extrapolated from 1972 Shell sales.

a1972 data extrapolated from Shell sales. Yet, when Shell's sales in
1977 and 1979 were extrapolated to the entire industry, they were
inconsistent with the actual industry-wide figures shown. Therefore, we
multiplied the 1972 Shell approximations by the average of the differences
between these approximations by the actual industry-wide data for 1977 a'.d
1979. The results are 253 TJ for LPG and 1615 TJ for kerosine in 1972.
See Appendix C for explanation of 1972 fuel use extrapolation.

Declining prices of LPG must have stimulated consumption but other
factors were also important. In 1980, for example, kerosine supplies were
limited. According to oil company sources, this cutback was due in part to
government price controls, which had the effect of making kerosine produc-
tion unprofitable. LPG growth was similarly restricted, though in this
case the problem was a continuing shortage of storage cylinders. Recently,
the shortage of cylinders became so acute that at least two companies
contemplated selling their stocks to competitors or even flaring LPG!

Residential electricity includes consumption wunder a variety of
tariffs--small, typically consuming an average 10kWh a month, and normal
applying to larger houses, with monthly averages which vary from 260 to 750
kWh. Many of the residential consumers also subscribe to an additional
tariff, an interruptible service used primarily for hot water (with
electronic signal interrupter). As some subscribers to the interruptible

tariff might be classified in other sectors, for example, hotels, we
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estimated the "residential" component of this consumption (see Appendix D
for a more complete derivation).

In 1979 the tariff structure was revised. Normal and small residen-
tial customers were combined with small shops. Fortunately, we were
provided with the numbers of customers in various consumption intervals for
1979 and 1980. We assigned all those using fewer than 30 kWh/month in 1979
to the "Small" classification, and all those using between 30-250 kWh/month
to the "Normal" group. After this adjustment, we found that the growth in
numbers of customers in each class for 1978/79 was consistent with earlier
years, which allows us to compare each group's usage over time (see table
3-6). Electric pricing rates have been pegged to consumption levels. Up
to 1978 this system was highly regressive with small residential users
paying four times more per kWh (135 Kenyan cents per kWh)8 than "normal"
residential users (36 Kenyan cents). Additionally, electricity for
residential hot water heating, available primarily to the higher income
families, is sold at off-peak tariff prices (21 Kenyan cents per kWh).
Off-peak prices are only one-seventh the "small user" tariffs.

In 1979, a tariff system was introduced to reflect fuel-cost increases
and also to reduce regressivity. For small consumers (under 30 kWh/month)
the net charge works out to be at least 65 Kenyan cents/kWh--a major
reduction in rates--while larger consumers (households with higher incomes,
using at least 500 kWh/month) pay a substantially increased rate of 51.3
Kenyan cents/kWh. This results in a much narrower differential between the
two. The reduction in tariffs to small users is expected to stimulate
consumption in this category.

Perhaps due in part to the previously high tariffs for small users,
only 6 percent of the population in Nairobi, and 1less elsewhere, were
connected to the EAPL grid in 1976. This fraction had grown by 1979 to at
least 6 percent of the estimated total number of households in all of
Kenya. Since there are additional households (servants' families,
households sharing electric service, some households using rural
electrification services) not counted in table 3-6, we estimate that the

upper limit to the proportion of households in Kenya with access to

8. 2,000 Kenyan cents equal 1 Kenyan pound.



Table 3-6. Electricity Consumption and Average Price? by Category of Consumerb
1972 1975 1977 1978 1979
GWh kWh per Average GWh kWh per Average GWh kWh per Average GWh kWh per Average GWh kWh/
cons. user price cons. user price cons. user price cons. user price cons. uaer
Normal
Residential 120.5 3042 25.7 148.5 3320 26.1 172.4 3372 36.8 190.6 3408 36.0 214.3 2762
Small
Residential 9.9 240 113.5 15.1 291 i08.7 17.3 297 133.9 18.5 297 134.9 1.7 239
Residential
Hot Water® 117.9 5223 12.4 134.6 5240 14.9 111.0 4210 21.3 116.5 4258 21.2 54.0 2077
Staff
Housing 2.5 2379 10.6 2.7 2622 10.5 3.2 2606 22.9 3.1 2501 22.4 3.2 2133
Commercial 103.8 347174 23.6 136.0 369584 26.6 1547 347676 4o.s 173.5 376438 ko.s 226.8 na
Small
Commercial 100.5 6590 41.8 127.3 6985 hy.7 146.4 7119 65.9 147.6 6614 67.6 132.7 na
Industrial 251.5 911163 17.9 311.9 836070 22.0 542.9 1016751 31.0 633.8 930659 31.5 623.5 na
Total® 794.8  na 28.8 1001.4 na 25.9 1203.6 na 37.8 1300.6 na 38.1  1339.0 na
na = not available or not applicable
Source: 1972-78 data from Mr. P. Gkwany of EAPL. 1979 data derived from Central Bureau of Statistics, Economic Survey

1980, Nairobi, table 10-6.

aKenyan cents per kWh.
available.

One Kenyan shilling equals 100 cents and 20 shillings equal one Kenyan pound.

bCategories as grouped in EAPL tariff data for 1972-78.

parable to earller years.

30 kWh/month.

1979 data classified as Normal Residential:

cConsists primarily of the largest residential consumers and 1s an off-peak, interruptible service.

dIncludes dwellings built for EAPL enployees and housing by other companies for thelr employees.

eIn addition to the categories listed above, includes all other electricity consumption such as street lighting.

1979 price data not

Tariff structure changed in 1979 and therefore data may not be com-
30-250 kWh/month, and Smal. Residential:

less than

6€
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electricity is 7 percent. A survey reported in the Economic Survey 1980

indicated that in 1978 electricity was accessible in 344,700 households in
owned or rented housing, in the major urban centers. Of this number,
119,000, or one-third, used electricity in 1978.

The largest consumption (over 90 percent of the total) is under the
normal residential and residential hot water tariffs. The small residen-
tizl and "staff" housing (which includes dwellings built by EAPL and other
companies for their employees) together account for under 10 percent of
total residential consumption. The share of normal residential is rising
while that of residential hot water (even excluding 1979 where data may not
be comparable with earlier years) is falling.

Total consumption of electricity in the residential sector rose by 30
percent from 1972 to 1978 or by an average of 4.6 percent annually.
Virtually all of this increase was accounted for by a rise in the number of
accounts. Average electricity consumption per household remained stable
between 1972 and 1978. In general terms, consumption per household might
have been expected to rise. Retail electricity prices declined markedly
over the period, and incomes grew, if rather slowly. Electricity
consumption 1is usually closely correlated with income. Table 3-7, for
example, shows that "lower class estates" use an average of only 10 kWh per
month, whereas the largest estates use over 750 kWh/month. Additionally,
it 1is primarily the upper income dwellings which have installed the
interruptible hot water service.

The main reason for the stability in household consumption may lie in
the distribution of households within the normal residential tariff
category. This group will include a wide range of households and household
incomes. If the new subscribers in this group are predominantly lower
income families, their typically low consumption would bring down the
average of the group, even though no other households within the group were

increasing consumption in response to lower prices and higher incomes.

Solar Energy

Solar energy is as yet a very small part of total energy consumption.
Because of the exceptional interest, rapid development (admittedly from a
very low base) and potential for the future, we undertook a survey of solar

energy use in Kenya. Qur surveys included four suppliers of solar hot
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water heating equipment, who represent nearly the total Kenyan solar
market. Data on type of customer, hot water production (collector area),
and cost were obtained from three suppliers, and from these data, the total
contribution of solar energy to Kenyan energy flow was calculated.

Based on data provided by the solar equipment distributors, we made
estimates of the total area of solar hot water collectors installed between
1975 and 1980 and the annual energy savings attributable to those installa-
tions (see Appendix E). These estimates are uncertain because of a number
of factors, including: the actual number of installed systems, the rela-

tive proportion of active and thermosyphon systems, seasonal fluctuations

Table 3-7. Residential Electricity Use by Housing Type and Tariff
Category, 1977

Housing typea Electricity useb Tar'iff‘c
(kWh/month)

"Lower Class Estates" 10 Small
"Middle Class Estates™ 258 Normal
Executive Housing

Normal Use 565 Normal

Hot Water Use hyy Of f-peak
Large Estates

Normal Use 752 Normal

Hot Water Use ug2 Of f-peak

Source: Schipper (1980); East African Power and Light Company.

4The descriptions of the housing are only approximate and reflect the
outward appearance or purpose of the housing project. The last two samples
probably include hot water and cooking for servants.

bBased on six-month averages of limited sample (10-20 households) of
electricity billing data.

cUser‘s in the "small" tariff category pay about four times the amount
that "normal" tariff users pay for each kWh delivered. "Off-peak" rates
are about one-half of "normal" rates.
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in performance arising from cloud cover, variations in energy output caused
by installation techniques, and geographic locations. 1In spite of these
limitations, however, we believe that our estimates represent a reasonable
approximation of the energy contribution attributable to solar domestic
water heating in Kenya. Table 3-8 shows the area of solar collectors
installed between 1975 and 1980. The three reporting companies together
represent a combined market share of (at minimum) 90 percent. Our survey

coverage is therefore fairly complete.

Table 3-8. Installed Solar Energy and Collector Area in Kenya, 1975-80

Annual percentage

Year Cumulative Additions Annual energy in cumulative
square meters square meters displaced (TJ) square meters

1975 44.6 by, 6 0.14 —

1976 199.6 155.0 0.61 339

1977 ugy . 4 284.8 1.48 143

1978 1295.1 810.7 3.96 167

1979 1979.5 684.4 6.053 53

1980 2947.0 967.5 9.014 4g

Source: Data provided by the three largest of four firms selling

solar water heaters in Kenya and therefore accounts for at least 90 percent
of the total solar market.
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Displaced energy was estimated by apportioning delivered energy to the
fuels that otherwise would have been used to heat water in houses, flats,
hotels, lodges, farms and schools. Fuel oil burned in hot water boilers is
primarily used to provide hot water in hotels and schools; LPG or wood is
used in remote 1lodges; and electricity is used in homes. For this
calculation, we assume hot water would otherwise have been produced by
electricity. If the alternative assumption had been made that fuel would
have been used to produce hot water, the estimate of energy displaced would
be roughly 50 percent greater, since the efficiency of fuel use is lower
than that of electricity at the point of application.

The total area of solar collectors increased sixty-fold from 1975 to
1980. About 85 percent of the sales were to commercial or institutional
customers, the rest to domestic users (see table 3-1). The energy impact
of these installations, as shown in table 3-7, grew from 0.14 TJ in 1975 to
over 9 TJ in 1980. Additionally, there are installations in hotels and
homes that were completed before 1975, whose impact we estimate is of the
order of 1-2 TJ. We judge the overall growth in solar energy use to be 3l
percent per year from 1975 (about 2 TJ) to 1980 (about 11 TJ).
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Chapter 4

CONSERVATION IN KENYA: PROGRESS AND POTENTIAL

The information most directly available in this work on conservation
progress came from the interviews we conducted with several dozen Kenyan
firms. These interviews are recounted in Appendix G, in which we
paraphrase the written submissions or verbal descriptions of the
conservation problems faced and approaches taken by these firms. From the
information supplied by the respondents, we developed quantitative
indicators of conservation, primarily in the form of energy input to
produc. output ratios which are summarized in the tables appearing in this
chapter and discussed in more detail below. Although it is difficult if
not impossible to evaluate the statistical accuracy of our data because of
both the limited sample size and reliance on firm records or managerial
reporting, we feel that the process of gathering primary data was extremely
useful in illuminating the status of energy conservation activity in Kenya.
Our findings on conservation progress and estimates of future potential are

detailed in the following sections.

Industry Sector

Our interviews and eovamination of data on industrial energy use showed
a clear distinction among f'irms in Kenya. Scme firms, notably the most
energy-intensive ones (cement, refining, some steel companies) showed a
keen awareness of the economic benefits of energy conservation and of sys-
tematic energy accounting. Managers could pinpoint increases or decr-ases
in energy use relative to output and, significantly, the reasons why these
came &sbout. Interviews with multinational firms, even those whose energy
intensity is relatively low in Kenya (that is, energy costs lower than 7.5

percent of total costs) revealed a similar awareness. The largest and best



45

documented conservation gains came from a firm that is a subsidiary of a

multinational firm.
The majority of firms, however, had difficulty in finding the data we

sought. Only one-third of firms responded promptly to our requests. The
lack of response could be due to a lack of interest about energy, but it is
more likely caused either by misunderstanding of the importance of the data
to the firm in regard to economizing, or by a real inability to find the
information becaus~ of weaknesses in internal accounting. Some firms were
understandably reluctant to spend time searching for information that they
did not see as useful. When we explained that information on fuel use
relative to output is very important for measuring progress in saving
energy and money, we often found increased interest among management.

The status of conservation among these latter firms is mixed. In one
firm the engineers complained that the firm would not be likely to invest a
small amount to fix obvious leaks, improve boiler efficiency, or "optimize"
a process, even if the returns for such investments were large. One of our
guides pointed out that the boilers we had just viewed were run at
unnecessarily high pressures. An engineer at a metal-processing firm told
us he was satisfied simply to be able to start the equipment in the
morning.

The managing director of a very large and energy-intensive firm listed
difficulties that held back his conservation effort: poor organization,
varying oil quality and high demand for product that made high mill
capacity amore important factor than energy economies. The progress made
toward more efficient energy use in his firm was slow, in spite of the
increasing size of his fuel bill. 1In contrast, a manufacturer of food and
household items had just hired an engineer who planned to make important
process modifications to reduce energy use. Several firms had discovered
sources of biomass scrap from other factories that would substitute for a
considerable fraction of their oil use; however, others have discontinued
use of such scrap “rom boiler fuel because of pollution problems. In all,
we found activities related to conservation scattered through the firms we
visited, but no ~lear trend. Those firms that had made efforts to
economize had generally succeeded; many firms simply had not tried.

The data in table 4-1 summarize many of our observations about conser-

vation in a number of specific firms. Fuel use decreased in the two
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vehicle assembly plants, one of which is a multinational firm. We see
steady progress in the tire company, which even adjusts its measure of
output, "pounds of tire," for changes in materials and tire characteristics
to make data comparable over time. The tire recapping plant reduced fuel
intensity by shifting production to a new facility. The first 1listed
cement mill (process 1) reduced 1979 energy intensity compared with 1977,
yet one of the ergineers complained that it is difficult to organize the
factory staff for conservation. The second cement mill (process type 2 and
3) reported mixed success but expects much future progress. In the paper
mill, high demand for paper required that equipment run at high capacity
and forced some purchase of electricity; the drop in energy intensity in
1979/80, brought about by installing insulation, was greater than the
increase in energy intensity caused by purchases of electricity. In the
steel mill, increases in the melting of scrap increased energy use in 1977,
compared with 1975, but by 1979 the energy intensity of smelting had
fallen, and the intensity of o0il use for rolling had also dropped.
Understanding process energy use at this level of detail is important for
ascertaining how much energy use has changed because of increased
efficiency, and how much because of changes in production processes.

In some firms we found increases in energy intensity, particularly in
electricity, in spite of clear efforts to conserve energy. This ic shown
in the data of table U4-1 for two food processing firms. In the first, the
evidence of conservation is clear for both fuel and electricity. In the
second, a creamery, fuel wuse intensity 1is clearly decreasing, but
electricity use is increasing. We believe that this increase reflects
mechanization of older facilities by this firm. Several other firms whose
data are shown in the case studies in Appendix G revealed the same mixed
results. While fuel intensity was being reduced or at least held constant,
electricity intensity was increasing significantly. This increased elec-
tricity intensity does not rule out the presence of conservation practices
by these firms; in the case of the creamery, electricity intensity would
have been even higher in 1979 had measures not been taken to reduce it.
The effects of capacity utilization and scale economies also need to be
kept in mind when interpreting energy intensities. We noted several firms
that reduced energy intensities markedly over time without any apparent

conservation efforts. In almost every case where this was observed,
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Table U4-1. Summary Indicators of Energy Conservation in Kenya:
Energy Intensities in Industries

Type Electricity Fuel Output Year Notes
(kWh/~utput) (MJ/output) unit
Motor (1 -- 1950 Vehicle 1978
vehicle 610 1780 1979
assembly (2) 561 5000 1977 Part-year
481 3550 1979
Tires 2480 35600 Ton 1975
1670 22900 1978
1600 19940 1979
Tire 860 21700 Ton 1977
recapping 960 13700 1979
0il 11.5 1260 Ton 1973 Crude losses
refining 16.0 1560 1977
14.6 1710 1979
Cement (1) 77.0 5800 Ton 1975 Whole mill
81.2 6200 1977 (Wet kiln)
73.8 6020 1979
(2) 86.0 3950 1976 New dry kiln only
80.0 3920 1977
71.0 3980 1979
(3) 55.0 4280 1976  Older dry kiln only
61.0 4230 1977 (coal fired,
62.0 4450 1979 all years)
Paper - 4800 Ton 1977/78 purchased
105 4400 1978/79 electricity only
196 3900 1979/80
Steel 797 - Ton 1977 Electric melting
676 - 1979
221 3420 1977 Rolling, all
223 3270 1979 other functions
590 4065 1977  Factory totals incl.
670 3840 1979 miscell. processes
Food 98.0 6280 Ton 1975/76
50.0 4480 1978/79
Creamery 47.8 2010 103 liters 1972 3 percent wood-fired
51.1 1830 1975 12 percent wood-fired
96.0 1480 1979 no wood

Source: Field survey data.



48

the output »f the firm had risen by as much as five-fold over the time
period. Similarly, firms whose output fell during slack years showed
increased energy intensities in spite of reported conservation efforts,
some of which we observed personally. The oil refinery (table 4-1) used
more fuel/output in 1979 than in 1973 because of its expansion far beyond
utilized capacity, though a concerted conservation effort reduced
intensities somewhat in 1979 relative to 1977. Similar effects can he seen
in data from hotel #1; while intensities were lower in 1979 relative to the
years before expansion, they were higher than in 1978, the first
post-expansion year.

In general, the majority of firms seem hard pressed to respond to
higher enerzy costs for several reasons:

- Lack of on-site expertise in retrofitting existing

equipment. Competent engineers are often preoccupied, indeed

overworked, just keeping the plant functioning.

- Lack of domestic sources of hardware to improve the energy

performance of existing equipment. The necessity to import some

conservation equipment causes problems with import formalities

and restrictions for those firms attempting to invest in

conservation.

- Inability to organize production workers and management.

The majority of firms we visited had difficulty providing data

that should be on hand in every manager's office. Few firms had

production workers trained in the art of fine-tuning factory

operations.

- Belief that little could be done to reduce energy use in the

tirm's operations.

- Overwhelming management concern with other parts of the

operation of the factory.

Those firms that have made concerted efforts to economize on energy
use have, for the most parc, succeeded. Many firms, however, have yet to
take the necessary steps to achieve appreciable savings. These
observations should not be taken as applying only to Kenyan firms; the same
problems have been found repeatedly in countries that have emphasized
conservation, such as in the United States (Yergin and Stobaugh, 1981) and

Sweden (Statens Industriverk, 1980). Firms in Kenya have far fewer
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contacts with international energy data and with other firms experienced in
energy conservation. Therefore, it is muech more difficult for them to take
the first steps in an energy conservation program.

In the short term, when the factors that have been detrimental to
conservation are overcome, the potential is excellent for saving energy by
retrofitting of existing equipment in Kenyan factories. Two factories in
Nakuru--the Pyrethreum Board and the Kenya Milk Cooperatives--illustrated
the effectiveness of retrofit. The Pyrethreum Board has added new steam
valves, instrumentation, insulation on steam pipes, and installed a
sawdust-burning boiler to complement the existing oil-fired boiler. The
creamery has added thermostats to refrigerators, which has reduced the use
of compressors by 60 percent, while synchronization of motors has reduced
electricity use even more. Conservation measures such as these are
frequently appropriate for factories that operate both continuous and batch
pro~ess, where it was formerly customary to run some equipment at full
speed even when no load was present. One Kenyan glass factory installed a
heat recovery system in a relatively new glass machine, with a substantial
reduction in energy intensity. Thus, there appears to be considerable
potential for economic retrofit of existing industrial equipment in Kenya.

Such examples are representative of the near term potential for
reducing fuel ard electricity intensity in nearly every Kenyan plant.
Since ocur interviews suggest that the majority of firms have not taken
advantage of even the easiest methods for reducing energy costs, it is
reasonable to project the levels of savings observed in some firms to all.
We suggest that it is pcssible and economically attractive in Kenya to

achieve a reduction of fuel use per unit of output of 15 to 20 percent in

three to five years through process modification or retrofitting of heat
saving technology. This near-term potential has already been realized, or
at le¢ast recognized, in a few of the la“gest and most energy-intensive
firms, but too cften such firms have not acted or even assessed the
potential for energy savings because of the misguided belief that
consumption is irrevocably determined oy the equipment already in place.
Many factories have identified training of line persornel as an important
step toward improving energy performance; however, there is a great need
for as3istance both in training and in the actual performance of energy

audits. Staff in both Kenyan cement mills, where energy costs are
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typically 25 percent of production costs, expressed the view that better
organization and management are essential to reducing energy intensities
and cnsts.

In the longer term, there is even greater promise for improved energy
efficiency as new equipment replaces old. Our studies of the glass,
textile, steel, tire, and paper industries showed that replacement and
expansion almost always lead to reduced energy intensity. (By new
equipment we do not assume the development of entirely new technologies,
only application of those in general use in most of the world.) It is
beyond the scope of this study to compare Kenyan energy use with that in
other countries, but a brief examination of the Swedish and U.S. literature
suggests that new factories in the paper, steel, glass, chemical, and other

energy~-intensive industries are more energy efficient.

Commercial Sector

Our surveys concentrated on certain key buildings that are typical of
the commercial sector in Kenya: hotels, offices, and hospitals. We found
a laree number of orders for solar hot water systems from hotels and other
institutions, in spite of many barriers that hinder this development.
Visual examination of buildings in Nairobi shows that the majority were
built with the characteristics of the Kenyan climate clearly in mind.
Facades polnting north and south are shaded by overhangs to minimize solar
heating, while the few eastern and western exposures zre carefully covered
with louvers. Unfortunately, several impressive new office structures have
been built with mechanical ventilation, or with facades pointed east and
west, thereby maximizing the discomfort from insolation and increasing
cooling needs dramatically. Conversations with many building engineers in
Kenya gave convincing evidence that cooling needs in Nairobi can te minimal
if buildings are properly designed.

In hotels, as in other instituticns, we found a mixed approach to
conservation. Some of the well-managed larger hotels have considered
energy conservation opportunities carefully. Solar collectors have been
installed at more than a half-dozen beach hotels and are planned for the
Norfolk Hotel, a famous landmark of Nairobi. On the other hand, deter-
mining the actual use of energy by guests--for lighting, air conditioning,

and hot water--seems to have been ignored. Our data show decreases in
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energy u=e per guest-day for some hotels, but a significant potential for
savings »emains.

Direct experience as guests in major hotels, plus interviews with
staff in others, revealed many opportunities for mundane but rewarding
conservation in use of hot water and reductions in cooling loads. Similar
observations were made in lodges and camps. Careful energy surveys and
metering demonstrations are needed to monitor energy consumption and to
eliminate unnecessary use. Lacking equipment and resources to make
accurate audits, hotel engineers, employees, and managers deserve
commendation for holding down energy use as much as they have, but
considerably more remains to be accomplished.

In table 4-2 some of the observations from hotels are shown. In the
first hotel, we compare a figure for 1975 with that for the most recent
calendar year, by which time the capacity of the hotel had doubled. The
drop in consumption appears to have been caused by the resultant economies
of scale. The second hotel has a much greater intrinsic air conditioning
load, reflected in the 1977 figures, but the engineer has made enormous
improvements, as the 1979 figures show. The third hotel supplied figures
only for- 1979, which show the impact of air conditioning on energy use.
Examination of tourism data shows a clear trend towards a larger percentage
of tourism activity at the coast, which would increase electricity use in
this sector. By contrast, the last listed hotel, situated west of Nairobi,
has a low electricity use (no air conditioning) but extremely high hot
water use, caused, we believe, by low capacity and lack of attention to the
hot water system.

The hotels in Kenya face increasing competition, both among themselves
and from other countries, as tour operators seek the most attractive prices
for beach or safari tours. In their attempts to hold down costs, hotel
operators will turn increasingly to energy conservation. If one accepts
our estimated breakdown of hotel fuel uses (50 percent for guest hot water,
30 percent for laundry and kitchen hot water, 20 percent for cooking and
miscellaneous), it is not unreasonable to conclude that as much as 75
percent of the energy used for hot water (60 perceat of fuel use) can be

saved through conservation and solar energy.
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Table 4-2. Summary Indicators of Energy Conservation in Kenya: Energy
Intensities in Hotels

Electricity Fuel Output Year Notes
(kWh/output)  (MJ/output) unit
Hotels (1) 16.1 138 guest-day 1975 Nairobi
14.3 102 1979
(2) 35.5 305 1977 Nairobi
23.7 253 1979
(3) 33.1 - 1977 Coastal
30.1 146 1979
() 21.5 - 1977 Western
16.9 559 1979

We encountered one important problem involving the interaction of
conservation with the use of solar energy technologies that deserves
careful study in Kenya and elsewhere. Hotel owners are often eager to turn
to solar hot water heating systems, believing that they offer a rapid
payback on investment, but may not recognize the need to integrate these
systems into an overall plan of energy management. The importance of
conserving the amount of hot water is often neglected. We observed few
efforte to control hot water use in showers and to use heat recovery or
other ~onservation practices in laundries or dishwashers. This lack of
effort not only leads to higher hot water demand, but more important, to
greate~ peak demand for hot water during peak bathing times in the morning,
when the temperature of a solar storage system would be at its lowest.
This extra demand raises the investment costs for storage and increases the
need fo- backup heating from fuels or electricity. With careful hot water
conservation practices (use of low-flow shower heads, temperature setback,
and water softening), this peak can be reduced considerably. The overall
investment per guest-day In solarization of hot water facilities can then
be brought down markedly, as both collector area and storage can be reduced
and the use of backup fuels or electricity decreased as well.

Programs of total energy management have proved quite successful in

the United States, and it is important that these techniques be tried in
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Kenya so that they can be incorporated 1into normal profit-making
operations. Such programs are important not only for commercial buildings
and hotels, but also for schools, hospitals, and other institutions where
guests or occupants have no direct incentives to use energy efficiently.

Examination of -electricity consumption records of Nairobi office
buildings (table X-3) over time indicated no real trend. Conversations
with engineers at Bikro suggest that in only a few buildings have steps
been taken to economize on energy use, particularly in 1lighting, air
conditioning, and ventilation. Although we did not observe any office
space that appeared to be overlighted, the potential for saving is good,
because high-intensity, low-energy lamps for office and institutional use
are just becoming available in Kenya. Since lighting and ventilation tend
to account for the major part of electricity consumption, we foresee a
reduction in energy use per unit of office space approaching 25 percent in
fully air conditioned buildings and perhaps 15 percent in those that are
ventilated but not air conditioned.

Kenyan schools and hospitals use 0.2-0.4 PJ of fuel, of which roughly

50-60 percent is used for heating water. The survey of these institutions

Table 4-3. Electricity Use in Nairobi Office Buildings

(MWh/year)
Building 1979  1977/78  1976/77 1975 Notes
#1 2596.0 2668.8  2u86.u4 2467.3 Air conditioned
f##2 767.9 722.9 693.3 731.1 Miscellaneous offices
#3 2458.8 2322.2 1912.0 not built Government offices
#4 703.8 732.6 712.0 671.2 Bank
#5 2168.1 2561.1  2853.4 2319.2 Kenyatta Center
#6 916.5 708,0 863.0 not built 1976/77 based on 4 months
#7 285.3 495.6 475.3 42€.0 1975 based on 5 months
{8 hg2.7 - 396.8 357.5 No mechanical ventilation
##9 - 199.1 205.5 208.5

Notee: These buildings are classified as offices or banks. Consum-
ption fienres were taken from EAPL Tariff 4. We give actual 12-month
averages hased upon months ending January 1980, March 1978, June 1977,
December 1975, unless otherwise noted. Data were not available for each
building for each year. Some buildings were built after 1975, and for
others, consumption records in the first year of operation date from
mid-year.
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tended to show little change in energy use patterns. None of the responses
included both fuel and electricity consumption; two hospitals suggested we
contact EAPL, while one claimed that only the monetary value of consump-
tion, not actual quantity, was known to the hospital staff. The lack of
such basic information is clear indication that conservation has not been
seriously considered.

There is an excellent potential for saving up to 50 percent of the
fuel now consumed in these schools and hospitals by using solar energy for
all ho% water use, including uses requiring higher temperatures than for
tap and bath water. Another important conservation possibility for
hospitals in remote sites is the use of waste heat from diesel generation
to heat large quantities of water, to be stored for later use.

We have not examined stores, restaurants, warehouses, or other kinds
of buildings. Judging from the kinds of equipment seen in government
offices and other buildings of a service nature, we suspect that the level
of energy use per unit of space and activity is low; therefore, we do not
expect a significant decrease in that level in the short run.

It was difficult to assess energy use in small shops and service
facilities. Most of these establishments consume less than 7000 kWh/month
and therefore do not appear disaggregated on the EAPL printouts; moreover,
it is uncertain how they buy their oil products. The total contribution to
GDP of these activities 1is insignificant, as they encompass rural and
cottage industries, handicraft workshops, and small assembly and textile
plants. Since many shops also serve as residences, some of the electricity
consumption on such premises may be miscounted; it was difficult to
separate these two functions statistically. Typically, small industries
and handicrafts expend only a small fraction of their outlays for energy,
So we have no reason to expect that these enterprises individually see a
great need to improve energy use. Collectively, however, their electricity

use, as well as pnssibly their use of some fuels, is not inconsiderable.

Transportation Sector

In spite of difficulties in obtaining primary transportation data, we
can make a number of observations related to energy use in this sector. A
majority of private and company supported driving is effectively shielded

from higher fuel costs. Gasoline prices in Kenya reached 6.5 KSh (87 U.S.
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cents) per liter on 15 February 1981, still very low compared with most
countries. Kenya is like many developing countries in that private incomes
are relatively low but increasing. Energy consumpilion for private use of
vehicles is about to overtake energy use for freight transportation.
Private use tends to grow much more quickly than personal income, while
freight use »rows at nearly the rate of national income growth. The
ownership of cars has grown rapidly. Between 1972 and 1977, the number
increased by 7.8 percent annually, while real GDP grew by approximately 5
percent annually. Data do indicate, however, that the use of fuel per car
has dropped somewhat (Schipper and Mbeche, 1979). There are also
indications that new car buying patterns are changing, as a result of the
recent increases in import duty on car weight. According to an automobile
insurance executive, the distribution of new car sales before 1980 could be
approximated as shown in table 4-U, which also includes our estimate of the
post-1980 mix of engine sizes.

While the numbers of the smallest cars have decreased, with the
increase in size explained by higher incomes and company or business
ownership of the majority of vehicles, the new fleet as a whole has become
less powerful, and sales of low-octane gasoline heve increased at the
expense of premium, thus reducing total energy use. An o0il company
executive suggested that the apparent drop in fuel sales per vehicle could
only be explained as reduced vehicle use.

The data in table U4-5 for the transportation sector suggests that

there has been a drop in the intensity of bus transportation and

Table U4-4., Automobile Sales Distribution by Engine Displacement

Year 1/4-1600 cc 1600-1750 cc 1750-2000 ce More than 2000 cc
1980 5% 40% 40% 15%
Pra-1980 10 55 30 5
Post-1980%* (20) (55} (20) (5)

1980 tax 300 KL 450 KL 600 KL 900 KL

¥*The post-1980 estimates are our own.

Source: K. Tarplee, private communication of unofficial estimates.
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international airline transportation. It is difficult to interpret the air
transportation data, however, because the distances over which embarking
passengers fly, and hence the fuel requ.rements of aircraft, have changed
with the introduction of wide-bodied aircraft. This means that the number

of embarcations has increased relative to the number c¢f flights. Since

Table 4-5. Summary Indicators of Energy Conservation in Kenya:
Energy Intensities in Transportation

Mode MJ Output Year Note
Fuel output unit
Transportation
Bus 12.4 vehicle~km 1977 Inter-city
1.1 1979
12.5 1975 Intra-city
13.6 1979
.5 1980
Taxi 4,26 vehicle-km 1979 diesel
7.65 1979 gasoline
Airlines 13,800 passenger 1974 Nairobi int'l
13,500 1979

sales of jét fuel in Kenya can be counted as export earnings, however, this
conservation may not be regarded as necessarily beneficial to the national
economy .

Tihie parastatal bus company in Nairobi noted a drop in energy intensity
after a concentrated effort to improve operating efficiency was carried
out, and both this company and its intercity counterpart indicated that the
data for late 1980 (not shown) indicate substantial improvements from 1977.

The railroad shows interesting trends. If its energy consumption is
examined over time, a dramatic change is seen. Total consumption fell from
6.01 PJ in 1977 to 2.55 PJ in 1979, and climbed somewhat to 3.17 PJ in
1980. During the 1977-79 period, the number of passengers increased 16
percent, passenger train-km increased 39 percent, while freight tonnage
dropped 8 percent. Even though these structural indicators cannot be
added, they do point to an increase in service with a rapid decrease in

energy use. According to Shell, this was caused by a rapid shift from
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heavy diesel and fuel oil to automobile diesel o0il, which burns far more
efficiently in locomotives, and upgrading of the locomotive stock as well.
Since apportionment of fuel use between freight and passenger trains is not
Known, we cannot calculate energy intensities, but the decrease in fuel use
far exceeds the changes in any of the activity levels shown in table U-1.
Unfortunately, the shift is from an abundant fuel to a scarce one, which
aggravates the already unfavorable relationship between o0il product demand
and refinery output in Kenya.

There is a great near-term potential for reducing energy use in Kenyan
busses and trucks through better maintenance and, in the long tern, through
purchase of more efficient vehicles. The recent improvement in energy
performance by Kenya Bus Services (KBS) is encouraging. Our observation
that private busses and trucks emit more smoke than those owned by large
companies suggests that private vehicles are more poorly maintained, a
situation which invariably leads to greater energy use. Existing vehicles
in the large companies can be expected to improve their fuel use efficiency
by about 10-20 percent, while those belonging to smaller companies could
achieve even greater reductions.

In table 4-U4 we noted some indications that the average engine size of
new automobiles 1is decreasing, and that more drivers are switching to
regular fuel. Whether and how quickly the stock will become significantly
lighte~ is uncertain, because import restrictions now 1limit the total
number of new automobiles entering Kenya, and thus slow the turnover in
stock. Normally, increases in personal income lead to greater-than-
proportional increases in the ownership and use of automobiles. Thus
reductions in the energy intensity of vehicles will probably be offset by
the growth in stock and driving, and total fuel use will keep increasing.
They could, however, markedly slow this increase.

Improvements in traffic flow could also improve fuel efficiency.
Congestion in the morning rush hour, complicated by use of automobiles to
drive children to school, could be reduced considerably if school busses
were widely used; changes in lunch-hour habits might decrease the enormous
rush of workers who drive home for lunch. Some improvements in traffic
flow due tu one-way traffic on streets in Nairobi is already apparent, but
tra€fic circles at most of the major entrances to the downtown area remain

clogged at peak hours.
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Because jet fuel accounts for nearly 20 percent of the energy used in
Kenya, conservation could be significant. However, sales of this fuel are
especially profitable for both warketers and the country as a whole, since
airlines tend to pay in foreign currency. On the other hand, more
efficient use of jet fuel will certainly hold down air-travel costs, which
would promote tourism and increase Kenyan foreign earnings. Traffic in and
out of Hawaii, for example, has shown remarkable increases 1in energy
efficiency: Between 1972 and 1979 passenger arrivals increased by over 4o
percent and the average trip length also increased, whereas fuel use over
the same period increased by less than 15 percent (Siri and coauthors,
1981). One of the reasons for the increase in fuel efficiency is the use
of wide-bodied aircraft, already common in Kenyan traffic. We estimate
that 75 percent of thc passengers traveling through Kenyatta Airport
already do so in wide-bodied aircraft. The next great step in fuel
conservation, then, must come from introduction of next-generation fuel-
efficient jet aircraft into the flzets serving Kenya.

A thorough survey of transportation energy use and output is clearly
neede’ +o assess the potential for conservation and future demand in this
sector‘.1 Knowledge of car weight and performance as a function of owner
income, place of residence, or type of business is important. Strategies
that concentrats development in a few cities would result in different
transportation needs than would decentralization strategies. The choice of
strategy would therefore affect energy demand for transportation.

Evaluati .n of these differences is essential for planning.

Residential Sector

Our survey of the residential sector was limited to electric power

consumption in wired households, primarily those of upper income families,
and to the use of LPG and 1lighting kerosine. It is difficult to
characterize conservation in this sector since there was no available
information on appliance ownership and efficiency. Nor is there any

indication that the increase in kerosine and LPG use through early 1980 is

1. We understand that some material on matatu, busses, and trucks has
already been gathered vy researchers at the University of Nairobi, but it
was not ma“e available to us.
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not totally explained by rising living standards, increased numbers of
househnlds using these fuels, or wood and charcoal shortages.

Offin~ials at EAPL expressed the belief that little change in growth
patterns or consumption habits had been taking place over the past few
years. Our data indicate, however, that growth in residential demand tas
come almo=t exclusively from new installations. On the basis of a survey
of energy uses in OECD countries (Schipper and coauthors, 1981), we would
expect to find that increased income (and therefore appliance ownership) is
the dominant cause of increased electricity use in Kenya. Finding the
effects of reduced utilization of a given appliance, or the effects of
purchase of more efficient appliances induced by higher electricity prices,
will be extremely difficult. We were not able to obtain information about
electricitv use from the same households over time to assess the effects of
higher prices on selected households or income groups.

Solar energy technologies have made some inroads in the domestic
market. A previous survey (Schipper, 1980) found that electricity use for
hot water heating typically exceeded 3000 kWh/year in upper income house-
holds. From our new data, we estimate that households on the hot water
tariff presently use an average of 2500 kWh/year. We found that by 1980 at
least 50 detached households, out of 21,500 with electric water heaters,
had installed solar equipment. Two major condominium developments, the Pan
Afrique Flats and the Norfolk Towers, were being constructed with solar
units. This is a significant step, as these are rental units which belong
to the segment of the building sector that 1is slowest to adopt solar
systems. In addition, the fifth unit of the Buru-Buru estate (a public
development of middle income housing 1in Nairobi/Dandoret) encompassing
hundrede of semi-detached dwellings, is to be so irized. It appears
entirely possible that apartments, condominiums, employee housing, and
private developments can all utilize solar hot water heating to meet the
major energy demand in Kenyan middle and upper 1income households. We
estimate the present total contribution of domestic solar hot water heating
at 1.1 TJ, based on a savings of 2500 kWh (9.0 GJ) of electricity mper
household in a sample of 125 houses and flats.

The most important energy conservation development in the Kenyan
residential sector is 1likely o be the widespread introduction of solar

water heating. Although sales ¢f solar heaters have been predominantly to
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hotels, schools, and other relatively large users, it appears that
residential solar water heating has an important future, replacing both
commercial fuels and some of the charcoal nouw used in many homes to prepare
hot water for bathing.

In, 1979 21,600 Kenyan homes purchased off-peak electricity for
heating water at reduced races (one tenth the cost of peak period electric
rates), and many of the remaining normal residential consumers used elec-
tricity for hot water production (not recorded separately). Irregularities
in hydropower supplies and the recent fuel costs adjustment affecting all
electric nower users suggest that the off-peak rate differential may become
very smal' in the near future. Among upper income homes, electricity
consumed “or hot water preparation appears to account for about one-third
of electricity consumption. If the off-peak tariff fo¢ir this electricity
were removed, the economics of solar water heating would become quite
favorable.

It is possible to estimate the energy savings that can be realized in
the residential sector as a result of introduction of solar water heating.
The average yearly electricity consumption of an individual off-peak
domestic hot water consumer in Kenya is 2500 kWh/year, according to EAPL.
Taken together, all homes on the off-peak tariff, therefore, consume about
54 GWh. This is nearly half of the total consumption in this taritf class,
as table D-1 in Appendix D shows. If all of this electricity were sub-
stituted by solar energy, total residential electricity consumption would
be reduced by 25 percent. This may be an upper bound, however, because
elimination of the substantially discounted off-peak consumption rate might
cause a reduction in demand for hot water.

To estimate the conservation potential from use of more efficient
appliances in upper income households requires knowledge of the kinds of
appliances these homes use. Since electric stoves, freezers,
refrigerators, washers, lights, and television account for most of the
monthly consumption, it is not unreasonable to project a 25 percent savings
in electricity use as old appliances are replaced by newer, more efficient
models. These are the minimum savings expected in the United States and
Europe (Rosenfeld and coauthors, 1981; Schipper and coauthors, 1981).
Whether and when the most efficient models now being sold in Europe, Japan,

and North America will become available in Kenya, however, is uncertain.
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With regar? to commercial fuels, we have too little information on their

use in the residential sector to estimate conservation potentials at this

time.

Summary o€ Conservation Progress

In Kenya, as in other market based developing countries, consumers and
producers have to some extent responded to the higher price of imported
petroleun by altering consumption and production patterns in favor of less
energy intensive activities. However, as noted, the response to higher
energy prices has not been uniform or consistent either within or across
sectors. The managers of industrial firms with energy intensive production
processes, including cenment, steel, and refining, usually were aware of the
importance of controlling energy costs through efficiency changes, even
though s~me were unable to reduce eriergy intensities. The rate of capacity
utilization and capital stock turnover were found to be important determi-
nants of energy/output levels not directly related to energy management per
se. Reductions in fuel intensities were observed to be more uniform than
reductions in electricity intensities. 1In some cases (tire recapping, pulp
and paper mill, and creamery), electricity/output ratios increased as
fuel/output ratios decreased. Process mechanization, high rates of
capacity utilization, and interfuel substitution appear to be the 1likely
causes. Finally, it 1s important to reiterate that the majority of firms
did not have the information or organizational capacity to implement energy
conservation measures, even though a number of cost effective changes were
identified.

In the commercial buildings sector, a variety of energy end uses are
involved., These include 1light’ng, air conditioning, refrigeration,
ventilation, water heating, and mechanical 1ifting. The very diversity in
end use applications and bu:ilding types makes energy conservation in the
commercial buildings sector a more dispersed activity.

Although some of the major hotels have implemented conservation and
solar hot water heating measures, the energy conservation record fur the
majority of hotels, office buildings, schools, hospitals, and other
commercial buildings is limited. 1In most circumstances, energy conserva-
tion has not been seriously considered, especiallv in the context of total
building energy management. Even though the use of solar hot water heating
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is expanding rapidly, little consideration has been given to the benefits
of water conservation measures and the impact this would have on solar
system downsizing.

Notwithstanding the lack of specific data for the transportation
sector, general indications point to some conservation progress. Engine
downsizing, increased sales of low octane gasoline, and reduced vehicle use
have contributed to reductions in annual energy use per vehicle. However,
rising personal incomes and business vehicle ownership will continue to
increase the stock of private automobiles and hence the absolute amount of
transport energy demanded. Bus, railroad and airline modes all have
exhibited reductions in fuel intensities due respectively to increased
operating efficiencies, fuel switching, and introduction of wide-bodied air
carriers. The impact on transport energy consumption of shifts in passen-
ger and freight transport modal shares has not been quantified in this
study, but certainly has implications for the future transport sector
energy structure.

Likewise, we were not able to quantitatively discern tipe energy
impacts from past changes in urbanization levels, road traffic congestion,
and land use patterns; however, from direct observation in Nairobi and
other developing country urban areas, it is clear that inefficient traffic
flows reduce fuel efficiency and impose significant user costs.

Finally, we have found that income effects are driving the absolute
amount of residential energy demand upward, whereas price effects are
unclear because of the sparse data on appliance ownership and usage
patterns. .aesldential solar hot water heating has expanded rapidly in the
past three years, but presently only accounts for a small fraction of

residentia’ hot water energy demand.

Summary for ronservation Potentials

On the basis of our study of energy conservation potentials in Kenya,
we suggest that current energy intensities can be reduced in all sectors
using cost effective conservation measures. A certain portion of the
potential will be realized as producers and consumers adjust production and
demand patterns in response to increasing world petroleum prices. However,
as 1is apparent from the experience in developed countries, the response

will be erratic, imperfect, and generally lag behind optimally determined
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conservation levels. Inadequate and unequal access to information, lack of
energy conservation management experience, and certain government pricing
and taxation poliecies will hinder the investment rate in energy
conservation measures. Indeed, these problems may impose even greater
constraints in developing countries like Kenya because of the developmental
funds and governmental revenues, and the poorly developed technical
infrastructure. Nonetheless, with a concerted effort, the economy can
benefit “rom energy efficiency gainc without fear of thwarting future
growth in real levels of national GDP.

In the industrial sector current process heat fuel use can be reduced
by about 20 to 25 percent per unit of output in the next three to four
years through efficiency improvements. Electricity intensities have
exhibited a mixed trend. In general, although mechanization and increases
in capacity utilization tend to increase eleciricity/output intensities,
the economic gains of doing so can be 1leveraged by implementing
conservation measures through careful attention to the turnover and
utilization of the energy-using capital stock. Such measures can be
expected to hold down energy intensity increases by between 10 and 20
percent.

Significant potentials for energy savings are readily apparent within
the commernial buildings sector. Attention to proper building management
(to minimize unwanted solar 1loads and provide nstural daylighting where
possible), investment in energy efficient lighting equipment and proper
lighting levels, improved mwmzchanical equipment efficiencies, and
substitution of solar energy for electric orr o0il hot water heating can
culminate in a H40-45 percent reduction in current building energy
intensities. This is especially true of hotels, office buildings, and
schools and hospitals.

Improvement of maintena:ice and use of existing motor vehicles of all
types can reducz current fuel energy intensities by 20-35 percent.
Policies to encourage the adoption of more energy efficient vehicles can
rurther reduce the average energy intensity of the motor vehicle stock.
Measures to encourage energy saving modal shifts (for example, from private
automobiles to iictneys), increased load factors, and smoother traffic flow
patterns would serve as energy saving complements to the strictly technical

energy conservation measures. Jet fuel savings will only occur as the
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existing fleet continues to be replaced by more efficient jets. A distine-
tion must be Adrawn between national and international carriers because
sales of jet fu~1l to the latter represent a significant source of foreign

exchange earnings.
Introduction of more efficient electrical appliances can reduce

residential electricity intensities by 15-20 percent. Th's appears to be
especially important because residential electricity growth is explained
primarily by axtensive rather than intensive factors. Accelerated use of
domestic solar hot water heating in the residential sector can reduce hot
water energy demands by up to 50-60 percent on a per home basis.
Additionally, more efficient use of cooking fuels throuzh combustion
improvements can lead to a savings of 15-20 percent.

A summary of these potentials is presented in table U4-6. Near-term
savings, the product of "housekeeping" measures, are smaller than thouse
that can be achieved on a large period of say five years. Assuming that
future machines, industrial equipment, buildings, and vehicles are built
and used with 20-35 percent less energy/output than the current stock,
increments of economic growth would demand less energy than in the past.
Roughly speaking, energy use would grow at only 65-75 percent of the rate
of economic giroWwth, thus leading to a decline in the energy/GDP growth
rate. This assumes only a moderate rise in real o0il prices (no more than
doubling by the year 2010), growth of electricity prices at the rate of
inflation, and similar economic structure in the future.

A more realistic judgment, however, must allow for changes in economic
structure. Motor vehicle use has grown faster than GDP, as has

manufacturing output. The average tourist now spends more bed-nights in

Table U4-6. Percentage Energy Intensity Reduction (Conservation) Potentials
in Kenya by Sector and Energy Type

Sector Fuel Electricity
Near Intermediate Near Intermediate
Industrial 15 20-25% 5 20-25%
Commrercial 10 40-45 10 40-50
Transportation 20 20-35 - -

Residential 15-20 5 20-50




65

the air conditioned hotels of the coast than in Nairobi. On the other
hand, real increases in the price of energy have retarded the growth rates
for transportation sevvices and lessened the rate of growth in some energy
intensive industries. IInfortunately, it is difficult to estimate the
long-term differential erowth rates among these important activities, as it
is to p~dict even nex* year's price of oil. Moreover, the actual rate of
growth of GDP will be sensitive to the cost of oil and its impact on
foreign exchange and investment in Kenya. Faster GDP growth increases
growth rates for transportation services but also allows more rapid
expansion of new facilities and replacement of older plants and stocks.
Higher economic growth also facilitates increased experimentation with an
investment in new technologies that might save energy. 1In short, the most
important factors influencing future energy demands are not known precisely
enough to permit exact quantification of the impact of conservation on
energy use in Kenya. However, from a general perspective, we are confident
in the conclusion that a sizeable amount of cost effective energy conserva-
tion is achievable in K=2nva. The question which remains is how best to

realize this potential. We turn to this issue in Chapter 5.
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Chapter 5

REALIZING THE CONSERVATION POTENTIAL

Major Needs: Information and Analysis

In the introduction we emphasized the importance of information about
energy end uce for the energy planning process. It is difficult to plan
energy suppiy expansion, whether in oil, gas, electricity, or renewables,
without a thorough understanding of existing and plausible future demands
for energy services. In previous sections we have pointed out areas where
the present study is incomplete, sometimes seriously so. Here we would
like to review systematically the kinds of studies and surveys we believe
are necessary for design and implementation of energy policies in Kenya,
especially regarding energy conservation. Such activities should also be
of importance in other developing countries.

Ongoing Surveys of Manufacturing and Commercial Firms. In the

industrial sector, a major ongoing survey is needed. A reporting scheme
requiring users and suppliers to report actual deliveries on a yearly
basis, along with data on output, would greatly assist efforts for both
conservation and supply planning. More importantly, such an ongoing survey
would provide an incentive for major energy users to keep careful records
of their energy consumption.

In Kenya, we discerned that a great deal of the needed information
exists but often was difficult to locate and obtain. The oil companies
have the capability to classify the sales of each of their products by the
economic activity of each customer, but not all sales are yet so
classified. Moreover, data on energy consumption in individual firms are
usually kept by those firms, though in a form difficult to retrieve. We
believe that this situation could be remedied easily.

Review of the classifications used by o0il companies would be

straightforward; once the data from each company were aligned, sales
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figures could be summed readily and merged with EAPL data. Aggregations of
energy users that match those for economic indicators could be chosen; in
this way the major industries' energy use could be followed from year to
year. Questionnaires could be distributed with the manufacturing census
and with other routine data-collection activities covering tourism,
transportation, and so on. In this way a data base covering broad sectoral
energy use as well as details of energy use and output for each industry
could be established. Energy planners could then follow a series of
indicators of energy-use patterns and conservation on a regular basis,
aiding greatly their efforts to develop successful energy policies.

Future energy use will be strongly influenced by the development
strategy that Kenya follows, particularly the development of the rural and
informal sectors. Little is presently known about the economic contribu-
tion or the energy demand of t4We informal sector; a considerable amount of
survey work is necessary to provide a useful data bzse. To determine
whether electricity is made more affordable by rural electrification
through a grid or through use o¢ dispersed sources (possibly interruptible)
can only be ascertained by a detailed investigation of how power and fuels
are used in small industries and less developed areas.

The Kenyan government, like those of other developing countries, can
exercise a considerable measure of control over the direction of national

development through its 1loan orograms, its own economic planning, and

through grants from other countries or organizations. Development
strategies need to be - rside~ed from many dimensions, and energy has
become one of the most important. It remains to be seen whether

centralized production facilities lead to the maximum energy efficiency
through economies of scale, or whether decentralized industrial production
provides greater efficiency by allowing greater use of locally available
renewable energy sources, and reducing transportation needs. We are not
suggesting that every increment of economic planning be subjected to an
"energy impact statement," but we believe it is important to understand the
full energy-demand consequences of various development strategies. In
Korea, for example, the government maintains a classification of industries
by their energy intensity. Te government encourages-~-presumably through

loans and grants--non-energy intensive industries such as clothing and
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electronics, while discouraging energy intensive industries employing

technologies that are not amenable to conservation in the near- or rmedium-

term.
Import/Export Survey. The relationship between development and energy

intensity is significantly affected by international trade. In 1977 the
energy embodied in imports of manufactured goods, net of exports, was at
least as great as the total consumption of commercial fuels in Kenyan
industry (Schipper, 1980). This hidden energy needs Lo be considered in
energy planning. Development strategies aimed at substituting domestic
production for manufuctured import will 1increase the overall energy
intensity of the economy (other things being equal). It is important to
develop an accurate accounting system of the energy embodied in imports and
exports in order to estimate the changes in energy intensity that will
result from future import substitution.

Transportation Survey. The section on transportation in Chapter 3

stressed the importance of energy and structure-related information for
energy-demand analysis. A variety of trends in the use of transportation
services were discussed, yet coupling these trends to energy use 1ias
difficult. While it appears that some relevant material may have been
collected in Kenya, little has been published. It is essential for Kenya
to implement a system for detailed accounting of the ownership and uses of
vehicles. A survey of the vehicles buying fuel at retail outlets would
give a better idea of fuel use by purpose; this is an example of the kinds
of surveys that would make possible a better understanding of transporta-
tion energy use.

Residential Appliance Survey. The use of kerosine and LPG in Kenyan

households increased by about 10 percent per year until 1979, when supply
bottlenecks virtually halted growth. Having a knowledge of how fast demand
for these fuels would rise in the absence of supply constraints (for
example, in response to income growth) should be an important element in
Kenyan energy planning; however, there is a lack of pertinent information
on appliance ownership. We recommend that surveys of appliances be
conducted for all Kenyan households, covering types of appliance use as
well as fuels. Such surveys would be important in estimating the potential
demand for commercial fuels as replacements for wood and charcoal, and the

potential role of solar systems as replacements for commercial fuels. The
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imminent shortage of firewood in Kenya and the ravages of deforestation
have been well documented,1 vet the interaction of renewables and
commercial fuels cannot he understood without a fuller knowledge of their

uses throughout the economy.

Conservation Needs and Policies

We believe that it is possible to meet many of the information needs
described in this paper as essential to development of sound conservation
policy. The following is a discussion of some policies and actions that
should be considered as part of Kenyan energy policy and planning.

Pricing, laxation; and Import Barriers. There has been much debate in

industrialized countries about the relative impacts on energy supply and
demand of government policies regarding energy subsidies, taxes, and price
controls. In Kenya the main evidence of price distortions was the price
controls on kerosine and gasoline, which kept prices for the latter lower
than in niost other countries. It is well known that historically low
gasoline prices in No~th America led to inefficient cars and more driving
than in Europe. Tne importance of market forces in promoting efficient
allocation of resources should be constantly recognized.

The Kenyan government should consider a policy of taxing imported oil,
so that the price wiil more fully reflect all the social costs of importing
oil. This policy would increase the incentives of private companies to
invest in energy-saving techniques. It might be argued that taxing energy
would hurt industry, but the opportunities for conservation are so great
that the effect on production costs could be kept to a minimum by good
energy management. A desirable and possibly essential adjunct to this
policy would be govermment assistance to industry in raising the capital
necessary for investments in improved energy efficiency. Since taxation of
any resource in a developirg country could retard development it is
important that revenues collected be returned quickly to the economy. For
example, such revenues could be applied to a program of energy efficiency

investments.

1. See the prcreedings of the 1979 Nairobi conference, "Energy and
Enviromment in East Africa."
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On the other hand, there are existing taxes on imported products that
may be deterrents to energy efficiency. One supplier of solar equipment,
who imports well-known components and assembles them in Kenya, argued
against the import duty (presently at 1least 30 percent) for solar
collectors. A competitor, who assembles collectors from domestically
available materials, understandably supports the duty. But the importer
showed us some stainless steel fasteners, unavailable in Kenya, which have
superior corrosion resistance, but which are dutied at more than 100
percent. Such duties are clearly excessive and counterproductive to
efficient energy use.

Bureaucratic inefficiencies are also impediments to conservation.
Large shipments of imported parts for solar systems have been held up for
months awaiting customs clearance. In another case, a firm that wished to
import a power factor leveler to reduce electric power demand we' denied
the required import permit.

Incentives. Arother policy option is incentives: fiscal or other
policies that reward conservation above and beyond the value of the energy
saved. In Sweden, government loans and grants to f'irms engaging 1in
heat-saving investments have had significant impact (SIND, 1980). The
grant or loan is -enied if the project is either very profitable to the
firm (greater than 25 percent rate of return), or unprofitable to the
society (less than 6 percent return). Although this program has helped
Swedish industry, some critics argue that it has also allowed less
energy-efficient firms to "profit" relative to more efficient firms by
making use of government money, and they suggest that a tax on energy use
would be a better incentive.

In fact, tax and incentive policies can both be used effectively to
stimulate energy con rvation. One short-term Swedish effort that
succeeded beyond expectation was the program of energy audits established
by the Board of Industry. During 1979, consulting firms were paid by the
government to make hrief energy audits of middle-sized firms that did not
possess their own audit capability. In the Republic of Korea the Korean
Energy Management Association has instituted a series of audits and
inspections aimed at assisting factory personnel 1in reducing energy use.

Our interviews suggest that a similar program in Kenya could be successful
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in demonstrating t“e rich bounty available to firms that make the effort to

conserve.
Mandates and Standards. There are situations in which the marketplace

is inefficient, and government policies may be appropriate to deal with
these market failures. Such failures include: the short time horizons
considered by consumers purchasing appliances, cars, or houses; the lack of
interest shown by builders in the energy costs of installed equipment; the
lack of incentive for owners of rental property to invest in energy-saving
measures. In a study of the United States building sector (Blumstein and
coauthors, 1979), many important examples of market insensitivity to rising
energy prices were found.

There is probably a role for minimum efficiency standards for ma jor
appliances, compressors, air conditioning systems, and motors sold in
Kenya. However, only such standards as would promise clear economic and
energy benefits should be considered. New commercial building codes that
encourage the use of passive solar cooling would also be beneficial.

There is little need in Kenya to impose mnancates or restrictions on
energy use. Kenyans express strong opposition to rationing or allocation
schemes, uostly out of conviction that such schemes would not be
administered ecuitably. Furthermore, symbolic rationing schemes, such as
the closing of gasoline stations on Sundays, probably would not benefit the
country in the long run. During weekends Kenyans and tourists alike flock
to the parks and reserves, and city families return to traditional homes.
During extreme shortages, emergency allocations might be understandable but
they tend to create panic situations that make it more difficult for firms
or individuals to make thoughtful decisions about energy conservation.

Training and Education. Throughout this study we found evidence of

the need for training of Kenyan production managers in the techniques of
saving energy. The relative ease with which the multinational companies in
Kenya obtain information and expertise on conservation argues for increased
efforts to train energy managers. At present, too few managers are
equipped to make straightforward calculations on the payback of investments
in conservation options. Few engineers with whom we spoke were aware of
the similarity of their energy management problems with those of the other

firms. A basic problem that Kenya shares with many developing countries is



that there are too few large firms of a given type to prcduce a sufficient
pool of experience that can be exchanged through trade associations.
Fortunately, interest in energy efficiency 1is growing rapidly. Employees
of several large firms who attended a seminar given in Nairobi by one of
the authors (LS) indicated that training and improved factory awarcness and
organization were seen by them as extremely important in improving energy
efficiency.

It would be desirable for the Kenyan Association of Manufacturers to
organize energy management training programs. Training could be organized
along several lines. In the near term, energy assistance from Western
countries could support seminars and audit and retrofit demonstrations
involving both foreign and resident experts. It is important that seminars
by visitors be coupled to actual retrofit installations so that evidence of
the effectiveness of conservation be left in place. To provide a domestic
capability, Kenyan energy-conservation engineers and auditors also need to
be trained. There will be a growing market for such expertise to assist
individual companies in their efforts to conserve energy.

Role of Donor Countries and International Organizations. In the

developmelnt of energy conservation, there may be a key role for countries
and organizations that have in the past taken an interest in helping
developing countries solve their energy problems. Unfortunately, few of
these have shown the necessary level of interest in conservation, probably
because of insufficient understanding of the economic benefits that could
accrue to developing countries from conservatiorn.

International energy meetings should call greater attention to the
promise of conservation. Unfortunately, the program of the August 1981
United Nations Conference on Renewable Energy Sources did not include
discussion of end-use patterns and conservation. Yet the characteristics
of the uses for energy usually determine the actual cost and desirability
of using a given energy source, whether renewable or not. And the rate of
growth in energy use will be cne of the most important factors in deter-
mining whether renewables can 2atch up with demands for imported oil. The
large size of the transportation sector in Kenya, for example, means that
direct use of unprocessed ..:mass would not affect the largest energy user
there; processes to convert biomass to liquid fuels with high fuel densi-

ties, such as alcohol, would be required if a large portion of even today's
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commerci”l energy use in Kenya were to be converted to renewable fueis.
Certainlv the topic of end-use patterns should occupy a prominent place in
meetiangs on renewable energy sources.

More generally, conferences and planning exercises sponsored by the
United Nations and other groups should also consider the importance of
understan-ing energy end use at the level of industries or individual
factories, buildings, and homes. Because of the present neglect of this
subject, little appreciation of the economic potential for conservation is
gained by officials and experts from developing countries who attend such
conferences.

We recommend strongly that a series of international meetings ha
devoted to assessing and exchanging information on conservation in
developing countries. As of the present there has not been a sufficiently
detailed comparison of energy end uses and conservation in developing
countries that would allow intercomparison and validation of the findings
of this and similar studies done in a variety of countries. By such an
exchange, valuable information from one country may be generalized to other

countries.
Bilateral organizations, such as the U.S. Agency for International

Development or the Swedish International Development Agency should consider
conservation training, retrofit demonstrations, and similar activities high
on the list of their portfolio of activities. Such programs couid have
benefits of energy supply expansion or renewable energy sources can be
realized. Such bilateral assistance programs should also be extended to
include research on conservation problems in the developing countries
themselves, with work extending to the 1level of surveys such as those
performed or recommended herein. It is imperative that assistance programs
have the advantage of a framework of information that will permit realistic

Judging of potentials for and progress in energy conservation.
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Appendix A

DEFINITIONS AND CONVERSION FACTORS

Definitio.s

All weights are given in metric tons (2204.6 pounds). All heat is
measu~a¢ in joules (J) and their multiples: kilo (XJ = 103J), mega (MJ =
106J), giga (GJ = 109J), tera (TJ = 1012J), and peta (PJ = 1015J).
Occasinnally, heat is given in British thermal units (Btu) where 1 Btu =
1055 J. 3413 Btus = 1 kilowatt hour (kWh).

Conversion Factors

Because of variations in the calorific content of fuels there are no
unambiguous factors that relate their calorific content to their volumes or
weights. We therefore adopt certai:. standards culled from the literature
and from material provided by oil companies' specifications in Kenya. In
interviews we were often given in non-standard terms a heating value for a
fuel that applied to a company; that value is used for comparison of that
company's performance, but the standard values are used for compilation of
sectoral energy flows. In order to compare our work to that of others we
give the values we have adoptei (table A-1). They may differ by as much as
10 percent from those commonly used in other countries, but the table below
allows the reader to recover fuel quantities in liters and convert those

values to other thermal values.
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Table A-1. Energy Content of 0il Products

Product liters/KG MJd/liters Other names

LPG 1.85 ys5,28

Kerosine 1.27 35.1 Power kere., illuminating kero.
Jet turbo 1.34 35.1

Aviation gas 1.40 35.1 "AvGas"

Regular gasoline 1.40 35.1 RMS, regular mogas

Premium gasoline 1.36 35.1 RMS, premium mogas

Average of gasoline 1.384 34.4

Auto diesel 1.19 38.7 "gasoil", "light diesel"
Heavy diesel 1.177 39.2b Industrial diesel oil

Fuel oil 1.06 41,2 "Residual o0il," "boiler fuel"

Source: Data from Kenyan oil companies and Statistics on Energy and

Power which present oil data in tonnage, not joules.
aActually, MJ/KG and is usually sold by KG.

bVaries from 40.6 - 42.0 MJ/liter.
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Appendix B

TRANSPORTATION METHODOLOGY AND TOURISM DATA

Introduction
While supplier and end-use data give a fairly reliable picture of

energy use in the stationary sectors (see Appendices C and D), transporta-
tion energy use is very difficult to estimate. This is because automsctive
diesel fu~l has many uses in construction and agricultural equipment as
well as being a ccnvenient and clean boiler fuel. Worse, there is little
accurate data on activity levels of the various transportation modes,
particularly automobiles. There are some car counts but no published
surveys of transportation and energy use. While a good deal of transporta-
tion energy use is concertirated into several parastatal firms, much of the
remaining transportation fuels are used in a variety of ways, including
private, business, and for-hire transportation. Therefore, a variety of

approaches were taken, which we review.

Interviews

We met with representatives of major transportation firms: Kenatco
(parastatal trucking and taxi company); Kenyan Bus Services (Nairobi and
Mombasa domestic routes); East African Road Services (intercity company).
From these irterviews we gathered information on both fuel consumption and
activity leve!. Unfortunately, it is difficult to extrapolate Kenatco data
to private or company fleet trucking, and it is very difficult to use data
on the well-maiantained busses from the large companies to represent the
hundreds of orivate busses or small bus companies in Kenya. The share of
freight or bus traffic carried by these parastatals was very small. Some
of the data provided by these firms are shown in the text in table U4-2 on

fuel consvmption per unit output.
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We met automobile experts at the Automobile Association (AA) and a
major insurance company. These individuals provided some hard data and
many valuable anecdotes but not enough irformation to allow a careful
analysis of the use of private automobiles or matatu. The 1limited data

provided are given in table B-1.

Table B-1. Disfance Traveled by Vehicle Typ~
(10” vehicle kilometers)

1975 1976 1977 1978
Truck freight? 1167.2 1019.0 1231.0 1595.0
Busses 156. 3 125.5 138.5 143, 4
Automobiles 51,2 582.5 654.4 822.4

Source: Automobile Association, Kenya, Road Safety Report, 1980.

qIn~ludes heavy trucizs, light trucks and vans.

Vehicle Stock
Based upon data collected in official sources, we attempted to extra-

polate fror 1967-76 data, the growth in the vehicle stock. For this period
the Statistical Abstract gives the numbers of vehicles of each type

registered in each year, as well as the number of new vehicles in each
class. From the changes each year, we calculate the effective scrappage
rate. It shovid be noted that the actual scrappage rate is unknown; the
figure we calculate is merely the di{ference between the number of new
registered vehicles and the total number of registered vehicles. We
estimate both the average number of scrapped vechicles of each kind as a
fraction of the number of new vehicles, postulating that fewer vehicles are
scrapped when fewer new vehicles enter the stock. These two methods allow
us to project the increase in stock beyond 1976 from the known number of
registretions each year. For automobiles the methods agree within 1.5
percent.. The results for four vetiicle types are shown in table B-2; the
data for 1972 and 1975 are official. Excluded from the calculation were
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Table B-2. Vehicles in Kenya
(1000s)

1972 1975 1976 1977 1978 1979

Trucks 17.4 20.8 21.3 22.2 23.9 25.4
Small trucks Ly, 2 58.3 61.4 70.0 4.0 78.4
Automobiles 67.5 83.7 86.7 92.5 98.4 100.8
Busses 3.4 4.6 4.8 5.0 5.1 5.3

Source: 1972 and 1975 data from Central Bureau of Statisties,
Statistical Abstract, Table 188, and Automobile Asscciation Kenya. 1976-
1979 data derived from new registrations and estimated scrappage (see
text).

rental trucls and automobiles, including minibusses often used for safaris.
Their numbers totalled 6,352 in 1975. "Other motor vehicles" (12,300),
motorcycles and trailers were also excluded. We emphasize that thra:»
classifictions of vehicles in table B-2 are uncertain, because of the use
of all vehicles as matatu and the multiple use of other vehicles.
Additional transportation and tourism data which were used in the text

for figures 2-1 and 2-2 are all presented in tables B-3 and B-4.
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Table B-3. Air a»nd Rail Transportation Data

1972 1975 1976 1977 1978 1979

Atr
Passengers (1700)2 840 1082 1176 1098 1089 982
Embarcations (QOOO) 516 613 608 557 587 637
Flights (1000) 10.1 13.7 -- 11.1 11.0 —_—

Rail’

Freight (million ton-km) 2179 2211 2057 2067
Passenger (million train-km) 1039 1174 1445 1219
Passengers (1000) 1359 1373 1575 1916

Source: Central Bureau of Statistics, Statistical Abstract (1980),
tables 174 and 180. Air flight data from Shell.

8Includes embarcations plus transit in Nairobi and Mombasa.

bFor' Nairobi only, and are predominantly international flights. 1972
datum actually for 1973.

cKenya Railways operated as the East African railroad before 1976.

Table B-U4. Tourism Bed Nights
(Million bed nights)

1972 1975 1976 1977 1978 1979

Total? 2,48 3.21 3.57 3.84 3.98 4,34
Nairobi 1.11 1.33 1.43 1.41 1.1 1.50
Coast 0.93 1.37 1.58 1.78 1.91 2.12

Occupancy Rate (%) U49.7 48,8 51.2 54.6 54,1 53.9

Source: Central Bureau of Statistics, Economic Survey 1976 (table
13.7) and 1980 (tahle 13.5).

aIncludes coastal, hinterland, Masailand, central and other regions of
Kenya.



80

Trunsportation Fuels

The uses of transportation fuels are no less ambiguous. First, there
are no aggregate data on the relative use of 1light diesel fuel in
stationary versus mobile engines. While a good deal of transportation
energy use 1is concentrated within several parastatal firms, much of the
remaining use of transportation fuels is unrecoried. Even 1if the
characteristics of the auto fleet were well known, it would be difficult to
characterize energv use for transportation because the definitions of
automobile, truck, or bus overlap. Light trucks are used for personal
transportation, while automobiles are used for freight or as matatu,
(jitneys).1 Thus it 1is somewhat misleading to identify transportation
function (private passenger, bus, freight) with vehicle type.
Additionally, gasnline and diesel fuel use cannot be allocated directly to
automobile or bus and truck use, as there are many autos using diesel fuel,
as well as some busses and trucks running on gasoline.

We found no data in Kenya on the weight distribution of the automobile
stock, nor any estimate of miles-per-gallon based upon tests or make-up of
the stock. We found only some rough estimates of the weight distribution
of new autos. Important rentrictions on the import of autos, as well as
changes in the duty on autos as a function of weight, suggest that the
pattern of new car ownership will change radically from 1980 onwards. We
were forced to ask suppliers and isers to make informed guesses by sector
as to how this fuel is used. The specifics of our breakdown are presented

in Appendix C on o0il use calculations.

1. The matatu perform 2 vital service, by extending the bus network to
virtually every town and Lo every part of the larger cities. Matatu were
illegal (although tolerated) for many years, but recently the government
has moved to give them quasi-legal status.
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Appendix C

OIL USE METHODOLOGY AND INDUSTRIAL DISAGGREGATION

Summary of Anproach
We examined the sales records of the six private oil-marketing firms

in Kenya. Where possible, we obtained sales records by broad consumer
classes: road transport; manufacturing; hotels, schools and other
institutions; resale LPG and kerosine (primarily for residential use);
rail, aircraft, and boat transportation; and agriculture. Knowing the
market shares of each product sold by the largest companv, we extrapolated
product use by sector to the entire economy for 1977 and 1979. This
process allowed a first-order tabulation of oil product allocatior over end
use sectors.

Product sales were then examined more closely by looking at sales to
individual customers or groups. Firms were chosen by their consumption
level and/or 1listing in the Census of Manufacturers as having over 100

employees. The definition coincides with that of "large firms" in the

Statistical Abstract. Where possible, transport fuels sold to industries

were treated separately from those used to generate process heat or
stationary source horsepower. Some aggregation of industrial production
and oil supplier data was necessary to preserve requested confidentiality.
Data from o0il suppliers were supplemented with information obtained in
interviews with users (described below). 1In this way, we often had two
sources of energy use data that could be checked against each other.
Because our goal was to produce a complete energy balance, it was necessary
to estimate the consumption of fuel by all firms in each major economic
sector or industry, where actual data were not available. The data or.
electric power were substantially complete for all large firms, which
permitted use of the following technique to estimate total oil consumpticn.

For a given industry, we took the ratio of electricity use for firms
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interviewed to all firms in the EAPL listings, then extrapolated the fuels
use data from the interviewed firms to the entire industry, in the same
proportion. This permitted a first-order estimate of energy by
manufacturing sector. For some industries (cement, oil refining, paper,
textiles, and hotels) our surveys reached firms accounting for more than

half the fuel consumed in their respective industries.

0il Use Calculations
Calculating the details of the flow of oil in V¥enya is difficult.

Official publications, such as the Statistics of Energy and Power, which

appeared in 1979 from the then Ministry of Transport and Communications and
the Central Bureau of Statistics, gives only the consumption of fuels, not
their end users. We found that each o0il company kept rather detailed
records on the type of consumer for each oil product. While smaller com-
panies identified major consumer classificaiions like "hotels,® "industry,"
the larger companies kept computer records by the equivalent of two- or
even three-digit classifications. We therefore followed a variety of
approaches. The most aggregate approach takes the sales of oil from
Shell/BP, broken down by sectors by T. Wainaina, J. Nganga, and F. Kiura of
the marketing departument. Knowing the quantity of the i-th fuel in the
J-th sector as sold by Shell, Shell's total sales of the fuel, and the

overall market share for that fuel across all sectors for Shell,

S TS; SH, respectively,
we can estimate total sales of each fuel for the country

("181) as TS; = TS;/SH,.

Since there is no published data for 1979 use of fuels thiy method was
used to get totals for the country.

We then approximate the sectoral breakdown of fuel use by assuming

only that the distribution of sales of a particular fuel by Shell over

sectors is approximately the same for the sum of all other oil companies.
Since the overall market share for Shell 1is greater than 50 percent by

volume of all products, the approximaticn is reasonable. We treat the
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largest single customers (the railroad, cement mills, paper mill, and EAPL)
carefully, when they are included in Shell totals and when not.

Shell provided data broken down into the following sectors: resale,
road transport (contract sales), hospitals, schools, hotels, other
institutions, industry, government, agriculture, marine. We have assumed
the following fuels in assigning fuels:

1. Gasoline (regular and premium): All assigned to transportation,
we note the share sold by retail pumps and that sold by contract. Where
sales to agricultural institutions are noted, we keep the share separate.
We assume a heat content of 34.8 MJ/liter for both grades.

2. Diesel Fuel (automotive): We assume that resale is 80 percent
transport, 20 percent agriculture equipment; marine is all boats; industry,
buildings/institutions are 80 percent stationary source, 20 percent
vehicles; government is 80 percent vehicles, 20 percent stationary source;
in the agricultural and construction sectors, we assume that 50 percent of
this fuel powers transport equipment, 50 percent powers stationary sources.
We assume a heat content of 38.7 MJ/liter.

3. Kerosine: This is mostl composed of illuminating kerosine (1K),
with some "power kerosine" still sold to tractors. In accordance with
advice of every oil company, we count all "resale" IK as residential, and
allnnate the rest according to Shell. A small amount is used for
transportation or agricultural equipment. We assume a heat content of 35.1
MJ/liter.

4, Aviation Fuels: Avgas 1is collected wunder domestic air
transportation along with 10 percent of the jet turbo fuel. The remaining
turbo fuel is classified as international transport. We use sale of fuels
at Kenyatta and Mombasa airports since the official data is somewhat
confused bhetween sal