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ABSTRACT

In this research paper, attempts are made to identify determinants of demand for diesel in
Uganda. The study estimates diesel demand using time series data starting from 1981 to
2010. The primary objective of this study is to investigate the determinants of demand for
diesel in Uganda. In addition it estimates demand elasticity for diesel in Uganda using time
series econometric techniques.

Accordingly, the study used a double logarithm model to investigate this issue together with
a list of tools of analysis such as vectors error correction model, which uses the impulse
response function and variance decomposition model to show the response of variables to
shocks. The study also investigated both short run and long run elasticities for per capital
income and price. The results from the study identified only four major variables that were
the major drivers of demand and these include; price of diesel, number of diesel consuming
vehicles, real foreign exchange rate and real price of diesel. These factors were responsible
for high demand in the long run and in short run apart from the number of diesel consuming
vehicles which was only significant in the long run. The results from co integration revealed a
maximum of only six co integrating equations and the error correction models showed time
of adjustment of variables to given shocks. Real per capita income and real price of diesel
could stabilize with given shocks in the long run. The price elasticity of demand and income

elasticity of demand were in contrary with expected signs.

Xii



CHAPTER ONE: INTRODUCTION

1.1: BACK GROUND TO THE STUDY

Uganda is a landlocked developing country whose economic growth and development
heavily relies on Energy as an essential factor and a key aspect in every form of development.
To be more specific, energy is required for industrial growth, locomotion, domestic lighting,
heating and cooking, and for many other factors. In fact Petrie (1961) states that it is less well
known that many ordinary things in everyday use are derived from petroleum by the skill of

the industrial chemist.

There are generally two categories of energy sources, commercial energy and traditional
energy. Biomass such as firewood, cow dung and agricultural residues are the major sources
of traditional energy in Uganda while petroleum products are the major sources of
commercial energy in the country. Petrie (1961) states that the present great demand for
crude petroleum which is later refined to obtain all the other petroleum products is met by
sinking wells deep into the rocks of the earth’s crust in which it is imprisoned in vast amounts
and in fact the word PETROLEUM comes from two Latin words PETRA = rock and
OLEUM = oil. All petroleum products in Uganda are imported, thereby exposing the
economy to fluctuating and exorbitant prices together with uncertainty with regard to
availability. Petroleum products are many ranging from PMS (Petrol), AGO (Diesel), BIK
(Kerosene), jet fuel among others. However, the products may even range to more and more
owing to the refinery made and the stages involved in the refinery process. Other than
Biomass and petroleum products in the country, other sources of energy in Uganda include;

water falls, coal, hot springs, and solar.



According to the Ministry of Finance, Planning and Economic Development (1999), by the
year 1997, petroleum and electricity combined together constituted to 6 percent of the annual
energy consumption mix while the remaining 94 percent of energy was obtained from
Biomass. Uganda’s per capita petroleum consumption is only 17Kg; comparing this to the
70Kg of sub Saharan Africa clearly indicates low petroleum consumption for the country for
both domestic and industrial use UNDP/World Bank ESMAP, (1996). This means that the
country heavily relies on the traditional biomass source of energy whose negative impact has
left the country struggling with associated challenges such as climate change, deforestation

and soil erosion among others.

Table 1.1: Annual Demand of Oil Products by Type (Tonnes)

Year Premium | Kerosene | Diesel Aviation | Fuel oil LPG Total

1994 118521 25090 79701 33711 16212 693 273928
1995 141141 32301 96316 24866 24566 1005 320195
1996 154510 34771 99478 33286 29468 1420 352934
1997 150487 36432 100497 35179 34124 1629 358348
1998 163180 44631 119623 47838 39384 1977 416634
1999 172232 45513 143773 40008 42340 2200 446066
2000 161893 42122 149821 31687 36087 3082 424692
2001 170018 41654 165789 34605 38591 2892 453549

2002 173003 68271 156292 31733 32391 3116 464806

2003 131897 | 30523 176077 92775 41889 3805 436967

2004 158342 | 37005 208782 62356 53313 4500 524298
2005 147946 29877 255659 70078 44423 4488 552471
2006 168407 | 32173 333959 70916 38289 5800 649544
2007 162956 25732 371297 72981 34384 7273 674623

Source: MEMD.

NOTE: Values for Premium, Kerosene, Diesel and Aviation were provided in m* and were
converted to tonnes using densities of 850kg/m®, 750 kg/m3, 800 kg/m®, and 788

kg/m? respectively.

The combined percentage of fire wood and charcoal usage in the country is put at 98 percent,
while the other 2 percent is shared equally between electricity and Kerosene (UBOS 2001).
Given the above findings, the role of petroleum cannot be under looked. In fact petroleum

contributes to about 66 percent of the total commercial energy consumed and 23 percent of
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the tax revenue Uganda Revenue Authority (2003). According to Uganda Investment
Authority (UIA), Petroleum contributes significantly towards the financing of public
expenditures in Uganda (UIA 2000)

Table 1.2: The contribution of taxes on Petroleum products to total revenue in Uganda

Year 1995/96 | 1996/97 1997/98 1998/99 1999/2000
Actual

contribution 150,962 | 197,332 187,927 193,208 196,800
(Million UShs)

Percentage

Contribution 22.3 27.3 23.3 19.7 19.2

Source: Uganda Investment Authority

At the moment (2009/2010) the cost of importing Petroleum products is about $728,624m
(URA 2009), contributing to about 17.1% of the total import bill per year. This comes as an
effort to support the endeavour to solve the acute power shortage in the country through the
encouragement of thermal power generation, the Government agreed in February 2006 to
waive taxes on Diesel used by commercial generators above a certain capacity.

TABLE 1.3 Uganda’s Petroleum import bill as a percentage of total import bill.

Year Total import bill (million | Petroleum import bill (% of the total
US$) import bill)
1994/95 77,770 8.0
1995/96 104,834 7.8
1996/97 115,987 8.9
1997/98 111,566 6.8
1998/99 121,739 8.9
1999/00 1,362.9 8.9
2000/01 973.2 8.2
2001/02 1,006.6 12.2
2002/03 1,073.1 16.2
2003/04 1,375.1 13.6
2004/05 1726.1 12.6
2005/06 2054.1 16.7
2006/07 2557.3 20.6
2007/08 3495.4 18.5
2008/09 4.6 18.5
2009/10 4.3 17.1

UBOS Statistical abstracts
NB Import bill figures for 2008/09 and 2009/10 are in billions US$ while the rest of the years
are in million US$



But in spite of that, these fuel guzzling measures have adversely aggravated the fuel price
hikes, as the country becomes more dependent on diesel powered thermal power, leaving

Uganda with one of the most expensive fuel in Africa.

Fig. 1.1: Average Pump Prices for Petroleum Products in Uganda (Kampala Pump Prices, Shillings per
Litre, May 1999-Jan 2008)
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Despite the ever increasing fuel prices, the demand and sales for the same has persistently
increased to worrying levels as can be noticed in appendix 2. One of the reasons why at
times the price of fuel shoots so high is the problematic supply from Kenya that has
frequently caused supply shortages and, at times, rationing by fuel suppliers. This is mainly
caused by inadequate pumping capacity of the pipeline to Eldoret that can not cope with the
growing fuel demand in the countries in the hinterland that rely on Kenya for supply. This
has been aggravated by acts of vandalism that have often damaged the pipeline in order to

steal petroleum products and power failures that sometimes stop pipeline operations.



Table 1.4: Petroleum product cost structure (As percentage of retail pump prices)

Petrol Diesel

FOB 17 19
Shipping to Mombasa 3 4
Inland transport etc 10 11
Uganda wholesale 17 21
Uganda retail 4 4
Uganda taxes 49 42
Retail pump prices 100 100

Source: UNDP/ World Bank — ESMAP, 1996

This together with relatively high excise duties and VAT on Petroleum products as already
seen in table 1.4 above has ensured that the mark-up on import oil is very high. The tax on
Petroleum products accounts for a large share of total government revenue, amounting to
about 19.4 per cent of the total revenue (Ministry of Mineral and Energy Development 2008).
The VAT rate is now 18 per cent, and excise duties on petrol are about USh.660 for a retail
price of about Ushs. 2,450, and on diesel USh.400 per litre, for a retail price of about
UShs.2300, which accounts for up to 33 per cent of the final sale price. Added to import
duties, the tax rate on fuel is estimated at over 80 per cent. These high taxes levied on
Petroleum products combined with the impacts of high transportation costs makes fuel prices

in Uganda one of the highest in Africa.

Figure 1.2: Sales of selected petroleum products in Uganda 2002 — 2006
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Due to the increased economic activity in the country, the demand for more petroleum

products has continued to rise as earlier stated to unsustainable levels so as to meet the ever

Kerosene




increasing demand for the scarce HEP in the country. This is further reflected in the table
below.

Table 1.5: Uganda’s total petroleum products consumption

Year Total consumption( in barrels)
1980 5.000
1981 3.200
1982 3.800
1983 3.700
1984 3.800
1985 4.100
1986 4.496
1987 3.853
1988 5.876
1989 5.412
1990 5.787
1991 6.450
1992 6.588
1993 6.844
1994 7.015
1995 7.014
1996 6.968
1997 7.187
1998 8.290
1999 8.290
2000 8.561
2001 9.522
2002 9.930
2003 10.687
2004 10.874
2005 11.390
2006 12.879
2007 13.900
2008 13.400
2009 13.000

Source: MEMD

1.1.1: The HEP generation and supply in Uganda
Over the recent years, Uganda experienced electricity supply shortages largely caused by the
decline in hydro-generation as a result of persistent drought that hit most of the country

which lowered the water levels of Lake Victoria. These shortages have been exacerbated by



the lack of generation “reserve margin” and inelastic generation capacity. In order to address
this power supply problem, government has procured thermal generation using diesel. In May
2005, 50 MW of diesel (AGO) based generation was commissioned at Lugogo and in
December 2006 an additional 50 MW was commissioned at Kiira under short term contracts.
There are now plans to replace these expensive AGO based generators with heavy fuel oil
(HFO) based generation hence an increase in the demand for diesel. For quite a long period
of time in Uganda, the responsibility of generation, transmission and distribution of HEP was
entirely done by Uganda Electricity Board (UEB), a government entity. UEB had a task of
ensuring that people in this country are connected to the national grid as well as ensuring that
more power is generated to ensure that the supply meets the ever increasing demand of a
developing country. However, with time the parastatal was overwhelmed due to the fact that
it was constrained by the budget as allocated by the government and it could not deliver as

expected and hence it became inefficient.

Much of the electricity network in Uganda is at present poorly maintained and the country
experiences frequent power cuts. Just 3-5 percent of the population have access to electricity
and many towns, especially in the North of the country are without electrical power. In the
rural areas only about 2 percent had access to electricity, of which less than half was provided
through the national grid, the remainder coming from household generators, car batteries or
solar photovoltaic (PV) units. About 97% of Uganda's population do not have access to

electricity.

According to MEMD (2000), Uganda will require 2,000 Megawatts (MW) electricity by the
year 2025 to run its industries and homes. To achieve this, more than $3.5 billion (about
Shs623 billion) will have to be sourced and spend in the energy sector. Within 20 years from

now the country must generate an additional 1700MW to meet its demand capacity. Uganda



is currently facing a huge electricity supply deficit, as over 90 percent of the country's

population is not connected to the national grid.

The installed capacity in Uganda is about 300 MW, over 98 percent of electricity is generated
by the hydroelectric plant at Owen Falls (the 180 MW Nalubaale station and the 200 MW
Kiira station with five 40 MW units of which three have been installed) on the Victoria Nile.
There exists a small hydro power station at Maziba with an installed capacity of about 2 MW
and independent power generation at Kilembe Mines and Kasese Cobalt Ltd with a combined
capacity of over 15 MW. It has been estimated that there is another 80 MW of privately

installed captive generation capacity.

The previously wholly government-owned utility, the Uganda Electricity Board (UEB) is the
organisation that is responsible for supplying electrical power in Uganda. The Ugandan
government had pursued a reform programme of the organisation since 1999, but its
privatisation only came into effect in 2000. The restructuring of the utility resulted in the
UEB being divided into separate business units, under the sections of power generation,
transmission and distribution. The aims of the privatisation were to increase private
investment in the electrical power sector, to meet increasing demand for electricity and
extend power supply to more areas in Uganda, and to improve quality and reliability of the

electrical power supply.

The UEB is now focusing on identifying available sites that hold micro hydro potential. The
UEB had developed two sites of hydropower generation and private developers developers
also developed another two. These sites include Mubuku Il (5 MW), Kisizi (0.075 NIW) and
the 1.25 MW Kikagati station (which has now been decommissioned). Paidha (7.5 MW), and

Ishasha (4.5 MW) are in the process of planning.



Table 1.6: Uganda; Electricity Capacity and Generation: 1995-1999

Capacity/Generation 1995 1996 1997 1998 1999
Installed capacity

Owen falls dam 177.0 180.0 180.0 | 180.0 180.0
Other stations 3.4 3.0 3.0 3.0 3.0
Total capacity 180.4 183.0 183.0 |183.0 183.0
Units generated (million kWh)

Hydro-Electric 1056.3 | 1129.0 | 1217.3 | 1232.4 1340.4
Diesel 11 11 1.2 1.2 1.2
Total units Generated 1057.4 |1130.1 | 12185 |1233.6 1341.6
Of which

Transit & Distribution losses 342.3 296.5 340.1

Units accounted by consumption | 713.7 831.2 878.3

Maximum Demand (MW) 173.6 177.0 178.6 |179.8 180.0
Annual Load Factor (%) 70 71.0 77.9 78.3 85

Source: Uganda Bureau of Statistics. 2000 Statistical Abstract

Uganda faces a deficit in power production which has contributed to the increased demand for
diesel powered generators hence an increase in the diesel demand. However, Uganda’s
strategic geographic location with reliable rainfall almost throughout the year favours natural
water bodies that if developed can lead to several kilo megawatts of electricity to be produced
which can help to curb the ever increasing demand that is not met by supply. Such water

bodies/sites together with their estimated capacity (mw) can be seen as presented in appendix 1



1.2: RESEARCH PROBLEM
The ever increasing demand for diesel not only for transportation but also for power

generation that is not met by sustainable supply continues to exert high pressure to Ugandan
economy for development. This high demand that is not met by supply has resulted into ever
increasing fuel pump prices, High transport fares and High cost of production. This has
negatively affected peoples’ welfare as well as their standards of living hence continuous
cries and strikes. A lot has been attempted by the government to address the problem by
improving on the roads from Busia — Malaba boarder to Kampala, putting in place a ferry as
well as putting in place a pipeline but the prices continue to rise due to increased demand that
is not met by the supply. There fore there is need to have a thorough understanding of what

exactly determines this demand.

1.3 Objective of the study

The primary objective of this study is to investigate the determinants of demand for diesel in
Uganda. In addition it estimates demand elasticity for diesel in Uganda using time series
econometric techniques. In this regard, both short and long-run estimation are made, and
finally conclusions based on the estimation result are made. Specifically, the study relay on
diesel consumption trends to the various sectors and its importance for economic
development. In addition, based on the findings derive appropriate policy recommendations
for improved demand management for commercial energy consumption more especially

transportation.

1.4 Justification and Significance of the Study
Besides being an essential input in the production processes, energy is also a direct

requirement of people's daily lives. This explains why energy policy is a vital aspect of the

10



overall development policy of the country and how energy policies are designed and
implemented influences structure of the country’s economy.

The objectives to be pursued in this study postulate the determinants of demand for diesel
consumption. The identification of factors affecting energy consumption, specially the
demand for diesel, will indicate possible areas where action in energy development can exert
significant influence on economic development. By providing such insight, this paper will
also be useful in the formulation of commercial energy specific policies in Uganda.

In recent years, decision makers in various countries have realized that energy sector
investment planning should be carried out on an integrated basis (Richard, 1985). Most
existing studies on commercial energy particularly demand for diesel has concentrated on
developed countries. Hence, this study will give some insight in this area.

Unfortunately, most of Uganda's petroleum products consumed are imported. So achieving
energy-economic long-term interests on the imported petroleum depends on the internal
energy action taken by the government and sound planning must begin with a good grasp of
the facts of energy and economic relations. | think the development of econometric tools
which enhance understanding of the factors influencing the demand for diesel will give more
information about future energy flow. Moreover, the future commercial energy consumption
and economic development are essentially interacting and therefore energy planning should
be suggested. However, these suggestions must be flexible enough to accommodate
developments as they occur. One may ask why this study focuses on diesel as a commercial
energy in Uganda. The main reason is that, the impact of diesel largely influences the
country's economy, especially in the transport sector. Goods and services are carried from
one place to another through the means of transport. Thus, the findings of this study will form
a useful input into the literature and policy implications particularly diesel (transport fuel)

and even provoke further studies in the sector.
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1.5 Scope of the Study

The study employs yearly data from 1981 to 2010 to estimate determinants of diesel demand
function in Uganda during this period. Specifically, the study will focus on diesel demand in

the transport sector. The period is chosen on the basis of the availability of reliable data.

1.6 Organization of the Study

The paper is structured as follows: The next chapter reviews the theoretical and empirical
evidence of previous studies on determinants of diesel demand. Chapter three presents the
data and methodology while chapter four discuses empirical results. Finally, concluding

remarks and policy implications presented in chapter five.

1.7: ANTICIPATED LIMITATIONS OF THE STUDY

The results of this study may be negatively affected by a number of projected
factors/limitations that are likely to have a negative impact on the generation of proper and
generally applying theory on determinants of demand for selected diesel in Uganda if not
easily detected and mitigated.

The researcher anticipated limited resources in terms of financial, material, and non material
resources such as time required to have a conclusive research which may be not enough given
the urgency of the project and the researcher’s current individual capacity as the main source
of funding unless external funding is obtained.

The researcher also anticipates meeting problems in data collection that could affect the final
results. The research may be affected by communication problems; obtaining and maintaining
rapport may be limited by respondents’ wrong perceptions of the purpose of research that
could lead to exaggerating, with holding of important information. The researcher is cautious
of the fact that some respondents are critical about their business incomes and social matters

being private affairs and thus not for public attention. However, the researcher will tend to
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precisely and concisely explain to respondents the purpose of the study and promise

anonymity of the responses.

Given the skills and techniques gained by the researcher from the lectures more especially
those of research methodology, he will try to carefully and cautiously detect and manage

these anticipated limitations that may appear in the course of the study.

Figurel.3: Conceptualisation of the problem

A\ 4

Independent Variable Dependent Variable

A 4 A 4

e Number of Diesel Using

vehicles e Amount of Diesel

v

e Generation of electricity demanded

e Real Price of Diesel

e Income of the buyer

e Population growth

e Price of crude oil v

e Improving/ worsening
people’s standards of
living as the selected
petroleum product
contributes to a
greatest percentage of
their lives in day to

day living in Uganda.

Note: Arrows represent causal/resultant effect relationship between variables.
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CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

Several studies have been carried out in trying to come up with the factors that determine the
demand for petroleum products in developed and developing countries however, Uganda’s
case remains largely uncovered. The available literature ranges from theoretical to empirical
analysis. The main focus of this chapter is to review the theoretical and empirical literature

related to the on going study.

According to Uganda’s Electricity Regulation Authority (ERA), three issues are put forward
as the key factors determining the demand for petroleum products in developing countries
and these include number of vehicles, generation of electricity and level of economic activity.
However, Price of the given petroleum product, income of the buyer, gift of the energy
resources, the population growth, industrial investment and trade, availability and price of
alternative energy sources as well as government policy regarding importation and pricing of
petroleum products are some of the factors put forward by Gately and Shane (1997), as being
the determinants of demand for petroleum products in developing countries. In Uganda for
instance there is a 50% tax imposed on both Petrol and Diesel and this is directly reflected on

the final consumer prices at the refuelling stations hence impacting the consumer’s demand.

The World Bank (1992) on the other hand subjects the distortion in the prices of oil to the
subsidisation of petroleum products however; the reverse is true in low developing countries
where governments impose a lot of taxes onto petroleum hence hiking the final prices at the
refuelling stations which lowers the demand of the different petroleum products. There is
therefore need to have a clear policy designed so as to check on the distortions on the demand

for petroleum products either way.
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2.2 Theoretical Literature

In recent years, the energy sector of developing countries (Uganda inclusive) has exhibited a
dynamic character. In addition to the important changes in the shares of consuming sectors
and fuels in aggregate demand patterns, the energy consumption trends of these countries
have moved steadily upwards. This, together with the slowdown in the growth of total energy
consumption in the industrialized countries, has underlined the rapidly growing role of
developing countries in the world energy market. For instance, according to OPEC review
(1994), the share of developing countries in world energy consumption rose from 10 % in
1970 to about 20 % in 1992, while the share of OECD countries fell from 65 % to 51 % in the
same period. The annual average energy consumption growth rate of developing countries
was about 5.5 % in the period 1970-92, compared with 1% per annum for the OECD
countries in the same period. There are several economic, social and demographic factors
behind these trends of the past two decades.

Theoretically, the demand for a good or services is determined by its own price, prices of
other goods, income, and geographical, demographic as well as environmental factors. The
relative energy costs and their supply stability are therefore expected to have an influence on
diesel consumption. If other factors remain constant, while the price of one energy form rises,
it will be costly to continue consuming this particular source of energy.

Therefore, to maximize utility, given the limited level of money income, a consumer will
reduce consumption and increase the consumption of another form (substitute) whose price
has decreased or remained constant (Pindyck, 1980).

From the consumers' point of view, the demand for diesel is a derived demand from the
services it provides within the transport sector. For example, individuals require diesel for

their private cars to provide private and public transport of goods and passengers.
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Most studies on gasoline and diesel demand have focused on the developed countries with
few studies being undertaken for developing countries especially the African countries
including Uganda.

There are different factors that influence the demand for diesel. We assume that the original
demand is for transportation with related characteristics such as comfort and status.
Therefore, diesel demand is determined in a number of separate steps which are sequential.
The first is the decision to own a car, and then comes the decision on its utilization. From the
stand point of a utility function, it is easier to conceive a function for individual consumer. As
Archibald and Gillingham (1978) showed, the influence of social status such as age and
education on individual diesel consumption conditions at the region levels is not necessarily

sufficient at the individual level.

Dahl and Sterner are mostly known by their studies on gasoline demand which at times is an
alternative to diesel usage. Following Dahl and Sterner (1990), the most important
explanatory variables in this case are the level of economic activity and the relative price of
gasoline. Like most other commodities, we assume that the demand for diesel increases with
income, ceteris paribus. Furthermore, assuming that diesel is a normal good, its demand is

inversely related with prices.

Dahl and Sterner (1991) further argued that in a static model diesel demand is a function of
real price of diesel and real income. He also argued that in the dynamic model diesel demand
is not only affected by current period but also past time. This is because if variables
determining the demand for diesel change in a given year, some consumers react with a lag
due to the force of habit. As a result current consumption of diesel is not only a function of

current income and price structures but of previous incomes and prices as well.
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Similarly Dahl and Sterner (1992) modelled demand for transport fuel. Accordingly, they
hypothesized that people adjust consumption only partially to changes in price and income
because of the inflexibility in the stock of consumer durables.

Moreover, Franzen and Sterner (1995) and Rogat and Sterner (1997) gave more insight
regarding the determinants of gasoline demand in OECD and some Latin American countries.
They argued that demand for transport fuels is deriven from the demand for transportation
itself and therefore has at least two component adjustments, namely vehicle utilization and
the composition of the wvehicle stock. Given that cars are long lived assets, demand
adjustment necessarily occur over a number of years. They used static and dynamic models

for the adjustment process.

Ishiguro and Akiyama (1995) observed that income and price elasticities provide a
quantitative measure of the impact of economic activity and energy prices on energy demand.
Further they argued that total energy demand is the sum of demand in the various sectors of
the economy. The sectors they considered include; transportation, industry, household and
agriculture sectors.

MacRae (1994) gave similar factors to the one used earlier by Baltagi and Griffin (1983) to
facilitate comparison. According to him, Gasoline demand is a function of distance travelled
per vehicle, number of vehicles and efficiency (efficiency is distance travelled per unit of
gasoline). Moreover, gasoline demand (gas) is normalized on a per vehicle basis, and
utilization is hypothesized to depend upon the real price of gasoline (Pgas/PGDP) and real
per capita income (Y/Npop).

More generally, Gately and Streifel (1997) analyzed the growth in oil demand. They
observed that much of the growth in world oil demand is affected by GDP, population and
price of oil. They also examined several alternative equation specifications of per capita oil

product demand as a function of per capita real income and the real price of crude oil.
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Wohlgemuth (1997) gave some insight regarding the determinant of demand for
transportation fuels. Accordingly, income, both in absolute and in per capita terms, is the

most important determinant of demand for transportation fuels. In general, transport demand

rises with income, 