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Abstract

Like most African countries, Botswana contributes almost insignificantly to global greenhouse emissions (GHGs). In this
context, some have argued that energy policy and legislative measures to regulate emissions in Botswana should not be
accorded high priority. This is a misguided view when one considers that each country, no matter how under-industrialized,
contributes to the overall global emission problem. Moreover, the least developed countries will have to industrialize in
order to meet the increasing economic and social needs of their growing populations. For rapidly growing economies
like Botswana, whose annual energy demand is projected to increase by about 4% for the next ten years, the importance
of compiling accurate inventories of sources and sinks of GHGs and formulating environmentally-friendly policies can
hardly be owver- emphasized. The United Nations Framework Convention on Climate Change (UNFCOCC) provides the
ideal basis for the country-by-country investigations and management of global climatic change; specifically its nature,
properties, directionality, characteristics and probable consequences. Botswana was a founding signatory of UNFCCC in
1992 and ratified the Convention in 1994, The country is also involved in regional cooperation efforts, within the Southern
African Development Community, to enforce regulatory mechanisms to minimize GHG emissions from the energy sector.
There exist certain energy-related institutions, policies, and regulations in the country which could mitigate the impact of
GHG emissions on global warming. This paper, based on government and other relevant documentation, critically analyses
Botswana’s energy sector policies in as far as they affect climate change. It is clear that much still needs to be done about
energy policies in terms of proper formulation, monitoring, co-ordination, energy pricing and the exploration of energy

alternatives to mitigate potentially negative impacts on climate change.

Introduction

Anthropogenic GHGs emissions threaten to cause rapid and
substantial change in the global climate, and the energy sec-
tor is a major contributor to this problem. It is estimated that
energy accounts for about half of the emissions of GHGs
globally (Karekezi and Mackenzie, 1993, p. 1).

The energy sector is also the main source of GHG emis-
sions in most African countries through energy production,
conversion and use (Field-Juma and Karani, 1993, p. 133).
Wood, charcoal, coal and refined petrolenm products are
used for the primary and secondary production of the energy
used in industry, transport and households.

Presently, Africa accounts for about 10% of GHG global
emissions. However, when the continent’s economies be-
gin to grow and the development process becomes more
sophisticated, in terms of both technological input and the
supporting service infrastructure, emissions of GHGs are ex-
pected to increase correspondingly. While African countries
may not be net contributors to the build-up of COz in the
atmosphere individually, the increased concentration of CO4
and other GHGs in the atmosphere remains a serious trans-

boundary problem, with worldwide negative consequences
on climate { Karekezi and Mackenzie, 1993, p. 2). Moreover,
the annual average population growth, currently estimated
at over 2%, will add further emissions of GHGs through
increased energy consumption, landuse cover change and
other anthropogenic activities (Okoth-Ogendo, 1995, p. 1.

The United Nations Framework Convention on Climate
Change (UNFCCC) marks an important milestone in in-
ternational environmental governance by providing a pol-
icy mechanism for exchange, negotiation and institution
-building to redirect development efforts towards more ef-
ficient use of resources, especially energy (Okoth-Ogendo
1995, p. 1).The Convention serves as a broad policy instru-
ment for the investigation and management of global climate
change, specifically its nature and properties, directionality,
characteristics and probable consequences on both managed
and natural ecosystems. Notwithstanding the significance
of the UNFCCC, the successful resolution of the problem
posed by climatic change, due to GHG emissions, will de-
pend ultimately on individual country perceptions, policies
and principles on how best to respond to climate change
issues.
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Botswana does not have a dedicated policy to respond
to climate change. However, the global climatic impacts
from the emergy sector, which is a large source of green-
house gases emissions, is acknowledged by the Government
of Botswana. To this end, Botswana is a signatory to the
UNFCCC. Its commitment is to provide reports of its green-
house gas emissions and strategies to reduce their levels.
Studies to this effect have been conducted since 1994, Re-
cently, a National Committee on Climate Change, under the
Department of Meteorological Services (DMS), has been es-
tablished. The Committee serves as a national focal point for
meeting Botswana’s obligations under UNFCCC. Its man-
date includes planning and coordination of the elements and
activities on climate change, communication with stake-
holders, and public awareness raising. Botswana is also
signatory to regional efforts, in the Southern African Devel-
opment Community (SADC), to develop environmentally-
friendly energy technologies. The country’s participation in
the pilot Industrial Energy Conservation and the Industrial
Energy Management projects demonstrates its willingness
to cooperatively explore ways of utilizing energy sources
sustainably.

As is the case with most other African countries; en-
hanced research capacity is still required to develop coherent
environmental policies, accurate national inventories of an-
thropogenic sources and emissions of GHGs, predictive
madels, standards and regulations, and the effective monitor-
ing of compliance so as to fulfill the objectives of the con-
ventions aimed at minimizing global warming (Field-Juma
and Karani, 1995, p. 172).

This study. on Botswana. is intended to examine the na-
tional energy policies and the extent to which they could
be used to minimize energy outputs from impinging neg-
atively on climate. The paper has three main parts. The
next part provides the contextual background of the study
by discussing energy supply and demand by sector and their
GHG emissions. The second focuses on energy sector poli-
cies and their implications for climate change. The third is
the conclusion. It summarizes the major issues dealt with in
the paper and suggests a way forward for energy and related
policies which could mitigate negative climate change.

Energy supply and demand by sector and GHGs
emissions

In recent vyears, energy consumption of all forms in
Botswana ., has increased rapidly in response to population
and economic growth. The energy resources used reflect
the country’s economic and social structure which closely
resembles that of its regional partners within the South-
ern Africa Development Community { SADC) (Republic of
Botswana, 1997, p. 205). See Table 1.

Although its relative importance has declined slightly from
G0% in 1991, wood still constitutes the major primary en-
ergy source. The change reflects the switch to other primary
sources which has been taking place with improving in-
comes. The pattern is comparable to other countries within
SADC, except South Africa. where a negative correlation

Table 1. Primary Energy Supply Pat-
temn., Botswana 1994495,

Source %

Wood S8.0
Coal .l
Petrolenm 185
Electricity 05

Source: MDPE 205,

between biomass use and per capita Gross Domestic Prod-
uct (GDP) has not yet been observed (Moyo and Sill, 1999,
p- 100, Studies which identify the key energy transition vari-
ables are a necessary prerequisite to an effective energy and
environmentally- sustainable development policy ({Arimah
and Ebohon, 20007,

Table 2 summarizes emission estimates by type and fuel
source for Botswana.

The major GHG gases are COy, CO, NOy, CHy. and N2 0.
C 0y has non-biogenic sources such as coal which constitute
a net addition to the atmospheric pool of GHGs gases. It
also derives from biomass combustion. It is normally as-
sumed that this biogenic form may not lead to net additions
provided that wood, which is a sink for COy, is harvested
sustainably. Botswana is regarded as a major net sink for
C0Oy emissions due to the large uptake of carbon by trees
(Republic of Botswana, 2001b, pp. 11, 12).While there are
local examples of fuelwood overharvesting, the natural na-
tional re-growth rate in biomass stocks exceads the amount
harvested. Fuelwood, petrol, and diesel are the main sources
of CO.

Petrol and coal are the main energy sources of N0y and
Na0,

Table 3 shows that, betwezn 1994/95 coal accounted for 50%
of GHG emissions, mostly in the form of CO5.

C0Oy emissions contributed 61% of all emission energy
sources. Petrol contributed 23% of GHG emissions, mostly
in the form of COy, NOy and CO, respectively.

Wood contributed 14% of GHG emissions, mostly in the
form of CO and CHy.

Diesel contributed 1 1% of GHG. mostly in the form of COy
and MO,

Table 4 shows final energy demand by sector.

Fuelwood is used by 90% of rural households and 55% of
urban households (Republic of Botswana, 1997, p. 220). It
is used for cooking and heating, mostly in the residential
sector. The rural population relies on candles and paraffin
for lighting while some urban houszholds also use electric-
ity. Only 3% of the rural households and 24% of the urban
households use electricity.

Some Government institutions and small to medium-
sized commercial enterprises also use fuel wood. Fuelwood
demand is projected to increase from 1.443 kilotonnes in
1992 to 2,078 kilotonnes by 2004 in Botswana (Kgathi ef al.,
1997, p. 39). The quantities are based on the following as-
sumptions: (a) stumpage royalties will be levied on fuelwood
traders; (b) fuelwood will be depleted in the vicinity of set-



Table 2. Emission estimate (lonnes) by emission type and fuel (1994957,

Energy carrier

Emissions (tonnes)

C0y (¥ HC CH, Ny S0y TEF M0
Coal 20155360 ile 675 B2155 178003 45642 54T
LPG 3BB06.0 394 0.3 156 03 0.1 17.9
Aviation gas 4.643.1 553 20 53 - - 1.5
Jet A 14.402.6 160 0.0 0.9 - - 44
Petrol 518005 7747 85312 Z217.M012 570 1704
Paraffin . 1.268.5 115 6.9 195.9 .1 113
Diiesil 419.554.2 4473 o0 18306 10526 5388 1472
Wood - 1338813 100410 12,0493 10711 6694 13,3881 6.3
TOTAL 30663136 205008 ITOS00 131145 1974600 2369196 185943 9647

Sowme: Environmental Statistics TS0 2000, 110

Table 3. GHG emission estimates in carbon dioxide equivalents (%)
by fuel source 199405,

GHG Emissions in OOy Equivalents (lonnes)

Energy Carder Oy OO CHy My MO Total

Coal 39.98 0.1 652 337 49.99
LPG 0.77 0oy o2 ol 0.92
Avviation gas 0.0 0 0.0l a.ll
Jat A& 0.29 0oy 00s 003 0.36
Petrol 10.65 0.32 677 LOS 2276
Paraffin 0.72 000 0ol 007 084
Diesel 832 000 000 145 091 10.79
Wi - 797 502 085 040 14.23
TOTAL 6082 1212 546 1567 593 10000

Source | Envimnmental Statistics, TS0 2000, |10

tlements: (c) use of fuel by institutions will be prohibited
and (d) the fuelwood substitutes will be subsidized (Kgathi
et al., 1997, p. 39).

Industry, commerce, transport and agriculture account
for over 85% of the country’s non-fuelwood energy con-
sumption. Coal is the primary source of electricity gener-
ation for these sectors. 93% of the domestically-generated
electricity is from coal (Republic of Botswana, 1997,
p. 205). Coal and electricity are mainly consumed in the
industrial sector, particularly mining. In terms of relative
importance, the Botswana Power Corporation (BPC) con-
sumes 70%, the Bamangwato Concessions Limited (BCL)
17%, and Botswana Ash 10%, of coal-based energy (Repub-
lic of Botswana, 1997, p. 212). Coal use is gradvally gaining
access into manufacturing industry, Government institutions
and, to a minimom extent, households. Technical and ex-
tension efforts of the Expanded Coal Utilization Project
(ECUP) have been instrumental in promoting an increase
in consumption by industrial, commercial and Government
institutions.

Petrolenm products are mainly consumed in the transport
sector, particularly by the railway and road vehicles. Trans-
port energy. mainly petrol and diesel, accounts for more
than 40% of non-wood energy. Although some agricultural
and domestic users still rely on diesel-generated electricity,

Tabde 4. Firal energy demand pattem.
Botswana 199445,

Saclor %

Residential 50.2
Transport 20
Industry 18.3
Govemment 4.7
Agriculre 2

Source: MDP & 207

demand has been gradually declining because some of the
Centralized Supply Systems (CPSS) have now been closed
down in favour of grid connections (NDPE, 1997, p. 205).
Medium and high income households use liquefied petro-
leurn gas (LPG) and electricity. Because of its convenience
and the increasing scarcity of fuel wood, LPG is gradually
being adopted as a fuel source in low income and Self Help
Housing Authority (SHHA ) areas (Ibid.).

Table 5 shows the main contributors to energy emissions
from the demand sectors.

Electrical generation is the highest contributor to GHG
emissions, in the form of COs, NOy, and N;O.

Second is the transportation sector which contributes to
emissions in the form of OO0y and NOy and CO; third comes
the household sector in the form of CO, CO; and NOy; and
fourth is industry in the form of CO2, NOy and N2 0.

Energy sector policies and elimate change

Energy and industrial development policies need to be re-
examined from their capacity to influence the growth of
GHG emissions and their capability to influence climate
change. In this context. Africa finds itself in a dilemma.
There is an urgent need for promoting economic growth
and social development on the continent. Africa will thus
have to increase its energy consumption if the continent is
to emerge from its current state of underdevelopment, to
address the need for improving living standards for its peo-
ple (Sokona, 1993, p. 39). However, because of increasing
international concern with global warming, it will have to
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seriously take into account the impacts of these activities
on the environment by instituting appropriate energy sector
policies.

Energy demand in Botswana is increasing in response
to a growing population and a rapidly expanding economy.
Emissions of greenhouse gases from fuel combustion are
projected to grow at around 4% per annum for the next
decade (Republic of Botswana, 2001 b, p. 12).Most general
circulation models predict a rainfall decrease in semi-arid
Botswana due to global warming (Ibid., p. 12). Itis therefore
important to understand the nature of relevant institutions
and policies that are in place to deal with the climate
changing impacts of these developments.

Institutional framework for managing the energy sector

A distinctive feature of the energy sector in sub-Saharan
Africa, in the wake of independence, was a virtual ab-
sence of any coherent institutional structure for energy pol-
icy formulation, analysis, monitoring and implementation
(Karekezi and Mackenzie, 1993, p. 11). Botswana’s initial
Development Plans similarly had no policy on the energy
sector or its impact on the environment. Perhaps this reflects
the fact that there were more pressing sociceconomic con-
cerns then, to the exclusion of environmental ones. Also the
linkage between economic development, energy utilization
and environmental degradation was not fully appreciated
both locally and globally.

Before the present national energy policies and their po-
tential for impacting on climate, can be effectively analyzed,
the country’s institutional framework within which those
policies are conceived, formulated, implemented, monitored
and evaluated needs to be stipulated.

The crucial role of institutions and human resource ca-
pacities to formulate and effect energy policies has been
acknowledged in several national Government planning
statements.

In NDPT it was noted that “Experience has shown that
the greatest challenge to successfully implementing compre -
hensive national energy policies stems from the institutional,
rather than from the methodological side of an energy plan’
(Republic of Botswana, 1985, p. 232).

Both the WDPS Energy Sector Policy and Strategy, the
Integrated Energy Planning (IEP) also emphasize that pol-
icy implementation effectiveness, “has a direct bearing on
institutional structures and capabilities and requires capa-
ble staff that understand the whole economy” (Republic of
Botswana, 1997, p. 21 5). and that “One key requirement for
effective implementation of energy policy is to have in place
appropriate institutional structures and clear institutional
roles, enhanced by relevant professional and administrative
capacity’ (Republic of Botswana, 1997, p. 216).

The above observations illustrate the essence of having
proper institutions, adequate human resources and proper
coordination mechanisms in place in order for energy poli-
cies to achieve their objectives, whether they are aimed at
mitigating global warming or not.

The management of energy resources will require the ef-
fective and coordinated efforts of Central Government, cor-
porations, private sector and the NGOs which are described
below.

In 1984, the Energy Unit in the Ministry of Mineral
Resources and Water Affairs (MMEWA) was established,
with a mandate to serve as Government's focal point for
national energy policy and for operational matters pertaining
to energy resources. The MMEWA formulates, directs and
coordinates national energy policy through the Energy Af-
fairs Division (EAD). The Division is now also expected to
participate in developing Botswana’s policy on greenhouse
gas emissions and abatement.

The Botswana Power Corporation (BPC), a company
created by an Act of Parliament and completely owned by
the State, and sponsored by MMRWA, operates the na-
tional grid. It is tasked with the responsibility of electricity-
generation and distribution.

In spite of the central role which the electricity sector
can play in the mitigation of GHG emissions, it is function-
ally fragmented. The key role players include the Botswana
Power Corporation (BPC),the Department of Electrical and
Mechanical Services (DEMS)the Energy Affairs Division
(EAD) and the Ministry of Local Government Lands and
Housing i(MLGLH).The EAD is the ideal candidate to co-
ordinate the sector and integrate its activities with the other
development planning agencies. The country needs a clear,
coherent and compre hensive framework for electrification to
guide the respective role players. Only a properly coordi-
nated sector can play a meaningful role in formulating and
implementing a strategy intended to attain environmental
sustainability.

il policy is the portfolio responsibility of the Min-
istry of Commerce and Industry which oversees the supply,
storage and pricing of petroleum products. The private oil
companies purchase and distribute petroleum products for
commercial usage, and also manage strategic reserves.

The Ministry of Works, Transport and Communication
ensures adequate power generation for the rural villages
where grid power is not available.

The Ministry of Agriculture is responsible for forest and
biomass management whereas the Ministry of Local Gov-
ernment, Lands and Housing is tasked, through the Mational
Conservation Strategy Agency, to manage conservation and
environmental issues.

Several NGOs play an active role in energy- related ac-
tivities. The Rural Industries Promotions (RIP) develops,
tests and disseminates mainly renewable energy technolo-
gies, through its Rural Industries Innovation Centre (RIIC).
The Botswana Technology Centre (BTC) is involved in re-
search and information dissemination in the field of solar
energy. Both the Forestry Association of Botswana (FAB)
and the Directorate of Research and Development {DED)
participate in long term research in the field of wood fuel
energy and the productivity of natural woodlands.
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Table 5. Total sectoral GHG emissions in carbon dioxide equivalents, 199495,

Sector Emizzions { onnes) Total GHO
COy [RH] MOy, M, 0 tonnes %

El.Generation LA38.0d] .4 9302 2675222 1385216 20d9.32000 406
Household TLALE 3950300 43,7441 27,7822 TRE,602.7 15.6
Agricultune 364449 039 69358 30513 48,2805 1.0
Industry A28356.8 44953 EA325R 430627 G14,799.4 12.2
Trade and Hotels 39975 146.2 136.9 4613 4.767.2 0.1
Transport THNLTITL IBOLETT.G 44,6527 73.235.0 13337644 265
Social and private Services G563 3076 336.0 303 6,139.9 0.1
Govemment 112,669.1 256599 433915 116039 198, 730.0 39
Total 0063136 6Gl0OTELS 2754046 2000573 50d14020 ool

Soume: Envimnmental Statistics CSC (000, p. 1130

Implications of primary energy source policies to
climatic change

According to Botswana’s Initial Communication to TN-
FCCC, there is currently no explicit and dedicated policy
to respond to climate change in Botswana (Government of
Botswana, 2001b, p. 42). However, the potential of the
energy sector for affecting foture climate change has been
acknowledged in NDPS, within the context of pursuing
sustainable development. Nonetheless, environmental con-
cerns, related to energy, are still not perceived as posing a
serious threat (Ibid., p. 44). NDP8 claims that energy-related
environmental problems are not yet serious in Botswana
(Republic of Botswana, 1997, p. 224). Botswana’s Energy
Master Plan nonetheless contains policies to guide the en-
ergy sector towards achieving national social and economic
goals. It also recommends the promotion of efficient use
of energy, the diversification of energy supplies, and the
inclusion of social and environmental costs in the price of
energy. Although such considerations have relevance for cli-
mate change, climate change is not explicitly addressed by
the Plan. The following section of the paper will examine the
specific energy sectors and their respective policies with the
view of analyzing their impacts on climate change and how
these could be mitigated.

Fuelwood

NDPE policies for the biomass sector are meant:

« To ensure a sustainable supply of fuelwood:

¢ To establish an effective institutional framework to regu-
late its use.

Attempts to achieve the objectives of the first policy have
normally been stipulated in terms of developing carbon
sequestration programs, factoring environmental costs in
fuelwood pricing, using energy efficient end-uses, using
alternative energy sources, and the establishment of the
Fuelwood Inventory and Monitoring Programme (FIMP).
All these have strong implications for stremgthening car-
bon sinks and curtailing GHG emissions from fuelwood.
Aforestation programmes, such as the Around-The-Home
Tree Planting Programme, sponsored by the Forestry Asso-
ciation of Botswana, should also be given strong support.

To facilitate the achievement of the conservation policy will
also require the establishment and support of R&D into
cheaper and efficient end-use technologies coupled with an
effective dissemination of results to properly targeted end-
users. Useful lessons could be drawn from other African
countries which have developed stoves with higher effi-
ciency, enhanced combustion conditions and reduction of
carbon monoxide emission (Turyareeba, 1993, p. 70). These
end-uses need to be considered and appropriately designed
to mest this country’s specific needs and circumstances.
Prospects and challenges facing the development of alterna-
tive energy sources to fuelwood will be examined in greater
detail under Renewable Energy Technologies (RETS) below.

In order to establish an effective institutional framework
to regulate fuelwood use, there exists a need to ensure
consistency among the various legislative implementers con-
cerning the exploitation of fuelwood resources. There is also
a nead to realize that there exists a strong linkage between
energy policies and other national development policies.

At Central Government level, policy formulation around
general natural resources management is being developed.
Also the review and reformulation of the Forestry Act and
Forestry Policy is under way. The intention is to widen the
scope and mandate of the Department of Crop Production
and Resources (DCPF) to cover all woodland resources in-
stead of just forestry resources only. Simultaneously, the
Agricultural Resource Conservation Act, with its broader
framework, than the Forest Act, is also under review. Thesa
measures will enhance the role of biomass as a CO; sink.

What remains uncertain, however, is the capacity of
DCPF to effectively maintain the sustainable exploitation
of fuelwood. The institutional framework to effectively co-
ordinate and implement local and central government ef-
forts towards the sustainable fuelwood management is still
weak. At the communal land level, regulations restoring cer-
tain powers to traditional leaders, with regard to exercising
their rights over the proper exploitation of natural resources,
in areas under their jurisdiction, should continue being
supported. The Community-Based Natural Resource Man-
agement approach must be encouraged because experience
has shown that successful energy programmes in the SADC
region are those in which local initiatives play a dominant
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role (Davidson and Karekezi, 1993, p. 15; Sibanda, 2000;
Katerere, 1999). Similar observations have also been made
by Moyo and Sill who emphasize that resource conservation
solutions should have a *bottom-up’ component, involving
the active involvement of rural families to complement cen-
tralised programmes (Moyo and Sill, 1999, p. 100, This point
has also been underscored in recent studies conductzd in
Mali (Becker, 2001).

Also, since the problem is multisectoral, there nesds
to be effective coordination of planning among the rele-
vant ministries and agencies. Contradictory and detrimental
development policies to biomass conservation such as the
Accelerated Rainfed Agricultural Program (ARAP) must be
curtailed. This program entailed the clearing and burning of
thousands of acres of woodland for arable agriculture, thus
threatening the sustainability of the natural GHG sink.

Rarely has the relationship involving biomass conser-
vation, population growth, population concentration and
poverty alleviation been considered. As long as population
growth and redistribution. and employment creation are not
given adequate attention, the biomass conservation policy is
not likely to succeed in the long term. For example, whereas
the percentage of households using firewood decre ased from
BO% in 1981 to 64% in 1991 due to fuel switching, there was
an absolute increase in the number of households using fuel-
wood due to population growth (Egathi ef al., 1997, p. 39).
Increasingly, population is also being concentrated around
the large settlements and thus putting additional pressure on
the surrounding biomass. The proposed end-use alternatives
are currently affordable only to the relatively better-off so-
cial groups, and institutions. The poor cannot afford them.
Any legislation which deals with the symptoms of environ-
mental stress rather than its primary and interactive causes
needs to be revisited and reassessed critically.

Fuelwood is currently an open access commodity and
pricing policies do not reflect its true social and environmen-
tal costs. A levy on logging operations would provide some
funding for reforestation programs.

Like most developing countries, Botswana thus requires
fuelwood energy policies which place a premivm on up-
to-date data on fuelwood in terms of demand and supply.
accurate pricing, adaptation to fuel scarcity and energy tran-
sitions (Soussan, 1992, quoted by Kgathi, 1997, p. 1).
The relationship of fuelwood utilization with other national
development policies also needs to be appreciated to fa-
cilitate informed and holistic planning which will enhance
the preservation of biomass resources and mitigate GHG
emissions.

Coal

For MDPE, the policy on the coal energy sector will continue
to be:

«To promote local utilization in government institutions, in-
dustries, and commerce where appropriate;

«To promote measures designed to put coal in a competitive
position vis- a- vis other energy options;

oo establish and monitor technical standards for coal burn-
ing.

The review of the supply energy sectors earlier on illustrated
the significant contribution of coal to GHGs. The govern-
ment’s policy intention to promote the use of this energy
source is demonstrated through the Expanded Coal Utiliza-
tion Project (ECUP). Unless the cleaner technologies are
enforced by the demand sector and at the Morupule Power
Generation Station, the increase in coal use will further add
to the atmospheric CO; and N20. Unfortunately, in the
Revised Industrial Development Policy (1997), control of
emissions is not explicitly considered. The use of integrated
gasification combined cycle (IGCC) plants with a higher
combustion efficiency of 45%, compared with that of 35%
for conventional plants, should be considered to minimize
GHG emissions (Field-Juma and Karani, 1994, p. 168). Ben-
eficiation of coal to minimize its polluting qualities should
be given priority. For the household sector, low-smoke coal
in place of fuelwood is being contemplated. This would
enhance the potential biomass COz uptake considerably.
Conversion to and uptake of such alternative sources of en-
ergy has in the past been however constrained by poverty
among the low income households in the urban and rural
areas. A mix of strategies involving poverty alleviation and
energy subsidization for the poor needs to be considered
in order to enable them to afford such alternative forms of
energy. [nformation dissemination on the use of and the po-
tential monetary and time savings associated with adopting
new innovations, must be targeted to end-users. For exam-
ple. studies by Kgathi et al. showed that potential users in
certain parts of Botswana had not substituted fuelwood by
coal because of their lack of knowledge about the resource
and lack of appropriate user facilities (Kgathi er al., 1997).
The environmental health effects of using coal among poor
households within their confined poorly ventilated premises
also needs to be thoroughly investigated. The fatal exposure
to CO experienced among such households using impro-
vised indoor coal heaters (imbaula), in South Africa should
be avoided. The monitoring of the quantities of emissions
from squatter settlements to the atmosphere is important for
producing valid and reliable inventories.

Petroleum products

In Botswana, the transport sector which relies exclusively
on petroleum products, is the second most important con-
tributor to GHG emissions. The closest policy statement to
climatic considerations is one related to improving safety
aspects of liquid petroleum gas (LPG). The significance
of its adoption and promotion, with regard to mitigating
GHG emissions, lies in the fact that it could be an impor-
tant alternative to biomass and coal. The five other policies
on petrolenm place emphasis on monitoring economic effi-
ciency and ensuring the adequate availability of petrolenm
products.

The transport sector is the most important final demand
sector for petrolenm products. Carbon dioxide is the main
GHG emitted. Botswana’s petroleum energy policies of en-
suring adequate availability of petrolenm products need to
consider ways of mitigating GHG emissions from the trans-
port sector, especially private vehicles. The single passenger



car has been estimated to have the highest relative intensity
of passenger vehicles (Eriksen, 1995, p. 203). Energy inten-
sity reflects energy consumption per unit transport, which
again is an indication of the levels of GHG emissions in the
various fossil-fuel consuming modes of transport.

There are two major ways of minimizing emissions from
motorized road vehicles, namely, redvcing the number of
vehicles on the road and/ or reducing the emissions from
each wvehicle. Mass public transport. including rail trans-
port, needs to be encouraged to minimize the effect of this
sector on climate. Measures need to be put in place to en-
sure that the current tendency for the road-related modes
of transport to replace rail transport are controlled through
appropriate fuel- pricing mechanisms. Evidence from Brazil
demonstrates that up to 25% savings in fuel consumption
can be secured through shifting car travellers to direct route
buses (Eriksen, 1995, p. 218). Similarly evidence from
the Seychelles, Algeria, and Ghana indicates that higher
gasoline and diesel prices tend to limit fuel consumption
(Eriksen. 1995, p. 225). promote greater efficiency in energy
utilization and the reduced emission of CO2. Conversely,
low prices of energy encourage excessive consumption and
impedes the introduction of energy efficiency technologies
(Ibid.) in terms of, for example, car size and types of fuels
used. The present pricing policy of petrolenm products in
Botswana, and the move towards private car ownership par-
adigm, facilitated by generous public sector private car loan
schemes, can only exacerbate GHG emissions.

Botswana, due to its relative affluence, has one of the
highest car-ownership rates in sub-Saharan Africa. Recently,
there has also been an upsurge in the importation of cheap
second-hand cars from Japan because of a reduction in
import duties. Unfortunately, such cars pose maintenance
problems because they lack spare parts. Also there are in-
adequate qualified mechanics to service such imported cars
efficiently. This poses a real danger in terms of GHG emis-
sions. Faulty car engines are not environmentally-friendly.
Direct emission control, through a stricter enforcement of
the Road Traffic Act (1987) and the testing of vehicles could
be implemented from government-designated depots. The
government of the Seychelles has, for example, set up a
vehicle-exhaust-emissions testing centre to ensure that ve-
hicles are fit to be on public roads, as required by the road
transport regulations (Eriksen, 1995, p. 2270 Similarly. in
Ghana, the Ministry of Energy established a project to estab-
lish the types and levels of pollutants emitted from various
anthropogenic sources, and their relative contribution to air
pollution. The results of the project formed the basis for
establishing standards for limits on the emission of pollu-
tants from the various energy sources, including vehicles
(Wereko-Brobby, 1993, p. 30). Botswana could benefit from
adapting such experiences to the local situation.

Of late Botswana’s economic boom has also translated
itself spatially, in the form of urban growth by fission. This
is especially noticeable in the case of its rapidly developing
satellite dormitory suburbs of Gabane, Phakalane, and Mot-
semothlabe. Urban design standards should ensure the re-
alization of agglomeration economies by minimizing travel
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distances among the urban components. Zoning of landuse
can be instituted through limiting urban sprawl, infilling,
creating concentrated sub-centres with good transportation
links, integrating and intensifying landuse (Eriksen, 1995,
p- 228). Proper road engineering designs should be adopted
to optimize traffic flow. Provisions should be made to ac-
commaodate non-motorized traffic. Parking meters could be
installed to discourage private vehicle congestion/emissions,
reduce local pollution, and earn revenue for urban councils.
Environmental Impact Assessment of transport projects and
well-designed urban road networks should provide the an-
swer to efficient traffic management procedures, energy con-
servation, emission minimization and preserving biomass
(Ihid., 1995, p. 219).

The petroleum energy policy also seeks to ensure avail-
ability of petroleum products countrywide. This might assist
in the conversion from biomass in remote areas. However,
certain problems currently face this policy. First, the pe-
troleum distribution network presently does not cover the
majority of rural areas, where effective demand is low
because markets are small and the population remains rela-
tively poor. Such areas do not offer significant profit motives
to the distributing companies. The pursuit of energy poli-
cies which enable maximization of benefits through private
sector participation, as stipulated by the Integrated Energy
Policy, could work against widespread adoption by the
poor households. Government should provide mechanisms
to evaluate the situation in terms of employment creation to
boost demand and meet consumer needs. Secondly, there is
little control of prices for illuminating paraffin in rural areas.
Higher prices could work against efforts of conversion from
biomass to paraffin use for lighting among the poor in the
rural areas. Thirdly, paraffin remains both a poison and fire
hazard. Suitable measures need to be implemented to solve
these problems if adoption is to be facilitated and extended to
additional rural users and promote the expected conversion
to alternative energy sources which would minimize GHG
2missions.

Electricity sector

The Mid-term review of NDPE highlights two policies for
this sector:

o To reduce the level of self- sufficiency, to the extent that
imported power can augment supply at a reasonable cost;
#To increase uptake in the use of electricity at household
level:

«To continue with the Rural Electrification Programme (Re-
public of Botswana, 2000, p. 123).

The Botswana Power corporation is mandated to spearhead
activities to fulfill these aims. These activities include: in-
creased local power generation from the Morupule Thermal
Power Station and the purchase of power from the Southern
African Power Pool (SAPP) countries of Namibia, South
Africa, Zambia, and Zimbabwe. What are the potential im-
pacts of the electricity sector objectives on climate change?
First. the increased local generation of electricity from the
Morupule Power station implies increased GHG emissions,
unless mitigating measures are put in place. A coal benefi-
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ciation study completed in 1998, showed that prior washing
of Morupule coal could improve its quality and reduce pol-
lution (Republic of Botswana, 2000, p. 122).The report
however concluded that establishing a washing plant would
be non-viable from an economic point of view. There is an
urgent need to assess viability to incorporate social and en-
vironmental costs and benefits in order to come up with a
realistic assessment. Moreover, R&D need to be enhanced
in order to come up with mechanisms to minimize GHGs
emissions from Morupule coal.

Botswana intends to increasingly import some of its elec-
tricity from SAPP. For example whereas in 1994, the ratio
of local electricity generation to import of electricity was
75:25, the shift was expected to be 44:56 in 2000,

The relaxation of the self-sufficiency policy requirement
on electrical power will have mixed implications for cli-
mate change. Botswana will obtain cheaper and cleaner
hydro- generated electricity from Zambia. This will not
only assist in minimizing GHGs emission but also promote
sub-regional economic and political cooperation. However,
imports from coal-based Matimba thermal station in South
Africa imply negative environmental impacts for climate
change.

The objective of increasing uptake in the use of elec-
tricity is critical to the process of switching from fuelwood.
Available evidence indicates that the number of consumers
connected to the grid was 25,591 as of March 315 1992, By
March 31% 1996, these had increased by 93.3% to 49,465
{Republic of Botswana, 2001a, p. 155). By and large, these
were urban-based private sector, institutional and relatively
better-off households. Rural households, who are mostly re-
sponsible for biomass GHG emissions, have found it very
expensive to adopt electrification. This could be partly due
to the scattered population distribution pattern. There exist
low load densities and long distances requiring long trans-
mission lines or reliance on local small high-cost generation
stations. End-users of electricity could continue to face high
connection fees, and the high costs of appliances. All these
factors tend to negatively affect uptake at the househald level
and increase the use of biomass due to population increase
and its spatial concentration into the large settlements.

The most significant step towards providing rural ar-
eas with electricity to-date is the Rural Electrification Pro-
gramme. Between 1992-97 the objective was to supply at
least 7 villages per annum. This target was increased to 14
villages during the NDPE. Then an accelerated rural elec-
trification programme aimed at 72 villages was started in
the 199972000 financial vear. So far 8 villages have ben-
efited from that scheme. The success of the programme
should contribute significantly to biomass conservation and
the reduction of GHG emissions.

In spite of a wide range of concessions, the uptake of
electricity at housshold level still remains slow mainly due
to low incomes among the rural population. A multi-pronged
strategy involving elimination of rural poverty, subsidies
from government revenues and BPC surpluses, customiza-
tion of power provision, reduction of capital costs and
reduction of up-front payment of connection fees will go a

long way towards promoting energy switching from biomass
to electricity.

Renewables

As is the case in the rest of sub-Saharan Africa, energy
policies in Botswana do not assign adequate significance
to renewable forms of energy. Currently, renewable en-
ergy contributes only about 1% to total energy consumption.
However, its potential vis--vis the scattered rural popula-
tion and its environmentally benign nature makes it ideal
for meeting the future needs of this country and minimiz-
ing GHG emissions from the rural household sector. It is
the ability to supply electricity reliably to remote locations
which makes renewable energy far more valuable than its ab-
solute value in units of energy would suggest (Dube, 2001).
Unit costs of such projects have tended to be higher than grid
connections in other countries. However, the higher costs
must be offset against the probability of non-connection to
the grid, and continued reliance on biomass (0" Keefe, 1999,
p. 85,

There are three policy objectives for New and Renewable
Sources of Energy in Botswana. These are:

«To promote increased use of photovoltaic (PV) electrifica-
tion in an orderly way with adequate coordination, institu-
tional support, financing and technical standards;

«To promote use of solar water heating systems where ap-
propriate;

#To take advantage of regional and international develop-
ments in research and development {Republic of Botswana,
1997, p. 222).

The policy objectives place much importance on the de-
velopment of solar energy and justifiably so. Botswana is
rated as having some of the highest radiation levels in the
world. As aresult of its clear skies and minimal industrial air
pollution, the country experiences insolation of up to 3,200
sunshine h per annum. Two or more cloudy days with solar
irradiation of below 10 MJ m=2 per day are infrequent. The
monthly average solar irradiance on a horizontal surface in
Gaborone varies from 26,4 MJ m™ per day in December
to 14,9 MJ m=2 in June (Botswana National Atlas, 2001,
p. 153). Botswana is therefore well-suited for the devel-
opment of solar energy. The viability of applying solar in
Botswana is attested to by the Manyana Pilot Project which
is being replicated nationwide.

The achievement of the first two set of objectives would
reduce reliance on diesel and coal generated electricity. This
would minimize GHG emissions. Currently the scattered
rural population relies almost exclusively on biomass energy
to meets most of its domestic energy requirements. If PV
electrification were to be extended at affordable cost, switch-
ing from biomass to solar energy would minimize GHG
emissions from fuelwood combustion.

The third policy objective urges the country to draw from
experiences elsewhere to promote the use of renewable en-
ergy resources. Currently, efforts are being made to promote
affordability of PV systems such as through the application
of the SADC Programme for Financing Energy Services for
Small Scale Uses. A similar program such as the Financing



Energy Services for Small Scale End-use (FIESSE) in Asia
could provide an imvestment focus for public-private sector
partnerships in RETS technologies (0"Keefe, 1999, p. 86).
Neighbouring countries such as South Africa have the exper-
tise in using methane from landfills. Current landfill designs
in Botswana do not facilitate the harvesting of methane. Ex-
pertise from South Africa could assists in the appropriate
engineering design of new landfills for large settlements by
the Department of Waste Management. Methane would then
be an ideal substitute for fuelwood. Lessons could be drawn
from other developing countries on the use of biogas. With
a cattle population of about 2 million, biogas has a vast
potential, especially for water pumping and household use
in Botswana. Currently, there are only 13 biogas digesters
countrywide. R&D program must continue to develop this
important energy alternative. At the moment, fuelwood-
depleted areas such as Goodhope are burning cattle dung
for fuel. The adoption of biedigesters would eliminate GHG
emissions from cattle dung and slurry could be used as
fertilizer.

The following preconditions will have to be considered
seriously before sustainable (Renewable Energy Technolo-
gles) RETS can be provided to the rural population on a
sustainable basis:

o ldentification of rural energy needs and payment capabili-
ties;

« Designing of flexible financing options;

» Involvement of local organizations and provision of local
aperational support;

+ Knowledge of the full, life-cyele costs of all energy op-
tions.

» Development of technical standards and codes, through the
Botswana Bureau of Standards, for the design, installation
and expected performance of RETS.

Rural communities must be continually sensitized on the
socioeconomic and environmental importance of RETS,
through formal and informal education. Fagbeule has re-
cently emphasized the need for R&D as well as demon-
stration, dissemination and diffusion of renewable energy
technologies (Fagbeule, 2001).

The successful implementation of the energy policies on
renewable forms of energy will assist the country greatly
towards fulfilling its commitment to the UNFCCC.,

Conclusion

Botswana’s energy sector emits a relatively small quantity
of GHGs. However, even this eventually adds to the global
pool of emissions. Quantities will increase in the future due
to expansion in industrialization and commercialization.
Botswana has so far adopted energy policies which
address climate change issues only indirectly, through tar-
geting the achievement of sustainable development. The
country has however recently demonstrated a tangible inter-
est towards developing energy policies which will mitigate
GHG emissions. Internationally, it has ratified the UNFCCC.
To this effect, it has conducted studies on GHG emissions
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for the years 1990 and 1994, and submitted its Initial Na-
tional Communication to UNFCCC based on the guidelines
provided of the Intergovernmental Panel on Climate Change
(IPCC, 1996). It has participated in regional efforts aimed
at formulating policy on mitigating GHGs from the energy
sector. Recently, a National Committee on Climate Change,
under the Department of Meteorological Services, has been
established in Botswana.

The paper has addressed Botswana’s current national
energy policies and their implications for climatic change.
Several challenges related to current energy sector policies
and their potential impact on climate change have been
identified. The need to develop an explicit and coherent
energy policy, which addresses climate change, cannot be
overemphasized.

Several of country’s energy sectoral policies indicate
some willingness to adopt environmentally-benign energy
options. However, at times, the lack of either appropri-
ate supportive institutions or human resources have tended
to frustrate the realization of sustainable energy utilization.
These need to be developed in order to ensure the sys-
tematic coordination and enforcing stipulated standards on
emissions. Where suitable instruments are in place, there
may be problems of conflict or lack of consistency among
the potential implementers of policy. Organizational and
implementation structures specifying the roles of the respec-
tive Ministries and Departments are required to enforce the
policies which are aimed at sustainable development. R&D
needs to get stronger support for research into New and Re-
newable forms of Energy. The Division of Energy Affairs
will have to play a more decisive role in ensuring that the
objectives of the National Committee on Climate Change are
realized.

Although environmentally-desirable, switching to cleaner
and sustainable energy forms appears to be unaffordable to
the majority of rural households. The irony is that although
Botswana is currently ranked as one of the richest countries
in Africa, it faces the problem of income disparities. Govern-
ment neds to initiate realistic and sustainable programmes
to achieve equitable income redistribution to improve ac-
cess to services and goods to its entire population. Once the
standard of living of the bulk of the papulation is improved,
the adoption of cleaner energy options will lead to biomass
conservation and the mitigation of GHG emissions.

There is a need to increase public awareness, through
formal education and Information Education and Communi-
cation (TEC) programmes of the potentially negative effects
of GHG emissions on the environment. The general pub-
lic needs to be sensitized, for example, on the economic
and environmental advantages of using public transport,
non- motorized transport and RETS. Botswana should take
advantage of its well-established public participation institu-
tional structures to involve all the stakeholders in the adop-
tion and promotion of the energy policies which minimize
GHG emissions.

The folfillment of Botswana's national development
goals will require substantial energy inputs, most of which
are not environmentally-friendly at the moment. Population
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growth and the increasing spatial concentration of popula-
tion in large settlements will continue to place a heavy eco-
logical burden on the adjacent biomass resources. Switching
to alternative energy resources is currently constrained by
technological, financial, and human resource limitations.
Explicit and properly-coordinated energy policies for miti-
gating the negative impacts of GHG emissions on climate
cannot be overemphasized.
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