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Foreword

The UNEP Collaborating Centre on Energy and Environment (UCCEE) in conjunction with 
the Southern Centre for Energy and Environment (SCEE) hosted a conference on “Climate 
Change Mitigation in Africa” between 18 and 20 May. The conference took place at the 
Elephant Hills Hotel, Victoria Falls, Zimbabwe. The Conference addressed issues related to 
climate change mitigation in African countries and sub-regions; in particular in the light of the 
latest developments of the United Nations Framework Convention on Climate Change 
reached at Kyoto in December 1997. Specifically the conference presented and discussed a 
standard methodological approach for mitigation analysis developed over the past seven years 
and applied in a number of country studies in Africa.

The Conference was held as part of the final stage of the UNEP/GEF project “Economics of 
GHG Limitations”. Similar regional conferences were held in Asia, Latin America and 
Eastern Europe. The conferences provide a basis for outreach in terms of directly informing 
and supporting other countries in the regions on the methodological aspects and specific 
experiences obtained by the participating countries, including national and regional mitigation 
collaboration possibilities.

The Conference set out to address the following main objectives:

• to present to a wider audience the results of UNEP/GEF and related country studies
• to present results of regional mitigation analysis
• exchange of information with similar projects in the region
• to expose countries to conceptual and methodological issues related to climate change 

mitigation
• to provide input to national development using climate change related objectives

This volume contains reports of the presentations and discussions, which took place at the 
conference at Victoria Falls between 18 and 20 May 1998. Representatives of 11 country 
teams made presentations and in addition two sub-regions were discussed: the Maghreb 
region and SADC. The conference was attended by a total of 63 people, representing 22 
African countries as well as international organisations.

Gordon A. Mackenzie, John K. Turkson and Ogunlade R. Davidson 
UNEP Collaborating Centre on Energy and Environment 
Riso National Laboratory 
September 1998
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Conference Programme

Day 1: Monday, 18 May 1998

9:00 Opening session 

Official opening
Hon. S.K. Moyo, Minister for Environment and Tourism, Zimbabwe

Danish assistance to climate change activities
Ambassador Erik Fiil, Royal Danish Embassy, Harare, Zimbabwe

Introduction to the UNEP/GEF project and related studies 
Dr Gordon A. Mackenzie, UNEP Collaborating Centre

10:00 Coffee/Tea

10.30 The Climate Convention and Kyoto Agreements: Opportunities for Africa 
Prof. Ogunlade R. Davidson

11:00 Climate Change Activities and National Development 
Dr R.S. Maya

11:30 Financial mechanisms, Joint Implementation, Clean Development Mechanism.
Dr Yoitba Sokona

12:00 Plenum discussion

12:30 Lunch

14:00 Methodology I: Basic concepts - rationale, guidelines, and"coverage 
Mr Henrik J. Meyer, UNEP Centre

14:30 Methodology II: Steps in mitigation analysis 
Dr Peter Zhou, EECG Consultants, Botswana

15:00 Methodology III: Sectoral Analysis - Energy Sector 
Dr John K. Turkson, UNEP Centre

15:30 Coffee/Tea

15:45 Country Study Reports
Botswana: Dr Peter Zhou, EECG Consultants, Botswana
Mauritius: Mrs D.D. Manraj, Central Statistical Office, Mauritius
Zambia: Prof. Francis D. Yamba, CEEEZ, Zambia

17:30 Close

18:30 Reception - sponsored by Government of Zimbabwe, Ministry of Mines, Environment and Tourism, 
and Zimbabwe Tourism Development Authority.
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Day 2: Tuesday 19 May 1998

8:30 Methodology IV: Sectoral - Assessing Mitigation Options in Forestry, Agriculture and Land Use 
Dr Willy Makundi, LBL

9:00 Country Study Reports
Tanzania: Mr Hubert Meena 
Senegal: Mr Ibrahim Sow 
Lesotho: Mrs Mampiti Matete 
South Africa: Ms Gina Roos

10:35 Coffee/tea

10:50 UNDP/GEF Capacity Building Project (Ghana, Kenya, Mali, Zimbabwe)

11:50 Maghreb countries: Mr Samir Amous 

12:10 Egypt: Dr Zienab Farghly 

12.30 Lunch

13:30 The Zimbabwe experience - the process from abatement study to national communication 
Dr R.S. Maya

14:00 Lessons learnt, synthesis, observations
Panellists: Samir Amous, Willy Makundi, Henrik Meyer, and Youba Sokona
• process
• team building
• potential pitfalls and barriers
• coordination
• methodological issues

15:30 Social event



Day 3: Wednesday 20 May 1998

9:00 Regional Cooperation on Climate Change Issues - theory, methodology and results 
Dr Ian Rowlands, UNEP Centre and University of Waterloo, Canada

9:45 Southern Africa Regional Mitigation Study - power sector options 
Mr Bothwell Bathidzirai, Southern Centre, Zimbabwe

10:15 Southern Africa Regional Mitigation Study - transport options 
Dr Peter Zhou, EECG Consultants, Botswana

10:45 Coffee/tea

11:00 Panel Discussion: Regional Cooperation and Climate Change Mitigation
Panellists: R.S. Maya, Steve Lennon, Ian Rowlands, Peter Zhou, Samir Amous, and John Turkson

12:30 Lunch

14:00 The IPCC process - the 3rd Assessment 
Prof. Ogunlade R. Davidson

14:30 Concluding Session: Relating Climate Change Activities to National Development and National 
Communications (panel discussion)
Panellists: Youba Sokona, Ogunlade Davidson, Yinka Adebayo, Samir Amous, Todd Ngara, Gina Roos 

15:30 Closing ceremony
Dr. Yinka Adebayo, UNEP Regional Office for Africa, Nairobi 

16:00 Close
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Opening address: Hon. SK Moyo, Minister of Mines, Environment and 

Tourism, Government of Zimbabwe
(Address delivered by Mr. C. Chipato, Permanent Secretary, Ministry of Mines, Environment 
and Tourism, Government of Zimbabwe)

Mr. Chairman, his Excellency Erik Fiil, Danish Ambassador to Zimbabwe, Dr. John 
Christensen, head of the UNEP Collaborating Centre on Energy and Environment, 
distinguished delegates, ladies and gentlemen:

I am very pleased to welcome you to Zimbabwe and particularly to Victoria Falls. Zimbabwe 
was president of the second conference of the parties. My ministry is the custodian of the 
United Nations framework convention on climate change. It is also responsible for 
formulating and ensuring the implementation of the country's policies on environment and 
natural resources management. And as the name of the ministry implies, tourism is one of its 
key responsibilities. Victoria Falls, your venue, is one of the biggest tourist attractions in 
SADC.

I read, Mr Chairman, from your ad memoir that Victoria Falls is a fitting venue because of its 
connectivity through such national and international hubs as Harare and Johannesburg. In fact 
there are more fundamental factors that make your venue even more fitting.

Victoria Falls is a world heritage site and its value derives from flows of water through a 
peculiar geologic formation. Climate change appears to impact quite significantly on water 
and this site has been experiencing a reduction in flows over the years. The second is that the 
Zambezi River on which the Falls are located traverses many countries including Angola, 
democratic republic of Congo, Botswana, Zambia, Zimbabwe and Mozambique. Already the 
largest hydroelectric installations in SADC are located on the Zambezi. Its basin is 
additionally burdened by large coal reserves on both the Zambian and Zimbabwean sides. 
Additionally on the Zambian side, large rural populations depend on the basin for the 
production of charcoal, which provides additional income, and with the increasing frequency 
of droughts, this becomes a much more important activity. And as we speak, it has become 
clear to a number of countries in the region particularly Botswana and Zimbabwe that the 
Zambezi represents the most reliable long term source of water for such large cities as 
Bulawayo. In this light, plans and discussions on how to harmonise abstraction of Zambezi 
water for urban population with other uses are under way but would be in vain if we fail to 
clearly analyse the possible effects of climate change.

I am not familiar with the analytical approaches you have adopted in your studies but it would 
be quite helpful for us in the region, if you added to your work, a focused assessment of such 
environments as the Zambezi as a system - determining for policy consideration, impacts on 
ecology, water supply, human settlements, energy, fisheries and tourism.

You can see ladies and gentlemen why it is my feeling that you have chosen well on the 
venue.

Let me turn to the subject of your meeting. I notice you will be discussing "climate change 
mitigation in Africa" during your stay here in Victoria Falls. The importance of this topic to 
Africa is indeed demonstrated by the spread of African participants. But of course it cannot 
follow that the continent's concerns on the subject are uniform. The sheer size of the continent 
and variations in its geographical and economic attributes denies such a possibility. Those
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close to the seas and oceans may be more concerned with sea level rise and loss of land, 
natural resources and infrastructure such as that related to shipping; those with competitive 
economies may be concerned with the effects of climate change response options on trade, 
while those with difficult desert terrains may have their concerns focused on water.

It behoves me to imagine how your efforts could embrace all these diverse issues, let alone 
reduce them to a simple methodological approach whose results can allow for some of a 
common basis for policy discussion among parties. Indeed one cannot suggest that your work 
is intended to demonstrate any comparability of national conditions or effects of mitigation 
activities among different countries.

You will agree with me, though, that there will be some common parameters or measures 
which apply to most countries' concerns and it is these common measures that have tended to 
converge global interest on the subject of climate change.

My briefing is that you are concentrating on the development of methods for studying 
mitigation approaches in light of such national concerns.

In my view, you have chosen your focus well. Climate change will require specific technical, 
economic and social responses demanding concerted mechanisms for collaboration between 
industrialised and developing countries. Naturally this will mean some departure from the 
way we have done business in the past both as nations and as an international community. In 
your own language - the business as usual scenario can no longer apply. Each of us, those 
with stated commitments and those without commitments will have to chip in, in one form or 
another. We in the developing nations are aware that the latter will dawn on us as the reality 
even if we may prefer to maintain our business as usual development path.

In such a situation, what we shall insist on is that our transition to the cleaner production path 
be a smooth one yielding incremental benefits to out economies beyond those we would have 
achieved under the business-as-usual path. And herein ladies and gentlemen lies the relevance 
of your work particularly that relating to the development of analytical methods for climate 
change mitigation.

As a policy maker, I need to be properly briefed on the extent of benefits associated with the 
business as usual path, the risks of adopting a change in course to a mitigation path or the 
benefits therein. You will appreciate that for a person in my situation, decisions are real and 
they impact on real communities. Much as we fear that climate change may lead to shifts in 
the regional spread
Of agricultural production and transitions in climatic and local weather patterns, we fear quite 
seriously that mitigation options adopted without rigorous analysis and consultation can lead 
to
Serious and negative transitions in such key aggregates as national debt, welfare distribution 
and the structural balance of the economies which we are trying to build.

I have not seen your presentations Mr Chairman, but I would urge you, perhaps in the course 
of this meeting or sometime in your future programmes to endeavour to clarify the effect of 
our global responses to climate change on the latter three variables national debt, welfare 
distribution and structural balance as it relates to the full use of local resources.

You will appreciate that one is not trying to cling on the present positions for, you know as 
well as I do, the situation in a number of our countries in Africa is simply bad and perhaps it
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can benefit from any new path that may be suggested. My request is, therefore, for you to 
highlight these benefits and of course the risks.

In this light, I must express the fear that such meetings of leading experts of academic 
prowess may force you to dwell on complex analytical tools and the testing of various 
theories against possible mitigation options, but as I have already indicated, for some of us 
with a defined constituency to serve, a discussion focusing on the socio-economic effects of 
mitigation options would be most beneficial.

Mr. Chairman, climate change - which is the focus of your studies, is seen by most people as 
the principal driver of the concept of Globalisation or at least the two are occurring at the 
same time
And will, therefore, have to co-exist. We look to your studies to Bring forward the critical 
analysis that will make planning at Production level, local community level and state level 
and indeed
In our own case in the region at SADC level, sufficiently "intelligent" to ensure survival in a 
globalised environment Whether this is driven by climate change of other factors.

In this regard, I must say to our scholars from Africa and SADC, That nothing on this subject 
is at all academic. Our populations are already suffering from severe and recurrent droughts 
and poverty in both urban and rural areas remains regrettably high. We as policy makers are 
looking everywhere for solutions and, in the process we meet sometimes with effective 
solutions and sometimes we may pursue some suggestions which turn out to be false 
detractions. At this point in time, we do not know whether recommendations from such works 
as you are discussing here today will turn out to be effective solutions or detractions. You will 
appreciate it, therefore, if we appear cautious, at times, in accepting some recommendations.

And on this note, you say in your own ad memoir Mr. Chairman, that you are presenting a 
methodological framework showing its "relevance and replicability" in the region and you 
will agree with me that relevance means that the methodologies have taken into account the 
region's key socio-economic as well as political concerns and, better still, that they will lead 
to the solution of some clear problems that we face. Replicability would refer to the extent to 
which your results can justifiably be absorbed into our day to day analysis of similar problems 
either over time or across the various situations facing countries of Africa.

Of course in our efforts to achieve economic development in Africa, we cannot be totally 
inward looking. Therefore, if I were to add my own contribution to your main objectives 
listed in the conference documents, I would say one of the objectives perhaps of your 
methodological analysis is to "enhance global benefits from national development 
programmes " in this case we would be seeking the best possible way of optimising the two 
joint objectives while analysing primarily for the national development goal.

If you want me to put that simply, I would ask for methods to show how we can answer the 
question "what's in it for Africa"? What mechanisms can we adopt to achieve it? And how can 
we minimise risk? And naturally there are many uncertainties in the global cooperation 
mechanisms that are being proposed under climate change.

Africa, like most other developing nations, has made the noble concession in signing the 
UNFCCC thereby indicating their commitment to collaborating in the global efforts to 
mitigate climate change. This landmark concession was signalled at Rio and ratified at 
various times by our respective governments.
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What we have been watching rather carefully since then are the mechanisms being proposed 
to finance our participation in the process. Various approaches have been suggested including 
the concept of incremental cost compensation, joint implementation and of late the clean 
development mechanism or CDM as it has been abbreviated.

None of these mechanisms has been developed to the fullest although support for African 
participation is being experienced through global financing facilities and bilateral 
arrangements. Because participating in climate change mitigation will demand significant 
human and financial and economic resources whose costs may be mitigated by some of the 
financing mechanisms, it must be expected that these mechanisms and the extent that they can 
mitigate these costs represent some of the major assumptions that you would have to make.

Your deliberations, I am sure, will make indications as to how Africa should treat the 
proposed financing mechanisms.

My early views on these are quite simple and these have been discussed significantly in 
Zimbabwe at various regional fora. The agreed incremental cost concept is complex and the 
assessment of incremental cost remains methodologically indeterminate; joint implementation 
is clearly a sensitive proposition because we feel in this region that it will be difficult to 
control and manage. However if there are clear business and social benefits directly 
associated with it, it can be positively implemented. The clean development mechanism 
appears to be a reasonable saddle between the two earlier approaches. But it too is still to be 
developed.

Still on that subject I cannot help make an additional observation. Namely, that there is so 
much transition between approaches and if we do not settle on any specific approach soon, for 
us, planning for the new global environment becomes quite difficult. Yet, naturally, we cannot 
ignore that this is the new planning environment.

So, you will agree with me that, Africa, this is no academia. Problems are real and suggested 
solutions should be equally realistic.

I am assured, judging from the focus of your programme, that if your methodologies may not 
succeed in yielding effective solutions, at least this meeting will succeed in asking the right 
questions for serious consideration in your next round of intellectual exchange or some other 
fora.

And before I conclude Mr. Chairman, you may be interested to know that Zimbabwe, your 
host, has just concluded its national communication, copies of which some, of you may have 
already seen. This is the second national communication from Africa, the first having been 
produced for Senegal. I am sure your colleagues from Senegal here will concur with me that 
writing the national communication in our uncertain planning environment is no easy task. At 
first it may look like just another narrative of greenhouse gas emissions inventories with 
statements of policy measures. Southern centre and our climate change office will be briefing 
you on the process we adopted in Zimbabwe and some of the challenges we have faced in 
producing the document.

My comment for now will be on a slightly different note. This has to do with the relationship 
Zimbabwe has had with Denmark on the subject of climate change. It has lead to the
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production of the national communication which was produced under the auspices of global 
environment facility thorough UNEP.

In 1991 - 92 the first emissions inventory and abatement costing study was conducted for 
Zimbabwe by the UNEP collaborating centre on energy and environment in collaboration 
with a local research institution, southern centre for energy and environment. Since then, 
Zimbabwe has participated in practically all phases of mitigation analysis methodology 
development activities conducted by the UNEP collaborating centre on energy and 
environment. Results of these studies constitute a major contribution to the material content of 
our national communication. This only came out of the printers this week - some seven years 
after the beginning of our formal studies on mitigation and inventories. In between various 
studies had to be completed in such areas as vulnerability and adaptation particularly in the 
water sector agriculture and energy. Regional and national discussions on activities 
implemented jointly were also held along side briefings and consultations with industry - yet 
still, it is difficult for us to conclude that our national communication covers all aspects of 
development that concern the full breath of our national stakeholders.

Our relationship with the UNEP centre since the time I was minister of transport and energy 
(a sector which I am aware will host most of the mitigation options) and now when I am 
directly responsible for the convention, have been quite productive.

Ladies and gentlemen I cannot resist, having taken so much of your time already to mention 
that we have among us today, his excellency, Erik Fiil, who is now the Danish ambassador to 
Zimbabwe. This is a marvellous coincidence. For I am told that Ambassador Fiil was 
involved in developing the concept of the UNEP Collaborating Centre on Energy and 
Environment when he was located in Nairobi some time back. He was also on the board of 
governors of the centre before coming to Zimbabwe.

Kindly note therefore, that not all of us are strangers among you. Naturally Ambassador Fill's 
presence here will enrich your discussions but more importantly for Africa and Zimbabwe in 
particular, enrich his perspective on significance of the institutional collaboration that quite 
clearly has been realised among your institutions on the subject of climate change.

The Danish international development agency, Danida, has financed quite a number of 
country studies on which some of you are now reporting. Mr Fill's office in Zimbabwe is a 
significant contributor to our development efforts and quite naturally he will take interest in 
some of your recommendations as much as I will.

For now, it remains for me to wish you well while here at Victoria Falls a world heritage site 
and fitting venue for discussing issues of world significance. Allow me, Mr. Chairman, at this 
point to declare this conference officially open.

Thank you.

NEXT PAGE{S) 
left BLANK
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Danish Assistance to Climate Change Activities: H E. Mr. Erik Fiil, Danish 
Ambassador to Zimbabwe

Royal Danish Embassy, Harare, Zimbabwe

Mr. Chairman, Honourable Ministers, invited lecturers, conference participants, ladies and 
gentlemen, friends,

It is a particular honour and pleasure for me personally to be present here today at the official 
opening of the Conference on "Climate Change Mitigation in Africa", sponsored by 
UNEP/GEF and Danida.

The reason is quite simple. It has so happened that I have almost grown up together with the 
UNEP/Danida Collaborating Centre on Energy and Environment at Riso in Denmark. The 
Centre as you know is behind the UNEP/GEF project which has brought us together here at 
Vic Falls today and tomorrow.

First, while serving as Danish Ambassador to Kenya and Permanent Representative to UNEP 
I had the opportunity to support the preparation of the project leading to the Centre at Riso. 
The project, as some of you may know, was prepared by my good friend John Christensen, 
then seconded to UNEP by my Government, and now Head of the Centre.

Then, a few years later I was posted back to Denmark and to a position in Danida, which 
brought me back to the Rise Centre - this time as the Danida Representative on the Steering 
Committee for the Centre, a post I had for about four years. During that period we had the 
evaluation of the first phase of the lifespan of the Centre - carried out by professor Davidson, 
who is also present here and will address us later this morning.

Based on professor Davidson's evaluation and suggestions the Centre was restructured a bit 
and we secured a permanent funding model, based on contributions from the Danish 
Government, UNEP and from Rise National Laboratories, which is host to the Collaborating 
Centre, and which gives the centre shelter in a most stimulating and professional 
environment.

And - here I am, now as official Danish representative to the host country for this very 
important conference.

You will appreciate that it is a thrill for me to address you on the subject of "Danish 
Assistance to Climate Change Activities" and subsequently to participate in the conference as 
an observer for my Government.

Mr. Chairman, let me start with a few remarks on the general situation with regard to the link 
between climate change, or rather Climate Change Mitigation, and Development Cooperation.

The progress in the field of promoting sustainable development since the Rio Conference 
UNCED in 1992 has not been overwhelming. Furthermore, larger industrialized countries 
made disappointing statements regarding Official Development Assistance at the follow-up at 
UNGASS in 1997. The fact that Denmark and a few other small donor countries are 
complying with current ODA goals cannot outweigh the disappointing performance of others. 
If we are to successfully address the issues regarding sustainable development and climate 
change, this trend must be reversed.
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But the international discussions on climate change issues continue.

It is not least important that an increasing number of developing countries currently 
participate actively in the discussions of key questions such as

what can be done to better integrate the objective of abating greenhouse gas emissions 
with key development objectives such as poverty reduction and sustainable social and 
economic development?

how can it be ensured that the Clean Development Mechanism becomes well 
coordinated with the relevant existing policies governing Official Development 
Assistance (ODA)?

These discussions are of great importance at a time when the international negotiations on 
climate change are advancing rapidly.

Private sector investment is becoming an increasingly important source of finance for 
technology transfer to developing countries. However, ODA can still play an important role 
when it comes to developing new and alternative energy sources such as biomass, wind, water 
and solar power for the poorest target groups. It is important that we strike the right balance in 
the coming years between private and official transfers.

The Clean Development Mechanism was developed at the Kyoto conference last autumn. 
Credible and transparent criteria and guidelines must be developed for this mechanism. 
Furthermore, it is important that the activities of the CDM are in accordance with the overall 
development objectives and sector priorities of the host country. Special consideration must 
be given to women in development and indigenous peoples. Both these groups have 
considerable and valuable contributions to make in this context.

In order for developing countries to become equal partners to the CDM, there is a need to 
support the development of national climate policies and strategies. Furthermore, it must be 
ensured that sufficient capacity for monitoring projects is available.

Mr. Chairman, I am not going into any details regarding the present state of affairs of the 
Climate Convention, neither the political situation nor the scientific/technical situation. Nor 
will I comment on the Kyoto agreements or the debate, worldwide, which we have witnessed 
since the Conference of the Parties in Japan six months ago - although my Government holds 
very strong views in this respect!

Let me instead concentrate on the role of the Centre at Riso and the concrete background for 
all us being gathered here for this conference. I think this will enhance our understanding of 
what we are supposed - expected - to do here today and tomorrow.

The UNEP Collaborating Centre on Energy and Environment was established in 1991. A 
primary aid of the Centre is to assist developing countries in enhancing their capacity to take 
into account environmental issues in their sectoral policy and planning regarding energy. 
Through the past seven years the Centre has indeed collaborated closely to these ends with 
government institutions and research organisations in many countries in the developing 
countries of Asia and Latin America as well as Africa.
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One of the UNEP Centre's first major activities was the UNEP Greenhouse Gas Abatement 
Costing Studies. This activity, initiated and well under way before the Rio Earth Summit in 
1992, went a long way to establishing the methodology that is now used for analysing the 
potential and cost of measures to mitigate climate change. In that first series of 10 country 
studies Danida supported the study of Zimbabwe, ably carried out as a collaboration between 
the Southern Centre in Harare, the Zimbabwe Department of Energy and at UNEP Centre.

The Southern Centre has indeed continued to collaborate with the UNEP Centre in Riso, 
mainly through Danida funding. Therefore, we are also grateful indeed to Dr. Maya and his 
staff that the Southern Centre could be co-organisers of this conference.

This present conference marks the closing stage of a subsequent international project, 
financed by the Global Environment Facility through UNEP, and again coordinated by the 
UNEP Centre: "Economics of Greenhouse Gas Limitations". That project comprises metho­
dological development, eight country studies in Africa, Asia, Latin America and Eastern 
Europe, and two studies at regional level. Through additional funding from Danida's 
Secretariat for Environment and Sustainable Development the Danida grant was able to sup­
port three additional country studies - in Botswana, Tanzania and Zambia - which run parallel 
to the UNEP/GEF project. Moreover, Danida-funded studies in Peru, and UNDP activities in 
Egypt and Jordan further increased the group, so that in all 14 country studies have run in 
parallel.

These climate change mitigation studies aim to enhance the capabilities of re-searchers and 
planners in the individual country to analyse the alternative possibilities for pursuing a 
sustainable development path, and to present their qualified and documented findings to 
policy makers as a basis for decisions. The studies moreover enhance the capacity of 
participating countries to fulfil their reporting obligations as parties to the UN Framework 
Convention on Climate Change, as well as strengthening their ability to take part in the 
associated discussions and negotiations.

What makes this series of studies, and their forerunner the UNEP GHG Abatement Costing 
Studies, unique, is the close collaboration and cross-fertilization of ideas. All 14 country 
teams have met at project workshops three times within the two year project period, first in 
Denmark, last year in Mauritius (kindly hosted by the Government of Mauritius) and finally 
last month in Denmark once more. These workshops have, I believe, been instrumental to 
promoting a spirit of cooperation between the teams from the different countries and regions. 
The close interplay between methodological development and the practical analysis of 
mitigation possibilities has enriched the experience of all participants.

The complete activity constitutes a major contribution to the scientific framework associated 
with the Climate Convention. It is a particular advantage that all the work could be carried out 
in the context of a centrally coordinated international effort which has had the triple goal of 
methodological development, capacity building and production of a country mitigation report.

The three Danida supported country teams: Botswana led by Dr. Peter Zhou, Tanzania led by 
Professor Mark Mwandosya, and Zambia led by Professor Francis Yamba - not to forget the 
Southern Centre team led by Dr. Maya who supplied back-up support - have worked hard for 
two years. They have collected and processed data, constructed scenarios, written reports and 
attended workshops. (Braving the cold of Denmark where even in the month of April they 
have experienced a blizzard, I am told -1 was happily down here in the more pleasant climate
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of Zimbabwe)! This long process itself, just as much as the final product of a country report 
constitutes, in my view, real capacity building in the individual participating countries.

In presenting the results of the past two years' efforts in methodological development and 
practical application, I sincerely hope that this conference will succeed in catalysing a similar 
atmosphere of cooperation.

One of the main sectors to be covered in all the mitigation studies is the energy sector, 
because of its importance as a major source of greenhouse gas emissions.

And we recognise at the same time energy to be a prerequisite for development.

Therefore, with the increasing awareness of the environmental impacts of energy production 
and use, both locally and globally, the need for highly qualified local experts and institutions 
is essential. I do hope that this conference will prove that such capacity exists in the 
participating countries.

With these few remarks I wish the organizers and all participants a most successful 
conference and a pleasant stay in this part of Zimbabwe, where the might - the energy - of 
nature is so ever present just outside our door.

Thank you.



Report on the morning session, Monday 18 May 1998

Rapporteur: Terence Coopoosamy, SBS/Ministry of Industry, Seychelles

After the official opening ceremony, which was chaired by Dr. John M. Christensen, the 
session was chaired by Dr. George Manful. The four speakers introduced the participants to 
the main topics to be discussed at the conference:

1. Introduction to the UNEP/GEF Project and Related Studies, by Dr. Gordon A. 
Mackenzie

2. The Climate Convention and Kyoto Agreements: Opportunities for Africa, by Prof. 
Ogunlade R. Davidson.

3. Financial Mechanisms, Joint Implementation, Clean Development Mechanism, by Dr. 
Youba Sokona.

4. Climate Change Activities and National Development, by Dr. R.S. Maya.

Introduction to the UNEP/GEF project and related studies, by Dr. G. A. 
Mackenzie.

The presentation introduced the participants to the UNEP/GEF project and the related studies. 
The Climate Change issues and implications for African countries were reviewed. It was 
pointed out that Climate Change Mitigation has as its main objective the reduction of GHG 
emissions and enhancement of sinks.

Developing countries should have an interest in climate change mitigation because of the 
benefits that is associated with the reduction of CO2 and also it is compatible with the 
economic development of the country.

The development and application of a methodology for climate change mitigation were 
elaborated and the following points were made:

■ Studies on energy and CO2 emission reductions;
■ Difficulties in directly comparing country results;
■ The need to make assumptions clear and transparent;
■ The importance of development of the baseline scenarios.

A common approach has been developed for mitigation analysis and the most important part 
of this approach is the analysis part.

The results of the UNEP CO2 abatement studies were briefly presented, using mitigation cost 
curves from the country studies. The form of the mitigation cost curves is similar for most 
countries.

The UNEP/GEF project "Economic of GHG Limitations", started in 1996 being completed in 
1998 aims at refine the methodology and to undertaking 8 country studies and two regional 
studies. In addition a number of other country studies, including three in Africa, are running 
parallel to and coordinated with the UNEP/GEF project.
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The aims of the Victoria Falls Conference were further elaborated and the conference 
programme was reviewed.

The Climate Convention and Kyoto Agreements: Opportunities for Africa, 
by Prof. Ogunlade R. Davidson

The purpose of this presentation was to inform the participants of the main provisions of the 
Climate Convention, the Kyoto Protocol, and the opportunities that exist for Africa countries.

Africa faces the enormous task of addressing its environmental challenges, such as, land 
degradation, protection and use of forest, biodiversity management, urban and marine 
pollution, water right, climate instability, etc.

Though Africa is a minor contributor to GHG emissions, it is extremely vulnerable and 
therefore African countries should be actively involved in climate change mitigation. The 
global climate linkages were reviewed and specific comments were made on the present GHG 
concentration, geophysical impact, damages and consequences, response options, 
implementing mechanisms, and the Kyoto protocol.

The key provisions of the FCCC were presented and explained. It was pointed out that 44 of 
the 53 African states have ratified the Climate Convention. The majority of the states have 
undertaken GHG inventories, mitigation assessment, vulnerability assessment, etc.

The Kyoto protocol has been adopted by 161 countries. The Annex I countries have agreed to 
cut down GHG emissions by an average of 5.2% by 2010 below the 1990 levels. There are 
six more gases that have been included in the protocol and there are no targets for non-Annex 
I countries.

The Kyoto protocol address critical issues that are of major concern for developing countries. 
The direct issues are the future reduction targets and clean development. The indirect issues 
are sinks, emission trading, and how policies and measure adopted by Annex I countries could 
affect African countries.

Article 12 of the protocol address the issue of the Clean Development Mechanism (CDM). 
The 4th COP to be held in 1998 and it is expected that the protocol will come into force in 
1999. After 2005, there will be assessment to verify if there has been reduction in GHG 
emissions.

It was pointed out that very few African countries are presently involved in the Joint 
Implementation (JI) and Activities Implemented Jointly (AIJ). There are various 
opportunities for involvement in such programme and African concerns can be addressed 
through such participation.

The project components of the CDM were elaborated. The CDM must be compatible with 
national development objectives and the environmental needs. The correct baseline must be 
assigned and the GHG reduction options must be real and practical. The possible benefits of 
CDM are increase in the flow of investment, stimulate technical co-operation, improve 
business, etc. The problems associated with the implementation of CDM were highlighted. 
The similarities and differences between AIJ and CDM were reviewed, but there exist many 
differences between the two.
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The CDM and AIJ programmes can be beneficial for African countries, but the countries must 
be prepared to contribute to the implementation of these programmes. It was pointed out that 
there is a need for:

- Strong legal framework;
- Established business environment;
- Organised project information base;
- Organised and co-ordinated institutional framework.

Subsequent discussions addressed the following issues:

1. How will credit by the year 2000 be banked? African countries must meet and decide 
on this issue, and also sort out the issues related to the Issue of Certificate, Market 
Mechanism, etc. African countries have an opportunity to decide on institutional 
arrangements.

2. How will vulnerability and adaptation programmes be funded? Very few countries are 
coming forward to fund vulnerability and adaptation options, though this has been 
established in the Kyoto protocol.

3. What is the role of the private sector? In developing countries, private sector 
participation is complex and needs to be properly studied. It is an issue to be 
addressed by this conference.

Financial Mechanisms, Joint Implementation and Clean Development 
Mechanism, by Dr. Youba Sokona.

The presentation reviewed the financial mechanisms of CDM, AlJ/Joint Implementation and 
GEE, and assessed the prospects for Africa. It was pointed out that Africa needs to take a 
more proactive role on these issues.

Climate change is having its effect on the global economy, and it is a key issue for the 
planning and policy process. Africa is highly vulnerable to climate change and therefore 
there is a need for an integrated approach to tackle climate change issues. The process of 
climate change demands a certain degree of solidarity on the part of all African countries.

Technology transfer and capacity building are key issues to be addressed. There is a need for 
the creation and maintenance of strong institutions and linkages within the African countries. 
There is a lack of strategic vision on the benefit of addressing climate change issues. In 
Africa the markets are weak and so is the political structure needed to tackle issues of climate 
change.

A comparison of issues related to the debate on emission reduction and sustainable 
development were made. The position of the industrial countries and that of the developing 
countries on the issues were presented.

The CDM evolved from the proposed "Clean Development Fund", with an aim of addressing 
a number of different objectives simultaneously. However, the CDM has not yet been defined 
in any detail
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Questions of equity should be implicitly recognised in the definition of the CDM.

African countries must decide whether the CDM is to be a mechanism for financial assistance 
and technology transfer.

It was pointed that presently Africa is experiencing a process of growth, a decline in overseas 
development aid and direct foreign investment.

It was pointed out that CDM must be regarded as separate from AIJ. With regard to GEF, 
Africa must fight to maintain the present objectives of the GEF. It would be beneficial if the 
GEF could review the past studies undertaken by various African countries.

There should be the creation of an enabling environment for the implementation of climate 
change options.

The AIJ are usually in the form of bilateral arrangements, usually with private sector 
participation. The emphasis is on emission reduction and there seems to exist limited 
opportunities in Africa for AIJ. The CDM though not defined yet, is meant to complement 
the programmes of GEF and AIJ/IJ.

There are three apparent roles for the CDM:

a certification body;
- a clearing house;
- a project co-ordinating body.

The criteria to be used for the choice of projects and programmes for CDM should be as 
follows:

- Emphasis on basic energy related infrastructures;
Regional and sub-regional co-operation in transport, energy, housing, etc.

- Basic infrastructure for development.

Following the presentation, the floor was opened for question.

What are the funding possibilities for the implementation of climate change mitigation 
projects? The Climate Convention address climate issues only and not development issues, 
that is why African countries need to adopt a pro-active role in order to secure the funding 
required to implement its climate change programmes. There is a need to define the CDM 
and to have a strong argument for this definition.

Climate Change Activities and National Development, by Dr. R. S. Maya.

The presentation addressed the issues:
- how climate change activities relates to the national development process
- the influence of the climate change process in African countries
- how to maximise benefits from the existing implementation mechanisms, i.e., to 

understand and to know that these mechanisms exist.
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As a result of the present economic development, Africa is experiencing an exponential 
growth in energy consumption, and as a result, there will be an increase in the GHG 
emissions. Measures must be undertaken to limit the GHG emissions. At the same time, 
African countries should not be penalised for this increase in GHG emission which is 
associated with economic development.

The key characteristics of the rural African energy system were reviewed and elaborated 
upon. Certain features, such as, low level of energy demand and the strong potential for 
renewable energy technology is apparent. The energy issue contributes significantly to the 
development problems in Africa. There is now a new opportunity for Africa to address 
energy issues.

African countries now have the opportunity to re-visit their development strategies, and there 
is a need to re-link environment and development policy. The African countries have been 
actively participating in the global efforts to reduce GHG emissions, especially through the 
use of renewable energy technology in the rural areas.
The following recommendations were made:

1. To develop African strategies on technological co-operation and innovation.
2. To strengthen regional institutions and increase financial support.
3. To stimulate North-South and South-South collaboration.

Plenary discussions

Following the presentations, Prof. Davidson, Dr. Maya and Dr. Sokona formed a panel to take 
questions from the floor and continue the debate on the topics they have presented. The main 
conclusions of the discussions were:

1. Renewable energy technology has a role in rural Africa, but the issue is to tackle the 
financial mechanism methodologies and procedures.

2. CDM has not been established, but has been proposed. One of the aims of this conference 
is to shape the CDM. It is to be noted that AIJ concentrates on the reduction of GHG 
emissions. Again reference was made to Article 12 of the protocol. It was pointed out 
that there are now requirements to show clean development path to develop national 
resources. There could be co-operation between developing and developed countries to 
implement clean development. There will be a flow of money in CDM and it will have a 
business approach.

3. There is a lack of NGO participation in the climate change debate in Africa. The experts 
in the NGOs are not being consulted or utilised by the policy makers. There is also a lack 
of involvement of the sub-regional and regional organisations in the climate change 
debate.

4. There is a need to develop strategies for our negotiators who attend meetings on climate 
change issues.

5. Policy relevant questions need to be develop and this meeting should make it happen. The 
meeting should also address the issue of banking of credits in Africa and how to organise 
the credit system.
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Introduction to the UNEP/GEF Project and Related Studies
Gordon A. Mackenzie, UNEP Collaborating Centre on Energy and Environment, Riso 
National Laboratory, Denmark

1 Background

The limitation of greenhouse gas (GHG) emissions is a complex issue, intimately connected 
with economic development at local, national, regional and global levels. Key economic 
sectors such as energy, agriculture, industry and forestry all produce GHGs, and are likely to 
be affected directly and indirectly by any mitigation policy. The UNEP Greenhouse Gas 
Abatement Costing Studies, initiated in 1991 (UCCEE 1992) and coordinated by UCCEE, 
attempted to address these complex issues, developing a methodological framework and 
testing it through practical application in ten countries. The results of Phase Two were 
published in 1994 (UCCEE 1994a, b and c, and Halsnses et al. 1994) and a third phase, 
extending the approach to other gases and sectors, and applying it in two countries, was 
completed at the end of 1995.

Figure ! The approach to climate change mitigation analysis developed in the UNEP projects.

2 Common methodological approach to country studies

A particular characteristic of the UNEP approach to mitigation analysis has been the emphasis 
on the importance of assumptions and scenario definition. In particular the definition of the 
baseline scenario is of crucial importance for the results of the mitigation costing calculation. 
The approach is illustrated in Figure 1.

National climate change mitigation studies vary in coverage, details and sophistication of 
assessment efforts involved. This is a consequence of different national institutional 
capacities, analytical tools and statistics. Some countries have participated in other similar
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study activities and can utilise already implemented models, while others have few 
experiences in climate change assessment.

The methodological approach is purposely defined broadly to enable national analysis to be 
carried out with different focus and depth. However, all countries are encouraged to follow a 
common analytical structure. The common elements in this analytical structure are 
summarised below:

(i) Comprehensive evaluation of national social and economic development framework
for climate change mitigation.
- Comprehensive description of national framework for CC mitigation including: base 

year statistics on GDP structure, social conditions, energy balance, aggregate GHG 
inventory, major land use activities, population.

- Evaluation of main national economic and social national development trends and the 
GHG emissions that are expected to occur as a result of economic development.

- Overview of other climate change studies including impact-, adaptation-, inventory 
and mitigation studies.

(ii) Baseline scenario projection
- 10-15 year baseline scenario projection for CO2 emissions from energy consumption 

and land use activities.
- 30-40 year baseline evaluation of main development trends.

(iii) Mitigation scenario(s) projection(s)

- Identification of mitigation options related to the most important future sources and 
sinks sectors.

- Screening of mitigation options
- Assessment of reduction potential and cost of mitigation scenarios.
- Integration of GHG reductions and costs across measures and sectors, through 

construction of GHG mitigation marginal cost curves.

(iv) Macroeconomic assessment
- Qualitative description of main macroeconomic impacts of national climate change 

mitigation strategies.
- Assessment of key macroeconomic parameters.

(v) Implementation issues

- Identification of main implementation requirements including financial support, 
technologies, institutional capacity building, regulation policies and further 
improvements of the national decision framework.
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While one of the aims of the original set of country studies (UNEP 1992) was to achieve 
comparability between analyses of different countries, this has proved to be a complex issue 
(Halsnass et al.1994). Nevertheless, the common methodology, transparency of assumptions 
and agreed price concepts do allow some degree of comparison between countries. Figure 2 
presents some of the main quantitative results of the UNEP GHG Abatement Costing Studies 
in the form of CO2 reduction cost curves for 9 of the participating countries.
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Figure 2 CO2 reduction cost curves for 9 countries from the UNEP GHG Abatement Costing Studies (UCCEE

3 Economics of GHG Limitations

In 1996 the UNEP Centre launched a project entitled "Economics of GHG Limitations" 
comprising eight national and two regional studies in parallel with a methodological 
development programme. The project is financed by the Global Environment Facility (GEF) 
through UNEP, and the UNEP Centre is responsible for coordination of the individual studies 
as well as development of the methodological framework, working in close collaboration with 
Lawrence Berkeley National Laboratory (LBNL).

The national and regional studies are carried out by centres and government agencies in the 
participating countries and regions. Participating countries are Argentina, Ecuador, Estonia, 
Hungary, Indonesia, Mauritius, Senegal and Vietnam. The two sub-regional studies focus on 
the SADC (Southern African Development Community) countries in southern Africa and the 
Andean Group countries in South America. The participating countries were chosen, from 
among a number of national requests, to represent the three primary developing regions 
(Africa, Latin America and Asia) as well as Eastern Europe. Of these countries several have 
already embarked on or completed mitigation studies, while others have yet to gain 
experience in the procedure.
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In parallel with this UNEP/GEF project a number of other country studies have been initiated. 
These comprise Botswana, Tanzania and Zambia in Southern Africa (financed by Danida), 
Peru (also financed by Danida) and Egypt and Jordan (financed by GEF through UNDP).

The fourteen countries represent a wide mix of systems with respect to energy and other 
sectors, and in terms of level of development, rural/urban mix, availability of natural 
resources, etc. This diversity facilitates the broad development of methodological guidelines 
to treat a variety of circumstances and settings. In particular, the broadening of the analysis 
from simply energy, as in the early phases of mitigation studies, to treat forestry, land-use and 
agriculture introduces significant challenges.

The Methodological Guidelines followed by the country teams are generally an extension of 
those developed in the UNEP GHG Abatement Costing Study (UCCEE 1994c). These have 
been enhanced and extended with respect to forestry and land-use mitigation options, 
macroeconomic assessment and multi-criteria assessment. The Guidelines document is 
supplemented by handbook material on special topics. This methodological development 
activity is being carried out by staff at the UNEP Centre and LBNL in parallel with the 
country study execution, and results are presented at methodological workshops attended by 
representatives of all country teams.

4 Climate Change Mitigation Studies in Africa

The African countries involved directly in the mitigation studies comprise Botswana, Egypt, 
Mauritius, Senegal, Tanzania and Zambia as well as the regional study of southern Africa. 
Egypt and Zimbabwe were involved in the earlier UNEP GHG Abatement Costing Studies. 
The experience gained through those earlier studies is now being enhanced and expanded in 
Egypt through participation in a study parallel to the UNEP/GEF “Economics of GHG 
Limitations” project, but funded through UNDP/GEF, and in Zimbabwe through the 
UNDP/GEF Capacity Building project. We will hear more of these studies in the next few 
days.

With regard to Botswana, Tanzania and Zambia, these countries have been the subject of 
study in the Danida-funded project “Climate Change Mitigation in Southern Africa”, already 
referred to by Ambassador Fill in his address. The first phase of that project was published in 
1995 (UCCEE 1995), while the second phase has been carried out in parallel to the 
UNEP/GEF project. The results of these three studies will be presented by the team leaders at 
this meeting.
Finally Senegal, which was also represented in the earlier set of studies, is included in the 
UNEP/GEF project which is taking the analysis further than was possible in the earlier 
project, and with an accent on capacity building within the Senegalese national institutions.

5 Regional Cooperation for Climate Change Mitigation

Internationally coordinated action by developing countries could help to mitigate global 
climate change in ways that are environmentally, economically and socially beneficial. As 
part of the UNEP/GEF project '”The Economics of Greenhouse Gas Limitations”, the UNEP 
Centre, in collaboration with other centres, has carried out studies in two sub-regions: 
southern Africa (essentially the SADC area) and the Andean Group of countries in South 
America.
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An important characteristic of the southern African region with regard to energy resources is 
the existence of coal in the southern part (predominantly South Africa and Zimbabwe) and 
vast hydropower potential in the north (Zambia and Zaire). One of the most obvious areas for 
cooperation within SADC, directly linked to climate change mitigation, is the regional 
pooling of electricity capacity with a view to minimising CO2 emissions.

Power trading is already taking place within the Southern African Power Pool and power is 
being exchanged between the utilities of the region on a daily basis. The motivation behind 
SAPP, however, is not to minimise CO2 emissions. The power pool is fully justifiable in 
terms of security of supply and economic considerations. The addition of CO2 emission 
minimisation would provide a further argument for such cooperation, and its possible 
extension.

The potential barriers against international cooperation aimed at CO2 reduction are 
nevertheless daunting. National interests, particularly with regard to security of supply, 
remain of paramount importance to the actors involved. The technical complexity of large 
generating capacity separated by long distances also presents problems with regard to system 
stability. However, the potential environmental gains to be achieved, both locally and 
globally, are considerable so that there may be large incentives to overcome both the political 
and technical difficulties.

Regional cooperation for climate change mitigation has received little attention so far, and the 
national and regional actors within SADC have not been fully sensitised to the possibilities 
and opportunities. The present activity, along with the parallel study in the Andean Group, 
will hopefully contribute to this sensitisation process. The results of the southern African 
study will be published later this year in book form (Rowlands 1998).
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The Climate Convention and Kyoto Agreements: Opportunities for Africa
Ogunlade R Davidson, UNEP Collaborating Centre on Energy and Environment and 
University of Sierra Leone

1 Introduction

The potential threat of global climate change that has mainly resulted from intense human 
activities since industrial revolution is very serious problem that deserves collective actions 
by countries worldwide, but has to be based on common but differentiated responsibilities due 
to historical and cumulative contribution to the problem. Realizing this threat led to the 
response by the United Nations system to form the Intergovernmental Panel on Climate 
Change (IPCC) in 1988 based on an initiative by the World Meteorological Organisation 
(WMO) and the United Nations Environment Programme (UNEP). Activities within IPCC led 
to the drafting of the United Nations Framework Convention on Climate Change (UNFCCC) 
as part of its role of providing sound scientific basis for decision-making on the climate 
change problem. The intense negotiations and debate that followed this draft resulted in its 
approval by over 150 nations at the United Nations Earth Summit (UNCED) held in Rio de 
Janeiro, Brazil in June 1992.

As a result of the ratification of UNFCCC by more 50 countries, the Convention came into 
force in March 1994 and the first Conference of Parties (COP1) was held in June 1995 in 
Berlin, Germany. At COP1, the Berlin mandate was established which aimed at strengthening 
commitments by Annex I parties to the convention, and the adoption of a Protocol by 1997. 
After a series of debate, consultations and negotiations, a Protocol was adopted at the third 
Conference of Parties (COPS) held in Kyoto, Japan December 1997. This Protocol which has 
come to be known as ‘’Kyoto Protocol” as many such international documents will need 
several clarifications before ratification. Elowever, some of its provisions present non-Annex I 
parties of which countries of Africa are part of opportunities to satisfy their sustainable 
development needs while contributing towards slowing the threat of climate change. This 
short paper explores such opportunities for African countries. The paper briefly discusses the 
environmental challenges facing the continent as a background as they are strongly linked 
with its development aspirations and with climatic instability.

2 Environmental Challenges of Africa

Africa faces major interacting socio-economic and environmental challenges. In addition, it 
has gone through several natural problems along with high population growth rate, which 
have increased the stress of these challenges, and resulted in increased dependence on its 
natural resource base. As a result, environmental degradation has persisted in many places in 
the continent affecting agricultural production and other economic activities.

However, there is a major imbalance in the use of natural resources in the continent. Soil and 
vegetation are over exploited while energy; minerals and organic resources are under-utilised.
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Hence, the major challenge for the continent is to establish a meaningful balance in the use of 
these resources while realising the variation in resource endowments in the continent. African 
governments in various meetings have identified the following as the continent’s main 
environmental concerns (UNEP, 1997):

• Land degradation and desertification problems, especially with respect to food security
• Protection and sustainable use of forests
• Bio-diversity protection and management
• Water scarcity and efficient management
• Urban, coastal and marine pollution
• Climate variability such as drought and climate change
• Demographic changes and its effects on natural resource utilisation

All these concerns have both direct and indirectly linked to the climate change problem 
because of the interacting development issues relating to the different responses to this 
problem.

3 Global Climate Change Linkage

The global climate change problem and responses can be considered in the form of a chain of 
events as depicted in fig. 1, starting from net greenhouse gas (GHG) emissions in the 
atmosphere to the response strategies and then the global debate and decisions.

The increase in the accumulation of GHG emissions mainly due to human activities since the 
industrial revolution will likely to have geophysical impacts on the world in the form of 
temperature changes, rise in the level of the sea and extreme weather events such as changes 
in precipitation. Some areas in the world have started experiencing these changes. These 
impacts can lead to serious consequences that can be ecological, social or economic. The 
responses to these consequences and the likely damages fall into three possible options, 
mitigation, adaptation and indirect actions. Mitigation options refer to actions that will reduce 
the amount of GHG emitted or that can absorb such gases, while adaptation options are 
actions that assist to cope with the likely impacts of climate change. Indirect options are 
actions that may not necessarily directly involved with climate change such as education but 
can have significant effect on climate change. Major policies and policy instruments will be 
required to implement these actions. The debate surrounding climate change and the possible 
different responses led to drafting and adoption at the United Nations Conference on 
Environment and Development (UNCED) with later ratification of UNFCCC. The Global 
Environment Facility (GEF) that is operated by the World Bank, UNEP and UNDP was 
established as the institution for funding developing countries with incremental cost of 
embarking on environmentally-sound actions. The Protocol to the Convention that emerged 
from the COP3 allocated binding targets for Annex I parties and calls for significant 
technology transfer to non-Annex I parties to assist them to achieve sustainable development. 
In addition, the Protocol establishes three implementing mechanisms. The first is Joint 
Implementation (JI) that allow parties to jointly embark on projects and programs to abate 
GHG emissions in article 6. The next is Emission Trading that will allow trading of emissions 
between Annex I parties in article 17, and the last is Clean Development Mechanism which is 
mainly to assist developing countries to attain their development objectives in a sustainable 
way in article 12. The modalities of these mechanisms are yet to be worked out and when they
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become fully established and operational they are expected to have profound impact on the 
various response options and the net GHG emissions in the atmosphere.

4 Africa and Global Climate Change

Africa is a minor contributor of global GHG emissions. Its share of carbon emissions 
indicates this, which is by far the most important GHG in fig.2, only 3.2% of the world’s total 
in 1992. Its share of methane emissions is also small, only 7.7% of the world’s total in 1991 
(WRI, 1996). However, according to the Intergovernmental Panel on Climate Change (IPCC), 
Africa is one of the most vulnerable areas to the likely impacts of climate change. Due to its 
current development needs, Africa can utilise mitigation measures to satisfy its developmental 
needs.

E. Europe n%
16%

Figure 2 Regional carbon dioxide from the energy sector and cement production, 1994, total 6.2 Gt

Apart from the fact that collective actions from countries worldwide are necessary to solve the 
climate change problem, Africa can have significant benefits from involving in the various 
climate change processes. These benefits include:

• Improved understanding of their local and regional environmental problems.
• Provides the opportunity for possible linkages and integration of environmental, 

development and income distribution issues.
• Assist to strengthen capacities in the energy, planning and economic sectors
• Provide the opportunity for the transfer technological and financial resources.
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Energy and land-use sectors dominate GHG emissions with the former accounting for 32% 
and the latter 37%. The relatively low industrial activity in the continent accounts for the 
relatively low industrial share of emissions as shown in fig.3. Agriculture contributes 20 and 
10% respectively (WRI, 1996). Though GHG emissions are low in global terms, but it has 
been rising since 1950 as it can be seen for carbon dioxide emissions shown in fig.4. Since 
1950, carbon emissions grew from about 25 to almost 180 million metric ton of carbon by 
1990, and per capita emissions also increased accordingly, from 0.12 to 0.28 metric tons of 
carbon. Emissions from solid and liquid fuels, mostly coal and oil combustion dominates 
these emissions. Emissions from gas is increasing but still accounts for a very small share

Waste
10%

Enerav

Land-use
37%

Agriculture
20%

(ONRL, 1992).

Figure 3 Assessment of current GHG emissions from Africa
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5 UNFCCC and Africa

The objective of the UNFCCC is to stabilise atmospheric greenhouse gas (GHG) 
concentrations at a level that prevents dangerous anthropogenic interference with the climate 
system. This should be done on the principles of intra and inter-generational equity, 
differentiated responsibilities, precautionary, cost-effectiveness, comprehensiveness, special 
needs of developing countries and the support of free trade. All parties to the convention are 
required to submit their national communications three years after their ratification. Non- 
Annex I parties are to be funded to produce their national communications, paid the 
incremental costs of mitigation measures and to access financial and technology transfers.

Despite the low contribution of Africa to global GHG emissions, African countries have 
demonstrated their interest to participate in the climate change process in many occasions. In 
Brazil in 1992, 38 of the 53 African countries signed the UNFCCC and 12countries ratified it 
before it came into force in March 1994. At present 44 African countries have ratified the 
convention. Also presently, majority of the countries in the continent are undertaken climate 
change projects that are not only contributing towards slowing down GHG emissions but 
contributing towards their sustainable development objectives. In addition, African 
participation in the global climate debate has been steadily increasing.
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6 Kyoto Protocol: Critical Issues for Non-Annex I Parties

161 parties at the third Conference of Parties (COP3) adopted the Kyoto Protocol in 
December 1997 in Kyoto, Japan. This Protocol was the first international attempt to have 
legally binding obligations on Annex I parties to reduce GHG emissions by an average of 
5.2% below 1990 levels by 2008-2012, though each party has individual targets. The protocol 
included three more gases in addition to carbon dioxide, methane and nitrous oxide that were 
originally in the convention. The three new gases are hydroflurocarbons, perflurocarbons and 
sulphur hexafluroride. The Protocol calls for demonstrable progress from Annex I parties by 
2005. The Protocol opened for ratification on March 16, 1998 and is expected to enter into 
force 90 days after ratification, which requires at least 55 parties that account for at least 55% 
of carbon dioxide emissions from Annex I countries in 1990. This means that it will be 
difficult to ratify if the USA, Russia and Japan did not ratify it. The Protocol contains some 
vague wordings and unresolved issues such as the contribution of the six different gases to the 
different individual targets, rules and guidelines of the different implementing mechanisms 
that emerged from the Protocol.

Despite the Protocol being mainly an agreement between Annex I parties, it has critical issues 
that will relate to future activities in non-Annex I parties. Non-Annex I parties and the Clean 
Development Mechanism will directly relate some of these issues to them such as future 
commitments. The indirect issues are emissions trading impacts of Annex I policies and 
measures on non-Annex I parties and the evaluation of sinks.

7 Clean Development Mechanism

The Clean Development Mechanism (CDM) evolved from the Brazilian proposal to set up a 
Clean Development Fund from proceeds of defaulters of their commitments to the agreed 
targets of the UNFCCC. This idea was discussed at Kyoto and it resulted in article 12 of the 
Kyoto Protocol calling for the setting up a ‘Clean Development Mechanism’ with the purpose 
of assisting non-Annex I parties to achieve sustainable development. Also, it should 
contribute to the stabilisation of GHG concentration, and assist Annex I parties to comply 
with its commitments from 2000 to 2008-2012. Under this mechanism, Annex I parties may 
use these reductions to contribute to their compliance of the Protocol. The governance of the 
CDM will be by an Executive Board that will be chosen by the meeting of Parties to the 
Protocol (MOP), and the mechanism shall assist to fund certified non-Annex I projects. 
Though the precise details of this mechanism are yet to be agreed on, there are some 
components that are already indicated in the Protocol about likely CDM projects. These 
projects must be compatible with national development objectives and environmental needs 
and should be assigned a baseline. Further, the GHG reductions should be real, measurable, 
verifiable, and additional and the credits may be used as part of commitments. The modalities 
and procedures for CDM will be agreed on after the ratification of the protocol. The 
components stated above raise some key issues for developing countries that need to be 
addressed if they should benefit fully from CDM when implemented. These are the 
relationship between CDM and other financial mechanisms such as GEF, ODA and FDI, 
evaluation of project, program and national baselines, the design of CDM projects and the 
overall governance of CDM activities.
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However, CDM can provide major benefits that can assist African countries to satisfy their 
genuine desire in achieving economic development and improved quality of life for their 
citizens. These include increased flow of foreign investments for capital intensive and 
technology demanding projects, stimulation of meaningful technology co-operation and 
innovation between countries of Annex I and non-Annex I parties and will stimulate African 
markets and the overall business environment.

8 Opportunities for Africa

The GET has assisted African countries in climate change especially in funding and 
technically supporting these countries to undertake enabling activities that will lead to the 
formulating of their national communications. In addition, GEF has supported climate change 
projects such as the Solar project in Zimbabwe, and the Energy Efficiency project in Cote 
d’Ivoire which can contribute meaningfully to the overall development of these countries. 
However, African countries should intensify their efforts to have more projects because GEF 
funding can be used to provide very good leverage funds for larger projects with significant 
development benefits.

An opportunity that Africa failed to exploit was the facility for the trial phase of JI, the 
Activities to be Implemented Jointly (All). This facility allows Annex I parties to enter into 
agreement with a non-Annex I party in a project that aimed at abating GHG. Developing 
countries in Asia and Latin America developed several on-going AIJ projects, but African 
countries were cautious and failed to start such projects. However, there are now signs that 
some of such projects will be started soon.

Involvement in both GEF and AIJ can result in significant technology transfer and capacity 
building depending on how the projects were designed and implemented. The responsibility 
for that largely depends on the negotiating and technical capacities of the African countries 
involved.

Two sectors that offer great promise in African countries to benefit from the UNFCCC and 
the Kyoto Protocol is the power and the transport sectors: This because they are the largest 
and second largest GHG emitters. Significant technologies have been developed in these 
sectors and they are the most needy in many African countries. Hence, development in these 
sectors using sustainable options will not reduce GHG emissions but will allow African 
countries to increase service provision in a more sustainable way. Further, it will help African 
countries to contribute more meaningfully to the global solution to climate change.

The power sector of most African countries is performing badly and as a result they fail to 
provide the much-needed electricity for its inhabitants. Access varies between 10-60% among 
these countries. Some of the problems for the poor performance are due structure and 
ownership (dominant role of the state, bundling of activities, limited coverage), high T&D 
losses (15-30%), low rate of return on assets, and ill-defined regulatory system. Recent 
reforms in the power sector of most developed countries have led to new initiatives both hard 
and soft technologies that can be transferred to developing countries through climate change 
initiatives. These technologies include:

• Renewable energy technologies
• Advanced Biomass-based systems
• Combined gas power systems
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• Institutional reform initiatives

Presently, there is a significant gap in transport service provision between the industrialised 
regions and developing countries of Latin America, Asia and Africa. IN African countries, the 
development patterns has led to significant differences within these countries in the 
availability of transport services. They are concentrated in the cities, while the rural areas 
where significant number of their inhabitants live depend on inadequate, unreliable, high cost 
and poorly maintained transport system. Solving these problems, while ensuring a more 
sustainable future remains a major challenge. Transferring environmentally sound transport 
technologies from developed countries to African countries through climate change initiatives 
can assist to increase the provision of transport services in these countries in a more 
sustainable way than at present being done in developed countries. Among the options 
available to be transferred include the following:

• Vehicles (cars, commercial vehicles) with improved energy efficiency and reduced 
adverse emissions.

• Improved public transport system (Buses, light rail transit systems)
• Two-wheelers and three-wheelers
• Improved fuels that are alternate to petrol and diesel (ethanol, CNG, LPG)
• Infrastructural changes such as better urban planning, improved road network, 

dedicated traffic)
• Improved policies and measures to alter traffic volumes.

9 Enabling Conditions for Access

However, to access these benefits, African countries would need to establish certain capacities 
so as to attract outside investments and business enterprises. These capacities can be 
summarised as follows:

• A very strong regulatory framework that is transparent, enforceable and clearly 
defined. This is absent in many developing countries. In addition, there should be a 
system of arbitration.

• An established business environment (effective banking system, insurance companies, 
stock exchange, etc)

• Organised project information base that can provide information to investors
• Organised and co-ordinated public institutional framework
• Adequate and well maintained public infrastructure (energy, water, roads, etc)
• Critical mass of experienced project developers and business managers and strategists
• Critical number of small and medium scale local firms capable of exploiting market 

niches and can undergo sub-contracting to required standard
• Strong and effective partnerships between government, private sector and NGOs so 

that different voluntary relationships can be formed.

National projects should be on the following: basic energy related infrastructure, regional and 
sub-regional projects in transportation, energy housing, and etc. basic infrastructure.
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10 Conclusions

Africa’s contribution to GHG emissions can is resulting to current climate change threat is 
small but it is one of the most vulnerable areas in the world and this is increasing the attention 
of the continent in the global debate. However, the debate and emerging initiatives provide 
the continent with opportunities especially now that it is having declining overseas 
development assistance and foreign direct investments. Accessing these initiatives will require 
significant improvement in the continent’s capacities in both the public and private sectors.
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Report of the afternoon session, Monday 18 May 1998: Mitigation 
Methodology and Country Studies

Rapporteur: Ian H. Rowlands

“Methodology I: Basic Concepts - Rationale, Guidelines, Coverage” (Henrik Meyer), 
“Methodology II: Steps in Mitigation Analysis” (Peter Zhou) and “Methodology III: 
Sectoral Analysis - Energy Sector” (John Turkson).

Together, these three presentations laid out the common methodology that has been used in 
the UNEP/GEF and DANIDA studies on national climate change mitigation. Much of the 
content was taken from the Methodological Guidelines of the UNEP/GEF Project 
“Economics of GHG Limitations” which are an extension of the guidelines developed in the 
UNEP GHG Abatement Costing Studies. (See references in introductory paper by G.A. 
Mackenzie.)

Questions of the presenters primarily focused upon specific details of the methodological 
process - that is, clarifications on particular elements of the guidelines. Participants asked, 
for example, for clarifications about how labour was costed, about the difference between 
short- and long-run cost curves and about the macroeconomic assumptions employed by the 
models.

It was also noted by participants and speakers that mitigation is but only one element of 
climate change studies. Among other elements, climate change impacts (and the “economics” 
thereof) would also be important in national decision-making; that, however, is not explicitly 
investigated within the framework of this set of projects.

Many speakers stressed the importance of relating the mitigation options and scenarios to 
national development priorities. Moreover, not only is it important to relate the climate 
change options to developmental aspirations, but also to present those results in terms that are 
understandable by, and useful to, policy-makers.

The value of having stakeholders - government, business, NGOs and the like - involved in 
the process from the beginning was stressed by many participants. This will not only increase 
the potential impact of the findings, but it will also most likely improve the quality of the 
study as well. (Indeed, one participant argued that it is crucial to have government officials 
believe that the ideas originated with them in the first place!)

The dynamic nature of the mitigation analyses was stressed. If additional information is 
provided at some point, then elements of the study - that is, the baseline and the scenarios - 
should be amended appropriately.

The conference then went on to investigate individual reports from participating countries.

Botswana Country Study Report (Peter Zhou)

Questioners explored a number of different elements of this presentation. The social benefits 
and costs of mitigation options - which are investigated by means of a “multicriteria 
assessment” - were among them. It was also noted that the UNEP Centre is investigating 
further these social benefits and costs: Prof. Anil Markandya has prepared a paper on the
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subject, and empirical investigations will soon be undertaken, building upon a couple of the 
mitigation studies.

Particular elements of the methodology were also revisited, as the first application of 
“practice” to the guidelines was presented by means of this Botswana country report. In 
particular, information about the price of energy used was requested; the world price of oil 
vis-a-vis the local price of coal was duly noted.

Mauritius Country Study Report (D.D. Manraj)

After this presentation, questions about particular elements of the Mauritian situation (for 
example, transport characteristics) and the climate change process at the national level 
(participation, for example, of nongovernmental organisations) were posed.

Meanwhile, a methodological point that arose related to the ways in which decisions about 
where activities should be represented - that is, as either a baseline element or as a mitigation 
option - should be made. The particular Mauritian experience that prompted this discussion 
was to do with electricity production from bagasse. The Chairman noted that Brazil faced a 
similar dilemma in an earlier study (with regard to ethanol as a transportation fuel). In his 
opinion, however, it was unlikely that such activities could now not be placed in the baseline; 
consequently, they would not be available as mitigation options.

Zambia Country Study Report (Prof. FD Yamba)

Following the presentation, participants initially looked for clarifications - on such elements 
as: the extent of electrification, the take-up of electrical devices (particularly stoves) after 
electrification; the level of forest cover in the country; how to account for emissions on 
“shifting cultivation”; and emissions from the forestry sector.

The ways in which the mitigation options relate to developmental plans were also explored. 
Among other things, the implications of additional coal-briquetting were discussed.

One participant initiated a comparison of the Botswana and Zambia cost-curves. He noted 
that the two are very similar, even though the countries have very different “kinds” of 
economies, and economic histories as well.
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Report of the morning session, Tuesday 19 May 1998: Country studies 

(continued)

Rapporteur: Yinka R. Adebayo, UNEP Regional Office for Africa, Nairobi

1 Introduction

The chairman, Bubu Jallow (The Gambia) noted that most of the presentations the previous 
day did not focus on the participation of the grassroots. He further noted the importance of the 
grassroots because if their direct involvement in real-life activities. Following that note, the 
presentations followed.

The scheduled presentation by Willy Makundi, Lawrence Berkeley National Laboratory, did 
not take place as Dr Makundi was unable to attend the conference. The planned paper, 
Mitigation Options in Forestry, Land-Use Change and Biomass Burning in Africa, is however 
included in Part 2 of these proceedings.

2 Tanzania Country Study (Mr. Hubert Meena)

The presentation highlighted the economic background of Tanzania and noted that the country 
had undergone Structural Adjustment Programme (SAP) from the formerly closed socialist 
economy. In Tanzania, agriculture presently plays the most significant role but it is expected 
to play a less important role in future with the expansion of manufacturing base.

On climate change activities, an inventory is already in place, greenhouse gases mitigation 
study and capacity building programmes as well. In Tanzania it is estimated that about 55% of 
greenhouse gases come from C02. The presentation identified various options for the 
greenhouse gas mitigation. Notes on the long-term scenarios made were bearing in mind the 
future of the economy. External trade and debt repayment were identified as issues of 
importance to the future economy. Internally, reform of the economy will play an essential 
role.

Phase II study concentrated on forest and land-use in greenhouse gas mitigation. The link 
between these and energy was given, especially within the framework of natural energy 
balance. Household plays the most significant role - of over 88%. Biomass fuel constitutes 
more than 90% of the energy source in Tanzania. Annual fuelwood and charcoal use was 
estimated at 32 million m3. He gave a highlight of three scenarios constructed, the first being 
“catastrophic scenario”, under which it was noted that in future the forest resources will be 
totally exhausted. The second one was the “Tanzania Forest Action Plan (TFAP) scenario”, 
which is based on forest rehabilitation plan. The third scenario is the mitigation scenario. 
Emission from energy source was estimated at the level of household and commercial.

3 Senegal Country Study (Mr. Ibrahima Sow)

Most Senegalese stay in the rural area. Senegal imports more products than she exports and 
noted that the industrial base is not very developed. The sector that emits most greenhouse gas 
is energy, fuelwood by agriculture. The LEAP model has been used to develop the scenarios 
with most of the data coming from the information in the 9th National Development Plan.
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Energy consumption from household is very important in Senegal because of the use of 
charcoal and fuelwood. 64% of the population lives in the rural area, thus energy demand 
from that part is also high. Electricity supply is mainly from thermal while the dam on River 
Senegal will be a major supply in future; as soon as agreement is reached between Senegal, 
Mali and Mauritania. Energy use in Dakar is high and more will be consumed in future as 
more people are expected to live in the urban part of the country in future.

One important mitigation option is the electrification of villages through solar power. 
Provision of rural infrastructure is also important. This appears to be the most important 
option. Another one is to improve afforestation. Improvement of industrial boiler is also 
important.

The need to check the emission figures from wastes was raised at question time.

4 Lesotho Country Status (Ms. Mampiti Matete)

The project is hosted by the National Environment Secretariat. The inventory is now complete 
but other parts are not. Mitigation analysis centre on energy sector and land-use and forestry 
sector. The group in the energy sector has been able to identify some options. 3 mitigation 
options were identified: i) reforestation of indigenous forest, ii) afforestation of degraded 
land, and iii) rehabilitation of wetlands. Lesotho needs assistance on the use of analytic model 
in their study as they now use manual methods to calculate their projection. Like many 
countries, they also have problems with data.

5 South Africa Country Status (Ms. Gina Roos)

The presentation focused mainly on workplan. The presentation was on mitigation 
component, GTZ/US Country Studies support, with the Department of Environment Affairs. 
Emission, vulnerability, mitigation and policy are the four components of the project. 
Emission inventory use 1990 as the baseline and IPCC 1996 revised guideline. The study has 
identified areas of overlap and worked out modalities for preventing these. She also noted the 
need for detailed design.

During discussion time, the need to get clarification on what is ongoing was noted. A 
representative of South Africa gave further highlight on this. The real issue in South Africa is 
the limited capacity at government level while capacity in the private sector is very strong.

6 UNDP/GEF Capacity Building Project (Mr Moussa Cisse)

The project is based on training, awareness reusing activities, implementation of some aspects 
of conventions.

Ghana presented a report on the progress made this far in the implementation of the project. 
Kenya also presented a report on the studies. Mali noted that their studies are finished. 3 
sectors: agriculture, forestry, and energy sectors. Mitigation options based mainly on change 
of technology in the household sector. Options by technology and associated costs were 
shown.
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7 Maghreb countries: Morocco, Algeria, Tunisia, Libya (Mr. Samir 
Amous)

Samir Amous noted that there are different levels of achievement in the different countries. 
Activities also include enhancement of regional and national networking. He also noted the 
delay in the commencement of the activities as a result of the problem of understanding the 
process and terminologies in these mostly French speaking countries. Highlights on the 
objectives and activities were given and the progress thus far as well as what will be done in 
the near future. A report on the GEF-World Bank Solar Water Heating Project was also 
presented. It costs US $ 4 million. The projects aim at collective/public buildings.

NEXT - AGFISI 
Sett kiC !
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Report of the afternoon session, Tuesday 19 May 1998: Experience and 
lessons learnt.

Rapporteur: Dr S.J. Lennon, Eskom, South Africa

This session, chaired by C. Mzezewa of the Department of Energy, Zimbabwe, started with
Dr RS Maya presenting Zimbabwe’s experiences in compiling their initial national
communication. The main points of his presentation were as follows:

• The history of the communication from Rio in 1992 to present and the difference between 
Agenda 21 and the national communication.

• The initial academic focus in 1992 with a non-systematic approach evolving to a more 
rigorous, systematic and inclusive approach.

• The process and system utilised as summarised in the diagram (as per overhead).
• The Ministry of Transport and Energy/UNITAR project which enabled the creation of 

national committees to advise the government.
• Difficulties experienced in the application of methodologies and models.
• The importance of national and regional dialogue in ensuring the relevance and alignment 

of mitigation options.
• The need to access technical data and information that aids the evaluation of options.
• The transition from national priorities (wishes) combining that with the interest of the 

climate change arena and linking these to development investment decisions.

Dr T Ngara then presented details of the Zimbabwe national communication indicating:

• The structure of the process used to compile the report (overhead).
• Problems in data formatting, data collection, assumptions compromising accuracy, 

business confidential data, lack of reliable livestock statistics, etc.
• The report highlights Zimbabwe as a net sink due to sustainable forestry management.

• Important issues included:

Need for additional information.
- Historical trends.
- Objective, status, type of policy and measures.
- Monitoring, evaluation and costing of impacts and options.

• Further activities:

- Construction of data bases.
- Develop projects mentioned in the document.
- Build capacity for future communications.

During the discussion the following issues were raised:

What advice could be given to others and how would you have changed your approach?
- Include an early national capacity to analyse sectoral options. Too much 

dependency on a small number of people. The learning curve is very steep - even 
Annex I countries are still learning.
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Describe structure and personnel in the Climate Change office.
- It was converged on UNDP capacity building personnel, adapted once the need to 

prepare the document was identified. It is a small office forced to employ sectoral 
specialists in giving input to the study.

Experiences appear biased to Energy Sector - how about other sectors, like land use and 
forestry?

- The literature has a strong energy sector bias. We focused on inventories, then 
mitigation due to fund availability. The region is lucky to have numerous 
specialists in the other sectors that overcame the energy sector bias.

How will capacity building be integrated with the national communication?
- This is an on-going process to be integrated into future communications.

The session then moved onto a panel discussion dealing with lessons learnt, synthesis and 
observations - focusing on cross-cutting issues. In their introductory remarks the panellists 
highlighted the following:

H Meyer: Focused on methodological issues.

• How to construct baseline and mitigation scenarios (overhead). Both 
optimistic and pessimistic scenarios can be developed, giving four potential 
scenarios. It is important to be cautious in stating an optimistic baseline.

S Amous: The mitigation process is on-going with limited time to integrate issues in the 
national communication.

• There are in general stakeholder based national committees with opening 
and closing workshops and little in-between.

• Difficulties experienced include:

Distinguishing between baseline and mitigation.
- Finances to implement options.
- Data availability.
- Durability of the process.
- Ownership at sectoral and national level.
- Mitigation must not be regarded as academic work.
- Scenario and macro economic assessment help required, as well as 

methodological assistance in vulnerability and adaptation and some 
sectoral mitigation assessments.

RS Maya: Communications will improve as countries learn from each other.
• Need to establish a balance between promoting national goals and 

presenting for the global audience in a specific format.

Y Sokona: Facing the dilemma of understanding the 3Ps:
• Problem
• Process
• Product
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- Critical aspect is timing in getting all 3 together.
- Critical issue is to make outputs policy instruments.

K Tutu: Need more focus on grassroot participation.

• Inter sectoral implementation of options is important.
• Process made easier if it is part of the development process.

In the ensuring discussion the following main points were made:

• Sustainability of the process is of concern, as is data availability, ownership and lack of 
representation in the process.

• Climate Change is relatively new, as such policy makers and grassroots involvement 
should wait until all issues are understood.

• We need to put what we know into products targeted at policy makers and grassroots.
• Baseline projection methodologies need to include debt serving. This is difficult to include 

here - it should be done in the macroeconomic assessment.
• We should be talking abut development options, not mitigation options. Rather look at 

national priorities and then interpret in terms of mitigation options. (There appeared to be 
general agreement on this comment).

• Once you have a basket of mitigation options, you use development priorities to select 
options for implementation.

• Cost evaluations of projects need to include a holistic assessment of impacts at a macro 
economic and project level. They need to include consideration of balance of payments, 
debt/equity, employment, foreign exchange, financing, resource flows etc.

• An important issue is selling mitigation options to policy makers. This is highly dependent 
on data accuracy. Confidence levels in many areas exceed 95%, in others they are lower, 
but what is important is to state the level of accuracy for data.

• Technocrats need to agree, within the region, as to which models apply here so that policy 
questions can be accurately answered. It should however be noted that many local 
specialists worked in the development of models such as LEAP. It is important to 
understand the processes in your own country so you can select the correct models.

• The role of forests sinks and the relationship of tree growth and harvesting to carbon 
sequestration was discussed as an area in which these appear to contradictory positions 
adopted in the region. It was stressed that this is a controversial area that still requires a lot 
of debate and study before a definitive answer is obtained.

• At the end of this exercise the quality of life of people should have improved in applying a 
cleaner development path to national development. This must be achieved without 
negative impact on the nation’s GDP.

• The need for an economic benefit to be attached to environmental issues was stressed. 
Economic drivers and the development of private sector interests are critical in decision 
making. If the economic driver is not there then mitigation options must not be 
entertained.

The chair concluded by thanking the panellists and the floor for their contributions.

NEXT PAGE(S) 
left BLANK
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Report of the morning session, Wednesday 20 May 1998: Country Studies 

and Regional Studies

Rapporteur: Randall Fecher, EDRC, South Africa

Egypt Country Study (Dr. Zienab Farghly, Egyptian Environmental Affairs 
Agency, Cairo, Egypt)

After a presentation of the status of the Egyptian mitigation study, Dr Farghly answered 
questions from the floor:

Will building jetties for coastal protection just shift the sand around without preventing 
overall loss of beach?

The jetties and other coastal measures have been planned to avoid any such 
problems

Which crops are likely to increase in productivity with climate change?
- I am not positive, but I think it is cotton (which grows better in warmer climates) 

Have you looked at the wind energy potential for Egypt?
- The Red Sea and western coastal zone have high winds, and already have some 

wind installations
Shouldn’t you be co-operating with the other Nile Basin countries on regional mitigation and 
adaptation issues?

- That would be beneficial.

Regional GHG Mitigation Options: Methodology (Ian Rowlands, UCCEE 
and University of Waterloo)

See paper included in part 2. After the presentation the following questions were discussed:

What are the criteria or prerequisites for regional mitigation projects to succeed?
A common understanding of issues is critical. We can explore options in a study, 
but we must recognise the differences between countries, which may prevent them 
from acting on some options.

Is there a danger of being too focused on ‘project level’ analysis rather than ‘national level’
mitigation scenarios?

- The analysis should begin with a sectoral focus across the region—this will help 
you assess the developmental implications. But there is a danger of getting too 
focused on a particular sector.

Southern Africa Regional Mitigation Study: Power Sector Options (Norbert 
Nzarimasinga, Southern Centre)

Why don’t you know the benefits to the utility of “negative cost” options?
If something was economically beneficial for the utility, they would already be 
planning on doing it so it would be in the baseline. So ‘negative cost’ mitigation 
options may be negative cost for society but not for the utility.

What is the split between grid and non-grid demand in your analysis?
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- Very little off-grid-almost everything is connected to the grid in the long run 
[note: this is not about off-grid electrification but rather about small power 
producers not connected to the grid]

How do these options impact regional electricity prices?
- We do not yet know, but it is a key local impact which we will analyse in the 

follow up study
Is the assumption of zero gas penetration in baseline realistic, given that Tanzania,
Mozambique and Namibia are all planning gas projects?

We welcome additional input on gas development. If IPPs become more 
important in the region, they may need incentives to move toward clearer forms of 
power such as this.

How did you define what national policies would be in the baseline scenario?
- The baseline is based on stated government policies in the various countries and 

public plans
Have you included other GHG emissions (e.g. methane) besides C02?

In the inventory for the GTZ sponsored study, we found that methane emissions 
are less than one percent of the total GHG emissions from the power sector, so we 
have ignored them in this first cut.

Southern African Regional Mitigation Study: Transport Options (Peter 
Zhou, CEEG Consultants)

Have you considered the impact of synthetic fuel use for transport in South Africa?
- To some extent, but not in the petrol emissions factor 

What is the impact of road improvements instead of switching freight to rail?
We looked at rehabilitation of both rail and road. Road improvements are possible 
and will be beneficial for mitigation.
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Panel Discussion: Regional Cooperation for Climate Change Mitigation

Opening Remarks

Ian Rowlands:
• There are many options to explore beyond energy and transport: e.g. regional standards, 

R&D, training, policy co-ordination
• The Kyoto meeting and protocol points to increasing “internationalisation” of the climate 

change issue, and regionalisation is occurring in parallel to climate change discussions for 
other reasons (e.g. economic co-operation)

• There is a need to link SADC region mitigation analysis to other parallel activities in 
SADC Energy, SAPP, SADC Trade Protocol, etc

Peter Zhou:
• Regional mitigation options should target project with maximum economic and 

development benefits, e.g. large capital intensive investments which need more than one 
investor

• Need to understand roles of current actors in region (SADC and SAPP)
• SADC has put forward principle of “multi-speed approach” (different sectors can move at 

different speeds toward integration) and “variable geometry” (subgroupings of countries 
who are ready to move can move without all of SADC). These should also be applied to 
regional mitigation options.

• Much stronger institutional and legal framework is needed to facilitate investment, 
supported by information exchange throughout the region

Norbert Nziramasanga:
• Countries may not be willing to agree to a common baseline. Competition in certain 

sectors may reduce cooperation, especially information sharing.
• Financing for regional projects will be complex: what if the project is not a priority for all 

countries? How are the costs and benefits shared?
• Energy efficiency is still a relatively new concept in many countries.
• The power pool will take time to mature—climate change options related to the pool can 

not move faster than this.

Steve Lennon:
• Regional decisions are driven by basic social and economic factors, not climate change
• Mitigation is not as important as vulnerability and adaptation currently because Africa 

will be affected by climate change long before the mitigation impacts kick in.
• Regional cooperation should begin on vulnerability and adaptation as a priority: e.g. 

strengthen basic and energy infrastructure, regional electrification, water supply 
cooperation, etc

• Economic analysis must consider larger issues such as jobs, the health of major industries, 
GDP impact, etc: e.g. in South Africa, banning HFCs could cripples some gold mines, and 
cutting out SF6 would compromise power infrastructure.

• We should use win-win opportunities to raise funds for regional initiatives: e.g. 
electrification technologies, reducing line losses, regional load management, efficiency of 
power plants, road and rail transport, sustainable biomass use, distributed power utilities
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• Institutional structure for regional research collaboration: Power Institute of East and 
Southern Africa (PIESA) will focus on technology issues, standardising equipment and 
operating environment, and developing centres of expertise.

John Turkson:
• West Africa has huge development needs and currently has minimal electricity or 

transport infrastructure—the situation calls into question whether mitigation and 
development really are in the same direction.

• ECOWAS is not functioning effectively, and can not currently achieve regional 
objectives.

• West Africa has traditionally used hydropower, but because of unreliable water regimes, 
the move may be towards more fossil fuel power which will increase GHG emissions. For 
example Ghana was 95% hydro but might shift towards only 50% hydro in the long run. 
In this environment, energy efficiency will clearly be critical to minimising the emissions 
increase.

• Land locked countries in West Africa need reliable transport to coast—can this transport 
system be developed as part of regional mitigation option, for example through 
strategically located storage depots for rail/road transport?

Samir Amous:
• Climate change creates a new opportunity for regional integration and action—an 

opportunity to develop an integrated vision of development that includes mitigation, 
adaptation, etc.

• There may be many benefits from regional cooperation: creating larger markets, more 
financing available, etc.

• Regionalisation is unavoidable, so we must work to exchange experience and replicate 
successful initiatives—in this sense information exchange is a key link.

• On the down side, political problems clearly stand in the way of greater regional 
cooperation. We must be able to convince policy makers that a regional approach to 
vulnerability and adaptation, for example, will be more effective than a national one.

Discussion

Regional economic organisations have been unable to secure additional resources or operate 
effectively (particularly in West Africa), so what are the concrete possibilities or steps which 
are needed? What does the SADC experience tell us?

Steve Lennon: We will only benefit if we can manage the political and business 
environment around climate change. Africa can now sell something new—it can sell 
mitigation strategies. This highlights the importance of how the Clean Development 
Mechanism is defined to get things going, you may start from small initiatives and 
build up (as happened with SAPP)
Peter Zhou: States must be fully informed of mitigation ideas so that they take 
ownership of them. This is happening now in the Zimbabwe GTZ project.
RS Maya: Africa must tap global financial mechanisms and leverage local investments 
more effectively.

Are the attitudes of financial institutions toward Africa one of the major barriers to regional 
development, as well as the huge differences between countries?

[No answer]

Comment from O.R. Davidson: Out of 53 African states, only 5 to 7 could survive 
independently—we must cooperate. All international agreements are looking to regional
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opportunities to make developing countries more attractive for cooperation. Although 
sovereignty issues are clearly a barrier, we can already see widespread informal trade and 
cooperation—the environment does allow this even if government and mainstream industry are 
lagging.
We should increase investment and research collaboration between African countries and 
redirect the multinational corporation investment that currently flows between African 
countries to more sustainable projects and initiatives.

How can we prioritise regional mitigation options when countries may have different 
priorities within the region?

Ian Rowlands: This is bound to be a hurdle, but multi-criteria assessment of project 
opportunities could help.

What are the actual mechanisms for regional cooperation? What actions are needed to utilise 
these mechanisms more effectively? And how would individual countries be bound by 
regional commitments?

S.J. Lennon: PIESA is appropriate for technical and research issues. SAPP will 
promote trading and regional market development. But in the end it is political 
cooperation that is critical. There is no SADC position on climate change or any 
SADC CC activities of any kind. Rather than creating new mechanisms, we must use 
the existing ones more effectively.
Peter Zhou: SADC members are getting more serious, and SADC is supporting some 
regional transport initiatives with donor cooperation.
John Turkson: In West Africa people claim that differing legal systems is a major 
barrier, but in reality cooperation is taking place on a bilateral basis. If utilities can 
agree, then trade will work in electricity. Power sector reform will influence the 
outcome, but we do not understand the links yet.
RS Maya: There is a need for dialogue on a regional pool for West Africa. SADC is 
making progress through the Energy Protocol, Energy Strategy, and Action Plan. It is 
the last step—financing these projects—that is the most difficult and important. With 
regard to the regional mitigation study, the most important output is the methodology 
and the issues that it raises rather than the numbers themselves. The GTZ project will 
be a follow on which will look at specific mitigation options under SAPP. This 
information is necessary to ‘defend’ these regional options against a call for isolated 
national investment plans.

Information exchange is difficult between sovereign states or between utilities because they 
need state permissions.

John Turkson: Countries are overprotective of information, and are concealing 
information which has no real bearing on national security. The public domain for 
information must be promoted more actively.

What are the barriers to greater use of solar energy?
Steven Lennon: Technologies exist, and small scale solar is attractive for remote areas. 
Eskom has an off-grid electrification programme in place. Large scale PV is more 
difficult, but Eskom is looking at a pilot project for a 100-200 MW solar thermal 
plant.
Peter Zhou: Regional statistics are needed to answer questions about potential for 
renewables.
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Who has access to all of the information in the regional studies? How can we disseminate this 
information? How can we initiate a policy dialogue across the sub-regions?

N. Nziramasanga: The demand for networks and information will not happen until 
government officials are tasked to create it. When we come up with regional options 
without a strong regional government commitment and capacity to take up those 
options, we risk non-Africans benefiting more from the projects than Africans.
RS Maya: For the GTZ project, Southern Centre initiated it, initially to look at the 
POLITICAL impediments to regional cooperation. The first two phases, however, 
will be doing the basic background research, while phase III will look at barriers. Five 
researchers on the project at from SAPP utilities, and the project will involve SAPP 
Environment Sub-committee, SADC TAU on the steering committee.

54



Report of the concluding session: Relating Climate Change Activities to 

National Development and National Communications

Panellists: Youba Sokona, Ogunlade Davidson, Yinka Adebayo, Samir Amous, Todd Ngara, 
Gina Roos

In the final session of the conference, the panellists and the conference participants shared 
their reflections on climate change issues in general and the mitigation analysis studies in 
particular.

A general view was expressed that the participation of African institutions and individuals in 
the climate change debate has been limited until now. There was a strong need for 
governments in the region to be more actively involved through financing of and participation 
in projects, such as studies of vulnerability of their countries to CC, adaptation and mitigation 
of CC. It was suggested that such studies should rather complement the ongoing Enabling 
Activities to the extent that they can provide a framework to ensure that projects identified 
under the CC activities are consistent with the sustainable development objectives of 
countries.

The panellists emphasised that a mitigation analysis study should be seen not only as an end 
in itself but must be seen in the context of the development process of the region. While 
Parties to the Convention have an obligation to prepare and submit National Communications, 
this should also provide an opportunity for pursuing the capacity-building process of 
integrating Climate Change issues into national development programmes. It was suggested 
that the success of the National Communication preparation process could be judged, not only 
on the quality of the product but also on the extent that it helps countries to internalise the 
knowledge gained in the process.

It was noted that some level of capacity has already been built in the countries that have taken 
part in the UNEP/GEF, Danida and other mitigation analysis projects covered in the 
conference. However the question: “How to sustain and improve the capacity that has been 
built during this project so that effort and resources invested in the process would not be 
wasted?” was raised. One important aspect of follow-up relates to networking among the 
participating centres and others in the region engaged in such studies. It was the view of the 
participants that the seed for networking has been sown among the region’s small group of 
Centres of Excellence and individual researchers by the project and similar projects of this 
kind in the region. This, it was agreed, has to be nurtured to grow and enhance the exchange 
of information.

On methodology, a panellist expressed the importance of having common concepts (cost 
concepts, for example), and clarity of assumptions underlying the analysis being done. It was 
argued that these could facilitate cross-country comparisons. Another methodological issue 
raised was the determination of system boundaries between sectors. Establishing system 
boundaries for analytical reasons was considered of critical importance to the results of 
mitigation studies because ill-defined system boundaries can lead to double counting. For 
example, land-use and agriculture are often used synonymously or interchangeably. Similarly, 
cross-sectoral issues between, for instance, energy-agriculture-forestry concerning supply of 
and demand for biomass could affect the result of mitigation studies if the boundaries of the 
sectors are not determined ex-ante.
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Comments were presented from a number of conference participants from countries that had 
not so far carried out mitigation studies, nor participated actively in the climate change 
debate. Reactions were generally positive and there was a view that the presentations and 
discussions at the conference had provided valuable insights into the topics and a good 
introduction climate change mitigation issues. This enhanced awareness would be helpful to 
the participants in their forthcoming GET Enabling Activities with UNDP and UNEP.
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Closing Remarks. Dr. Yinka R. Adebayo
UNEP Regional Office for Africa, Nairobi

Mr. Chairman Dr. Gordon Mackenzie, Ladies and Gentlemen

My task is simple: to make a short remark on behalf of UNEP as we declare this conference 
closed.

We have in the past three days witnessed excellent presentations by experts on various issues 
relating to climate change and development in Africa. Discussions attending to the 
presentations have as well been enriching and exciting. I therefore have all the reasons not to 
trust that all participants here and the potential beneficiaries of the conference outputs will be 
satisfied with the products therefrom.

In the past decade, following the recommendations of the Second World Climate Conference 
(SWCC) organized by UNEP and WMO, climate change issues have climbed the ladder in the 
arena of international diplomacy and scientific research. Consequently therefore these issues 
dovetail on economic and development programmes, especially in developing countries and 
those countries whose economies are in transition. We have heard over and over again, how 
African countries lag behind in their development agenda. Civil unrest, aid dependency 
syndrome, demobilization of the little existing human resources capacity, gross disregard for 
organized intellectual guidance and extensive corruption in most facets of the society have 
been the cogs in the wheel of development and environmental security in most African 
countries. As painful as they look, these are the realities of African crisis which have to be 
dealt with without any fear of favour. Unfortunately it is not within our mandate here as 
experts to deal with them as they deem fit. Nonetheless we should not fight shy of these 
observations, otherwise all our efforts will continue to be wasted.

Ladies and Gentlemen, allow me to note further, that it is now universally accepted that the 
issue of climate change and attending activities involve multiplayers from meteorologists to 
engineers, economists, lawyers, policy makers, journalists and even law enforcement agents 
such as customs officials who now have the responsibility to look out for illegal trade of 
ozone depleting substances (ODS). This now brings the understanding of weather and climate 
issues beyond weather forecasting and irrigation to bread and butter, and even basic concern 
about the very survival of human race. The challenge to all of us as experts is to continue to 
open up doors to accumulate and integrate other experts so as to enable us attain a common 
goal in an effective manner.

I cannot properly end this note without acknowledging the distinguished role of the 
conference organizers and our hosts. In particular I thank the team of experts from the UNEP 
Collaborating Centre on Energy and Environment (UCCEE) from Riso who have 
undoubtedly meritoriously worked as good technical ambassadors of UNEP, especially on 
climate and energy issues since inception. It might interest you to note that I stepped into the 
shoes of Dr. John Christensen, so to speak, in UNEP after he departed the organization to set 
up the UNEP Centre. I am proud to have been able to work with him and Dr. Gordon 
Mackenzie especially at the early stage of the development of the Riso Centre. It can therefore 
not be a surprise to me that Dr. Mackenzie has been widely acknowledged for his wisdom, 
energy and enthusiasm he demonstrated as a brain behind the success of this conference. I 
thank Danida for supporting this conference, Dr. R.S. Maya and his colleagues at the
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Southern Centre for Energy and Environment for excellent back-up. Within the framework of 
the UN GEE family please join voice with me to send our words of appreciation to the UNDP 
and World Bank who have been properly represented by Professor Ademole Salau of the 
UNDP. I have known Professor Salau for many years as a top environmentalist and university 
administrator. To those of you who did not know, Professor Salau was a vice-chancellor of a 
top federal university in Nigeria, an experience he has successfully brought to bear in his 
successful task so far as a GEE coordinator in UNDP.

Ladies and Gentlemen, finally let me thank the Government of Zimbabwe for playing, as 
usual, a good and friendly host to this important activity. On behalf of the Executive Director 
of UNEP Dr. Klaus Toepfer, who sends his sincere greetings and message of solidarity to you 
all, it is my great honour and pleasure to close this conference.

Thank you.
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Botswana Country Study

Peter Zhou, EECG Consultants, Gaborone, Botswana

1 Overall project Framework

This study was carried out in Botswana, Tanzania and Zambia as part of the Southern African 
Greenhouse Gas (GHG) Mitigation exercise and was funded by the Danish International 
Development Agency (Danida). The project was conducted parallel to the UNEP/GEF 
project which involved 8 other developing- countries and 2 regional projects in Latin America 
and the SADC region.

In Botswana, the Danida project focused primarily on the Energy Sector.

2 Objectives of Project

The project analysed the baseline economic, energy development and greenhouse gas (GHG) 
scenarios, and abatement costing of plausible greenhouse gas mitigation options in the energy 
sector of Botswana.

The analysis period for both the baseline and mitigation scenarios is up to 2030 with the short 
term stretching from 1994 to 2005 and the long term up to 2030. The short-term economic 
projection was based on Botswana's 7th and 8™ National Development Plans that span the 
periods between 1991-1996/97 and 1996/97-2002/03 respectively. The Long Term economic 
framework was based on the framework for Botswana’s Vision 2016 (Botswana Vision 2016, 
1996; 1997) with some modifications (stagnated) for the long term growth rates in the 
transport and commerce sectors. The sectoral growth patterns in the baseline by assuming the 
above sectoral growth rates are presented in Fig 1.

Agriculture-GDP factor
Commerce-GDP
Construction-GDP
Household* (population)
Manufacturing-GDP
Mining-GDP
Transport-GDP

Fig 1 Baseline factorial sectoral economic (GDP) growth (LEAP output). 
** Factors are related to 1994/95 base year which has a factor of 1**
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The economic development as indicated by GDP was then linked to energy intensity in the 
future energy demand scenario and the related GHG emissions for the economic sectors.
The future domestic energy scenario for the domestic sector was calculated based on 
demographic projections derived by the Central Statistical Office (1996) of Botswana (Table 
1).

Table 1 Projected de-facto national, urban and rural populations

1991* 1994 2005 2030

Urban-towns 286 779 328 203 524 276 1 209 410

Urban villages & 
Rural villages

1 040 017 1 097 195 1 439 615 2 480 383

Total 1 326 796 1 425 398 1 963 891 3 689 793

*Census Year

For the transformation or Power sector, the current power plants and the ones planned in the 
time horizon were considered in the baseline scenario.

3 Modelling

The modelling tools from which secondary socio-economic and energy data were derived are 
the Macro-Economic Model of Botswana (MEMBOT) and the Botswana Energy Master Plan 
(BEMP) respectively. The Long-Range Alternative Planning (LEAP) and the Greenhouse gas 
Abatement Costing Model (GACMO) were used in this study to create the baseline scenario 
and the abatement costing of mitigation options respectively.

The LEAP model was then used to produce the energy and GHG baseline scenarios for the 
time frame to 2005 and 2030 by assuming the autonomous energy efficiency improvements 
(AEEI) quoted in Table 2

Table.2 Assumed AEEI values for the various fuel technologies

Fuel AEEI % per annum

Fuelwood -0.5

coal -0.5

paraffin/kerosene (domestic) -0.5

other petroleum products -1.0

solar -1.0

Agriculture diesel -0.5

All electricity devices -1.0
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4 Fuel Demand

The result from the LEAP analysis show that fuelwood is the dominant fuel throughout the 
time horizon with contribution shares of 43% in 2005 and 31% in 2030.

Gasoline is the second largest fuel in demand in 2005 (21%) and 2030 (30%) but shows faster 
annual growth rates (4.4-4.7%) in demand than fuelwood (1.6% to 2%). The other important 
energy source/fuels in the total energy demand are diesel (13-17%), electricity (7-10%) and 
coal (9-12%) as shown in Fig.2. The other petroleum products consisting of aviation gas, 
kerosene/jetfuel, fuel oil, lubes and LPG together with solar are expected to contribute the 
remaining 3 to 4% to the total energy fuel/source demand in the future scenario.

Petroleum products generally will have the highest annual growth rates (>3.5%) in demand 
especially in the short term. All the fuel/source demand annual growth rates will decline in 
the long term except for coal, lubes, and diesel and aviation gas which show higher annual 
growth rates between 2005 and 2030.

140000

120000

100000

80000

60000

40000

20000

0

□ Solar- TJ
□ residual Oil
□ aviation gas
□ LUBES
□ LPG
B Kerosene/paraffin
□ Coal
E Electricity
□ Diesel
□ Gasoline 
■ Firewood

1994 2005 2030

Fig.2 Projected Energy Fuel demand in the Baseline 1994-2030. (TJ)

The overall annual growth rates in total energy demand for the demand side are 2.9% in the 
short term and 3% in the long term.

Sectoral Energy Demand

Fig. 3 shows that up to 2005, the household sector will still be the largest consumer of energy 
in Botswana contributing 45% to the total energy demand. Transport (28%), Industry (16%) 
and Commerce (10%) are the next largest energy contributing sectors. Agriculture will 
contribute only 1% to the sectoral energy demand.
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The household sector is however overtaken by the transport sector in 2030 (Fig 3.2.2) as the 
sector with the largest contribution to the energy demand with 42% share compared to 
fuelwood which will contribute 32%.

The transport sector energy demand is expected to grow 5 times between 1994 and 2030 
while energy demand in all the other sectors will only increase by at most 3 times.

Transport and industry sectors show an increase in their shares in the long term while the 
household and commerce sectors shares are reduced. Agricultural energy share remains 
constant at 1 % throughout the time horizon.

□Agriculture-TJ
□ Commerce
□ Industry
□ Transport
□ Household

Fig 3 Projected Sectoral Energy demand in Baseline 1994-2030.

Energy Demand annual growth rates will be highest in the Commerce and Transport sectors 
in the short term with growth rates of 5.6% and 4.6% respectively. The other sectors have 
annual growth rates of 2% and below. Transport energy demand growth rate is consistent in 
the long term while that of Commerce declines to 1.2%. Energy demand annual growth rate 
of the agricultural and industrial sectors to 4.4% and 3.5 % respectively in the long term. The 
annual growth rate for the household sector declines in response to decline in the growth of 
fuelwood demand.

Major energy growth will occur in the transport sector because the sector responds to growth 
in all the other sectors. Energy demand in Industry will also be increasing in the long term 
due to expected rapid growth in manufacturing. The energy demand in Industry will 
significantly be reduced if the BCL mine closes, as the mine is the largest consumer of 
electricity and coal on the Demand Side in Botswana.
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5 Transformation energy

Transformation Input Energy Demand by Fuel

Fig 4 shows the energy fuel/source demand in the transformation/power sector.
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Fig 4 Projected fuel demand for electricity generation in Baseline (xlOOO TJ) by Fuel

Coal will be the dominant fuel used in the power sector contributing 94% and 84% to the total 
transformation energy inputs in 2005 and 2030 respectively.

Actual coal demand however will stagnate after 2005 as power imports become increasingly 
important after 2005. The reduced power imports to 1.2% of total energy inputs in 2005 is a 
reflection of increased local generation capacity at Morupule of 120MW which is expected in 
2003. Beyond 2005 imports are the second largest energy input contributing 12% to the total 
transformation input energy by 2030.

Electricity for plant use and diesel for diesel plants also do not increase after 2005 but 
together contribute 4 to 5% to the transformation energy input.

The highest annual growth rates in fuel demand will be registered in the short term except for 
imported power that will decline. Plant electricity demand, fuel oil and coal will have high 
growth rates of 6.1%, 5.5% and 4.8% respectively responding to the upgrade of local 
generation at Morupule Power Station. Diesel demand will increase slowly (1.1%) in the 
short term as a result of anticipated growth in demand for DBMS power.

In the long term growth rates of fuel/source demand are zero for all the energy sources/ fuels 
except for imported power and solar energy which grow at 9.9% and 2.8% respectively.

The proportion of imports increases in the long term to meet increasing electricity demand in 
the absence of additional local generation capacity.

Solar energy input will be increasing but will still be small to make a dent in the power sector.
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Energy Demand by Power Plant

Fig 5 shows the transformation energy inputs for the power plants expected to be in operation 
in the study horizon.
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Fig 5 Projected Transformation input Energy Demand in the baseline by Power Plant (TJ)

Morupule Power Plant will be the main consumer of energy in the Power sector and also the 
largest local generation plant with a demand of 91% and 84% of the total transformation 
energy inputs in 2005 and 2030 respectively.

Botswana Soda Ash generation plant will have a constant capacity of 20MW throughout the 
time horizon hence the constant energy input demand. The plant energy demand share will 
be about 4 to 5% of the total transformation energy inputs throughout the time horizon.

Diesel plants operated by the Department of Electrical and Mechanical Services (DBMS) will 
have an energy demand share of about 2%. Diesel plants operated by the Botswana Power 
Corporation will be slowly phased out to be negligible in 2005.

Selibe Phikwe energy input demand is only reflected in 1994 since the plant was 
decommissioned in 1996 but had energy input share of 8.5% in 1994.

Whilst centralised solar plants are expected to steadily increase in capacity to about 5 MW by 
2030, the solar energy input share in the power sector will still be negligible (0.1%).
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Fig. 6 Baseline GHG emissions by gas type expressed as CO2 equivalent (Energy demand and 
supply sectors)

6 Baseline GHG Emissions

The total calculated CO2 equivalent emissions in 2005 and 2030 were found to be 6100 Gg 
and 10530 Gg respectively compared to the base year (1994/95) emissions of 3860 Gg.

Demand and Transformation Side GHG Emissions

The supply side of the energy sector in Botswana will release more (60%) of CO2 equivalent 
emissions (3648 Gg) compared to the demand sectors which will release 2452 Gg in 2005. 
On the individual gases, the transformation/power sector emits 57% of the CO2, 83% of CH< 
and 50% of N2O. The high CO2 emissions will be due to the power generation which was 
also dominant in the base year. The high methane on the supply side is mainly due to coal 
mining.

In the long term (2030) the demand side becomes dominant emitting 64% of the total CO2 

equivalent emissions but its contribution of CH4 remain less (24%) than that of the supply- 
side. The demand side will also emit about 72% of the N%0 emissions in 2030. The high 
CO2 and N2O emissions will result from the high petroleum products demand particularly 
gasoline/petrol and diesel in the transport sector. Fig 6 shows the GHG growth pattern in the 
baseline.

The combination of high petroleum products and coal demand in industry will exceed coal for 
transformation which will not increase after 2005 hence the higher CO2 emissions for the 
demand side. Petroleum products also have a higher N2O coefficient than coal.

The distribution of CO2 equivalent emissions in the baseline would suggest placing mitigation 
emphasis on the transformation in the short term and on the demand-sectors in the long term. 
The selection of mitigation options however depends on the available opportunities in the 
sectors.
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Fig 7 CO2 equivalent Emissions by activity/sector type 

Sectoral GHG Emissions

In the short term, power generation/transformation sector excluding emissions from coal 
mining will be responsible for 49% of the total CO2 equivalent emissions (6100Gg) followed 
by the transport sectors with 22%. This is not surprising, as these are the sectors consuming 
most of the fossil fuels namely coal, petrol and diesel respectively. Coal mining will emit 
CH4 emissions equivalent to 11% of the total CO2 equivalent emissions.

Industry and commerce will contribute 11% and 4% to the total CO2 equivalent emissions 
respectively. The household and the agricultural sector will contribute the remaining 3%.

In the long term, the transport sector becomes the largest CO2 emitter with 39% of the total 
CO2 equivalent emissions (10530 Gg) followed by power generation with 29% of the 
emissions. Industry and coal mining will contribute 18% and 8% to the emissions 
respectively. The rest of the emissions will be emitted by commerce (3%), Household (2%) 
and agriculture (1%).

Fig 7 shows the anticipated CO2 equivalent emissions growth pattern by sector. The sectoral 
emission distribution would suggest aiming to reduce GHG emissions from the transport, 
power generation and industry sectors.

7 Selection of Mitigation Options

A portfolio of mitigation options was identified for the energy sector and GACMO was used 
to calculate the abatement costs and the potential GHG reduction of these selected mitigation 
options. In the analysis it was ensured that the penetration rate of each option was a 
proportion of the total penetration capacity in the baseline produced by LEAP.
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Table 3 Plausible Mitigation Options for Botswana’s Energy Sector
MITIGATION OPTIONS PENETRATION 2005 PENETRATION 2030

Supply Options

1. Power Imports-hydro

2. Reforestation- eucalyptus 200MW 300MW

Central Solar PV Plant 9810 ha 9810ha

Landfill gas for power 2MW 49MW

69000 tons waste (1.8MW) 1690001 waste (4.5MW)

Biogas home plant 13000 plants 21000 plants

Demand Options

Household sector

1. Prepaid meters 35000 meters 136 000 meters

2.Efficient Lighting- CFLs 810000 light points 1820000 light points

3.Geyser Timer 56000 timers 145000 timers

4. solar geysers 1000 geysers 2400 geysers

5.Solar PV home systems

Industry

25000 SHS 39000 SHS

Boiler Efficiency 20 boilers 50 boilers

Motor Efficiency SOOOOkW 56000 kW

Power Factor Correction 31 MVAR (200MW) 31 MVAR (200MW)

Transport

Pipeline for petroleum products 190767 toe 1095903 toe

Electrified Railway line 2200 kit 4640 kit

road freight to rail 3700 kit 7700 kit

Gasoline to diesel switch 12800Petr; 8660 diesel TJ 37400 .22100TJ

vehicle inspection 22760TJ fuel km- 18409505 v- 62060TJ

paved roads
km 18409505 v-km

Aariculture

Conservative tillage

Solar PV pump

100000 ha

7300 boreholes

100000 ha

5100 boreholes

The mitigation options presented here are for both energy supply and energy demand sectors. 
Selection of the options analysed also considered data availability and the importance of the 
options to Botswana’s economy. Table 3 summarises the selected options and their 
penetration rates used in the analysis of each option.

The cost of GHG reduction/ton and total reduction potential for each option were sequenced 
in a cost curve. The cost curve coupled with Botswana’s development priorities and macro- 
economic impacts of applying the options formed the basis for suggesting the country’s 
mitigation strategy.
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8 Implementation Aspects

Analysis of implementation aspects for the mitigation options was based on the following 
parameters

• Institutional capacity
• Difficulty in organising and the lead time required
• Transaction costs not included in the cost analysis which could be a hindrance
• Short and long term effects and sustainability
• Government position or policy on the subject

9 Macroeconomic Impact Assessment Criteria

Each mitigation option was analysed for macro-economic impact based on the following 
criteria:

• Impact on balance of payments
• Revenue collection e.g. in form of taxes
• Employment loss or creation
• savings on energy consumption and avoided fuel import- bills or deferred investments
• Improvement in economic efficiency/competitiveness
• Cross-sectoral linkages
• Improvement in health aspects
• Improvement of social standards
• and
• Land rehabilitation.

10 Mitigation Strategy for Botswana

Cost Curve Analysis
The cost curve is one way of presenting a climate change mitigation strategy for a country. It 
is a graph showing a possible sequencing of mitigation actions based on their costs of 
implementation. The cost curve logically suggests that options with the lowest cost are 
implemented first rising to the expensive ones.

Table 4 shows nine (9) mitigation options which can be implemented at negative costs out of 
the twenty-one (21) total options analysed. These relate to both electricity and diesel energy 
savings. The majority of the options in the household electricity savings have negative costs 
so these can easily be effected with the limited financial resources available in the households.

Those related to diesel savings are mostly in the transport sector. The cost of diesel savings in 
the transport sector also depends on the intensity of use. The higher the intensity of use e.g. 
in terms of t-km carried or toe transported, the lower the costs of reduction. Hence the cost of 
mitigation actions in the transport responds to economies of scale. Notable changes are in the 
option involving the pipeline and shifting from diesel to electric locomotives. In the case of 
the pipeline, the cost shifts from positive cost in 2005 to negative cost in 2030 when the fuel 
demand has increased to warrant the pipeline. The cost of diesel-electric locomotives drops to 
less than half that of 2005 in the same period as the freight size increases.

All the renewable mitigation options involving both solar and biogas have positive costs due 
to the currently high costs of equipment purchase. Reforestation programme also has a

70



positive cost due to high water demand for plants in Botswana as a result of the high 
temperatures.

In terms of GHG reduction potential, the intensity of use or penetration rate and the unit 
potential are obviously the determining factors. The pattern in the results however shows that 
in the household sector, a significant GHG reduction can be realised by limiting the 
geyser/electric water heater consumption. In the transport sector, pavement of roads and 
introducing vehicle inspection could result in significant avoided GHG emissions. The 
expensive options in the transport sector however have relatively low potential for reducing 
GHG emissions. Substitution of coal based electricity with hydropower or landfill gas based 
electricity has significantly avoided GHG emissions on the supply side.

The combined effect of all the mitigation options is depicted in Fig. 8 for the short term 
(2005) and Fig 9 for the long term (2030).

C02 Abatement Cost Curve: 2005

2,500.

2,000.

1,000. «

-1,000.

Million tonnes C02 reduction

Fig 8 Cost curve for energy system GHG abatement options 2005
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Table 4 GHG mitigation in the energy sector of Botswana and their costs or reduction and reduction potentials in 2005 and 2030

Mitigation option Cost of 
GHG redn. 
BWP/ton

Unit Size Driver Fuel used CO2 Equiv. 
tons/unit

Penetration rate
2005

cum reduction 
Mt/yr.
2005

Penetration rate
2005

cum reduction 
Mt/yr.
2005

1 ‘paved roads -521.3 1 route petrol/diesel 299814.7 1 0.30 1 0.30

2 Road freight to rail -395.2 1 ktsystem diesel 77781.7 1 0.38 1 0.46

3 ‘Tillage -388.5 1 tractors diesel 27.0 463 0.39 463 0.47

4 ‘Efficient lighting -249.2 1000 bulb coal 92.4 810 0.47 1820 0.64

5 ‘Prepayment meters -61.6 1 meter el-coal 2.2 35000 0.54 136000 0.93

6 ‘Efficient boilers? -36.6 1 boiler coal 476.8 20 0.55 50 0.96

7 ‘Geyser time switches -34.7 1 timer switch el-coal 3.0 56000 0.72 145000 1.39

8 ‘Power factor correction -30.5 1 MVAR el-coal 941.5 39 0.75 39 1.43

9 Hydropower Imports -10.3 1 kW el-coal 10 120000 +1.2 120 +1.2

9 ‘Fuel pricing 0.0 1 fuel system petrol 15237.0 1 0.77 1 1.44

10 ‘Biogas from landfills 6.7 1 t-waste el-coal 2.1 69000 0.91 169000 1.79

11 Vehicle Inspection 8.7
(3.1)

1 fuel system petrol/diesel 183115.6 1 1.41 1 1.98

12 ‘Efficient motors 26.6 1 kW el-coal 2.7 30000 1.49 56000 2.13

13 ‘Biogas for rural
households

54.9 1 digester wood 6.6 13000 1.58 21000 2.27

14 ‘solar home systems 63.9 1 system paraffin 0.08 25000 1.58 39000 2.27

15 ‘Solar geysers 72.8 1 geyser el-coal 5.0 1000 1.59 2400 2.28

16 Central PV electricity 90.1 1 MW el-coal 4386.7 2 1.59 50 2.50

17 ‘Solar PV water pumps 338.3 1 pump diesel 5.5 7300 1.63 5100 2.53

18 ‘Reafforestation 342.1 1 9810 ha sinl 72086.67 1 1.71 1 2.60

19 ‘pipeline 1333.1
(-212.7)

1 pipeline diesel 15624.2356 1 1.72 1 2.69

20 diesel to electric rail 3216.3
(1406.8)

1 t-km system diesel 27040.8 1 1.75 1 2.75

TOTAL-baseline 6.1 10.53

GHG Reduction % exclude hydro imports option 28.7% 26.1%

72



C02 Abatement Cost Curve: 2030
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Fig 9 Cost curve for energy systems GHG abatement options 2030 (Excludes the guaranteed 
hydropower imports of 1.2mt at p-10.3/ton)

Million tonnes C02 reduction

Even if some of the options have small contributions, the overall GHG reduction of these 
mitigation options is significant at 28.7% of the total energy sector emissions in 2005 and 
26.1% of the emissions in 2030.

Guaranteed hydropower as a mitigation option for Botswana taken in place of the expected 
expanded capacity in Botswana could alone reduce 1.2 million tons. This option has however 
not been included in the cost curve as arguments suggest that the option could be more of a 
regional mitigation option than a national one. The interest should however not be lost to 
explore how Botswana could benefit from this option.

Sensitivity test with discount rates involved increasing the rate from 6% to 10% and reducing 
it to 3%. The higher discount rate of 10% resulted in higher costs of reduction but none of the 
options shifted from negative costs to positive costs. The option of substituting coal power 
with hydropower was the closest one to shifting in that direction.
Similarly, reducing the discount rate to 3% reduced the costs of mitigation but again none of 
the options changed sign.

If the cost curve were to be the basis of mitigation strategy in Botswana, then Botswana 
would initially mop up the opportunities in the household sector which have negative costs 
and low capital layout followed by the ones with negative costs in the transport sector and 
power sector since the capital layout is relatively higher. Both the renewables and the
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expensive transport options would probably be implemented in the long term when it becomes 
cost-effective to use them.

11 National Development Priorities and Realignment of Mitigation 
Options

A meaningful climate change mitigation strategy in developing countries has to follow the 
development aspirations of those countries and in this respect, the strategy must take 
cognisance of the national development policies and possible impacts on the macro economy.

The aspects evaluated in this section included government policy on the mitigation 
measure/option, easy of implementability and the macroeconomic impacts consisting of 
impact on Balance of Payments, employment creation, social benefits like health aspects 
improvements or income generation, economic efficiency or competitiveness in business, 
environment enhancement. Consideration was also given where the option accrues benefits in 
another sector e.g. in form of deferred investments in additional power plants or enhancing 
agricultural output.

Table 5 is an attempt to rank the analysed mitigation options by considering these aspects. No 
weights have been allocated to these factors as these are not known but national governments 
could decide their weighting in the formulation of the GHG Mitigation strategy.
In this simple approach, only the total number of positive (+) impacts for each mitigation 
option determined the ranking factor.
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Table 5 Ranking of Mitigation Options by national development priorities

No. Mitigation Option Cost or GHG
Reduction
(BWP/ton)

Govt. Policy Implement
ability

Impact of balance 
of payments

employment social
benefits

economic
efficiency/
competitiveness

benefits 
more than 
one sector

Local
environmental
enhancement

Ranking

1 paved roads -521.3 + + -/+ + + + 4- 6
2 Road freight to rail -395.2 ? ? /+ ? ? ? 4- 2
3 Tillage -388.5 ? + ? 4- ? 4- 3
4 Efficient lighting -249.2 + ++ 0 + 4- 4- 4- 7
5 Prepayment meters -61.6 ++ ++ 0 + 4- 4- 4- 8
6 Efficient boilers -49.2 ? + ? + 4- 4- 4- 5
7 Geyser time-switches -34.7 ? + - ? + 4- 4- 4- 5
8 Power factor correction -21.9 + + ? ? 4- 4- 4- 5
9 Hydro power -10.3 ?/+ ? - “ + 4- 4- 4- 4
10 Fuel pricing 0.0 ? ++ 0 0 - - ? 0 ? 2
11 Landfill- gas for Power 

generation
6.7 ? +

-
4- + + 4- 4- 4- 7

12 Vehicle Inspection 8.7
(3.18)

++ +
-

+ 4-4- 4- 4- 4- 9

13 Efficient motors 26.6 + 4* ? ? 4- 4- 4- 5
14 Biogas for rural

households
54.9 ? + 0 4- 4-4- ? 4- 4- 6

15 solar home systems 63.9 ++ ++ + 4-4- ? ? 4- 8
16 Solar geysers 72.8 + ? ? ? 4- 4- 4- 4
17 Central PV electricity 90.1 ? ? 4- ? ? ? 4- 2
18 Solar PV water pumps 338.3 + - - 4- 4- 4- 4- 5
19 Reforestation 342.1 + - 0 + 4- ? 4- 4- 5
20 pipeline 1333.2

(-212.7)
? ?

—
+ ? ? 4- ? 2

21 diesel to electric rail 3216.3
(1406.8)

? ? —
+ ? 4- - ? 2

- = not in favour; + in favour (— or ++ means more so); ? not known/clear; 0= none



By this type of analysis, the sequencing of the climate change mitigation options in 
Botswana’s strategy could resemble the ranking in Table 6.

Table 6 Realignment of GHG Mitigation Options based on national development interests

Ranking
No.

GHG Mitigation Description Cost of Reduction 
BWP/ton

1 Vehicle Inspection 8.7(3.18)

2 Prepayment meters -61.6

Solar Home systems 63.9

3 Efficient lighting -249.2

Landfill gas for power generation 6.7

4 Paved roads -521.3

Biogas for rural households 54.9

5 Efficient boilers -36.6

Geyser time switches -34.9

Power factor correction -30.5

Efficient motors 26.6

Solar PV pumps 338.3
Reforestation 342.1

6 Hydropower guaranteed imports -10.3

Solar geysers- Water heaters 72 8

7 Zero tillage in agriculture -388.5

8 Road to rail freight -395.2

Fuel switch from petrol to diesel through differential pricing 0.0

Central PV plants 90.1

Pipeline for petroleum products 1333.2(-212.7)

Electrifying the railway line 3216.3 (1406.8)

This type of ranking would be satisfactory for zero or negative cost options but the sequence 
of implementation could be altered where large capital layouts are required for 
implementation. This may be the case with solar PV pumps that even if government were 
willing to promote solar technologies, would be slowed down by the cost of the technology. 
Similarly with reforestation whose cost is higher compared even to solar PV pumps.

Some of the options ranked low could be implemented earlier if the appropriate policies can 
be put in place e.g. zero tillage in agriculture.

The recommendation is that the mitigation strategy be reviewed from time to time for any 
necessary amendments.

12 Conclusions and Recommendations

Conclusions

There is a relatively significant potential to reduce GHG emissions in the energy system of 
Botswana by applying a number of mitigation options. The potential in by applying a set of
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21 mitigation options analysed in this study was found to be about 28.7% in 2005 and 26.1 % 
in 2030 as in Table 7

Table 7 GHG emission levels in the baseline and mitigation scenarios

2005 C02 equiv. 
Emissions

2030 C02 equiv. 
emissions

Baseline scenario 6100 10530

Mitigation
scenario

1750* 2750*

Reduction % 28.7% 26.1%
* This reduction excludes a potential reduction of hydropower of 1.2 MT

More GHG reduction could be achieved through additional options that may avail themselves 
in due course.

With respect to the present analysis, about 51% of the reduced emission could be achieved by 
implementing zero or negative cost options. The situation may change when more options are 
added.

Recommendations

Projects to assess in detail the best conditions under which the mitigation measures could be 
implemented should be the first follow-up activity.

Appropriate government policies directed at implementation of these measures will be 
necessary. The options should always have some national development benefits but guidance 
and incentives will be imperative to ensure involvement of the various actors in the economy.

An example of such incentive is practised in South Africa by ESKOM where awards are 
given annually to consumers of electricity and the suppliers of equipment. The awards are for 
outstanding achievements in energy efficiency measures or supply of efficient equipment. 
This is in form of money (up to R 20 million) and trophies but other forms of incentives can 
be formulated. Successful examples elsewhere could also act as incentives as local actors 
may also be driven by the aspiration to achieve similar energy and costs savings.

The awareness campaign is a process which takes time for results to be realised. It is 
therefore recommended that this aspect with respect to energy and cost savings be initiated 
soon for Botswana's actors to move towards sustainable development. A dedicated institution 
for energy efficiency and conservation could be the starting point for implementing of GHG 
mitigation.

In order to have a continued perspective of the mitigation objective, repeated mitigation 
analysis and refinements of costs probably including some transaction costs need to be made.
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Mauritius Country Study

D.D. Manraj, Central Statistical Office, Mauritius

1 General background

The Republic of Mauritius consists of a main island, Mauritius and a group of small islands 
scattered in the South West Indian Ocean. The island lies within the tropical belt and enjoys a 
tropical maritime climate. It is dominated by mountainous peaks and surrounded by coral 
reefs.

The total land area of the Republic is 2,040 km2 and has a Marine Exclusive Economic Zone 
of 2,000,000 km2. In 1995, the population was estimated at 1,142,513 and the country ranks 
high in population density with 560 people per km2. Nearly half of the population lives in the 
urban areas. Life expectancy at birth is 66 years for males, 74 years for females. The adult 
literacy rate is 82%.

2 Economy

Mauritius is a very small island with no natural resources and is heavily dependent on 
international trade. Over the last 25 years, Mauritius has sustained an average growth rate 
of 5.6%. It has undergone major structural changes from an agricultural monocrop economy 
with rapidly growing population, high unemployment rate and low per capita income to a 
more diversified economic structure driven by four main pillars: sugar, manufacturing, 
tourism and financial services. GNP per capita in 1995 stood at US$ 3,424.

Mauritius has come a long way and is being quoted in many fora as an emerging Newly 
Industrialising Country. It was recently ranked first in the 1998 African Competitiveness 
Report followed by Tunisia and Botswana.

3 Energy

Mauritius has no known oil, gas or coal reserves but is only endowed with limited renewable 
energy resources namely hydropower and bagasse. Bagasse represents about one third of the 
country’s energy requirements and meets almost all of the sugar industries energy demand.

4 Mauritian National Climate Committee (NCC)

Mauritius signed the UN Framework Convention on Climate Change at the Earth Summit in 
Rio de Janeiro in June 1992 and was the first country to ratify it in September 1992.

The National Climate Committee (NCC) is a multi-sectoral organisation, established in June 
1991 under the chairmanship of the Prime Minister’s office and with the Meteorological 
Service as Co-chairman.

The Committee comprises representatives of the following organisations:

• Department of Environment
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• Meteorological Services
• Central Statistical Office
• State Trading Corporation
• Marine Authority
• Ministry of Energy
• Ministry of Economic Development and Regional Co-operation
• Ministry of Health
• Ministry of Agriculture and Natural Resources (Forest Department)
• Representatives of Private Sectors
• National Transport Authority
The Meteorological Office has taken the lead in this project and has constituted 3 technical 
working groups namely Energy and Transport, Agriculture and Economy comprising 
statisticians, economists, engineers and researchers.

5 Inventory of Greenhouse Gas Emissions

The major sources and sinks of Greenhouse gas emissions identified are
• Energy
• Industrial processes
• Solvent
• Agriculture
• Land use change and forestry
• Waste
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Figure 1. C02 emissions and sinks (Gg), 1995

In 1995, 94% of the GHG emission comprised carbon dioxide and the main sources of 
emissions were:
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Transport 38%
Power 37%
Manufacturing 16%
Other 9%

Table 1. National emissions of all gases, 1995 (Gg)

C02 1736.8
Other gases 111.6

CO 67.0
NMVOC 15.7
so2 13.4
ch4 4.6
n2o 0.7
NOx 10.2

6 Projections of GHG Emissions up to 2020

We have worked out our GHG emissions up to 2020 under the Business as Usual scenario. 
How did we get the inputs for the Business as Usual Scenario and for the Mitigation and No 
Regrets policy options that are being presently discussed. We are lucky in a sense that the 
groundwork had already started way back in 1990 under the National Long Term Perspective 
Study and which was finally published in 1995. These reports depict the long-term vision of 
Mauritius, the projections, the choices and the alternative policy options.

Figure 2. Emission of C02 (Gg) 1995-2020

1 No Regrets Policy- Transport Sector

The following mitigation options are now being considered in the “No Regrets Policy” 
scenario in the transportation sector.
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• Trip reduction and increase in vehicle occupancy
• Improving fuel efficiency
• Enhanced traffic management
• Improving freight transport energy efficiency

Mitigation and Adaptation scenarios to curb CO2 emissions are still being worked out and it 
has not been possible to produce the relevant cost curves for this regional workshop. 
However, rough estimate shows that reduction of CO2 can be achieved only by making use of 
No Regrets measures and could be of the order of 5% and 8%.

8 Mitigation Options

Projects identified for mitigation options are:

• Energy Sector
• Transport Sector
• Manufacturing Sector

Renewable Sources (Solar, Wind, Biomass) 
Fuel switching & Mass transit transport 
Increase efficiency of energy use in the 

manufacturing process

The above projects have been singled out for a study of indirect costs associated with 
mitigation options. Prof. A. Markandya of the Bath University, UK will assist the Mauritian 
team. They include employment benefits/costs, secondary environmental benefits, income 
distribution and poverty impacts.

The work on the mitigation options will be finalised in mid June 1998 and the relevant cost 
curves will be included in our final report.
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Zambia Country Study

Professor Francis D. Yamba, Centre for Energy, Environment and Engineering Zambia 
Limited (CEEEZ), Lusaka, Zambia

The study on “Methodological Development, National Mitigation Analysis and Institutional 
Capacity Building in Zambia” considers the following five common elements:

■ Comprehensive evaluation of national social and economic development framework for 
climate change.

■ Baseline scenario(s) projection(s)
■ Mitigation scenario(s) projection(s)
■ macroeconomic assessment
■ Implementation Issues

Under evaluation of national social trends, social conditions related to employment and health 
were considered. In the employment sector, as a result of the liberalisation policy put in place 
by Government, there was a decline in the number of employment opportunities between the 
years 1990 and 1995. In the health sector, between 1990 and 1995, the Government 
introduced Public Health Reform Programme aimed at improving the delivery of services.

Under demographic trends with specific reference to population, population was estimated at 
8.2 million by 1994. The study considered various factors affecting population growth in 
Zambia and adopted an average growth rate of 3%. With this growth rate, the total population 
is expected to reach 13.2 million by the year 2010 and 24.0 million by the year 2030.

Other areas considered under this category include major land use activities. The three major 
land use categories in Zambia are cropland, forest reserves and national parks. Forest reserves 
and national parks cover about 10% and 8% of the country, respectively, and are managed by 
the Forest Department and the National Parks and Wildlife Services.

The major uses of forests in Zambia are agriculture, woodfuel and timber harvesting. Out of a 
total land area of 753,000 km2, land potentially available for agriculture is 420,174 km2, 
which is 55.8% of total land area. However, land area suitable for crop production is 250,000 
km2, which is 33% of the total land area. While land currently utilised for crop production 
ranges between 110,000 to 150,000 km2 constituting between 15 to 20% of the total land area 
cover.

Main national economic development trends included basic statistics on GDP structure and 
overall sectoral performance. The Zambian economy is categorised by mining, manufacturing 
industry, agriculture and transport. Copper mining and it’s export contributed 8% and 7% to 
GDP in 1990 and 1991 respectively. Despite this increase, efforts and measures have been put 
in place by Government to resuscitate the mining industry. Manufacturing sector experienced 
a decline in GDP performance between 1990 and 1995 as a result of liberalisation policies put 
in place by Government and the relatively shorter time available for existing companies in the 
country to adjust. However, the sector’s performance is likely to improve as a result of 
Government policy on privatisation of parastatal companies, since the new owners of such 
companies will endeavour to put more investments in their operations.

Agriculture plays an important role in the GDP structure in Zambia like other sectors, 
agriculture has also passed through turbulent times resulting in fluctuation of GDP between
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the years 1990 and 1995. To stop this decline the Government has put in measures 
particularly the Agricultural Sector Investment Programme (ASIP) aimed at improving the 
performance of the sector.

One of the main objectives of the study was to develop baseline scenarios in energy and 
forestry sectors. The main elements considered under baseline scenarios in the energy sector 
were energy demand and CO2 emissions projections. To determine these parameters, the 
following assumptions were taken into consideration: population and household energy; 
household energy mix; economic activities measured in GDP; energy intensity; energy policy 
and; fuel prices. Together with these assumptions, energy demand and CO2 emissions 
projections were calculated using the Long-Range Energy Alternatives Planning (LEAP) 
system. Another model used in the study is the Greenhouse Gas Abatement Costing Model 
(GACMO) which was specifically used to determine the cost of implementation of mitigation 
options on an individual basis.

Mitigation analysis in the energy sector considered five economic sectors namely: 
households; mining; industry; transport and; government service. The mitigation options 
considered in the household sector included energy substitution and efficiency of cooking 
appliances. In the industrial sector, the options of partial replacement of coal, diesel and fuel 
based boilers with electric were considered. Under transport and government/service, use 
ethanol-gasoline blend in petrol-propelled motor vehicles and improved maintenance of motor 
vehicles options respectively, were considered.

The total energy demand under the baseline is expected to increase from 198.29 million GJ to 
322.61 million GJ by 2010 and 653.11 million GJ by 2030. Under mitigation, the increase is 
expected to rise from 198.29 million GJ in 1995 to 297.07 million GJ by 2010 and 579.23 
million GJ by 2030 thereby giving a reduction of 7.9% and 11.3% in 2010 and 2030 
respectively.

Under baseline scenario, CO2 emissions from all the sectors considered increased from 17.02 
million tonnes in 1995 to 26.45 and 48.47 million tonnes for the years 2010 and 2030 
respectively. Whereas under mitigation scenario, CO2 emissions increased from 17.02 million 
tonnes in 1995 to only 23.69 and 40.93 million tonnes for the years 2010 and 2030 
respectively, giving a reduction of 2.8 million tonnes in 2010 and 7.86 million tonnes in 2030.

Using the GACMO, individual reduction and cost assessment of all mitigation options 
identified were analysed. It is evident from the results obtaining that most of the options in the 
Zambian scenario have negative costs putting Zambia in well placed position to positively 
contribute to abatement of CO2 emissions through implementation of relatively lower cost 
options.

Baseline development in the forestry sector, considered the following scenario assumptions: 
forest land clearing for commercial firewood; cutting natural wood for timber harvesting, 
forest land clearing for charcoal production and forest land clearing for shifting and 
permanent agriculture. Mitigation options considered to reduce the resulting deforestation 
included maintaining existing stocks and expanding carbon sinks. With the help of the 
Comprehensive Mitigation Analysis Process (COMAP), biomass (carbon stock) and biomass 
supply and demand for the years 1990, 2010 and 2030 were determined. Also determined was 
the cost of saving of one tonne of CO2 and investment cost per hectare. Under baseline 
scenario, results indicate that there is decline in forest land area between the years 1995 and
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2030 as a result of ensuring deforestation. However, with implementation of the considered 
mitigation options, the trend is reversed with a positive increase in biomass pool.

The macroeconomic impact assessments of the projects recommended for implementation 
was undertaken as part of sustainable development and greenhouse gas limitation strategies 
for Zambia.

The macroeconomic assessment considered qualitative assessment of macroeconomic impacts 
of considered mitigation options relating to employment, saving on consumption, health 
aspects, improvement of social conditions, foreign exchange savings, export, competitiveness 
and internal savings.

Lastly, but not least, implementation issues were also considered in the study relating to 
investment requirements of the identified options and also the barriers for implementation of 
these options.
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Tanzania Country Study

GHG Mitigation in the Forest and Land-use Sectors in Tanzania

Hubert E. Meena
Centre for Energy, Environment, Science and Technology (CEEST)
Dar es Salaam 
Tanzania

1 Introduction

Tanzania came into existence in 1964 when Tanganyika and Zanzibar were united. She is an 
East African country situated between latitudes 1°S and 12°S, and longitudes 29°E and 41°E with 
an area of 942,784 km2. About 61,495 km2 of the area constitutes inland water- bodies (water 
resources) including parts of the three big East African lakes - Victoria, Tanganyika, and Nyasa 
(Malawi).

The economy of the country has significance in the mitigation analysis. This is because 
technological development and technology transfer occurs in the economic framework. 
Furthermore measures of success in technological development are obtained in the economic 
performance of a country. As for Tanzania’s economic situation, since 1985, the government 
of has been implementing several major policy reforms and the Tanzania society is today 
significantly different from it was some ten years ago. Economic social and political freedom 
has been introduced and the private sector is growing rapidly.

An objective of this study is to analyse the role of the land use sectors of Tanzania (especially 
forestry) on mitigation of greenhouse gases. Specific emphasis is placed on the relationship 
between forestry and energy supply from biomass. This is a follow up study on an earlier effort 
which worked on mitigation options in the country without an in-depth analysis of the forestry 
and land use sectors.

2 Review of Previous Climate Change Studies in Tanzania

Various climate change studies have been undertaken in Tanzania. The major ones include a 
study on Sources and Sinks of Greenhouse Gases in Tanzania; Technological and Other Options 
for the Mitigation of Greenhouse Gases in Tanzania; and Assessment of Vulnerability and 
Adaptation to Climate Change Impacts in Tanzania. We review the first two due to their close 
linkages to this study.

2.1 Inventories of Greenhouse Gas Emission

The study on sources and sinks of greenhouse gases (GHG) was undertaken in 1993, with the 
objective of establishing an inventory of sources of emissions and removal by sinks of GHGs in 
Tanzania. The results of the study showed that carbon dioxide emissions from Tanzania in 1990 
amounted to 55,208 Gg CO2. Total emissions, evaluation with the Global Warming Potential 
Index (GWP) indicates that the emissions of CO2 contributed 55% to potential warming due to 
the 1990 emissions, CH4 provided 44%, and N2O provided 1% (Figure 1).
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Figure 1: Important GHG Emissions in Tanzania

Land-use changes and forestry sector made the largest contribution (53%) towards the warming 
that may result from the 1990 emissions of trace gas in Tanzania. This was followed by 
agriculture (33%), energy (13%), and waste management (1%). Industrial processes contributed 
less than 1% of potential wanning (Figure 2).

process Manage™,,,
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Figure 2: Sectoral contribution in GHG emissions

In general Tanzania’s emissions are not significant compared to developed countries, but the 
results lead the country to design measures that will promote sound technologies for sustainable 
development goals. Table 2 shows a comparison of Tanzania’s emissions with other countries.

Table 2: Comparison of Tanzania’s GHG Emissions with World Emissions (Gg CO2

Equivalent)

Tanzania Zimbabwe South Africa Mexico Ukraine Global

Energy 12,992 19,745 377,523 342,759 807,241 22,000,000

Industrial process 349 617 5,900 11,621 31,756 1,300,000

Agriculture 33,284 5,876 21,683 48,016 55,370 7,400,000

Land-use Change & Forestry 53,015 -142,312 3,240 116,882 -56,938 4,000,000

Waste Management 1,073 2,243 12,495 12,887 22,418 1,600,000

Total 100,713 -113,831 420,841 532,165 859,847 36,300,000

Source: (4)
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2.2 Climate Change Mitigation

Sources of greenhouse gas emission analysed included energy, industrial, transport, forestry and 
land-use, agriculture and livestock, household, commercial, and informal sectors. A sectoral 
analysis was done and number of technological and non-technological options have been 
identified and will serve as input to various national plans and communication.

2.2.1 Sectoral Assessment

Identified mitigation options include, among others, the applications of efficiency technologies in 
energy production and use, efficiency in rice cultivation, better animal feed practices, efficient 
technologies for cement, pulp, and paper production, fuel switch in transport sector, transport 
management and optimisation in transport modes, afforestation, forest management, and urban 
tree planting.

2.2.2 Macroeconomic Analysis

The development of the long-term macroeconomic scenario was undertaken using a Cross 
Impact Matrix analysis. The Cross-Impact Matrix method starts by establishing a list of 
pertinent elements that make up the building blocks of the scenarios. These focus on the key 
interest relationships among those elements and methodically state whether that relation exists 
in each of the two directions between each possible pair of elements. The relation is expressed 
simply by the presence or absence (zero or one respectively) of any direct relationship 
between a pair of elements. As a result, a structural matrix is defined, representing the links 
between the systems key elements. A consistent combination of the different outcomes results 
in a definition of the different scenarios. Figure 3 shows the resultant scenarios.

In the analysis two major uncertainties for the long-term development scenarios were 
identified. These include external uncertainties concerning the evolution of export commodity 
prices, the foreign debt service, and external development support; and internal uncertainties 
including structural adjustment policies, provincial development strategies, land allocation 
policies, agricultural development priorities and the exploitation of abundant natural 
resources. The result of the Cross-Impact Matrix is consistent with the Tanzania’s 
Development Vision 2025 Targets.
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1
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Fig. 3: The Structure of Tanzania's Development Scenario
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The most likely scenario for the long-term development of Tanzania can be characterised by 
the predominance of structural reforms in the short-term, followed by a more balanced growth 
strategy in the long-term. Therefore a combination of the above scenarios results into a 
composite scenario.

2.2.3 Ranking of the Mitigation Options
A multiple criteria assessment method was used to rank the mitigation options. This was done 
with the help of Expert Choice software. Due to the relatively high number of options, they were 
evaluated against standards rather than against each other. Fig 4 shows the results of the ranking 
process.

CO; recovery (paper) 

Traffic flow

C02 recovery (cement) 

CH, recovery (mines) 

Prod, mix in cement 

Agricultural practices 

Livestock husbandry 
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Management in cement 
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Fuel switch in cement 

Charcoal kilns 
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Eff. in industry 

Combined cycle 

Repowering

Priority

Fig. 4: Ranking of mitigation options

3 Methodology

Method adopted in this study involves the examination of the baseline and mitigation 
scenarios. Three scenarios are developed which include a “catastrophic” scenario whereby 
despite the existence of the policies and plans the sector takes a business as usual path and 
experience poor implementation of policies. The second scenario is the enhanced TFAP 
scenario in which the Tanzania Forestry Action Plan is implemented, but since its time 
horizon is up to the year 2008 it is projected to year 2020. The third scenario is the mitigation 
scenario that improves on the previous two scenarios by undertaking mitigation actions.

90



3.1 Deforestation and GHG Emission Process

Assuming that deforestation has three agents working at the same time, tree regrowth will not 
recover the original biomass in a short time, unless the area is left fallow for a long time. 
Furthermore, the activities are related, whereby logging removes the big trees and then 
charcoal making uses the remaining branches and agriculture clears the rest. Remains from 
agricultural clearing are either burnt on site or taken away as fuelwood. Other decay on site. 
Figure 5 illustrates the relationship between deforestation activities.

Agriculture
Energy

25%
\ Charcoal 

Fuelwood

Burnt 20% 
Decay 5%

Wood stock 75% 
Burnt 5%
Decay 5% Others

Figure 5 Deforestation Activities and Inherent Relationships

The existing policies and legislation have an implication in the current forestry status as well as 
to the success of any mitigation options. The relevant policies here include the land tenure and 
Land policy and legislation, forestry policy and legislation, environmental policy and 
legislation, population policy, and the national energy policy.

4 The Catastrophic Scenario

In greenhouse gas mitigation analysis, it has always been assumed that the baseline scenarios 
are consistent with national plans and programmes. However, in forest and land use sectors 
policies and programmes do exist, which forms the baseline, but due to various problems, 
they are not implemented. Therefore, in our analysis instead of having two path, the baseline 
situation and mitigation situation, there is a situation whereby the baseline path is not 
implemented. This path is hereby named the “catastrophic” scenario which is an inconsistent 
one and a business as usual trend is experienced. Under this scenario it is assumed that 
programmes in the forestry and land use sectors envisaged in the relevant policies are not 
implemented or are implemented in pieces. This may be due to various problems 
encountering the country including the following:-

• lack of financial resources to implement the programmes;
• lack of awareness on the part of stakeholders;
• incompatibility of other sector policies and programmes which relate to forestry and 
land use;
• less priority accorded by policy makers;
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4.1 Characteristics of the Catastrophic Scenario

The catastrophic scenario assumes that the current deforestation rates persist and very little is 
done to redress the situation. Unsustainable harnessing of natural resources continues due to 
poverty and population pressure, and very little is done to intervene. Although literature put 
deforestation at between 300 to 749 kha per annum we use adjusted figures for the GHG 
emission used in the inventory. The adjustment were necessary because if such figures are 
used there will be no tree left in the country by the year 2000. We adjust for factors such as 
accessibility of the forests, whereby forests that are very far from the road are left untouched 
due to transportation problems. Therefore deforestation is limited to areas accessible by roads 
and railways, and areas which are close to settlements.

The following assumptions are therefore made:-
• Deforestation and emissions due to agriculture will continue to be influenced by 
population pressure and therefore its growth will be 2.8%;
• Deforestation and associated emissions due to other economic activities like timber 
and poles will be influenced by economic growth and therefore will grow at 5%;
• Inaccessible forests continues to operate the closed carbon cycle and therefore are not 
considered here; and
• CO2 emissions and sequestration is therefore associated with dynamic activities of tree 
cutting/harvesting and regrowth/planting.

Forests that are accessible to human activities will suffer severely under the catastrophic 
scenario. Therefore, the tropical closed forests and mangrove forests that in most cases in 
Tanzania are located within reach of neighbouring inhabitant are in a danger of being 
depleted. The miombo woodland has an advantage of a big part of it being inaccessible. 
Figure 6 shows the behaviour of the forestry sector under this scenario.
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Figure 6 Deforestation trendfor the catastrophic scenario

4.2 Greenhouse Gas Emissions under the Catastrophic Scenario

Due to unsustainable nature of development in this scenario, an increasing trend of GHG 
emissions from land use and forestry is experienced. Furthermore, the sinks are depleted 
hence diminishing uptake from the accessible forests and plantations.

Normally CO2 emission from fuelwood consumption is accounted for in the forest sector 
during clearing of the trees. Other gases are accounted for in the energy sector. However, in 
this case emission from fuelwood is accounted for in the energy sector and specifically the 
energy use in the household and commercial sectors. Table 6.1 shows CO2 emissions under 
the catastrophic scenario.

Under the catastrophic scenario net CO2 emissions almost trebles, mainly due to extensive 
land clearing for agriculture and unsustainable harvesting of forests, which shrinks the sinks 
to less than one fifth. The situation is expected to worsen due to the fact that out of every 20 
hectares of forests that are clearfelled only one hectare is planted.
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5 The ‘Enhanced TFAP’ Scenario

The enhanced TFAP scenario development is based on the existing national development plans 
including the Tanzania Forestry Action Plan (TFAP) and projections based on Forest 
Management Plans. Since TFAP target is the year 2008, implementation beyond the year 2008 is 
extrapolated on the basis of these programmes and projects.

5.1 Programmes and Projects under the Enhanced TFAP Scenario

Programmes and projects under the enhanced TFAP scenario can be grouped into four. These are 
the Land husbandry programme, Forest management Programme, Forest Industries programme 
and Bioenergy Programme.

5.1.1 Land Husbandry
Land husbandry involves all activities related to sustainable utilisation of the land for various 
uses. These include agroforestry, maintenance of catchment forests, and sustainable woodfuel 
harvesting. Under village forestry programmes activities include afforestation, agroforestry and 
community forest for fuelwood. The TFAP indicates that 8000ha. of forests for fuelwood will be 
planted in a period of 20 years in peri-urban areas of various cities in Tanzania on commercial 
basis. Using expert judgement it means 400 ha per year. This figure will be used to extrapolate 
the number of hectares covered to the year 2020.

5.1.2 Forest Industries
The TFAP target is to ensure solution to the above problems through the following:

• utilisation of wood resources with less waste;
• where applicable, substitution of hardwood by softwood;
• more emphasis to be given to utilisation of lesser-known hardwood species; and
• utilisation of surplus softwood through new investment in industry capacity.

5.1.3 Forest Management
Activities in forest management programmes include protection and rehabilitation of the existing 
forests, as well as controlling them in the form of sustainable harvesting. Projects under this 
programme include gazetting of new forest reserves, management of the miombo forests, 
hardwood plantation in closed broadleaf forests and management of plantation forests including 
the Sao hill softwood forest. This programme is expected to cost US$ 33.33 million.

5.1.4 Bioenergy
Woodfuel and other forms of biomass dominate the energy balance and account for 
approximately more than 90 % of the primary energy supply. On the other hand, commercial 
energy sources, i.e., petroleum and electricity, account for about 8% and 1% respectively of the 
primary energy used. Coal accounts for less than 1% of the energy used. Nevertheless, Tanzania 
has a number of other indigenous energy sources including; a considerable potential of 
hydropower, coal, natural gas, solar, and wind.
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Figure 7: Energy Supply by Fuel (1995)

Strategies to achieve sustainable biomass energy supply include
• the increase of local wood supplies by various form of afforestation;
• reduction of wood energy needs through greater efficiencies of wood energy conversion 
and utilisation;
• substitution of woodfuels by alternative energy sources;

5.2 GHG Emissions from Enhanced TFAP Scenario

Estimation of greenhouse gas emissions resulting from the enhanced TFAP scenario has been 
made on the basis of illustration in Fig. 5, and the same assumptions as in the ‘catastrophic’ 
scenario. However, in the enhanced TFAP scenario it is further assumed that the proposed 
policies and programmes are implemented. It can be noted that some of the activities in the 
enhanced TFAP scenario are in themselves mitigation options. However, they will be magnified 
in the mitigation scenario.

In the greenhouse gas inventory the forest and land use sector combine the land use and the 
bioenergy activities in estimating carbon dioxide emission. Therefore in order to avoid double 
counting this system has been maintained. However, other gases have been analysed on the basis 
of devices to enable evaluation of the impact of technology in reducing the emissions.

Emissions in the land use changes assumes that the rate of increase of forest management 
activities and related tree growing activities will have the following effects

• increase sequestration at the same rate; and
• decrease of emissions from land use changes at the same rate.

6 The Mitigation Scenario

6.1 Identification of Mitigation Options in Forestry and Land-use

Identification of potential mitigation options involves the determination of relevant options, and 
methods for analysing the options. This involves data collection and review. This study makes a
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forest and land use sector analysis in respect of its development and associated greenhouse gases 
emissions.

The mitigation options have been divided into the supply side oriented options and the end use 
side options. Necessary measures to mitigate environmental deterioration through the forest 
protection and conservation option include:

i) introducing forest property rights, introducing bank credits of soft lending terms
ii) diversifying energy sources including rural electrification;
iii) encouraging the use of appropriate technologies;
iv) conserving biodiversity;
v) sharing of tangible benefits from the protected and conserved areas with 

surrounding population
vi) use of by-laws in controlling the cutting of wood, overgrazing, wildfire, and 

misuse of land;
vii) reserving 30% of all districts for forestry development;
viii) declaring all catchment areas to be forest reserves;
ix) promoting forestry extension services;
x) controlling the export of rare tree species;
xi) carrying out research and studies on forestry and biodiversity;

6.2 End-use Side Mitigation Options in Forestry

The end use side of the mitigation options includes the fol lowing:-
• Increased efficiency in product utilisation especially timber products;
• Increased efficiency in production and utilisation of bio-energy;
• Improved technologies in the end use devices (e.g., improved charcoal stoves);
• Substitution of wood derived products for renewable sources;
• Rural electrification; and
• Intensification and modernisation of agriculture.

In the mitigation scenario, due to sustainable management and use of forest resources it is 
expected that rate of deterioration of capacity of forests to sequester carbon will gradually 
diminish. This analysis did not consider the impact of intensification and mechanisation of 
agriculture, and therefore the status of clearing of forests for agriculture will remain as it is in 
the enhanced TFAP scenario. Figure 8 shows the comparison of the emissions from the three 
scenarios.
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Senegal Country Study (in French)

Evaluation des couts de reduction des emissions de gaz a effet de serre au 
Senegal

Ibrahima Sow 
Coordonnateur National

Resume

Le projet UNEP/Riso « Economics of greenhouse gas limitation » a ete execute par une 
equipe composee de la Direction de FEnvironnement (Coordination), de la Direction de 
FEnergie et de la Direction de la Planification. L'equipe a ete assistee au plan technique par 
notamment FUCCEE/Riso, le LBNL (Lawrence Berkeley National Laboratory: 
CALIFORNIE - USA) et ENDA TIERS MONDE (Dakar).

Le cadre de reference pour F etude est le plan national de developpement socio economique 
(IX6me plan). Toutes les informations relatives aux objectifs du projet et au choix des options 
etudiees ont fait Fobjet de deux concertations (seminaires nationaux) ay ant reuni les 
specialistes aussi bien du public que du prive des differents secteurs concernes : Energie, 
Agriculture, Foret, dechets, etc.

La premiere partie de F etude a consiste a F analyse du cadre de developpement socio- 
economique du Senegal, a Fetablissement d’un bilan energetique et a Factualisation de 
l’inventaire des emissions de gaz a effet de serre (GES).
Le tableau suivant resume assez sommairement les donnees de base utilisees dans le 
developpement des scenarios et du choix des secteurs ayant fait Fobjet d’etudes de mesures 
d’attenuation.
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Annee 1995
Donnees de base

Superficie 196 722 km*
Population 8 133 000 habitants
Densite 41 hab/knf
Taux de croissance demographique 2.7 %
Population urbaine 39 %
PIB (milliards F CFA*) 1 4 85
PIB par habitant (F CFA) 279 456
Taux de croissance du PIB 2%
Superficie cultivable (millions d’hectares) 3.80
Superficie forestiere (millions d'hectares) 11.66

Repartition des emissions de GES Gg Equivalent C02 %
Energie 3787 40.6
Industrie (Precedes industriels) 345.5 3.7
Agriculture 2958 31.7
Dechets 2226 24

Part du Senegal dans les emissions 
mondiales

4 parts par 10 000

1 $ US = 600 F CFA

Le developpement et la projection des scenarios dans les differents secteurs de Veconomie ont 
ete effectues en utilisant le modele LEAP ( Long Range Energy Alternatives Planning). Sur 
la base des hypotheses conformes aux previsions energetiques et economiques du Senegal, 
deux types de scenarions ont ete developpes :

un scenario de base :
- un scenario de mitigation.

Pour les deux scenarios, les secteurs suivants ont ete retenus :
Agriculture et Peche ;
Industrie ;

- Transport;
Menages ;
Administration.

Une distinction est faite entre Dakar comme centre urbain, les autres centres urbains et les 
zones rurales.

Enfin, les types d’energie considerees sont: 
le bois ;
le charbon de bois : 
le fuel;
le petrole lampant; 
le kerosene;

- le GPL ;
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les residus vegetaux; 
l’essence ; 
le diesel.

Dans le scenario de base , on suppose que le gouvernement ne met pas en oeuvre de mesures 
specifiques pour limiter les emissions de GES, compte tenu du fait que Vattenuation du 
changement climatique n’est pas une priorite absolue pour notre pays, comme pour la plupart 
des pays en developpement. Neanmoins, les previsions Rationales et sectorielles sont prises 
en comptes dans ce scenario . Par exemple les taux de croissance appliques sont des donnees 
officielles. Par ailleurs Phydro-electricite est pris en compte a partir de 2003 pour les 
Barrages au niveau du fleuve Senegal et 2007 pour celui du fleuve Gamble. Le bois et le 
charbon de bois continueront de dominer les consommations d’energie des menages.

Dans le scenario de mitigation les donnees officielles sont evidemment conservees ainsi que 
les projections concernant Phydro-electricite. Dependant on considere une baisse de la 
consummation de bois , de charbon de bois et de petrole lampant (kerosene). Ce choix est 
justifie par:

• Putilisation de plus en plus importante de gaz naturel au niveau des centrales electriques 
grace aux ressources existantes actuellement. En plus Pexistence d’un gisement de 10 
milliards de metres cubes a une soixantaine kilometres de Dakar a ete recemment 
confirme.

• La penetration rapide de gaz butane GPL au detriment du bois et du charbon de bois
• Les autres parametres sont restes constants.

II en resulte une baisse de la consommation de bois et de charbon de bois du fait de la 
croissance rapide du gaz butane notamment. Les emissions, globales augmentent de 3% 
seulement par an entre 1995 et 2030 ; et a partir de 2020 les emissions de CO2 dues a la 
biomasse commencent a diminuer.

Ces scenarios n’ont pas un objectif quantitatif dans le cadre de notre etude. Le but consistait 
tout simplement a montrer les tendances de demande energetique des secteurs et les emissions 
de GES y relatives. Les possibility d’attenuation quantitative sont etudiees dans Panalyse 
sectorielle des options de mitigation pour lesquelles des modeles ascendants ont ete utilises.

Concernant les options de mitigation proprement dites, (5) cinq etudes ont ete realisees. Ce 
sont:

1. P etude sur Paccroissement des capacites de sequestration de carbone ;
2. Petude sur Pintegration des energies nouvelles et renouvelables dans la politique 

d’electrification;
3. Petude de Pamelioration de Pefficacite energetique dans Pindustrie;
4. Petude sur la modernisation et la rationalisation du secteur des transports routiers ;
5. Petude de la raise en place de decharges controlees avec recuperation de methane et 

compostage.

Dependant, il faut preciser que si P analyse du cadre institutionnel et du cadre decisionnel 
pour faire face a Pevolution du climat ont fait l’objet d’un traitement satisfaisant pour 
P ensemble des etudes, P evaluation des couts s’est heurtee dans les deux derniers cas a 
P absence de donnees fiables ou tout simplement a l’ampleur des incertitudes en ce qui a trait 
notamment aux choix pertinents de techniques ou technologies appropriees et aux couts
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economiques de realisation d’une option donnee. En revanche, dans les trois premieres 
etudes, les couts des options par tonne de CO% evitee ou sequestree ont etc calcules .

Les resultats de ces trois dernieres etudes peuvent etre resumes comme suit

(I) Accroissement des capacites de sequestration de carbone

Les options etudiees consistent a des programmes de reboisement/rotation (500 hectares) et 
de protection forestiere (199 875 hectares) dans la region de Tambacounda (Est du Senegal) et 
de protection forestiere (2 100 000 hectares) dans la region de Kolda (Sud du Senegal).
Ces actions s’effectueront en relation avec des associations de villages et groupements bien 
organises et identifies au prealable en utilisant les outils de l’approche participative.

Les couts additionnels par tonne de CO2 sequestree sont faibles (environ $ US 2) aussi bien 
pour E option de « Afforestation/rotation » que pour celle de protection forestiere dans la 
region de Tambacounda.

Ces couts sont encore plus attractifs pour 1’option de Tambacounda qui donne avec une 
moyenne negative autour de $ US 5.

( II ) Introduction des energies renouvelables dans la politique d’electrification

Quatre options ont etudiees dans cette partie : il s’agit de :
- f Electrification decentralisee ;

le Pompage pour hydraulique villageoise ;
PElectrification des infrastructures communautaires ; 
f Electrification des infrastructures administratives ;

Le tableau suivant constitue une analyse comparative des differentes options

Secteur Option
d’attenuation

Gout standard 
de I’option
d’attenuation 
(Fcfa/kwh)

Gout standard 
de la
ressource 
evitee 
(Fcfa/kwh)

Emissions de 
C02 de I'option 
d'attenuation 
(kg de C/kwh)

Emissions de 
C02 de la 
ressource 
evitee (kg de 
C/kwh)

CoGt net du 
carbone evite 
Fcfa/kg de 
carbone

Menages 1- Electrification 
decentralisee

287 50 0,00 0,27 180

Tertiaire 2- Hydraulique 
villageoise

519 49 0,00 0,27 1737

3- Infrastructures 
communautaires

208 55 0,00 0,27 566

Administratif 3- Infrastructures 
administratives

410 50 0,00 0,27 1333

Ces options , malgre leurs couts relativement eleves constitue une bonne alternative pouvant 
conduire a une electrification rurale qui prend en compte la gestion de l’environnement dans 
un avenir proche.

(III) Efficache energetique dans l ’industrie
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Les etudes menees avaient pour but final de promouvoir l’effieacite energetique en milieu industriel 
en s’appuyant sur les cas de trois grandes industries du pays :

la SENELEC (Production d’electricite ;
- la SONACOS (Societe des oleagineux)
- Les Industries chimiques du Senegal (ICS.)

Les solutions alternatives qui permettraient de reduire les consommations d’energie et d’accroitre les 
rendements ont etc explores, les investissements a mettre en oeuvre evalues, et la duree de vie des 
equipements determines, ce qui a permis de calculer le cout de revient de la tonne de CO2 

economisee.

Les resultats sont resumes suivant le tableau ci-apres :

DESIGNATION SENELEC
C3

SONACOS
SEID

ICS
MBAO

Horizon temporal 20 ans 15 ans 20 ans

Economie annuelle de combustible en tonne) 6194 26 864 210

Economie totale en tep 113 880 402 960 4 206

Emission de C02 bvitee en tonne 392 700 1 378 050 13 120

Gouts investissements en millions CFA 2 500 5 294 150

Gout de la tonne de C02 
Evitee

FCFA 7 450 5 127 11 430
Dollars / T 12.42 8.54 10

Les resultats au niveau de ces trois etablissements montrent des couts de la tonne de CO2 fort 
interessants sur une periode temporelle de 15 a 20 ans correspondant a la duree de vie minimale des 
investissements a realiser. Une analyse plus approfondie est sans doute necessaire pour davantage 
maitriser les economies a realiser.

L’evaluation macro-economique des resultats et f analyse des strategies de mise en oeuvre des 
differentes options en cours de finalisation, completeront f etude.

Enfin f ensemble de ces etudes feront l’objet d’un atelier national de validation.
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Climate Change Mitigation Analysis in Lesotho: Progress Report

Mampiti Matete, National University of Lesotho, Lesotho

1 Preamble

Climate change mitigation analysis is one of the activities of the project on "Enabling 
Activities for the Implementation of the United Nations Framework Convention on Climate 
Change in Lesotho". The project commenced in October 1996 and is expected to end in 
August this year (1998). The National Environment Secretariat is responsible for the 
implementation of the project. The secretariat has however delegated the job to the Lesotho 
meteorological services department. The director of the department is the supervisor and his 
deputy, the co-ordinator of the project.

The project involves four activities, viz., inventory collection, vulnerability study, mitigation 
analysis and adaptation analysis. The first activity is complete while the last three are not yet 
complete. Ideally, the four activities should have been performed chronologically; meaning 
that mitigation analysis should have been performed after the completion of the vulnerability 
study. But because of time constraints and the amount of work involved in each activity, it 
was agreed that the two be executed concurrently and appropriate adjustments to the 
mitigation analysis be made later once vulnerability study is complete. Sectors were then 
identified for mitigation analysis based on the inventory report. The next section provides 
sectoral classification for the purpose of mitigation analysis. Local capacity building was 
considered a priority in executing this project. Team composition therefore ensures a section 
on sector classification, followed by the discussion of the steps involved in mitigation 
analysis. Finally, a report on activities accomplished by each sector is provided, followed by 
an account of problems encountered in mitigation analysis.

2 Sector Classification

The sectors analysed in the mitigation analysis were selected based on the amount of green 
house gases they emit. According to the Lesotho GHG emissions inventory report, energy 
and land use sectors were identified as the most emitting sectors. The emissions from the 
land use sector were identified to be coming from: the conversion of grasslands, abandoned 
managed lands (which comprise a larger percentage of total emissions in the sector) and 
deforestation.

3 Team Composition

As mentioned earlier on, local capacity building was high in the priorities of the project. 
Mitigation analysis team comprises multidisciplinary, gender balanced group of four 
economists, three from the National University of Lesotho and one from the Central Planning 
Office (two females and two males), one land use planner from the Land Use Planning 
Division (a female) and one engineer from the energy sector (a male). The team is divided 
into 2 groups in which a land use planner and an engineer have teamed up with two 
economists to enhance cross-fertilisation of expertise.

105



4 Steps involved in the analysis

The analysis comprises six steps:

• Baseline analysis

• options identification

• options assessment

• abatement cost assessment

• stakeholders workshop (including grass-roots level)

The workshop is intended to create a forum where the team and all 
stakeholders, including the grass-roots level, can thoroughly discuss the 
proposed options. This is meant to ensure that the options that are included in 
the implementation analysis are agreed upon by all stakeholders.

• implementation analysis

• macroeconomic analysis

5 Sectoral Reports

(a) Energy Sector

The energy sector has accomplished step one and is now in the process of identifying and 
analysing mitigation options. The baseline data was collected and collated based on 
population figures and projections, GDP figures, national development plans, both short- and 
long-term and the country vision.

(b) Land Use and Forestry Sector

Baseline analysis for this sector has been completed. The projections of future land uses were 
made based on major driving forces of land demand. These were found to be population, 
historical land use trends, development plans (both short- and long-term) and the country 
vision. The first step of the mitigation analysis is complete while steps two and three are 
partially finished. The options identified are (a) reforestation of indigenous forests, (b) 
afforestation of gullies and (c) rehabilitation of wetlands. These options were identified on 
the basis of environmental problems facing Lesotho, mainly, land degradation. Lesotho is 
one of the highly (if not the worst) eroded countries in the southern region of Africa. The 
cause of this problem has been blamed mainly on exploitative use of natural resources that 
promote soil erosion. To name a few of these exploitative practices, rangelands are 
indiscriminately burned and overgrazed every year albeit their degraded situation, trees 
continue to be cut while replanting is on a very small scale, wetlands continue to be destroyed 
by disturbing their ecosystem and cropland continue to erode due to poor management. 
Combating land degradation has always been one of the highest priorities in the country’s 
development plans, but soil erosion continues unabated because of the reasons 
aforementioned. The options were therefore identified in consultation with relevant
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authorities and departments to, among other things, consolidate natural resource conservation 
plans of the country. Also, the three options are cost effective, yet with high benefits, so they 
were viewed as economically and socially feasible options.

The cost assessment of the three options is complete albeit with difficulties. Because it was 
difficult to get opportunity costs of most parameters involved in the assessment, financial 
rather than economic analysis has been employed. It was also not easy to attach monetary 
values to some parameters like environmental, physical and social impacts associated with the 
identified options. The analysis was performed manually with the help of spreadsheets. The 
last two steps have not been performed yet.

6 Problems

Climate change mitigation is a new phenomenon to most countries including Lesotho. The 
team that is doing the mitigation analysis has never done anything like it before, as such, the 
task is not a piece of cake. However, it is quite a challenge which the team has eagerly 
embraced. The problems nevertheless keep on cropping up, as one would expect. The group 
that is dealing with land use issues is faced with serious literature problems as the available 
literature is biased towards the energy sector. A lot of developing countries have poor data 
banks and Lesotho is no different from them. As a result, it is not easy to predict future land 
use and energy demands. Finally, mitigation analysis team has a problem of accessing reports 
on finished mitigation studies from other countries.
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Addressing Mitigation Options within the South African Country Study
Gina Roos, Eskom, South Africa

1. Introduction

The South African Country Study Programme is being executed under the auspices of the 
South African Department of Environmental Affairs and Tourism (DEA&T), with funding 
from the Deutsche Gesellschaft fur Technische Zusammenarbeit (GTZ) and the United States 
Country Studies Program (UCSP). The funding is administered by the South African 
Foundation for Research and Development (FRD). In order to manage the country study, the 
principal study coordinator (Dr F Hanekom, Acting Director-General of DEA&T) has 
convened a sub-committee to the National Committee on Climate Change (NCCC) which is 
the forum where stakeholders provide input to DEA&T on climate change issues.

The full study comprises the following four components, each headed by a technical 
coordinator:

■ the 1990 greenhouse gas emissions inventory,
■ a study of South Africa’s vulnerability to climate change and possible adaptation 

strategies,
■ potential mitigation actions and
■ policy development.

Ideally, these components should be executed in sequence. However, in view of South 
Africa’s commitments in terms of the Framework Convention on Climate Change (FCCC) 
and the need to draw up a national communication, it was decided to execute the components 
simultaneously, with an emphasis on coordination between the components.

Initially, a workshop was held at the FRD, Pretoria from 10-12 March 1997, where 37 local 
and 14 foreign delegates representing government departments, non-government 
organisations, research organisations (including universities) and public enterprises, had an 
opportunity to define what the objectives of the individual components should be. It was at 
this point that delegates agreed that despite South Africa’s “non-annex 1” classification as 
signatory to the Framework Convention on Climate Change, there were still potential benefits 
for South Africa if they should consider mitigation actions. These benefits included improved 
efficiencies and technology transfer as well as research and development and information for 
policy development as well as identifying opportunities for international funding of mitigation 
options. However, this research and implementation should not occur at the expense of 
addressing short-term needs such as access to adequate water supplies, housing, education and 
medical attention. The crux is therefore to evaluate potential mitigation actions to determine 
whether or not they coincide with national development and economic growth objectives.

The workshop provided the basis for the formal workplan that followed. In turn, the 
workplan provided a basis for a Call for Proposals for the various study elements. Following 
is a discussion of the rationale for and structure of the study elements of the mitigation 
component. Thereafter, the linkages with the other components are highlighted.

Within the mitigation component, there are 9 study elements:
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■ Coordination.
■ Establishing a bottom-up baseline, projecting greenhouse gas emissions under a business- 

as-usual scenario, from 1990 - 2030.
• Establishing a financial protocol to be used as the basis for all calculations in the sector 

reviews.
■ A short review of possible mitigation actions within each of 6 sectors viz. coal mining, 

electricity generation, industrial processes, residential and commercial energy 
consumption, transport and land use and agriculture.

■ Provision has been made should any of the options require more detailed research.
■ Testing the proposed mitigation actions for their macroeconomic effects.
■ Developing a set of socio-economic criteria against which proposed mitigation options 

should be evaluated.
■ Evaluation of the proposed mitigation options against those socio-economic criteria.
■ An integration and summary phase.

The work is to be conducted by consultants. Tenders were received and 8 contractual 
agreements have been reached to date, with two outstanding before work on the mitigation 
component can commence on the 1 June 1998. The study will run until 30 September 1999.

Before the details on the various elements are discussed, one of the overarching requirements 
on the project leaders is to take into consideration the results of the regional mitigation 
studies, in recognition of the regional optimisation that could be achieved.

2. Baseline

There are always a number of debates on the approach to a baseline, specifically:

• whether to use bottom-up or top-down modeling approaches
• whether to make use of “business-as-usual”, “optimal development” or “optimal 

adaptation” assumptions
• whether to develop one “best guess” or several “possible” baselines

For the South African country study, there was general consensus that sufficient confidence 
could be placed in the direction of economic growth that one baseline would be sufficient. 
However, it would be necessary to support this baseline with sensitivity analysis to changes in 
the key assumptions. Again, there was consensus on a “business-as-usual” baseline 
assumption on the premise that optimal development and optimal adaptation can only be 
achieved with hindsight. Lastly, a bottom-up approach was seen to be consistent with the 
sectoral approach to determining potential mitigation strategies.

In order to ensure that the baseline has support from stakeholders, the project leader has been 
requested to take into consideration a number of independent South African studies and once 
completed to workshop the baseline at the highest levels.

3. Financial Protocol

In June 1997, the Intergovernmental Panel on Climate Change (IPCC) issued a draft 
discussion paper on “Mitigation and Adaptation Cost Assessment: Concepts, Methods and 
Appropriate Use”. This has been compiled in order to provide some theoretical input to the 
non-economists who complete the majority of the country study work. A crucial endpoint of
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the country study work is to arrive at a cost of implementing potential adaptation and 
mitigation actions. These figures will also provide the basis for funding negotiations.

In terms of the South African country study, some of the more serious issues that were raised, 
involved:

• the use of economic opportunity costs as opposed to financial costs
• the implications for funding negotiations of Incremental costs
• the need to consider implementation costs
• how to address costs incurred by different parties over different time periods
• the potential for multi-criteria analysis

Suffice to say that some of the proposals in the draft document were found to represent an 
ideal situation which may be difficult for non-Annex I countries to implement. However, it 
was necessary that the issues raised should be comprehensively considered and a standard 
approach proposed for use by the sectoral project leaders.

4. Sectoral reviews of potential mitigation actions

When the workplan was designed, there was a suggestion to try and base the sectors on the 
categories segmented in the IPCC guidelines for reporting greenhouse gas emissions. 
However, this segmentation was not entirely compatible with where the centres of expertise 
lay in South Africa. It was decided to proceed with the six broad categories outlined above, 
which can also be interfaced more easily with the macroeconomic study that is to follow. 
There was also a consensus that as a non-Annex I signatory, South Africa should only pursue 
“no regrets” and low cost mitigation options or those options which would be eligible for 
international funding under the climate change convention or the Kyoto protocol i.e. those 
which would not compromise South Africa’s development and economic goals. It was in this 
spirit, that project leaders were also requested to consider behavioural and not just 
technological actions.

5. Macroeconomic study

The need for this component was highlighted in the IPCC draft discussion document 
discussed above - where there were barriers to proposed mitigation actions that had not been 
detected in the bottom-up studies. However, there appear to be technical difficulties with 
macroeconomic modeling, in that:

• they do not consider the informal sector so prominent in many developing economies,
• there is a lack of stability for longer term modeling and
• mitigation actions undertaken at the sectoral level may not have a significant influence on 

macroeconomic indicators.

It has therefore been proposed that the focus of the macroeconomic modeling be expanded to 
include testing of national mitigation policies, where more useful results might be obtained.

6. Evaluation Criteria

This project was initiated to ensure that the identified mitigation options would be compatible 
with national development and economic goals. It has been anticipated that there is a lack of
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information concerning social costs in South Africa and another way to address these costs is 
to use multi-criteria decision-making, where social and other environmental impacts are taken 
into consideration.

7. Integration

Finally, the results from the above studies need to be integrated into a cohesive study from 
which a final report will be compiled. It was decided that the project leaders for this section 
should be contracted for the full study period and not only after all the individual projects 
have been completed. This will ensure the project leader’s familiarity with all the project 
components to be integrated.

Apart from the details of the individual study elements discussed above, there are two 
additional areas to address viz. coordination between the components and difficulties 
experienced with the process so far.

Since the emissions inventory component has already commenced and most of the mitigation 
project leaders have been identified, it has been possible to put groups in contact with each 
other where they are considering similar areas. For example, in the emissions inventory there 
was an expert group considering 1990 greenhouse gas emissions from coal mining in South 
Africa. Where possible, the project leader for mitigation activities in the coal-mining sector 
has attended the emissions group’s feedback meetings.

Coordination with the vulnerability and adaptation component is more complex. Firstly, due 
to the time horizons involved, it is necessary for the vulnerability and adaptation project 
leaders to consider the socio-economic projections derived in the baseline study which is 
being conducted under the auspices of the mitigation component. Secondly, estimating the 
costs of adaptation are equally important for policy development and the vulnerability and 
adaptation project leaders will also need to be considered in the Mitigation’s financial 
protocol study. Thirdly, the sectors that will potentially be affected by climate change and the 
sectors that will be required to mitigate against climate change are usually not the same. 
Therefore, substantial effort will be required to integrate the results from the vulnerability and 
adaptation component and the mitigation component. In the South African country study, this 
has been treated as part of the policy development process that takes place in the policy 
component. Lastly, there may be areas where adaptation or mitigation have secondary effects 
in term of mitigation or adaptation respectively.

Finally, it is important to highlight the difficulties experienced so far in the country study 
process, most of which concern the design of the study elements. Since one person cannot 
undertake the entire study, it has to be broken up into study elements. The detailed 
specification of what each element entails and how it dovetails with the others is considered to 
be the most important factor in the successful completion of the study. Traditionally, the 
consultants have worked within their individual spheres of expertise, where addressing the 
causes and effects of climate change could affect every sphere of life.
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Capacity Building in Greenhouse Gas Mitigation Studies in Africa: The 
UNDP/GEF Project RAF/93/G31

Dr Moussa Kola Cisse, Enda Energy, Dakar, Senegal

1 Introduction

Greenhouse gas mitigation studies are an essential aspect of developing country 
commitments, as set forth in article 4 of the United Nations Framework Convention on 
Climate Change (UNFCCC), and occupy a primary position in their national communications, 
as expressed in article 12 of the same convention. Furthermore, the operational strategy of the 
Global Environment Facility (GEF) considers the studies to be a priority in its enabling 
activities, designed to build the indigenous capacity of developing countries. This is the 
context for Project RAF/93/G31, aimed at capacity building in sub-Saharan Africa and 
initiated in November 1995. The project covers four countries, Ghana, Kenya, Mali and 
Zimbabwe.

The decision to implement the project in these countries has its roots in the concern that they 
had insufficient knowledge and expertise to conform to the provisions of the convention; that 
the links between climate change mitigation studies and the realisation of national sustainable 
development objectives were little known; and that there was little capacity in these countries 
for maximising the potential offered at the international level in climate change affairs.

The project strategy concentrated on institutional and technical capacity building adapted to 
the particular situation of the region, based on training and awareness raising activities and 
actions covering various aspects of the implementation of the Convention: informing 
decision-makers, researchers, NGOs and grassroots populations; strengthening the national 
executive structure; conducting technical studies (inventories, review of national policies, 
mitigation and vulnerability and adaptation studies); and participating in international 
meetings. The strategy, with the regional coordination of Enda TM, places national and 
regional expertise to the fore.

The notion of capacity building in greenhouse gas mitigation studies is found in the context of 
this general strategy, whereby implementation at the national level devolves on a national 
executive structure supported by a multidisciplinary and multi-sectoral national team. The 
mitigation studies carried out in the various countries are based on this approach, from which 
a number of important lessons can be drawn.

2 Training

The principle documents which formed the basis of Enda's training programmes were: 
UNEP/Riso (Economics of Greenhouse Gas Limitations - GF/2200-96-15); Methodological 
Guidelines-document 04408.02/02, Draft, March 1997); Greenhouse Gas Mitigation 
Assessment: a Guidebook; Techniques, politiques et mesures d'attenuation des changements 
climatiques, IPCC Technical Document I; CC: Train Training Module I on mitigation 
analysis. The 5-day training programmes aimed at building the capacity of the national teams 
charged with mitigation studies by making methodological tools available to them. The main 
themes were:

■ Methodology for analysing greenhouse gas mitigation options
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■ Analysis of national development policy and its relation to climate change
■ Presentation of models of analysis
■ Methodology of construction of base scenarios
■ Analysis and choice of technological options
* Methodology of construction of mitigation scenarios
■ Analysis of the impacts of mitigation options
■ Elaboration of national mitigation strategies
■ Scheduling mitigation studies

Sectoral groups, which conformed to the inventory modules (energy, industrial processes, 
agriculture, forestry and land use changes, waste), were formed according to the various 
themes, in order to discuss the national situation and propose options for exploration. LEAP, 
an integrated planning model, was presented and used in order to illustrate the construction of 
base scenarios and mitigation scenarios in the energy sector.

To implement the programme countries needed at least a provisional inventory report. They 
then proceeded to an analysis of national development policy in relation to climate change. 
For the purposes of training, national teams were asked to prepare sectoral and socio­
economic information and data on the basis of a checklist in order to manipulate the models 
for constructing scenarios.

One factor in the success of such a seminar is the constitution of the national team: i.e. the 
profile of participants. One criticism was that the national teams were largely made up of 
specialists in each sector (energy experts, agronomists, foresters, industrial engineers, etc.) to 
the detriment of economists. In choosing participants in each country, technological aspects 
were prioritised over socio-economic aspects, which however form the basis of the analytical 
methodology of mitigation studies. In addition, the majority of members of the national teams 
were dealing with these issues for the first time and were neither familiar with the models nor 
in possession of the appropriate information for their use. This is why assistance in 
conducting the studies was required - capacity building strategy is not simply about training. 
As regards, the constitution of the teams, certain sectors were under-represented, in particular 
the waste sector.

Evaluations of the training emphasised that the scope of certain themes must be broadened. 
These included the presentation and use of the models for socio-economic and sector analysis, 
as well as improving the working groups by including economists.

Above and beyond the acquisition of knowledge, the results of this type of training are have 
an impact on the identification of the sectors to be studied, the definition of terms of 
reference, the constitution of working groups and the elaboration of work plans.

3 Conducting mitigation studies

The strategy of conducting mitigation studies was formulated on the principle of training 
through action. National teams were given a chance to apply the tools that they had been 
given in a process of assisted apprenticeship.

Work plans were established in the course of the seminar identifying the tasks to be 
performed by each working group and the deadlines. The following were the principle tasks 
identified: approval of the choice of sectors; establishment of an information and data check­
list; data collection; preparation of the base situation; identification and choice of analytical
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models; construction of mitigation scenarios; evaluation of socio-economic impacts; 
elaboration of implementation strategies. Deadlines approximating five (5) months were given 
for the completion of the mitigation studies. In general the studies covered the energy, 
agricultural and forestry sectors, since these are the most significant in the inventories of the 
countries and in their development policies.

Structures for the studies were made available to the working groups, outlining the different 
aspects of analysis, including: context (objectives of the study, definition of the problem, 
justification of sector choice, justification of deadlines); presentation and analysis of a base 
situation (socio-economic projections, emission projections); analysis of national and sector 
development policy (identification and choice of referential options, definition of the 
parameters of projection); projection of a base scenario (socio-economic projection, emission 
projections); projection of mitigation scenarios (identification and choice of mitigation 
options, projection of actions and of emissions); evaluation of mitigation options (definition 
of criteria and methods of evaluation, analysis of impacts); elaboration of implantation 
strategies (identification of actors, definition of means, implementation plan, accompanying 
measures).

Progress reports are regularly submitted to Enda for commentary. The reports have been 
improving progressively, in form as well as content, since the process began. This exercise 
has also allowed occasional confusions to be cleared up, and the monitor-evaluation missions 
have taken on the flavour of action-training missions where precise concerns can be addressed 
and appropriate directives given.

The main difficulties encountered in conducting the mitigation studies have been in the area 
of identification and collection of basic historic data in the relevant sectors. In countries where 
information was collected by working groups dealing with the inventories and the review of 
national policy the problems were less pronounced. Otherwise, the main problem concerned 
the treatment of data and was due to a weak grasp of the analytical methods in use. In certain 
cases working groups were working in parallel (inventory and national policy review), 
without consultation, which brought up problems of data consistency, choice of deadline, and 
the parameters for projecting activities and emissions. The weak socio-economic evaluations 
are down to the relative absence of economists in the working groups.

4 Conclusion

Our experience of capacity building in mitigation studies was very enriching. The 
establishment of working groups trained and launched towards a certain objective, is a 
significant contribution in terms of human resource development for the countries in question. 
Certain countries had already benefited from mitigation studies as part of external 
collaboration, but on analysis the impact of these activities has been very limited because of 
the preponderance of external expertise.

In terms of methodology, the sector-based approach chosen by the various teams was driven 
by a desire to propose sector-based projects that may address the developmental perspectives 
of the countries in question and which can contribute to the limitation of greenhouse gas 
emissions. It is further justified by the insufficiency of macro-economic data for tendency 
analyses, the preponderance of short-term problems, the prioritisation of sector-based projects 
to improve the standard of living of populations, and the shortage of expertise and data for 
macro-economic modelling.
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Mitigation Options in Forestry, Land-Use Change and Biomass Burning in 

Africa

Willy R, L. Makundi, Lawrence Berkeley National Laboratory, University of California

Abstract

Mitigation options to reduce greenhouse gas emissions and sequester carbon in land use 
sectors are describe in some detail. The paper highlights those options in the forestry sector, 
which are more relevant to different parts of Africa. It briefly outlines a bottom-up 
methodological framework for comprehensively assessing mitigation options in land use 
sectors. This method emphasizes the application of end-use demand projections to construct 
baseline and mitigation scenarios and explicitly addresses the carbon storage potential on land 
and in wood products, as well as use of wood to substitute for fossil fuels. Cost-effectiveness 
indicators for ranking mitigation options are proposed, including those which account for 
non-carbon monetary benefits such as those derived from forest products, as well as 
opportunity cost of pursuing specific mitigation option. The paper finally surveys the likely 
policies, barriers and incentives to implement such mitigation options in African countries.

1 Introduction

The biomass sector provides the most important near-term opportunities for reducing 
greenhouse gas (GHG) emissions and sequestering carbon in Africa. In this paper, we briefly 
describe assessment of mitigation options in forestry, agriculture and other land-use such as 
range and grasslands. Mitigation options as used here refer to those measures and policies 
which can lead to a reduction in the emission of greenhouse gases from the biomass sectors 
and/or through increased absorption and storage of carbon, both in perennial vegetation, 
detritus, soils, and in long-term biomass products. In most land- use changes involving 
decomposition and oxidation, GHG may be emitted. They include carbon dioxide (CO2), 
carbon monoxide (CO), methane (CH4), nitrous oxide (N2O), oxides of nitrogen (NOx) and 
other non-methane hydrocarbons (NMHC). Although CO2 forms the bulk of these gases 
emitted in the biomass sectors, it can be reabsorbed by vegetation via the process of 
photosynthesis and through organic matter replenishment in soils. On the other hand, the 
emitted trace gases accumulate in the atmosphere for their entire residence period.

It is estimated that net carbon emissions from the biomass sectors amount to 1.6 +- 1.0 billion 
tonnes per year, most of which originate from lower latitudes, and that forests from the mid 
and high latitudes have a net sequestration of 0.7 +/- 0.4 billion tonnes per year [1], Africa's 
share of anthropogenic emission of greenhouse gases has been estimated at about 4% of 
global net emissions, adding to about 0.3 billion tonnes of carbon per year, mostly from 
forestry and land-use changes [2]. Despite the relatively low contribution to the atmospheric 
accumulation of GHG, Africa has a large potential of increasing the emissions from land-use 
changes due to persistent dependence on primary resources for subsistence farming and over 
dependence on biomass as a primary source of energy. The Zaire basin alone has a large 
reservoir of carbon estimated to exceed 20 billion tonnes. Under current or accelerated rate of 
depletion of the region's forests, most of this carbon can be released in a few decades. On the
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other hand, Africa has a large expanse of arable land, which could be used to undertake 
various mitigation measures intended to increase the stock of carbon stored on land.

The purpose of this paper is to examine the likely mitigation options in the biomass sector in 
the Africa region and briefly describe the approach used by the participating countries whose 
work is presented in this volume. The most applicable options for the region include forest 
protection and conservation, improved forest management, the use of improved cook stoves, 
short- and long-rotation forest plantations, agroforestry and natural regeneration, and the 
expanded use of sustainably procured timber and non-timber wood products. These options 
are described below in the context of their viability in the region. Finally, the paper briefly 
explores the policy instruments, incentives and barriers for implementation of such options in 
Africa.

2 Mitigation Options in the Biomass Sectors

The main purpose of forestry mitigation options is terrestrial carbon storage, which would 
reduce atmospheric accumulation and thus delay its impact on global climate. Mitigation 
options may be classified into three basic types3. One option is to expand vegetation stocks 
and the pool of carbon in wood products. Expansion will capture carbon from the atmosphere 
and maintain it on land over decades. The second option is to maintain carbon stocks in 
existing stands of trees and the proportion of forest products currently in use. Maintenance of 
existing stands, whether achieved through reduced deforestation, forest protection or through 
improved cook stoves, lengthens the duration the carbon stays trapped in woody vegetation. 
For example, tropical forest vegetation and soils contain 20-100 times the amount of carbon 
in crop and in pasture lands. Hence maintenance of these forests instead of converting them to 
croplands or pasture is an effective mitigation option, but difficult to implement, as long as 
the land is often more valuable deforested than forested [4],

A third avenue to reduce carbon emissions is to substitute wood obtained from sustainable 
sources for other emission-intensive products, particularly fossil fuels and unsustainably 
produced wood [5]. Fossil fuel substitution with biomass derived from sustainably managed 
renewable sources, will delay or avoid the release of carbon from the fossil fuel. This 
substitution also applies to products such as construction material of which production leads 
to substantial emissions. Cement and synthetic material are good examples.

2.1 Emission Reduction Options

(i) Forest Protection and Conservation
These options protect the carbon and other GHG in both the vegetation and soil. Such 
measures will be in projects or initiatives that are usually put in place for resource 
management purposes, often unrelated to carbon-emission considerations. There are 
opportunities in many African countries to establish or strengthen wildlife protection, soil 
conservation, water catchment preservation, and recreational reserves that will also reduce 
eminent carbon emissions and sequester carbon if the biomass density increases. Measures to 
reduce losses from insects and diseases should also be considered under this category, 
although this may not be a priority option.

(ii) Efficiency Improvements
(a) Natural forest management such as emphasizing forest for multiple end-uses
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(b) Harvesting of natural forests which may involve increasing the capacity to utilize 
silviculturally optimum selective-harvesting regimes e.g. reduced impact logging. 
Measures to increase biomass extraction rates will reduce the amount of biomass left on 
site for decomposition.

(c) Undertake salvage operations during conversion of forests to other land uses like 
hydropower development, or road construction.

(d) Improvements in the product conversion and utilization efficiency can reduce emissions 
significantly. Such measures may involve technological intervention and will tend to find 
wide applicability in a region of which forest industries are dominated by mills which 
have a conversion efficiency of less than 25 percent in pitsawing and about 40 percent in 
conventional sawmills [6]. Improving various operational aspects of machinery and 
equipment in the wood industries may boost the amount of biomass converted to wood 
products by a significant proportion. Replacing the old generation of mills in the sector by 
a newer vintage can easily double the conversion efficiency in some cases. Installing 
capacities for residue utilization for bio-fuels and tertiary products also maximizes useful 
biomass utilization and reduces emissions.

(iii) Bio-energy Initiatives
These would tend to be attractive in a region of which about 75% of its primary energy 
demand is biomass based, with a few countries like Tanzania and Ethiopia exceeding 95 
percent. The mitigation options in the bio-energy field will mainly reduce the use of biomass 
and thus maintain stocks of carbon, while refraining emission of trace GHGs. According to 
the revised IPCC methodology [7], all net emissions from biomass burning should be 
considered as loss of forest stocks. Options that can be considered here include:
(a) more efficient kilns for charcoal production and introduction of less wasteful charcoal 

packaging e.g. briquetting. The traditional charcoal kilns that are widely used in the region 
have an average efficiency of 20 percent, while the newer metal kilns average at about 30 
percent [8]. Compared to efficient kilns used elsewhere, there is general consensus that 
charcoal production efficiency can be brought up to 50 percent in field conditions, a 
measure which will have a commensurate reduction of emissions.

(b) improved woodfuel stoves for firewood and charcoal for household and for small-scale 
industry such as pottery, restaurants, etc will cut emissions in proportion to the boost in 
efficiency. Studies done on dissemination of the Kenya Jiko and similar devices point out 
that with modest investment and strategically targeted programs, efficient stoves could 
replace most of the inefficient stoves in a decade or two [9].

(c) improved use of charcoal for industry such as steel production, as well as more efficient 
use of wood in agriculture such as in the curing of tobacco and tea.

(d) use of sustainably grown biomass for fossil fuel substitution is a viable option in a few 
African countries where the use of fossil fuels is a large and growing share of the energy 
basket. South Africa and Zimbabwe are examples of countries that could use this option to 
reduce their coal consumption.

(e) A major emission reduction option involves the use of sustainably grown wood e.g. 
woodfuel plantations, village woodlots, etc, to substitute for fuelwood from natural forests 
which are being depleted at an accelerated pace throughout the continent. For example, it 
is estimated that in 1990, Tanzania lost about 227,000 hectares of woodlands to 
production of charcoal and firewood [10].

(iv) Reducing emissions from land-use changes.
(a) Permanent intensive agriculture/pasture is a good long-term mitigation option to reduce 

emissions from land use changes that involve shifting agriculture or pasture. This requires 
investment in the necessary infrastructure and extension services necessary to convert

119



shifting farmers/ranchers into sedentary land users. This option should be examined in the 
context of the respective country's rural development goals and policies.

(b) Supplementary economic activities for shifting farmers may boost their earnings and as 
such reduce their demand on forest land for subsistence. Measures which increase the 
opportunities for harvesting and marketing of non-timber forest products such as nuts, 
honey and fiber are good candidates. Also, introducing small-scale rural industries such as 
carpentry, brick making, weaving, etc may stem the rate of deforestation associated with 
subsistence farming. This option can not be treated in isolation from the country's rural 
development plans. However, within the development context, such an option should be 
very attractive.

(v) Wild-fire management
Since large areas of African savannas and woodlands are torched every year, management of 
these fires is an attractive option for reducing carbon and trace gas emissions. If one assumes 
that non-crown forest fires do not result into net carbon emissions, then the mitigation options 
to be considered for forest fires are those intended to avoid catastrophic fires that char woody 
biomass. The most applicable measure in the region would involve prescribed burning which 
regularly reduces the fuel load.

The biomass burning associated with annual vegetation like savannas emit trace gases such as 
CH4, N2O and NOx. There are no obvious mitigation measures to reduce trace gases from 
savanna fires due to the fact that most of the fires are natural. Although burning biomass at a 
higher efficiency reduces the amount of trace gases emitted, the fire management techniques 
required given the size of savannas annually on fire, would tend to make this option of lower 
priority in the region.

(vi) Wildlife and range management
Mitigation options to reduce emissions from rangelands with wildlife or domesticated animals 
involve improved range management, wildfire prevention and control as well as good animal 
husbandry, including sustaining numbers which are within the carrying capacity of the range.

2.2 Options to Sequester Carbon

Each one of the options under this category has to be separately identified and described 
depending on the end-use for which the new biomass is intended or depending on the fate of 
the new land use. These would include: forest products such as woodfuel, timber, pulp and 
paper; forest services like recreation, soil protection, emission reduction through fossil fuel 
substitution, etc. The fate of the biomass is critical in determining the carbon flows, cost and 
benefit streams, as well as the implementation possibilities of the specific mitigation option as 
listed below:

(i) Afforestation - Planting forests in bare land, with biomass density commensurate to the 
objective of the project. These options will be more acceptable if they correspond to the forest 
resource management aspirations of the country.

(ii) Reforestation - Replanting and/or natural regeneration of deforested or degraded lands 
will restock the area, and provide a future use of the forest in a more sustainable fashion, 
meanwhile sequestering carbon from the atmosphere. Enhanced regeneration can be 
considered here so as to increase the biomass density of understocked areas.
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(Hi) Agroforestry - The set of mitigation options that fall under this category will find favor 
with policy makers in many countries in Africa. It has been shown that this option is highly 
desirable for rural areas where it provides a variety of other goods and services, on top of 
being cost effective for carbon sequestration purposes [11]. Some or all of the agroforestry 
forms practised in various areas may be applicable to different suitable sites in any given 
county in the region. The most commonly practised forms are:
(a) inter-cropping for the purpose of producing both agricultural and forest products,
(b) boundary and contour planting for wind and soil protection, and for wood products,
(c) taungya system applied as an integral part of forest management, in natural and plantation 

forestry,
(d) pastro-silviculture for producing both forest and animal husbandry products,
(e) non-timber tree farms such as those for rubber, tannins, bamboos, rattan, etc.

(iv) Urban and Community Forestry - here we include the additional biomass in non­
contiguous tree cover such as residential shade trees, road side and demarcation trees in the 
rural areas, etc. Also to be considered is expanded urban forestry which sequesters carbon as 
well as reduce emissions through cooling and heating of urban residential and commercial 
buildings. This option is more attractive to those countries with a large urban population. 
Given current urbanization trends, many countries in the region will have a majority of their 
citizens in urban areas in the coming decade or so, and as such this option may be 
increasingly attractive.

(vi) Range and grasslands - options to sequester carbon in rangelands involve improved range 
management, especially biomass replenishment. In grasslands and rangelands, most of the 
carbon sequestration takes place below ground, and has a longer half-life than carbon 
sequestered above ground [12]. These options would seem appropriate for the over-grazed 
areas of the rangelands of the west, east and southern Africa.

Each of the above options is influenced by broader cross-sectoral issues rooted in the 
country's land-use policy and law, which together with institutional arrangements are critical 
for the viability and implementation of any mitigation package. How each country chooses a 
set of mitigation options to consider for implementation depends on the results of thorough 
and systematic evaluation of all the major available options.

3 Evaluation of Mitigation Options

Past analyses of the costs, benefits, and economics of forest sector mitigation options have 
varied in the extent and treatment of components which should be included in mitigation 
assessment. The most commonly examined items include infrastructure and establishment 
costs, initial capital requirements, and the amount of GHG emission reduction. The more 
sophisticated studies have tried to look at the opportunity cost of land and growing stock, as 
well as total monetary benefits and costs. The less commonly included components in 
mitigation assessments are: non-monetizable costs and benefits, net present value (NPV) of 
finite or perpetual number of rotations, indirect impacts at local, regional, national and at 
international levels, as well as other environmental impacts such as bio-diversity. Here we 
briefly outline a recommended approach for mitigation assessment in land-use change sectors 
following Sathaye et al, 1995 [13].
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3.1 Summary of the Comprehensive Mitigation Assessment Process (COMAP)

The approach suggested here involves several steps. The first step involves a preliminary 
screening which is used to eliminate those options with least likelihood of implementation in 
the country for any number of reasons, including but not limited to; conformity with existing 
forest management plans, equity and co-benefits issues, feasibility and/or ease of 
implementation, or ecological soundness of the option. Two other criteria that need to 
carefully be consulted are biophysical and political considerations. On the first count, options 
may be screened out due to site specific biological or physiographic reasons such as climate, 
soil, drainage, altitude, etc. On the other hand, those options that are expected to significantly 
infringe on the sovereignty of the country, or might tend to cause instability such as massive 
relocation of forest dependent populations may be ruled out of consideration on political 
grounds. Given the delicate environment and socio-political climate in the region, it behooves 
African countries to carefully take such considerations into account.

After identifying the set of implementable options, one determines the forest and agricultural 
land area that might be available to meet current and future demand for wood products (both 
domestic and export) and services. Demand for wood products includes that for fuel wood, 
industrial wood products, construction timber, etc. Potentially surplus land in the future may 
be used solely for carbon sequestration or other environmental purposes. On the other hand, in 
many countries not enough land may be available, in which case some of the wood demand 
may have to be met through increased wood imports or through substitutes such as kerosene 
for woodfuel. Alternative combinations of future land use and wood product demand patterns 
will lead to different scenarios of the future. The most likely trends scenario is chosen as the 
baseline scenario, against which the others are compared.

The mitigation options are then matched with the types of future wood-products that will be 
demanded and with the type of land that will be available. This matching requires iterating 
between satisfying the demand for wood products and land availability considerations. Based 
on this information, the potential for carbon sequestration and the costs and benefits per 
hectare of each mitigation option are determined. The GHG flows and cost/benefit 
information are used to establish the cost-effectiveness of each option by use of a set of 
criteria such per unit area or tonne of carbon. Such indicators include (i) initial cost, (ii) 
present value of cost, (iii) net present value and (iv) benefits of reducing atmospheric carbon. 
In addition, the information, in combination with land use scenarios, is used to estimate the 
total and average cost of carbon sequestration. Finally, the barriers, policies and incentives 
needed for the implementation of each scenario are explored.

Assessment of the macro-economic effects of each scenario, on employment, balance of 
payments, gross domestic product, capital investment, may be carried out using formal 
economic models or a simple assessment methodology

4 Mitigation Policies, Barriers and Incentives

4.1 Identifying Implementation Policies

Having constructed the baseline and mitigation scenarios, one has to identify and describe the 
policies that may be necessary to implement the mitigation options. These policies can be 
divided into two groups: (1) biomass sector policies which govern the use of forest resources,
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and (2) non-biomass sector policies which happen to influence what happens in the biomass 
sector.

Biomass sector policies
The policies to be considered here are those which will either be used to maintain carbon 
stocks and/or expand carbon sinks. Such policies may include:
(i) Forest protection and conservation policies. Here one has to consider both national, 
regional and local measures to preserve existing vegetation cover. For example, local or 
national laws prohibiting conversion of steep slopes to agricultural lands, or gazetting 
vulnerable ecosystems into nature reserves.
(ii) Policies on shared responsibility for managing existing protected areas between local 
communities and the central agencies, which also include the sharing of benefits from the 
protected area tend to reduce "encroachment" by the surrounding population. Such policies 
have been applied effectively in many developing countries. A recent example is the shared 
wildlife management in Zimbabwe.

. (iii) Policies governing terms of timber harvest concessions covering allowable cut, 
concession duration, levels and structures of fees and royalties will influence the 
implementation and effectiveness of the mitigation options in efficiency improvements. These 
policies may even include logging ban in specified ecosystems. Policies which emphasize 
export of higher value timber products and ultimately a ban on log exports may reduce the 
rate of forest degradation associated with the forest sector's contribution to the country's 
foreign exchange earnings.
(iv) Tax rebates and dissemination policies governing the adoption of efficient charcoal kilns 
and wood stoves have been shown to substantially affect success of such programs in the bio­
energy field. The experiences of Kenya, Tanzania and Malawi are pertinent to these policies.
(v) Aggressive afforestation and reforestation policies both by villagers and forest 
departments will help expand the carbon sinks in the country, including incentives for private 
ownership of some forest resources.

Non-biomass sector policies
These policies are intended for the management of the other sectors of the economy, but have 
large influences on the depletion of the carbon stock, and at times may provide a disincentive 
to increasing forest and rangeland cover. The mitigation policies which lie in this area are:
(i) Land tenure policies that do not encourage private ownership of public lands with an 
express mandate to develop the land. Policies to the contrary have been shown to encourage 
wasteful conversion of forests to other land uses so as to meet the criteria for property rights 
assignment.
(ii) Land tenure policies that increase the certainty of tenure tend to make the owners of the 
land to plant and retain trees on their land. Such policies will be necessary in those mitigation 
options in agroforestry and of woodfuel plantations.
(iii) Agricultural policies that do not encourage extensive and wasteful conversion of natural 
forests to agricultural lands. Policies which emphasize more intensive farming and conversion 
of less marginal woodlands tend to lead to production of the same agricultural output from 
less area, using the same amount of resources. To an extent, similar policies can selectively be 
applied to pasture management.
(iv) Infra-structural policies governing mining, dam construction, road construction can 
reduce unnecessary emissions.
(vi) Taxes, credits, and pricing policies also play an important part In many African 

countries, the Stumpage price is too low to guarantee a supply of funds to reforest and 
manage the logging areas.
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4.2 Barriers and Incentives for Implementation

The policies described in the last section may not easily be translated to mitigation 
programs/measures due to the existence of barriers and lack of incentives to implement them.
A diverse array of criteria will have to be satisfied before a project can be implemented. The 
analyst should identify, describe and propose likely solutions to these barriers. The most 
common barriers to the implementation of biomass sector options can be divided into three 
categories:

(1) Technical and Personnel Barriers
In most countries in Africa, the lack of scientific data on silvicultural, ecosystem 
management and pastoral practices, including soil conservation; is a serious 
impediment in evaluation and implementation of various options. This is a serious 
impediment in Africa. Availability of seed material, research on species provenance 
multi-cultural management including harvesting techniques, silvi-pastoral systems etc 
may be lacking for individual sites. Also, in the short to medium term, there may be a 
lack of qualified local personnel to carry out the projects as well as provide extension 
services necessary for the successful involvement of local populations.

(2) Financial and Resource Barriers
Funding of forestry projects and rangeland management projects has been very low in 
most cases. Participation of the commercial sector may depend on availability of 
incentives for long term investment in the biomass sectors. The borrowing rates from 
banks may be too high for private investors and or local communities to get credit for 
these projects. Bilateral and foreign-source funds are restricted to those areas that are 
more profitable, and as such there may not be enough funds for broad investment in 
the identified response options. Other sectors like agriculture may compete for labor 
with the above mentioned biomass sectors, depending on the types of crops and the 
seasonal demands on labor. Procedures and mechanisms for identifying of 
beneficiaries, cost-bearers and ways to apportion credit from the options may be a 
barrier to implementation.

(3) Institutional and Policy Barriers
Land tenure and land law may prove to be the strongest hindrance in implementing the 
mitigation options, especially in this region where land and politics are so intertwined. 
Also, institutions necessary to allow for participation of various parties in the options 
may not exist in the country. For example, there may not be a mechanism for sharing 
benefits between the central authorities and the local participants in community-based 
mitigation options. Policy barriers to harvesting, marketing of forest products, pricing, 
tariffs and quotas for exports and imports may also hinder implementation of some of 
the mitigation options.

The scenarios provide useful information to policy-makers regarding the total and average 
cost to sequester carbon. However, this information is not adequate to develop policies and 
measures to implement climate change mitigation projects. A diverse array of criteria will 
have to be satisfied before a project can be implemented. These may include the ease of 
implementation, identification of the project's beneficiaries and losers, together with 
institutional and legal considerations.
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5 Conclusions

This paper lists the mitigation options in forestry, land-use change and biomass burning as 
relevant to African countries. It briefly describes a bottom-up methodological framework for 
assessing mitigation options that include the use of specific cost effectiveness indicators for 
ranking mitigation options. The approach pays explicit attention to non-carbon monetary 
benefits, like those derived from forest products, which may completely offset a project's cost 
and the opportunity costs of pursuing forestry options. The paper finally surveys the likely 
policies, barriers and incentives to implement such mitigation options in the region.
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Regional Climate Change Mitigation Analysis

Ian H. Rowlands, UNEP Collaborating Centre on Energy and Environment, and University of 
Waterloo, Canada.

1 Introduction

The purpose of this paper is to explore some of the key methodological issues that arise from 
an analysis of regional climate change mitigation options. 1 To do this, the paper is divided 
into seven sections. After this brief introduction, the second section describes the context in 
which the work has been undertaken. The third investigates the rationale for any analysis of 
regional mitigation activities, emphasising both the theoretical attractiveness and the existing 
political encouragement. The fourth, fifth and sixth sections review the methodology that has 
been developed. In these sections, the differences arising from the fact that mitigation 
analyses have been taken from the level of the national - where the majority of the work has 
been completed to date - to the level of the international - that is, the ‘regional’ - will be 
especially highlighted. Finally, in the seventh section, a summary is provided and some 
concluding remarks are offered.

2 Context

As part of the GEF/UNEP project on ‘Economics of Greenhouse Gas Limitations’ - which 
includes many of the national mitigation studies that have been presented during this 
conference - there was an investigation into how neighbouring countries, working together, 
could mitigate global climate change. Though the exploratory nature of the work necessarily 
meant that restrictions were not placed upon the researchers at the outset, it was generally 
anticipated that ‘regional mitigation options’ would consider instances in which entities in 
two or more neighbouring countries take consciously co-ordinated action to promote global 
climate change mitigation. Examples might include, for one, the development of a particular 
project, whose go-ahead was contingent upon the commitment of actors in two or more 
countries. Such multicountry participation may be necessary for any of a variety of reasons - 
for instance, to guarantee markets for the project’s outputs. Exploitation of a shared resource 
and harmonisation of international policies regarding trade or transportation are but a couple 
of additional examples.

The ambition was primarily twofold: first, to advance methodological development; and 
second, to investigate further the methodology - in a very exploratory manner - by looking at 
potential regional mitigation activity in two parts of the world: the countries of the Southern 
African Development Community (SADC) and the Andean Pact group of countries in South 
America. Consequently, work has progressed during the past two years - by a group based at 
the UNEP Centre in Denmark, as well as colleagues in both southern Africa and South 
America. And, indeed, in the subsequent two presentations, you will hear from some of these 
colleagues about the specific work that they have been undertaking on the southern African 
study. My comments, meanwhile, are of a more general nature - reporting upon the work that 
we at the UNEP Centre have been involved in, which has largely focussed upon 
methodological issues.

1 The arguments in this paper are drawn primarily from Rowlands (1998a) and Rowlands 
(1998b).
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3 Motivation

The motivation for investigating regional mitigation options is that they offer, at least in 
theory, ‘better’ alternatives. Support for this statement is provided by the fact that regional 
mitigation options could help to achieve one or more of the following goals:

. increasing the portfolio of available actions (that is, a new option appears where, when 
analysing countries on their own, one was not available): for example, neither country 
may have considered the development of a hydropower facility, because it would have 
provided too much electricity needs for either country on their own; together, however, 
the project is made plausible.

. reducing the cost of existing actions: for example, the development of a regional market 
may serve to lessen the costs of implementing a particular energy efficiency technology.

• permitting more equitable outcomes to be realised: for example, agreement of common 
regional standards may mean that renewable energy is subsequently accessible to a greater 
proportion of the population.

There is additionally, support given to regional action in the broader international regime. 
The preamble to the UN Framework Convention on Climate Change (FCCC) recognises the 
global nature of climate change and ‘calls for the widest possible cooperation by all 
countries...’ (UNFCCC, 1992, paragraph 6). In the list of principles intended to guide the 
Parties, it is noted that ‘Efforts to address climate change may be carried out cooperatively by 
interested Parties’ (UNFCCC, 1992, Article 3.3).

Moving away from the general and towards the specific in the FCCC, there are a number of 
suggestions about the kind of cooperative action that could take place. Article 4.1 is the 
section of the Convention that contains the longest list, and it commands Parties to, among 
other things, cooperate in technology development and diffusion, sink and reservoir 
conservation and enhancement, preparing for adaptation, research and observation, and 
education and training. These prescriptions are quite wide-ranging (UNFCCC, 1992).

There is also the much cited Article 4.2(a) of the Convention, in which it is noted that Parties 
‘may implement such policies and measures jointly with other Parties...' Article 4.2(d) does 
go so far as to call this ‘joint implementation’ (UNFCCC, 1992).

Moreover, joint reporting among regional neighbours is permitted by Article 4.1(b), while the 
participation of ‘regional economic integration organisations’ - REIOs - is also allowed for 
by the terms of the Convention (UNFCCC, 1992, Articles 18, 20 and 22). Now REIO, in the 
FCCC process to date, has basically been a euphemism for the European Community - 
presently the only non-state entity to be a Party to the Convention. However, there is 
conceivably nothing that holds back other REIOs from pondering participation in this way.

Consequently, the Convention itself - even before events at Kyoto (which I will touch upon in 
the panel discussion later this morning) - lends encouragement to exploration of regional 
actions, regional mitigation activities included.
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4 Methodology I: Abatement potential and cost

Having provided some justification for why we are thinking about regional mitigation 
analysis, I would now like to examine the methodology used - that is, the path that was 
followed in order to uncover information about regional mitigation activities, particularly 
their abatement potential, financial cost, developmental impacts and implementation 
prospects. We thought that it would be advantageous if we could keep the methodology as 
general as possible, to - potentially - be as widely applicable as possible.

We began by thinking that the methodology for national mitigation studies - that which the 
country studies you have been hearing about during the last couple of days have been using - 
would be a wise point of departure for regional mitigation assessment. After having been 
through the exercise, we still maintain that it is a very useful guide; nevertheless, it is still 
interesting to see how new issues are introduced by virtue of the fact that we are taking the 
analysis from the level of the nation-state to that of the international (see also Appendix I).

Indeed, differences arise when we begin to think about the baseline - that is, our best guess of 
what would happen over the next 30-50 years in the absence of any climate change-inspired 
activity. Although, conceptually, this should simply be the aggregation of the different 
baselines for the countries of the region - for the countries together constitute the region - 
potential problems arise once we move on to actual construction of the baseline.

Consider, for one, the possibility that different assumptions have been made in construction of 
the different national baselines - one country, for example, may have envisaged a particular 
level of future trade or a particular trajectory of technological development, while another 
may not have foreseen the same. Such inconsistencies have to be eliminated and therefore 
some best guesses as to ‘the future’ will have to be made. This may involve the development 
of some kind of ‘regional story’ - that is, an agreed picture of the region’s future in terms of 
key economic and social indicators.

A next step would then be to identify and analyse a regional mitigation option - that is, 
something that is contingent upon coordinated action among entities in two or more the 
region’s countries. After identifying it - and I hope by now you have a flavour for potential 
candidates - there is then the task of costing it in terms of net quantity of greenhouse gases 
(GHGs) abated and money.

A challenge, however, arises after we recognise - as did WGIII of the IPCC - that ‘cost- 
benefit assessments need to be informed by an understanding of different perceptions and 
priorities among countries and the importance of time horizons in different regions’ (IPCC, 
1996, 68). This obviously has implications for a regional study - in ‘costing’, whose 
perceptions and priorities should be used? should some sort of average or median be 
calculated?, if so, how should it be weighted? Differences of opinion about the appropriate 
discount rate to use, or about the future acceptability of different technologies are just two 
explicit examples. Obviously, such challenges also arise in national studies, for there are 
groups of people with different perceptions and priorities within individual countries. 
Consequently, our challenge may simply be resulting from an increased order of magnitude - 
that is, larger areas, increased number of cultures, jurisdictions and so on. Alternatively, 
however, it may be a fundamentally new challenge.
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5 Methodology II: Developmental assessment and implementation 
prospects

Following our cost and climate assessment of the option, developmental and implementation 
analyses should then be undertaken - as is done for national studies. In the case of the former 
- that is, looking at the extent to which an option fits with wider development aspirations - a 
challenge introduced by the fact that we are looking at entities in more than one country is 
that development aspirations may not be similar. The way in which externalities may be 
valued differently by different countries’ inhabitants is just one set of examples. Once again, 
some sort of regional aggregation may have to be undertaken.

Turning to prospects for successful implementation, it is here that we believe the regional 
options pose particular challenges. Because we are looking at how organisations in distinct, 
independent and nation-sovereign states interact, new challenges arise. This is an issue into 
which we investigated relatively thoroughly, and the sorts of issues that affect implementation 
of regional options include:

• desires to preserve sovereignty
- concerns about relinquishing decision-making (and implementation) powers to another 

(often supra-national) body
• debates about a ‘fair’ distribution of costs and benefits

- arrangements need to be not only efficient, for the region as a whole, but also 
‘equitable’ for its individual members

• concerns about ‘power’ in the region
- asymmetries in regional capabilities may, alternatively, encourage or discourage 

effective regional arrangements
• similarity of cooperating countries

- particularly in terms of economic, political and social characteristics
• ‘orientation’ of cooperating countries

- that is, the extent to which there is some ‘natural’ or ‘already existing’ pattern of 
cooperation - and this could be again in any of economic, political or social areas

• external factors
- the influence of TNCs, external investors more generally, donors and international 

organisations

Many of these will be important in the implementation of national mitigation options as well.

6 Methodology III: Integrating regional and national mitigation 
alternatives

Nevertheless, at the end of these analyses, we hope that we will have some idea as to the 
relative attractiveness of different regional mitigation options - in terms of net GHGs abated, 
cost, compatibility with broader developmental goals and prospects for implementation. By 
itself, however, this set of information does not offer much. Why? Simply because it would 
be very rare that a region would or should undertake regional mitigation activities in the 
absence of parallel national ones. Hence, what needs to be undertaken next is a comparison 
between regional and national alternatives - for it is most probable that the ‘best’ portfolio, 
however we define ‘best’, would consist of a combination of regional and national actions.
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We thus need to introduce national mitigation strategies - of the kind that this conference has 
been exploring over the past couple of days - into our deliberations. So we would first turn to 
the national mitigation studies that have been prepared for the countries of the region. All of 
these, of course, may not be available. Though this is not a fundamental challenge to the 
logic of the analysis, it does suggest that many resources may have to be mobilised to realise 
this requirement. What may, however, be more of a challenge is ensuring that different 
national mitigation studies are compatible - just as we wanted to ensure that national baseline 
estimates were compatible. We want, for example, to ensure that the exchange rates used in 
each of the studies are the same, that future energy prices are compatible and so on. 
Obviously, efforts to develop a common methodology for national studies - of the type 
undertaken within this broader GEF/UNEP project - are to be welcomed here.

We will then want to combine the national and regional options, in order to determine which 
portfolio of actions will be ‘best’. Again, there is nothing that is theoretically impossible 
about this task, but also once again, we may well see that it is difficult to determine how the 
different scenarios impact each other. Some impacts will be obvious - for example, the 
provision of all of a region’s electricity by a new hydropower facility proposed in a regional 
mitigation scenario will obviously cause the national option of fuel switching from coal to gas 
in power generation to drop out. Such interactions, however, will not always be as clear cut, 
and may only cause options to be modified. For example, the development of a regional 
market for an energy efficiency device would affect the costs of those mitigation options that 
were initially considered in the context of solely a national market.

Nevertheless, we are hoping that, at the end, we will be able to generate some information 
about the relative attractiveness of regional options - their attractiveness relative to the 
baseline (that is, in the absence of concern about global climate change) and their 
attractiveness relative to national mitigation options.

In concluding this section, I should reiterate that this is but one approach. Regional 
mitigation analysis is at a very early stage in its methodological development; consequently, it 
is an appropriate time to remind the audience that this project was considered to be a work of 
research, an exploratory exercise only. Nevertheless, we hope that we have advanced 
thinking about regional mitigation analysis, at least to some modest extent.

7 Summary

The purpose of this presentation has been to report upon the methodology that has been 
developed to investigate and analyse potential regional mitigation activities. Given the focus 
upon ‘methodology’, much of the discussion is necessarily abstract; it can be substantiated 
more fully when considered in conjunction with the empirical investigations that will be 
reported upon in the following papers. Nevertheless, I hope that I have given you some sense 
of regional climate change mitigation analysis: what it is, what encourages it and how it might 
be undertaken.

Even before substantial empirical work had been completed, our sense was that two 
challenges would probably be particularly significant - one directly related to methodology 
and the other one more closely associated with actual implementation (Mackenzie and 
Rowlands, 1998). The methodological one follows from what I reviewed in the sixth section 
of this paper - namely, the integration of national and regional mitigation options. We 
anticipated that this would prove particularly difficult - given not only the data requirements,
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but also the complexities associated with national, let alone regional, economies and social 
systems.

The other one, meanwhile, has also been explored in this paper - namely, the implementation 
challenges arising from the fact that the mitigation activity is now dependent upon 
coordinated action among entities in two or more neighbouring countries. Few would 
probably disagree with the assertion that, all else being equal, a national mitigation option that 
reduced carbon dioxide emissions by 1 million tonnes at a certain net cost would be preferred 
to a regional option that achieved the same reductions at the same cost. The factors 
highlighted in the fifth section of this paper suggest why. What will, therefore, be decisive to 
the prospects for implementation of regional mitigation options - indeed, any climate change 
mitigation options - will be the non-climate consequences - that is, those outcomes following 
from what we have called the ‘developmental assessment’. If clearly positive, entities in the 
region will be motivated to support implementation; while if neutral, or even only marginally 
positive, ‘champions’ for the mitigation options will not arise, and the climate goals will 
inevitably prove difficult to realise. Though often overused, the phrase ‘win-win’ nevertheless 
seems to capture the sentiment well. This is a point to which I will return in the panel 
discussion following the next two presentations.

Indeed, there are other points about the potential of regional mitigation studies to which I will 
return in the subsequent panel discussion. For now, however, I will conclude this paper, 
hoping that it has provided an overview of the methodology development to undertake 
regional climate change mitigation analysis.
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Appendix I - Using the national study to guide the regional study

National Regional

1) Gather relevant data 1) Gather relevant data

2) Construct the reference or baseline 2) Construct the reference or
scenario baseline scenario

3) Develop the mitigation scenario(s): 3) Develop the mitigation
scenario(s):

a) identify the options -» a) identify the options
b) assess the net costs and b) assess the net costs and

greenhouse gas (GHG) greenhouse gas (GHG)
reduction/absorption potential reduction/absorption potential

c) create a mitigation scenario c) create a mitigation scenario that 
is based solely on regional 
activity

d) create a mitigation scenario by 
summing national scenarios

e) integrate c) and d) to create a 
regional mitigation scenario

4) Macroeconomic assessment 4) Macroeconomic assessment

5) Developmental assessment and 5) Developmental assessment and
analysis of implementation issues analysis of implementation

issues

Source: Rowlands (1998a).
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Climate Change Mitigation in SADC through Power Pooling

Norbert Nziramasanga, Southern Centre for Energy and Environment, Zimbabwe

1 Introduction

The Power Sector in SADC is the major source of greenhouse gas emissions. Previous work 
has shown that opportunities for greenhouse gas emission reduction lie mostly in the energy 
sector. Most win-win options are linked to energy end-use or energy supply.

It is with this background that a project was carried out by UNEP Collaborating Centre on 
Energy and Environment and Southern Centre to develop methodology for assessment of 
regional options for climate change mitigation. The project preceded another initiative by 
Southern Centre in collaboration with regional partners from SADC countries and funded by 
GTZ. The latter project is still underway and is to identify Options for GHG Mitigation under 
Power Pooling in Southern Africa. The work by Southern Centre and UCCEE formed a solid 
methodological basis to allow the Southern Centre project to progress without being stalled 
by methodological issues.

The following is a brief description of the approach to climate change mitigation under power 
pooling.

2 Options for GHG Mitigation

The interconnection of national power utilities gives rise to various options for supply side 
management. The main options to come to mind are peak demand management and more 
efficient dispatch of power plant. System security improvement that is natural to 
interconnection also results in avoided operation of the more expensive emergency plant. In 
most cases emergency plant is fired by fossil fuels. Therefore reduction of the operating hours 
for this type of plant will reduce emissions of greenhouse gases. A closer analysis of the 
options will be possible through knowledge of the following.

3 National Load Duration Curves

A load duration curve shows the number of hours per year for which the peak load is equal or 
less than a specified figure. The curve therefore has a typical characteristic as shown below. 
The plant that is run to meet the short duration loads is necessarily more expensive because it 
has to meet capacity and limited energy. In the absence of energy sales the capital recovery of 
peaking or emergency plant is through demand charges.

If various national load curves are combined there will be a difference in the occurrence of the 
peak and also an inherent sharing of emergency plant. The operating hours of the plant will 
therefore increase and result in a lower capacity charge. In the case of the SADC region the 
systems are mixed hydroelectric and coal fired thermals with large potential for gas and 
renewable energy.
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Load

Figure 3 Typical utility load duration curve

4 Hourly, Daily and Seasonal Load Curves

Apart from the time occurrence of a given load it is important to know the load variation 
pattern on a time basis. If one country has low load when another has a high load there is then 
the possibility of operating the same peaking plant to meet the loads. In such cases the 
peaking plant could be lower cost as it would run longer hours. It is also possible to shift 
peaking load from one country into the make up load of another if the capacity for such a shift 
is available. In some cases the interruptible load in one country may serve to reduce the 
production cost in another with energy cost benefits to both parties.

Load diversity is a fundamental principle in interconnected systems that allows for cost 
reduction and improved system security.

5 Fuel Switching

Given the fuel mix in the regional systems it is possible to shift the operating mode for 
various plant so as to achieve lower operating cost. An example is the Kariba with storage 
capacity for hydropower and a low firm energy. Thermal plant could be run instead of the 
hydro-plant to meet base load. On peaking the hydro-plant would be dispatched to use 
whatever energy would have been stored. This would avoid operation of less efficient or more 
expensive peaking plant.
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The region has significant gas resources in the form of both natural gas and coal bed methane. 
Gas turbines have a short lead-time and provide the opportunity for entry into the energy 
sector by private investors either through cogeneration or grid connected plant. Power Plant 
connected to the distribution network (imbedded power plant) reduces the need for 
transmission systems and therefore reduces losses and power transfer cost.

6 Conjunctive Operation

In its simplest form conjunctive operation of hydro-plant is a mode of operation where plant 
up stream is run first and plant down stream is run last. This enables the utility to release 
water to outside the system only when it becomes necessary. This mode of operation requires 
a clear understanding of the hydrology of the system as droughts and seasonal variations have 
to be accounted for.

The assessment of options is complete only when the operating scenario is tested through 
network analysis of the resultant system. Both projects mentioned above do not provide for 
sufficient network analysis for the study, however a study by Purdue University and the 
regional utilities will give some insight into the technical visibility of the options.

7 Project Methodology

The GTZ supported activity started off by assessing the emissions of greenhouse gases in the 
power sector in the region. That report is to be published soon. The second phase of the 
project is underway and will result in a production of the expansions plans for the various 
utilities and a listing of options for mitigating greenhouse gases in the power sector. It is 
hoped that follow-up activity will fit the options into an analysis of a development scenario 
that would meet the development needs of the regional power sector.

The project involves utility partners from the regional power utilities as well as Oko Institute 
of Germany and SADC TAU. The project has been presented to the SADC Energy ministers 
who now await results of the study.
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Regional Transport Sector Mitigation Options

Peter Zhou, EECG Consultants, Gaborone, Botswana

1 Introduction

The rationale for conducting climate change mitigation studies in the transport sector is on the
premise that
• The transport sector is the second largest consumer of fossil fuels in the region.
• The regional transport sector is an area with high opportunity for infrastructural 

development under UNFCCC financial mechanism.
• The regional transport sector is crucial in the SADC region for trade and coupled with the 

Trade Protocol will play a major role in development hence the need to make it efficient 
in terms of energy demand and provision of services.

• The sector offers many mitigation options but with a challenge to evaluate their energy 
saving and GHG saving potential and yet there is need to quantify possible emission 
reduction for possible future emission trading. This is also a sector with potential to 
qualify for financing through Clean Development Mechanism (COM) recently stipulated 
in the Kyoto Protocol.

2 Approach

This is a first cut mitigation analysis presenting a challenge for future refinement

The GHG baseline is analysed at regional level by summing up the national transport GHG
baselines considering the fuel shares in each country. The proportions of transport fuels for
the overall SADC region, excluding Mauritius are presented in Fig 1.

94%

Figure 1 Share of transport energy fuels/source in SAR
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Energy consumption levels in the transport sector are varied in the SADC countries but 
averaged 11.5% of the total energy consumption in 1990 (Zhou, 1997). Petroleum products 
contributed 94.6% to transport energy in the same year. Five of the eleven SAR countries 
completely depended on petroleum products for their transport energy in the same year. The 
rest is provided by coal (1.6%) and then electricity (3.8%) (Fig 1). Both coal and electricity 
are used in the railway traction but in SAR the electricity is also derived from coal-fired 
power stations. South Africa also derives part of its petroleum products from coal.
The average regional per capita transport energy was 3519MJ but exceeded 4000MJ in the 
Middle income countries of South Africa (12466MJ), Botswana (6552MJ), Swaziland 
(6158MJ) and Namibia (4207MJ). South Africa contributed 81% of the region’s transport 
energy in 1990 (Zhou, 1997).

The future transport energy demand for each country were derived from a per capita transport 
energy vs. per capita GDP relationship (equation 1) also depicted by Fig 2 below.

Et= 701.82 + 2.28*GDP+ 0.000609*GDP2.................1
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Fig. 2 Transport energy-GDP dependent scenario

Equation 1 was tested with Mauritius data which had a steady historical transport energy 
consumption and there was a good agreement between observed and calculated energy for the 
data between 1984 and 1992 (Fig 3) although the formula gives slightly higher figures than 
the observed energy consumption.
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Fig. 3 Observed and calculated per capita transport energy versus per capita GDP for 
Mauritius

The long term GDP growth rates for the SAR countries determined by World bank- Industry 
and Energy (1990) were used to project transport energy to 2010, 2030 and 2050 (Table 1). 
The GDP growth rates were however adjusted to cater for possible long-term effects in the 
economies of the region.

Table 1 - Actual and projected transportation-related energy demand levels for southern 
African countries, 1990, 2010, 2030 and 2050. Sources: SADC (1990); Directorate of Roads 
(1995); and author's estimates.

Country Actual
transportation- 
related energy 
demand, 1990 
(TJ)

Projected 
transportation- 
related energy
demand, 2010
(TJ)

Projected 
transportation- 
related energy
demand, 2030

(TJ)

Projected 
transportation- 
related energy
demand, 2050

(TJ)

Angola 11,960 67,594 135,708 227,537

Botswana 8,306 26,466 58,739 82,032

Lesotho 2,664 3,983 5,975 7,754

Malawi 4,013 18,334 28,935 40,982

Mozambique 7,332 30,200 56,185 83,632

Namibia 7,573 15,182 22,517 30,587

South Africa 472,004 830,187 1,480,279 2,069,979

Swaziland 4,926 4,757 7,786 10,487

Tanzania 14,032 46,502 70,970 95,586

Zambia 13,579 21,139 31,411 42,306

Zimbabwe 34,988 37,731 60,714 81,773

Regional total 581,377 1,102,075 1,959,220 2,772,654

The advantage of using both population and GDP for long term projection is that these 
parameters tend to be stable (in the absence of sudden disruptions e.g. of war) over a long 
period. This approach allows estimation of projected transport energy demand in the absence 
of comprehensive long term national or region transport plans. The current national transport 
plans have the same period as the national plans and in the region National Development
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Plans do not exceed 10 years. Some countries have initiated national Development Visions, 
which extend to about 20 years. In these visions, sectoral, including transport, GDP growth 
rates are estimated. Similar growth rates have been incorporated (where Visions exist) to 
make projections to 2050.

The constraint is that for some of the countries that had turmoil in the last two decades, GDP 
growth rates were erratic and very low compared to population growth rate. This situation 
tends to result in future lower transport energy than at present. The GDP growth rates for the 
various countries have thus been modified to be representative of a realistic case in the long­
term scenarios.

The rationale for basing future transport energy demand on per capita income is because it 
requires a decent income to afford motorised (thus polluting) transport. The population 
growth component is also incorporated in the per capita transport energy and GDP. The 
constraint of this scenario is in getting reliable long-term GDP growth rates in a region whose 
economy has been interrupted by turmoil in the last two decades.

The CO2 equivalent emissions determined for SAR for 2010, 2030 and 2050 using this 
approach are 101 Mt,-180 Mt and 254 Mt respectively. These figures exclude emissions from 
conversion of coal to petroleum products for South Africa.

3 Climate Change Mitigation Analysis

The presentation examined six possible CC mitigation options which may shed light on the 
potential for GHG reduction in the transport sector along transport corridors of the region. 
These GHG reduction measures fall within the following categories.
• moving from road to rail freight;
• electric trains replacing diesel trains;
• fuel substitution from gasoline to compressed natural gas;
• paving and maintaining the regional road network;
• Petroleum pipeline replacing rail and road freight;

The analysis for each possible mitigation option examines its baseline character, possible 
modifications as part of the mitigation scenario and its implementation aspects in the context 
of the region. Both estimates of GHG reduction levels and costs were made for each 
mitigation option. Costs of some options may be difficult to get hence, where data limits 
quantitative analysis, a description of possibilities has been made excluding costs.

4 Climate Change Mitigation Option Assessment
Shifting road to Rail freight

Data on road transport is scarce in the region even for corridor transport. The bulk of corridor 
transport is shared between rail and road and we know that in 1993 rail transported 80% of the 
dry cargo. The Beira corridor was here considered for this option involving only dry cargo.

Between 60 and 70 per cent of goods travelling through the Mozambican port of Beira have 
either come from, or are heading to, Zimbabwe. The length of this route, from Beira (in 
Mozambique) to Mutare (in Zimbabwe), is approximately 345 kilometres. The mass of dry 
cargo carried on this route during recent years has been as follows: 1,400 kilotonnes (in
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1992), 1,562 kilotonnes (1993) and 1,290 kilotonnes (1994) thus the growth in total cargo or 
dry cargo on the Beira Corridor does not seem to have a specific trend.

Although fluctuations can be partially explained by the presence or absence of drought in the 
region - which in turn influences the amount of drought relief food required, as well as the 
quantity of agricultural goods exported - present regional trends in trade, as well as 
developments themselves within the corridor, suggest that traffic levels will grow in the future 
as determined by both population and GDP growth.

For future scenarios, both population and GDP were used to determine the traffic levels. Dry 
cargo per capita and per GDP gave a possible scenario on dry cargo growth to 2050. The 
population and GDP growth rates estimated for Zimbabwe were adopted since this corridor 
mainly carries Zimbabwe goods/cargo.

For the baseline, the share of rail to road of 85% to 15% in 2050 is assumed based in past 
..Trends in shares. In the Mitigation Scenario all long distance haulage of dry cargo is by rail 
(100%).

The rail and road equipment required in 2050 and the C02 equivalent emissions reduction 
potential were determined on a spreadsheet using the Greenhouse Gas Abatement Costing 
Model (GACMO) developed by the UNEP Centre in Denmark.

Energy intensity of freight trains (50-80% load factor) and heavy trucks (60-110% load 
factor) were given in IPCC 1995 as 0.4- 1.0 MJ/t-km and 0.6-1.0 t-km respectively.

A parallel study done for an AFREPREN study to 2020 was also presented involving the 
Harare-Beit Bridge-Johannesburg; Lusaka-Beit Bridge-Johannesburg and Shaba-Zaire- 
Lusaka-Beit Bridge- Johannesburg and Table 2 and Fig 3 show the GHG reduction potential 
and costs of reducing a ton of C02 equivalent emissions.

Table 2 GHG Emission Reduction Potential of Road to Rail Mass Transit system Option along the RSA- 
Ports Route for Zimbabwe, Zambia and Zaire.

Route baseline 
GHG* (t)

Intervention 
GHG (t)

Reduction-
intervention
(t)

cost/t
reduced
US$

Aggressive 
GHG (t)

Reduction
Aggressive
(t)

Cost /t 
reduced

HRE-JHB
2005

420638 370396 50241 406.89 269913 150725 49.20

2020 615364 321363 294001 -36.98 174362 441002 -67.87

LUS-JHB
2005

33785 29829 3956 10463.00 21916 11869 3383.00

2020 39379 20934 18445 2134.20 11711 27668 1370.64

SHABA J 
HB- 2005

34355 26237 8118 131.81 22179 12176 29.64

2020 41602 21942 19660 -47.82 12112 29490 -90.112

TOTAL
2005

488778 426462
(87%)

62315 1009.46** 314008
(64%)

174770 274.24**

TOTAL
2020

696345 364239
(52%)

332106 82.96** 198185
(28%)

498160 10.71**

*GHG = CO2 equivalent emissions (C02, CHj & N20)
** Weighted cost/t of reducing Co2 equiv. For the three countries ’freight.
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Figure 3 Harare-Johannesburg corridor GHG emissions- baseline, intervention and aggressive 
scenarios for the Base Case.

Hydro-based electric rail along corridors displacing diesel trains

This mitigation option assumes the hydrophilic scenario in the power sector such that power 
used for trains originates from hydropower source. If the electricity is derived from coal then 
the GHG emission savings will be minute or absent.

The option was again treated for the Beira Corridor with distances of 602 km. The electric 
trains are to replace diesel trains for cargoes (t-km) estimated for 2050. Energy intensity for 
fully laden electric and diesel trains are 0.25-0.29 MJ/t-km and 0.19 to 0.27 MJ/t-km 
respectively (ETSU, 1995). There is no actual energy saving as such but energy/fuel type 
allows emission savings. The added incentive for implementing this measure is the savings 
on diesel procured from outside the region and the elimination of related air pollution caused 
by diesel trains. The capacity of an electric train is also larger (826-1281 tonnes) compared to 
diesel (705-1135 tonnes) ETSU, 1995. By assuming these capacities it is possible to estimate 
the number of trains or times a train would travel in 2050 to carry the estimated cargo and 
hence the required energy (either electricity or diesel).

Fuel Substitution for low-carbon transport fuels e.g. substituting natural gas for gasoline.

This option is aimed at gasoline vehicles to be modified or made to use compressed natural 
gas (CNG). This becomes feasible on the premise that the region has vast reserves of natural 
gas (1.14 trillion m3. IPCC 1995 shows that it cost New Zealand about US$750 to modify a 
gasoline car to use CNG but also required grants and subsidies to make it work in the light of 
low petroleum prices. This option would work when coupled with preferential fuel taxes or 
carbon taxes. It is estimated that considering a fuel cycle, CNG can save 10-30% emissions 
than gasoline.
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In this study we assumed 1% of RSA gasoline vehicles in 2050 shifting to CNG. In the same 
regard the annual energy requirement to replace gasoline. The CNG supply system is catered 
for in the price of CNG of 0.18-. 24 US$/litre of gasoline equivalent compared to 0.26 
US$/litre for gasoline (IPCC, 1995).

Improvements in infrastructure e.g. paving of roads and maintenance

The pavement of roads can result in as much as 50% energy savings (Botswana Transport 
Plan, 1983) per vehicle as compared to unpaved road. The measure would entail proper 
maintenance of paved roads and paving unpaved roads in the region. Under the current 
corridor rehabilitation programmes, SADC through SATCC has been involved in prioritising 
trunk routes to be upgraded. In the same manner, the mitigation option would be regional in 
the sense that trunk routes and feeder roads important to regional transport systems would get 
first priority. In this respect it will not be easy estimating the actual GHG emissions reduced 
because the number of vehicles in those sections of unpaved roads are not known and it is not 
known how they will increase to 2050. An estimation could be made on the assumption that 
20% of the vehicles in the region travel 30% of their 20 000 km annual distance in gravel 
road. If this is the case, then the energy differential could be worked out. In actual sense, the 
saving could be higher.

A GEF project would involve training the region in road maintenance and building of durable 
paved roads. Such activities are partly being implemented by donor countries e.g. Germany is 
conducting a training course for 6 months to selected regional engineers (CDG personal 
communication)

Petroleum pipeline for transporting petroleum products.

This has been considered for replacing rail and road petroleum freight transport with a 
pipeline between Pretoria and Gaborone considering the fuel demand in 2050.

The potential GHG reduction by each of the evaluated option are presented in Table 3

Table 3 Potential GHG (CO2 equivalent) emissions reduction in 2050.

GHG Mitigation Option GHG Reduction tons /yr. Cost US$/ton of C02 equiv.

Road to rail-Mutare-Beira 15 000 8.58

Electrifying Rail-Mutare-Beira 32 000 38.28

Gasoline to CNG-1% of RSV’s 
cars

120 000 1.37

Pipeline-Pretoria to Gaborone 57 000 63.41

Policy Measures. For any of the mitigation opportunities to be realised, regional management 
bodies like SATCC and governments have to incorporate the energy concern in their transport 
operations planning. Energy is a major recurring expense in all the transport modes and
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hence should be one area for cost cutting. This measure would also result in reduced air 
pollution and GHG emissions.

Institutional and Legal Aspects. Whether, the policy measures are of regulatory or of 
incentive nature, institutions have to be in place to monitor the performance of the sector.

In the SADC region, the major transport systems are presently under the control of 
governments (central or parastatals). The government has failed to retain experienced staff 
due to unattractive packages, and such manpower has moved to the private sector. The 
effective institutional arrangements would be therefore that government stipulates the policy 
measures but the private sector is also involved in ensuring the functionality of the various 
organs of the transport sector.

Similarly the legal framework has to exist to ensure regulatory measures are implemented. 
The necessary institutions are therefore required for effective enforcing of the legal aspects.

. Law enforcement has always been in the hands of government, hence to make it effective, 
better remuneration packages and operational facilities for such institutions should be 
provided.

Financing. Various mechanisms for financing improvements in the transport sector 
efficiency are available. The conventional ones have been the Official Development 
Assistance (ODA) and the Multilateral Lending, the latter involving the International Banks. 
Lately, the UNFCCC has indicated possible funding for developing countries, as a means to 
assist them in meeting their global efforts to combat climate change. The much-talked-about 
mechanisms are Joint Implementation and the Global Environmental Facility (GEF) 
Incremental Cost and now recently the Clean Development Mechanism.

Both JI and CDM have the potential to fund large transport infrastructure while GEF may 
only be available for removal of barriers to implementation of GHG reduction projects. Both 
JI and CDM may even replace the present day ODA since in the former donor countries will 
benefit from both GHG reduction credits and creating markets and jobs for their own 
companies. ODA had mainly creation of markets and jobs as the benefits to donor countries.

Certain in-house keeping, require effective utilisation of locally available financial resources 
or local fund-raising to meet a new investment. National insurance and banking institutions 
sometimes have enough resources to meet certain national project budgets. It would then be 
better to meet all local costs from internal or regional borrowing and only borrow the foreign 
currency component from the International Banks. In this regard the sector could exploit 
cross-border investments (e.g. from RSA and Mauritius firms), public and private sector 
partnerships and private sector initiatives in form of BOO, BOT and BOOT.

In addressing efficiency gaps in the transport sector, it is therefore important to match 
mitigation options with appropriate financing mechanisms.
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Regional Cooperation and Climate Change Strategies

S.J. Lennon, Research Manager, Technology Group, Eskom, Private Bag 40175, Cleveland 
2022, South Africa

1 Background

The recent political developments around Climate Change have greatly increased the 
complexity of operations in the sustainable development area. The finalisation of the Kyoto 
Protocol, along with the future enabling of emissions trading, the Clean Development 
Mechanism (CDM)) and Joint Implementation (JI) present numerous opportunities for 
developed nations to reduce emissions and for developing nations both to optimise emission 
increases and to level the development playing field. The question is what opportunities lie 
ahead for African nations in this global equation?

One thing is certain, Africa, with its 3% contribution to global greenhouse gas emissions, is 
hardly likely to be viewed as a prime candidate for JI or the emission reduction component of 
the CDM. In fact, even as African economies grow, emissions are likely to increase at a 
minimal rate compared to increases expected of the larger developing nations such as China 
and India. Even the largest African emitter, South Africa, projects small increases of 2-3% - 
small when compared to China’s projection of increasing coal combustion from 1.2 billion 
tons in 1997, to 1.46 billion tons by 2000 (21% in 3 years). African nations should therefore 
not focus on how to reduce emissions, or concern themselves with the overrated threat of 
pressures to reduce emissions. Far greater climate change threats need attention, and likewise 
far greater climate change opportunities await us. In this sense, I summarise some of the 
major threats, opportunities and potential mechanisms to avoid the former and exploit the 
latter via regional cooperation.

2 Threats

2.1 Negative impacts of climate change

African nations, especially Southern African nations are extremely vulnerable to potential 
negative impacts of climate change e.g. increased drought and floods, changing pest and 
disease patterns. These negative impacts are going to hit us long before developed nations’ 
emission reduction has an impact. As such it is critical that we develop strategies to adapt to 
these impacts. Such strategies can include:

• Strengthening the regional power infrastructure to increase fuel flexibility
• Agricultural cooperation
• Regional electrification to reduce fuel wood dependency
• Cooperation in regional water supply

2.2 Knock-on economic impacts

The knock-on economic impacts of actions taken elsewhere in the world can be severe, e.g. 
the increased cost of imports due to higher global energy costs, replacement costs of MFCs
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and SF6 due to level of availability, loss of jobs in the fossil fuel sectors due to reduced 
exports, etc.

It is important to anticipate and model these impacts economically so that appropriate 
response strategies can be developed. In particular the Clean Development Mechanism 
presents opportunities to source adaptation funds in this area.

3 Opportunities

African nations are uniquely positioned to apply existing and planned mechanisms and 
instruments under climate change. Joint Implementation, the CDM and the Global 
Environmental facility all present opportunities to manage our emission increases as our 
economies grow, whilst at the same time getting others to fund such growth - truly a “win- 
win” opportunity. Specific projects which could benefit from regional synergism, whilst 
contributing to regional sustainable development include:

• regional electrification - rural and urban, with a renewable focus in rural areas
• Southern African power pool
• Power plant energy efficiency improvements
• Road and rail transport upgrades
• Sustainable utilisation of biomass
• Distributed power utilities based on stand alone technologies, including small-scale 

nuclear (the Pebble Bed reactor)
• Energisation programmes

Many of the above projects have a strong utility focus, and a such may well form out of 
institutions such as the recently formed Power Institute of East and Southern Africa (PIES A).

The above-mentioned projects are all feasible and could be viable, especially if funded under 
the mechanism created under the UNFCCC and the Kyoto Protocol.

It is clear that regional cooperation in “win-win” areas such as these can create the foundation 
for the much vaunted African Renaissance, whilst at the same time enabling the mitigation of 
greenhouse gas emissions.
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Botswana Canada

David M. Lesolle
Department of Meteorological Services
Principal Meteorologist
Box 10100
Gaborone
Botswana
tel: 267-356281
fax: 267-356282
email: lesolle.dms@info.bw

Fanile Mathangwane
Ministry of Minerals and Water Affairs
Acting Director
P Bag 00378'
Gaborone 
Botswana 
tel: 267-374221 
fax:267-314201

Peter Pinas Zhou
Director
EECG
Box 402339
Gaborone
Botswana
tel: 267-307310
fax: 267-307310
email: pzhou@global.bw

Burkina Faso

Godefroy Thiombiano 
Charge de Recherche
Prime Minister's Office - Department of Energy and 
Mines
01BP7027 Ouagadougou 01 
Burkina Faso 
tel: 226-324889/90/91 
fax:226-318091
email: godefrov.thiombiano@primature.gov.bf

Burundi

Maurice Shiramanga 
I.GE.BU (Hydrometeorologie)
C/O I.GE.BU. B.P. 34
GITEGA
Burundi
tel: 257-22-9424 
fax: 257-27-6025

Ian Rowlands 
University of Waterloo 
Associate Professor
Department of Environment and Resource Studies
Waterloo, Ontario, Canada
tel: 1-519-888-4567 ext. 2574
fax: 1-519-746-0292
email: irowland@fes.uwaterloo.ca

Cote d’Ivoire

Mamadou J. Kone 
National Technical Adviser 
UNDP/GEF RAF/93/G32 
01 BP 1747 Abidjan 01 
tel: 225-213690/225-219777 
fax: 225-213688
email: ctnraf93@africaonline.co.ci

Democratic Republic of Congo

Maurice Matanda Kafunda 
Chief of Interministry Committee 
Environment Ministry 
15 Av. Papa Ileo 
Kinshasa/Gombe 
BP 12348 Kinshasa I 
D. R. Congo

Djibouti

Dirieh Abdi Mohammed 
Ministry of Environment 
Cadre a' la Direction 
BP 1400, Djibouti 
tel: 253-352801/351559 
fax: 253-354837

Egypt

Zeinab Farghaly
Egyptian Environmental Affairs Agency 
30 Mist Helwan St.
Maadi, Cairo, Egypt 
tel: 202-5256481 
fax: 202-5256490 
email: iagelil@,idsc.gov.eg
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Yohannes Geyesus Getahun
National Meteorological Services Agency
Meteorologist
POBox 1090
Addis Ababa, Ethiopia
tel: 251-512299
fax: 251-517066
email: nmsa@telecom.net.et

The Gambia

Bubu Jallow
Principal Meteorologist
Department of Water Resources
Marina Parade Banjul, The Gambia
tel:220-224122/228216
fax: 220-225009/228628
email: nea@delphi.com

Ghana

George Manful
Environmental Protection Agency
Director/Operations
P O Box M326, Accra, Ghana
tel: 233-21-664697/8
fax: 233-21-662690
email: epaops@ghana.com

Kwadwo Tutu
Economic Department
University of Ghana, Legon, Ghana
tel: 233-21-501487
fax:233-21-501486
email: economics@ug.gn.apc.org

Kenya

Paul Nzomo Mbuthi
Research Officer
Ministry of Energy
P.O. Box 30582, Nairobi, Kenya
tel: 254-2-330048
fax: 254-2-240910

John Nganga
Ministry of Environmental Conservation 
Country Coordinator Climate Change 
Box 67839, Nairobi, Kenya 
tel: 225289/243088 
fax: 225289
email: iohn.nganga@meteo.go.ke

Ethiopia

Labane Chokobane
National University of Lesotho
Economist
P.O. Roma 180, Lesotho 
tel: 09266-340601 
fax: 09266-340000 
email: ll.chokobane@nul.ls

Mampiti Matete 
Lecturer
National University of Lesotho 
P O Roma 180, Lesotho 
tel: 266-340601 (W) 311380 (H) 
fax: 266-340000 
email: mematete@nul.ls

Matseliso Mpale 
Lecturer
National University of Lesotho 
P O Roma 180, Lesotho 
tel: 266-340601 
fax: 266-340000

Mali

Abdoulaye Bayoko 
CNRST
Country Coordinator GEF project
B.P. 3052, Bamako, Mali
tel: 223-238446/229085
fax: 223-238446/226698
email: proiet-gef@spider.toolnet.org

Mauritius

Krishnawtee Beegun
Permanent Secretary, Prime Minister's Office
Chairperson National Climate Committee
Level 4 Government Centre
Port Louis, Mauritius
tel: 201-1366
fax: 212 9393
email: pmohomea@intnet.mu

Dheemun D. Manraj 
Central Statistical Office 
Principal Statistician 
Member of Climate Committee 
John Kennedy Street, Lie Centre 
Port Louis, Mauritius 
tel: 210-0835 
fax: 211-4150 
email: cso@.intnet.mu

Lesotho
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Senegal

Sow Ibrahima 
Project Coordinator 
Direction de 1’Environnement 
23 , rue Calmette 
BP6557, Dakar, Senegal 
tel: 221-8238047 
fax:221-8226212 
email: sow@metisscana.sn

Cisse Moussa Kola 
UNDP/GEF Capacity Building 
ENDA
BP 3370, Dakar, Senegal 
tel: 221-8225983 
fax:221-8217595 
email: energv2@enda.sn

Youba Sokona 
Enda
5 rue Carnot, Dakar, Senegal 
tel: 221-8225983/8222496 
fax: 221-8217595/8235751 
email: Ysokona@enda.sn

Seychelles

Terence Coopoosamy
SBS/Ministry of Industry
P O Box 953, Victoria, Seychelles
tel: 248-375333
fax:248-375151
email: sbsorg@sevchelles.net

South Africa

Randall Fecher
Energy & Development Research Centre
University of Cape Town
Programme Leader: Energy and Environment
UCT Private Bag, Rondebosch 7700
South Africa
tel: 2721-650-2573
fax:27-21-650-2830
email: randall@,engfac.uct.ac.za

Vanida Govender 
Eskom
Corp. Environ. Mng 
Megawatt Park,
Sandton
South Africa
tel: 27-11-8004845
fax: 27-11-8002938
e-mail: vanida.govender@eskom.co.za

Douglas Guy
US/RSA Cape Mbuki Binational Commission 
Peer Africa Pty. Ltd.
Finis Rd.
Kimberley, South Africa 
tel: 27 531 861 3885 
fax: 27 531 861 3886 
email: dlguvsr@wn.apc.org

Ian Israelsohn 
SAD-ELEC
General Manager - Finance 
P.O. Box 1049 
Rivonia 2128 South Africa 
tel: 27-11-803 1314 
fax: 27-11-803-7019 
email: sadelec2@iafrica.com

Stephen J. Lennon 
Eskom
Research Manager
Private bag 40175, Cleveland
Jhb, 2022, South Africa
tel: 27-11629-5051
fax: 27-11629-5500
email: steve.lennon@,eskom.co.za

Lungi Mbanga
South African Weather Bureau
Senior Administration Officer
Private Bag x097
Pretoria, 0001
South Africa
tel: +27-12-309 3277
fax: +27-12-309 3989
email: Lungi@,cirrus.sawb.gov.za

Henriette Merten 
South African Weather Bureau 
Communication Officer 
Private Bag x097 
Pretoria, 0001
telephone: +27-12-309 3071
fax: +27-12-309 3989
email: merten@cirrus.sawb.gov.za

Gina Roos 
Eskom
Senior Environmental Officer
Private bag 40175
Cleveland, Jhb, 2022
South Africa
tel:27-l 1-629-5406
fax:27-11-629-5291
email: Gina.Roos@eskom.co.za
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Clive Turner 
Eskom
Corporate Consultant
Private Bag 40175
Cleveland 2022 - RSA
tel: 27-11-6295060
fax:2711-6295338
email: clive.turner@eskom.co.za

Swaziland

Precious S. Myeni
Ministry of Natural Resources and Energy
Energy Planning Officer
P O Box 57, Mbabane, Swaziland
tel: 46244/8
fax: 42436
email: nergyswa@realnet.co.sz

Tanzania

Hubert Meena
CEEST
Economist
Box 5511, Dar-es Salaam, Tanzania 
tel: 255-51-667569 
fax:255-51-666079 
email: ceest@intafrica.com

Stephen Mwakifwamba 
CEEST
Forester - Researcher
Box 5511, Dar-es Salaam, Tanzania
tel: 255-51-667569
fax: 255-51-666079
email: ceest@intafrica.com

Tunisia

Samir Amous 
Apex Conseil 
Rue Malta Sghira 
1000 RP Tunis, Tunisia 
tel: 216-1-848094/843453 
fax: 216-1289942/843453 
email: amous.apex@gnet.tn

Zambia

George Kasaii
National Council for Scientific Research 
Principal Scientific Officer 
P O Box 310158, Lusaka, Zambia 
tel: 260-1-281081/283553
fax: 260-1-283502

Abel Mbewe
Environmental Council of Zambia
Project Coordinator
PO Box 35131
Lusaka
Zambia
tel: 260-1-254130/1 
fax: 260-1-254164 
email: necz@zamnet.zm

Dominic Mbewe 
CEEEZ
P/Bag 447x R/W Lusaka, Zambia 
tel: 260-1-262482 
fax: 260-1-262482

Charles Mulenga
CEEEZ
Economist
Box 36079, Lusaka, Zambia 
tel: 251337/254491 
fax: 254491
email: doe@zamnet.zm 

Francis Yamba
Centre for Energy, Environment and Engineering 
Director
Box E721 Lusaka, Zambia 
tel: 260-1-236942 
fax:260-1-224170 
email: Yamba@eng.unza.zm

Zimbabwe

Bothwell Batidzirai
Southern Centre
Research Fellow
31 Frank Johnson Avenue
Eastlea, Harare, Zimbabwe
tel: 263-4-738315/6/8
fax:263-4-738319
email: scentr@harare.iafrica.com

Mary Bvumbe 
Administrator
Southern Centre for Energy and Environment 
31 Frank Johnson Avenue 
Eastlea, Harare, Zimbabwe 
tel: 738315/6/8 
fax: 738319
email: scentr@harare.iafrica.com
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George Chisoko Todd Ngara
The Herald Coordinator
Journalist Ministry of Mines, Environment and Tourism
P O Box 396, Harare, Zimbabwe 14th Floor, Karigamombe Arcade
tel: 795771 Harare, Zimbabwe
fax: 791311 tel: 263-4-757881

Wilson Dakwa
Reporter
ZBC
2279, Bulawayo, Zimbabwe 
tel: 263-9-71811 
fax: 263-9-60853

Erik Fiil
Embassy of Denmark 
Ambassador 
POBox 4711 
Harare, Zimbabwe 
tel: 263-4-758185 
fax: 263-4-758189

Erick Otto Gomm
GTZ/DOE
EPZ Co-ordinator
DOE/Ministry of Transport and Energy 
Harare, Zimbabwe 
tel: 791760
email: d0e2im@harare.iafrica.com

R.S. Maya
Southern Centre
Executive Chairman
31 Frank Johnson Avenue
Eastlea, Harare, Zimbabwe
tel: 263-4-738315/6/8
fax: 263-4-738319
email: scentr@harare.iafrica.com

Rueben Munjeri
Reporter
ZBC
2279, Bulawayo, Zimbabawe 
tel: 263-9-71811

Cornelius Mzezewa 
Transport and Energy 
Director
Department of Energy 
P. Bag 7758
Causeway, Harare, Zimbabwe 
tel: 263-4-791761-9 
fax: 263-4-721967

Norbert Nziramasanga 
Director
Southern Centre for Energy and Environment 
31 Frank Johnson Avenue 
Eastlea, Harare, Zimbabwe 
tel: 738315/6/8/9 
fax: 738319
email: scentr@harare.iafrica.com 

SADC

Euclides Morias De Brito 
SADC Energy Sector, TAU 
Thermal Power Engineer 
Gil Vicente 2,
Box 2876 
Luanda, Angola 
tel: 244-2-345288/345147 
fax: 244-2-343003

UNDP

Souleymane Diallo
Regional Technical Advisor for Climate Change 
UNDP-GEF
UNDP Country Office B.P. 154 
Dakar, Senegal 
tel: 221-823-32-44/824-39-04 
fax: 221-824-49-88/823.55.00 
email: dsoulev@metistacana.sn

Ademola Salau 
GEF Regional Coordinator 
UNDP/GEF - New York 
1, UN Plaza
New York, NY 10017, USA 
tel: 212-906-5911 
fax: 212-906-6362 
email: asalau@undp.org

UNEP

Yinka Adebayo 
Programme Officer 
UNEP
Box 30552, Nairobi, Kenya 
tel: 254-2-623444 
Ax: 254-2-623928 
email: vinka.adebavo@unep.org
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UNEP Collaborating Centre

John M. Christensen 
Head of Centre
UNEP Collaborating Centre on Energy and
Environment
Riso National Laboratory
DK4000 Roskilde, Denmark
tel: 45-46-775130
fax:45-46-321999
email: iohn.christensen@,risoe.dk

Ogunlade R. Davidson 
Visiting Professor
UNEP Collaborating Centre on Energy and
Environment
Riso National Laboratory
DK4000 Roskilde, Denmark
tel: 45-46-775170
fax:45-46-321999
email: ogunlade.davidson@risoe.dk

Gordon A. Mackenzie 
Senior Energy Planner
UNEP Collaborating Centre on Energy and
Environment
Riso National Laboratory
DK4000 Roskilde, Denmark
tel: 45-46-775131
fax: 45-46-321999
email: gordon.mackenzie@risoe.dk

Henrik Jacob Meyer 
Economist
UNEP Collaborating Centre on Energy and
Environment
P O Box 49
DK-4000 Roskilde
Denmark
tel: 45-46775162
fax: 45 46321999
email: henrik.mever@risoe.dk

John Turkson 
Energy Economist
UNEP Collaborating Centre on Energy and
Environment
Riso National Laboratory
DK4000 Roskilde, Denmark
tel: 45-46-322288
fax: 45-46-321999
email: iohn.turkson@risoe.dk


