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Impacts of climate change mitigation measures on the energy sector in Africa:
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Abbreviations and acronyms

GHG: 

Greenhouse gases

UNFCCC:

United Nations Framework Convention on Climate Change

IPCC:

Intergovernmental Panel on Climate Change

CDM:

Clean Development Mechanism

OECD:

Organization for Economic Cooperation and Development

Annex I/Annex B:
Annex I of the UNFCCC is a list of developed countries which are members of the OECD, plus the countries of the former Soviet Union and the East Bloc.  Annex B of the Kyoto Protocol is similar to Annex I.

Non-Annex I/Non-Annex B:
Mainly developing countries which do not have the same commitments imposed by the UNFCCC or the Kyoto Protocol as Annex I/Annex B countries.  

CO2: 

Carbon dioxide

RE: 

Renewable energy

JI: 

Joint Implementation 

OPEC: 

Organization of Petroleum Exporting Countries

CC:

Climate change

1.  Introduction

African countries do not contribute significantly to world GHG emissions.  GHG emission rates observed in African countries remains negligible due to their low level of industrialization.  It is estimated that the continent as a whole produces less than 7% of total emissions and only 4% of CO2 emissions.

Africa is one of the regions of the world that is particularly vulnerable to the potential impacts of climate change.  The impacts concerning Africa in particular are enormous.  African countries, non-Annex I country Parties, must therefore become more involved in mitigation and adaptation strategies which offer tremendous potential for choosing environmental options more conducive to improving the quality of life of populations.

The implementation of Articles 4.8 and 4.9 of the Convention and Articles 2.3 and 3.14 of the Kyoto Protocol offers additional benefits and opportunities in the energy sector.  The flexibility mechanisms can promote cooperation between developed countries and African countries, and between organizations, and encourage them to take actions with the aim of meeting energy demands while fostering sustainable energy development and effective management of greenhouse gas (GHG) emissions.

2.  Adverse effects of climate change on African countries

African countries are affected by the adverse effects of climate change in various ways, depending on their socio-economic and environmental situation and their capacities of adaptation.

The adverse effects of climate change will have an impact on the security of life in African countries by affecting water resources, agriculture and food security, economic activities and health, and in particular the poorest countries, where poverty limits the capacities of adaptation, notably countries with areas prone to natural disasters and liable to drought and desertification; countries with arid and semi-arid areas, forested areas and areas liable to forest decay, countries with areas of high urban atmospheric pollution, small island countries; countries with fragile ecosystems, including mountainous ecosystems; and finally countries whose economies are highly dependent on income generated from the production, processing and export, and/or on consumption of fossil fuels and associated energy-intensive products.

The adverse effects of climate change would lead to secondary effects on African countries, and in particular the poorest countries, which would destroy the subsistence capacities of natural systems and/or the durability of human habitations.  These effects include the use of water resources of poor quality, abandonment of the rural economy, displacement of populations and infrastructures, and the spread of epidemics.

To reduce vulnerability, it will be necessary to develop institutional capacities and human resources at the local, national and regional levels.  A number of country Parties have called for assistance in this context.  The capacities of African countries to conduct research on the adverse effects of climate change and the assessment of vulnerability are limited.  There is an urgent need to implement integrated approaches, such as integrated assessment models, as well as by identifying effective adaptation strategies and by evaluating how these resources will be incorporated in national development programs.

3.  Climate change mitigation measures

3.1.  Presentation of Article 4.9 of the Convention and Article 3.1 of the Kyoto Protocol with reference to Articles 2.3 and 3.14 of the Protocol

Pursuant to the United Nations Framework Convention on Climate Change (UNFCCC, 1992), the country Parties have accepted that the implementation of any commitment should accord particular attention to the most vulnerable countries.  On this point, Article 4.8 of the Convention states: “In the implementation of the commitments … the Parties shall give full consideration to what actions are necessary… to meet the specific needs and concerns of developing country Parties arising from the adverse effects of climate change and/or the impact of the implementation of response measures...”

Also, certain specific points of the Convention concern the following aspects: 

· Article 4.8 paragraph (h): - Countries whose economies are highly dependent on income generated from the production, processing and export, and/or on consumption of fossil fuels and associated energy-intensive products; 

· Article 4.9: The Parties shall take full account of the specific needs and special situations of the least developed countries in their actions with regard to funding and transfer of technology.

The Kyoto Protocol (United Nations, 1997) also imposes this obligation, using even stronger language.  

· Article 2.3 of the Protocol states: “The Parties included in Annex I shall strive to implement policies and measures… in such a way as to minimize adverse effects, including the adverse effects of climate change, effects on international trade, and social, environmental and economic impacts on other Parties, especially developing country Parties and in particular those identified in Article 4, paragraphs 8 and 9, of the Convention” which consist mainly of energy-exporting countries and small island countries. 

· Article 3.14 calls for immediate consideration by the Parties of the actions which are necessary to minimize adverse effects and the Article lists mechanisms responsible for the establishment of funding, insurance and transfer of technology.

3.2 Prospects for sustainable development of African countries in light of these Articles

From the perspective of sustainable development, African countries must become fully involved in international negotiations on climate change so that the implementation of the UNFCCC and the Kyoto Protocol offers them opportunities and possibilities for choosing environmental options.  These options must be examined in light of the development priorities of each African country.

Africa has the lowest per capita consumption of energy in the world.  The development options for growth in the energy sector can contribute significantly to the future reduction of GHG emissions.  The implementation of Articles 2.3 and 3.14 of the Kyoto Protocol is generating interest in the key fields of cooperation identified such as transfer of technology, financial assistance and capacity-building.

4.  Impacts of the implementation of response measures on the energy sector

The implementation of response measures affects developing countries through changes in the areas of trade, income and capital flows.  In this context, the international energy sector is a particularly important sector.

4.1.  Economic impacts on the petroleum, natural gas and coal industries

Based on global models, the estimated costs of carbon emission reduction scenarios with the Kyoto Protocol vary considerably depending on the region (IPCC).

The models have shown that the Kyoto mechanism can reduce the costs of reducing the emissions of Annex II countries.

The national marginal costs of reduction to meet the Kyoto targets range from US$20/tC to US$600/tC without the exchange of emission rights; from US$15/tC to US$150/tC with the exchange of emission rights of Annex B countries, depending on the details of implementation of the Protocol, taking into account the accounting of domestic and international mechanisms, constraints and transaction costs.  These costs of reducing emissions can be reduced in the future for African exporting countries through the Clean Development Mechanism (CDM), by taking into account non-carbon gases, by identifying mitigation options which produce additional benefits and opportunities for double dividends, i.e. carbon taxes and permits which could be used to fund reductions of the economic costs of the actions to reduce GHG emissions.

Effects on non-Annex I countries (including African countries)

These countries are affected by the reduction of demand for their exports to OECD nations and by higher prices for the associated energy-intensive products which they continue to import, but can benefit from lower fuel prices, imports of carbon by-products, transfer of clean technologies and knowledge.

4.2.  Impacts of carbon constraints on energy efficiency and renewable energy technologies

Renewable energy sources have a very important role in the reduction of GHG emissions.  These energy sources generally benefit from mitigation activities.  They encompass a wide variety of technologies, such as traditional biomass technologies, use of biogas, hydroelectricity, wind power, solar thermal and photovoltaic solar energy.  New energy sources such as energy efficiency and others have received particular attention in recent years.  

· Potential development of markets and barriers to the application of the technologies.

Currently, the markets for renewable energy technologies in Africa are limited.  However, climate change mitigation measures will increase investments in research and development programs and market penetration.  In addition, there will be a development of endogenous technologies.  In Africa, barriers exist and hamper the development of markets for renewable energy technologies.  There is a serious lack of information on the technologies and of capital, expertise and infrastructure.  The development of technologies encounters administrative, institutional and legal obstacles.

· Renewable energy sources have very high ratios of costs per tonne of CO2 emissions avoided.

· Additional socio-economic and environmental benefits.

The use of renewable energy sources has certain socio-economic and environmental benefits in decentralized areas.  It improves the quality of life of rural populations by providing an exceptional quality of lighting and by reducing the consumption of fossil fuels for production and lighting.  It also improves the health of decentralized rural populations.  RE technologies facilitate communication in rural areas.  In addition, impact assessments have shown that a number of systems contribute to the generation of rural income.  The development of RE technologies contributes to: 

· combating poverty and desertification; 

· the education and training of users; 

· the expansion of NGOs and businesses; 

· the mobilization of additional financial resources and the availability of  rural credit.

4.2.1.  Opportunities offered by the implementation of the Kyoto flexible mechanisms (CDM and JI)

One of the major problems facing the international community is how to effectively reduce the costs of responding to the adverse effects of climate change.  Under the Kyoto Protocol, in the implementation of the UNFCCC, the industrialized countries must effectively respect their commitments.  The Protocol grants Annex B countries several flexibility mechanisms which require them to reduce their carbon emissions (Article 3.1 of the Protocol) through exchanges with developing countries and countries with economies in transition.

The Joint Implementation (JI) mechanism (Art. 6) and the Clean Development Mechanism (CDM) (Art. 12) could accelerate the sustainable development process through projects involving the energy sector.

The World Bank’s Prototype Carbon Fund (PCF) can create markets based on GHG emission reduction projects implemented under JI and CDM.

In the case of projects based on photovoltaic solar systems, when the cost of reducing CO2 emissions exceeds US$20/t, then funding under the CDM alone can generate more than US$3 to US$6 per type of solar energy system a year (Renewable Energy Policy Project, Research Report No. 9, January 2000).

Through the JI and the CDM, a number of opportunities are available to African petroleum-exporting countries to diversify their economies in other energy sub-sectors namely: 

· large-scale production of natural gas, 

· CO2 sequestering through forest conservation,

· creation of mechanisms which fund energy efficiency projects in African OPEC member countries,

· removal of direct and indirect trade barriers,

· elimination of subsidies for fossil energy sources to rationalize energy consumption.

4.2.2.  Opportunities for creating synergies in developing response options, by reinforcing benefits and reducing costs

The interactions between climate change and other environmental problems offer opportunities for creating synergies among the United Nations multilateral environmental agreements such as the UNFCCC/Kyoto Protocol, the Convention to Combat Desertification (CCD) and the Convention on Biological Diversity (CBD): 

· in the energy sector, reducing GHG emissions through the application of renewable energy technologies and energy efficiency could also reduce urban pollution, but at the cost of increasing the use of biomass as a substitute for fossil energy sources. 

· in the agro-forestry sector, the conservation of biological carbon (conservation of plant and forest resources) not only sequesters the CO2 emitted into the atmosphere, it will also have a favorable effect on soil productivity, habitat biodiversity and pollution reduction.  Carbon sequestration can strengthen carbon sinks and protect soil and freshwater ecosystems.

5.  Conclusion

African countries, with limited economic resources, poor information systems, inadequate infrastructures, unstable institutions and inequitable access to resources, are vulnerable not only to climate change, but also to other environmental problems, and they have limited capacities to adapt to the adverse effects of climate change.  The future capacities of African countries could be improved when climate change policies are integrated with the non-climate objectives of national development policies and oriented as part of a broad transition strategy to achieve over the long term technological changes in the energy sector to meet the needs for sustainable development and mitigation of climate change.
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Appendix: Tables

Table 1: Regional distribution of fossil energy sources (1998)
	Region
	Gas

(billion m3)
	Reserves

(millions of barrels)
	Coal

(millions of tonnes)

	
	
	
	
	Exports
	
	

	
	Reserves
	Exports
	Reserves
	Gross
	Production
	Reserves
	Export

	North America
	8,400
	90. 5
	85,100
	156.8
	59.1
	256,500
	104.7

	South America
	6,200
	3.6
	89,500
	115.1
	44.4
	21,600
	36.0

	Europe
	5,200
	87.4
	20,700
	39.9
	40.2
	122,000
	45.8

	Central & Eastern Europe
	49,500
	0.5
	673,700
	817
	109.8
	200
	/

	Countries of the former USSR
	56,700
	122
	65,400
	123
	52;3
	230,000
	18.7

	Africa
	10,200
	27.5
	75,400
	253
	34.4
	61,400
	67.1

	Asia Pacific
	10,200
	1.5
	43,100
	70.4
	56.3
	292,000
	246.9

	Non-identified
	
	
	
	9
	13
	
	

	Total World
	146,400
	333.1
	1,052,900
	1,584.9
	409.5
	984,000
	519.2



Source: BP: Amoco (International Energy Agency)

Table 2: 
Change in demand for fossil energy sources (1990-2010), in millions of TOE

	Region
	Demand for gas
	Demand for petroleum
	Demand for coal
	GDP

	
	1990
	2010
	%
	1990
	2010
	%
	1990
	2010
	%
	%

	North America
	493.6
	704.6
	1.8%
	837.6
	1,025
	1%
	551.8
	736.6
	1.5%
	2.3%

	South America
	74.8
	185.1
	4.6%
	248.9
	243.8
	2.7%
	20.3
	44.2
	-13.7%
	3.4%

	OECD
	243.3
	506.1
	3.7%
	617.1
	779.1
	1.2%
	398
	371.5
	-0.3%
	2.1%

	Central & Eastern Europe
	79.9
	164.2
	3.7%
	151.3
	218.8
	1.9%
	3.4
	12.7
	6.7%
	2.4%

	Countries of the FORMER USSR
	614.1
	646.7
	0.3%
	473.2
	329
	1.8%
	411.6
	357
	-0.7%
	-0.5%

	Africa
	31.9
	70.5
	4%
	87.8
	145.4
	2.6%
	74.7
	111.7
	2%
	2.1%

	Asia Pacific
	140.4
	444.1
	5.9%
	661.4
	1,372
	3.7%
	829.3
	1,635
	3.5%
	5%

	Bunkers
	
	
	
	119
	175
	1.9%
	
	
	
	

	Total World
	1,678
	2,721
	2.5%
	3,196
	4,468
	1.7%
	289.1
	3,269
	1.8%
	3.1%



Source: International Energy Agency, 1998

Table 3:  Role of several renewable energy sources in the reduction of GHGs

	Sub-sector
	Mitigation of emissions by renewable energy sources

	BIOMASS
	· The use of biomass to produce energy can limit GHG emissions

· Total emissions vary depending on the combustion systems

Emission: 200 MtC/MW/yr

Effective cost: the estimated net cost of CO2 avoided is from US$25 to $38 /t

Secondary effects: can produce methane; bioenergy systems can reduce or eliminate 
   the other GHGs (SO2, NOx)

	HYDRO-ELECT-RICITY
	· Hydroelectricity does not produce GHGs, but has impacts on the environment

Emission:   Zero emission

Effective cost: US$25 to $38/t of CO2 avoided

Secondary effects: does not pollute the air

	SOLAR

(PV)
	· Does not produce GHGs, if it is not combined with a diesel generator

Emission: zero emission

Effective cost: US$26 to $400/t of CO2 avoided

Secondary effects: does not pollute the air, but produces toxic waste



	WIND


	· Potential worldwide use in 2020 totals 700-1000 TWh, it could avoid the use of 0.1 to 0.2 Gt of C/yr of fossil fuels for the production of electricity

Emission: 1 kWh of wind power can avoid the emission of 0.5-1 kg CO2
· Electricity production of 1.3 MWh/yr with an installed capacity of 500 kW, used at 30% of capacity can avoid the emission of 351 MtC/yr of CO2
Effective cost:  $21.53 /tC

Secondary effects: does not pollute the air


Source: “Climate Change Mitigation Options for Developing Countries,” Utilities and Regulatory Agencies - US Energy Resource International, Inc.    
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