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Task Report on WP3 Activities on Sustainability Ana lysis of Alternative 
Land Use (Deliverable D3.1) 
 
1. Objective 
 
COMPETE seeks to enhance sustainable use of renewable natural resources and 
stimulate bioenergy implementation in the semi arid and arid regions of sub Saharan 
Africa. The main objective of WP3 is to assess the ecological, economic and social 
sustainability of alternative land use for energy crop and agroforestry schemes as well as 
to identify practical mechanisms for defining, monitoring and rewarding good sustainability 
practice.  
 
The activities of work package three have been constrained mainly to desk work and 
literature review though some field work has been carried out by WP3 partners mainly on 
soils and MSc students researching on country partners. This has been mainly due to the 
need to have a decision on the case studies where applicability of the sustainability 
assessment could be investigated and also the close relationship of the COMPETE work 
packages 1, 2 and 3 (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Relationship between WP1, WP2 and WP3. 
 
 
2. Overview of certificate and assurance systems in  Europe 
 
According to DG Agri (2007), 18 Mha of agricultural land will be needed to meet the 
demand for biofuels generated by the EU Directive on Biofuels in 2010 if entirely supplied 
from EU resources. Thus, in order to achieve the EU Biofuels Directive targets, it will be 
necessary to have a mixture of imported and domestic crops. Imports are expected to 
come mainly from sugar cane, soybean oil, palm oil, rapeseed oil, wood products and 
other biofuel feedstock, or biofuels made from these raw materials.  A certification system 
for biofuels is therefore needed not only for biofuels produced internally, but also for those 
that are imported (WWF, 2006). For biofuels to be deemed environmentally compatible, it 
is necessary to demonstrate that they are produced on an environmentally sustainable 
basis, and that they contribute positively to climate change mitigation (COM, 2006a). Other 
applicable environmental standards are reviewed by ECCM (ECCM, 2006), Junginger 
(2006) and Lewandowski and Faaij (2006).  

WP 1 

Current Land Use 
Patterns & Impacts 

WP 2 

Energy Crops and 
Agroforestry Systems - 

Improved Land Use: 

Working Groups 
·  Bioethanol 
·  Biodiesel/Biooil 
·  Bioelectricity 

and Heat 

 

WP 3 

Sustainability Analysis of 
Alternative Land Use: 

Ecological, Economic and Social 

 

WP 1 

Current Land Use 
Patterns & Impacts 

WP 2 

Energy Crops and 
Agroforestry Systems - 

Improved Land Use: 

Working Groups 
·  Bioethanol 
·  Biodiesel/Biooil 
·  Bioelectricity 

and Heat 

 

WP 3 

Sustainability Analysis of 
Alternative Land Use: 

Ecological, Economic and Social 

 



COMPETE (INCO-CT-2006-032448)  First Periodic Activity Report – Annex 3-2 
 

Imperial, Deliverable D3.1  4 

Depending on the production process and on the land used for this purpose, this can 
either be an environmentally friendly process and contribute positively to climate change 
mitigation, or the opposite. Current efforts towards certification systems specifically 
dedicated to biofuels include the Roundtable for Sustainable Palm Oil (RSPO) system 
(RSPO, 2004; RSPO, 2005), the Low Carbon Vehicle Partnership (LowCVP) from the 
Renewable Transport Fuel Obligations (RTFO) initiative in the UK (ECCM, 2006), the 
Cramer Report from the Netherlands (ETSF, 2006) and the Öko Institute from Germany 
(Fritsche et al, 2006). 
 
A review of available standards should pay particular attention to the indicators related to 
water, soil fertility and crop management, which are very similar in most schemes for 
agriculture. In the case of the forest schemes, the indicators for forest production, 
environmental indicators and conservation are also similar. For both previous schemes the 
carbon conservation is essential if the commitment is to reduce emissions and tackle 
climate change. The implementation of social indicators is also essential as demonstrated 
by the efforts of the Roundtable for Sustainable Palm Oil Production (RSPO, 2005). New 
initiatives for other crops are also working on developing indicators and standards such as 
the Roundtable on Responsible Soy (RTSR) and the Roundtable on Sustainable Biofuels 
(RTSB) as well as the efforts from United Nations Environmental Programme (UNEP), the 
Global Bioenergy Energy Partnership (GBEP, 2007). 
 
So called “second generation” biofuels, using cellulose from woody biomass, grasses and 
crop/forestry as feedstock, will also require certification for environmentally sustainable 
production, whether domestically produced or imported. There are a number of different 
certification schemes used in forest management and by timber producers. In general, 
these schemes consider management together with environment criteria and aspects of 
production. For instance, the Rainforest Alliance/Smartwood scheme has generic 
standards for assessing forest management and general standards for any type of crop 
management. The Rainforest Alliance is a certification body accredited by the Forest 
Stewardship Council (FSC) (Rainforest Alliance, 2002; FSC 2005).  
 
The Climate, Community and Biodiversity Alliance (now called CI) comprises another 
system of standards focussing on land-based projects that can deliver climate, biodiversity 
and community benefits. This is an important system as it is probably the most 
comprehensive of all standards related to the use of biomass (including for energy). It 
describes quantitative and qualitative indicators and the ways for measuring them, 
especially in a section on Carbon Stocks, where there are still significant gaps in other 
certification and standards systems. The CCBA standards have been tested in Asia, 
Africa, Europe and the Americas (CCBA, 2005). 
 
In Europe, the Pan European Forest Criteria  (PEFC) and Indicators for Sustainable 
Forest Management  (ISFM) have been in use since 1995. These criteria and indicators 
are categorised by concepts.  Some indicators are of a qualitative nature, while others are 
quantitative. The qualitative indicators are the same in all concepts and are mainly related 
to management and legal frameworks. The PEFC includes additional concepts/principles 
to those included by the LowCVP, such as public awareness, public participation and 
cultural values. Other forest certification systems used in Europe that consider biomass 
production include the FSC and the Green Gold Label Programme (GGL) (Junginger, 
2006). 
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The GGL is divided in three different sections: a General Standard, a Forest Standard, and 
an Agricultural standard. All sections are related to agricultural or forestry biomass and 
products, and related industries. The main value of the General Standard is the inclusion 
of a chain of custody of products, involving transport, quality control and administration. 
These indicators are similar to those of the ISO 9000 series, which reviews the 
administration process. Forest management criteria comprise a list, and although they 
require verifiable information, they fail to provide clear instructions on measurement being 
mainly descriptive. 
 
Despite the existence of publicly respected certification schemes, such as the Forest 
Stewardship Council (FSC), such schemes have been developed to provide assurance for 
non- biofuel products (mainly forestry-based timber products). Other emerging schemes, 
such as the Round Table on Sustainable Palm Oil (RSPO), EUREPGAP, UK ACCS, 
LEAF, FSC, Roundtable on Responsible Soy Oil (RRSO), and others, have also been 
evaluated (ECOFYS, 2006; RSPO, 2005; FSC, 2005; ISO, 2006). It was found that no 
existing certification scheme has sufficient coverage to be adopted, as is, for biofuel 
certification. As a result, a meta-standard approach was proposed by Tipper et al. (2006) 
and which has provided the basis for the current developments in the application of 
‘sustainability’ assurance for biofuels under the UK RTFO. 
 
A survey was conducted among COMPETE partners to find out whether the assurance 
systems proposed in Europe (particularly the UK system) will be plausible in the African 
context. Though there is not a statistic analysis of this, two reports (UiO and CIRPS) are 
included in the Appendix to Annex 3-2 which expresses the views of European partners.  
 
In a short interview during the Ougadougou meeting African partners of COMPETE 
expressed concerns regarding the certifiers and the mechanisms to achieve it. 
Nevertheless, they showed optimism in this possibility particularly for biofuel production at 
small and large scale in Africa. 
 
TWIN has reviewed certification systems related to organic standards. The Renewable 
Fuels Agency has already benchmarked these against the RTFO meta-standard, and 
ironically found them not to be robust enough! But this has more to do with the IFOAM 
being a guidance/accreditation standard, a kind of meta standard in itself for all the 
national or private organic standards. TWIN suggested to have a look at specific points in 
the EU organic standard (EC 2092/91) with COMPETE input on comparing the standards, 
considering that the IFOAM standards are a good start. 
 
 
3. Importance of sustainability analysis of land us e change and climate change 
implications 
 
In order to fulfil tasks 3.3 – 3.6 it was necessary to review and set a framework to assess 
sustainability. Sustainability appraisal or assessment encompasses a range of concepts 
such as sustainability impact assessment and strategic impact assessment. They imply 
the integration of environmental, social and economic pillars on proposed initiatives 
including policies, plans and projects, in a framework of sustainability principles, indicators 
or strategies (Dalal-Clayton & Sadler, 2004). 
 
The purpose of sustainability assessment is to assess the social, environmental and 
economic effects of projects and policies to ensure that they are as sustainable as 
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possible. It is an integral part of good plan-making and should not be seen as a separate 
activity. Though it is always difficult to draw an understanding of the relationships of the 
three pillars (social, economic and environmental), it is still possible to do it through 
different principles, especially through international agreements, policies or directives 
which reflect consensus on the approaches to achieving sustainability. Furthermore, pillars 
such as policy can be added whilst others can be modified, such as the environmental 
pillar (figure2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Sustainability assessment framework (Diaz-Chavez, 2006). 
 
 
The main objective of the sustainability assessment is to evaluate the sustainability 
performance of the economic, environmental, social and political processes or products. 
Effective sustainability assessment must have decision criteria based on well integrated 
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(biomass) used for energy production (see for instance Gibson et al, 2005; Freeham and 
Petersen, 2004; Lapkin, 2006; Azapagic, 2006). 
 
These approaches range from the use of indicators to the application of the life cycle 
assessment (LCA), life cycle inventory (LCI) (ISO, 1997), to specific index such as the 
Sustainable Process index (Narodoslawsky and Niederl, 2006) and the ecological footprint 
in different versions (Rees, 2006). All these approaches have in common the use of 
indicators from at least one of the three pillars (generally economic and environmental) to 
assess the sustainability and some of them (specifically the LCA and the LCI) and some 
use examples of supply chains. Nevertheless, they normally lack the inclusion of social 
indicators or issues either on the LCA or in the supply chain as well as a policy 
assessment. 
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Discussion of the socio-economic impacts of biofuel production must balance the danger 
of environmental degradation and social challenges associated with food security, access 
to land and conflict over resources such as water, with the significant potential for rural 
development, both in developed and developing economies (Price Water & Cooper, 2006).  
 
The Cramer Report (ETSF, 2006) explored the social impacts under the theme of Social 
Well-being, which considered 5 sub themes: 

·  Working conditions of workers 

·  Human rights 

·  Property rights and rights of use 

·  Social circumstances of the local population 

·  Integrity 
 
The main objective of the theme was to be able to assess the effects of biomass 
production on the social circumstances of the local population following the standards of 
the International Labour Organisation (ILO) for working conditions as well as Human 
Rights (ETSF, 2006). This balance will depend on both the appropriate design and the 
effective implementation of management systems and supply chain dynamics. These 
social criteria are particularly important to address for developing countries producing 
biofuels to be exported to Europe. They are also an area that is related to the World Trade 
Organisation (WTO) regulations, and may facilitate the removal of trade barriers for 
biofuels (Janssen et al, 2007). 
 
Assurance protocols naturally focus on preventing environmental or social damage. 
However, the possibility of environmental benefits that could result from a shifting to 
energy crops should not be overlooked. The impact of biofuel cropping depends upon the 
characteristics of specific crops, the agro-ecological zone in which the crop is planted, and 
the farming system employed. These issues are addressed below. 
 
Characteristics of the crop  include, for example, water requirements; nutrient uptake (so 
that excess nutrients do not find their way into the water systems); resistance to pests and 
diseases (determining the application of pesticides and herbicides); the species associated 
with it (important for biodiversity); and physical characteristics such as root mass (dense 
root systems can help alleviate soil erosion) and above ground growth, with cohorts and 
varieties could help to create a range of ecosystem niches. 
 
Agro-ecological zone. Specific crops obviously grow best in their favoured conditions, 
which include soil type, and the type of terrain, drainage and climate. Planting a crop that 
needs a generous supply of water in an arid area, or a root crop requiring fertilisers in 
sandy soils would not be environmentally sound. It is therefore important to match crops to 
their locations. A report by the European Environment Agency (EEA, 2006) summarised 
the environmental pressures associated with potential energy crops. 
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In its recent Biofuels Progress Report (COM(2006) 845 final) the following proposal for 
revision of the Biofuels Directive was laid down by the Commission: 

The EU needs to revise the biofuels directive to: 

·  send a signal of its determination to reduce its dependence on oil use in transport 
and move to a low carbon economy; 

·  set minimum standards for the share of biofuels in 2020 (10%) ; 

·  ensure that the use of poor-performing biofuels is discouraged while the use of 
biofuels with good environmental and security of supply performance is 
encouraged. 

 
Furthermore, the EC Renewable Energy Roadmap (COM(2006) 848) published in January 
2007 gives the following recommendation in Section 3.5 ‘Promotional policies and flanking 
measures‘, namely to promote a proposal for an incentive/support system for biofue ls 
that, for instance, discourages the conversion of l and with high biodiversity value 
for the purpose of cultivating biofuel feedstocks; discourages the use of bad 
systems for biofuel production; and encourages the use of second-generation 
production processes . 
 
With reference to the Accompanying document to the Biofuels Progress Report 
(SEC(2006) 1721/2) the main sources for the substantial variation in the environmental 
impact of the production of biofuels are: 
 
a) Greenhouse gas impacts of using inappropriate land 

Some land types – notably wetland – carry quantities of stored carbon so large that the 
use of this land to produce raw material even for second-generation biofuels could never 
be considered to give a positive greenhouse gas balance (Janssen et al, 2007). 
 
b) Biodiversity impact of using inappropriate land 

Some land types – notably tropical forest – shelter such diversity of life that the use of this 
land to produce raw material for biofuel, while it might give a positive greenhouse gas 
balance, could never be considered to give a positive environmental balance overall. 
 
c) Fuel choice in the production of first-generation ethanol 

The use of lignite as process fuel for the production of first-generation ethanol would give a 
negative greenhouse gas balance. The same would be true of coal, but not of other fossil 
fuels. 

Finally, as stated in the EC - DG TREN public consultation exercise (April – May 2007) on 
‘Biofuel issues in the new legislation on the promotion of renewable energy’, one option for 
the initial design of the scheme (before it is reviewed and steps are taken to make it more 
sophisticated) would be as follows: 

a) The legislation would list the "sustainability criteria" to be fulfilled by the biofuels that are 
used to fulfil the biofuels target. There could be the following three of these criteria. 

·  Sustainability criterion 1 – achieving a minimum level of greenhouse gas savings 

·  Sustainability criterion 2 – avoiding major reduction in carbon stocks through land 
use change 
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·  Sustainability criterion 3 – avoiding major biodiversity loss from land use change 

b) Biofuels that failed to meet one of these criteria would not count towards national biofuel 
targets. They would not count towards national "biofuel obligations". They would not be 
eligible for tax reductions and similar types of financial support. 
 
Some of the main challenges to assess sustainability include the poor statistical data, 
international differences on definitions and assumptions to overcome since certification 
and sustainability requires traceability and therefore it is essential to develop meaningful 
statistics.  
 
 
3.1 Environmental criteria 
 
The impacts of biomass depend on the type of biomass (waste or energy crops) as well as 
on its use. These are primarily related to biodiversity, hydrology, soils and landscape and 
each of these factors is interrelated to a greater or lesser degree. The main environmental 
criteria considered within several proposals for standards (e.g. the Roundtable for 
Sustainable Palm Oil RSPO) and available standard systems (e.g. Forest Stewardship 
Council, Rainforest Alliance) include among others: 
 
1. Biodiversity (including GMO) and natural ecosystems 
2. Water (efficient use, conservation and pollution) 
3. Soil conservation and maintenance 
4. Crop management (use of fertilisers and pesticides) 
5. Waste management 
6. Landscape impacts 
 
The use of biomass for energy production has a number of environmental concerns. 
Nevertheless, environmental benefits from biomass can also be considered and they 
include reducing local emissions, using limited resources better, improving biodiversity and 
protecting the habitat and landscape (which growing short rotation forests can do well if 
planned and designed carefully) (Sims and Richards, n/y).  
 
 
3.2 Social criteria 
 
Social criteria must be considered for bioenergy production and use. This is not just 
related to issues concerning developing countries and the possibilities of imports in the 
EU. These social criteria also involve how public perceives energy plantations and crops 
and energy plants. For instance, the way that issues relating to landscape, as previously 
explained, are handled may also impact on public acceptance of energy crops. Some 
current initiatives (e.g. RSPO, FSC) to develop standards for biomass production and use 
have already considered some social criteria. The main concerns are related to labourers’ 
conditions and land related issues (property rights, use of resources). In the UK, the Low 
Carbon Vehicle Partnership under the Renewable Transport Fuel Obligation (RTFO), 
commissioned a report (Ecofys, 2006) with a framework to set criteria for a 
standard/certification system for imported biofuels. Though this refers to liquid biofuels to 
be used for the transport sector, the social criteria selected from previous reports (the 
Social Accountability in Sustainable Agriculture (SASA) (ISEAL, 2006) and ECCM (2006)), 
are also applicable to biomass production and use in general: 
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1. Child labour 
2. Freedom of association 
3. Discrimination 
4. Health and safety 
5. Forced labour 
6. Wages 
7. Working hours (Plus standard only) 
8. Contracts and subcontractors 
9. Land rights (Ecofys, 2006) 

 
Some of these criteria may be of more concern in developing countries (such as the case 
of Brazil and African countries). Nevertheless, some of them also apply to EU Member 
States, particularly new members from Eastern Europe. These concerns are again mostly 
related to labourers rights and conditions (including child labour) which need to be 
examined both widely and by country (see Smeets et al., 2006). On the other hand, 
bioenergy projects also show social benefits. For instance, they may help to protect 
existing employment and generate new jobs. They also provide for learning opportunities, 
transfer skills, introduction of new skills, educational opportunities and training. 
 
 
3.3 Greenhouse gas (GHG) emissions 
 
Detailed life-cycle assessments in the US and EU have highlighted that the GHG reduction 
benefits from biofuels can not be taken for granted. The results from these assessments 
are based on current and possible future biofuel production chains. The results published 
vary from at best marginal reductions in GHG emissions when biofuels are used, to 
reductions of greater than 80% per km driven or unit of transport energy used (Figure 3) 
(Rickeard et al, 2004; Woods & Brown; 2005; JEC, 2006; Farrell et al, 2006). 
 
 

 
Figure 3: A comparison of energy (MJ/100km) and GHG balances (gCO2eq/km) for different bioethanol 
supply chains (JEC, 2006) 
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Figure 3 highlights the variations in the average GHG emissions associated with the 
production and use of bioethanol as a vehicle fuel when calculated on a full life-cycle ‘well-
to-wheel (WTW)’ basis. It shows that the average GHG emissions associated with the use 
of Brazilian sugarcane-derived ethanol would result in about 25 gCO2eq being emitted per 
km driven by a 1.6 litre vehicle. By comparison, the GHG emissions resulting from the use 
of standard European gasoline under the same conditions and with the same vehicle 
would have been about 170 gCO2eq per km driven. Although not shown, when US corn 
(maize)-based ethanol is used the emissions would be between 150 and 170 gCO2eq/km, 
i.e. less than 10% lower compared to gasoline on a full life-cycle basis.  
 
The use of wheat grain and/or straw or sugar beet grown and converted to ethanol in 
Europe has a wider potential variation in WTW GHG emissions than sugarcane. One study 
(Rickeard et al., 2004) which included representatives from CONCAWE (the European Oil 
Research body), ExxonMobil, EUCAR (The European Council for Automotive Research 
and Development), JRC (European Joint Research Centre), British Sugar, Imperial 
College London and North Energy (LCA experts), calculated that the life-cycle GHG 
emissions from wheat-to-ethanol ranged from a 7% to over 77% reduction compared to 
gasoline (Figure 4).  The actual reduction in GHG emissions depended most strongly on 
the way energy was generated and used in the conversion plant and the way co-
production (particularly distillers dried grains with solubles, DDGS) were used e.g. as 
animal feed, for internal energy generation in the conversion plant, or as a fuel in a large 
existing electricity generation plant. 
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Figure 4: GHG emissions from 6 different models of a wheat-to-ethanol conversion plant (Rickeard et al., 
2006). Note: Model ‘a’: Natural gas-fired boiler and "imported" grid electricity (no CHP). ‘b’: Add CHP 
capability to this basic configuration. ‘b1’ adds a steam turbine, ‘b21’ replaces the boiler with a gas turbine + 
steam recovery from exhaust, ‘b22’ adds co-firing with natural gas to the steam generator.  ‘c’: Use straw as 
an energy source, ‘c1’ straw-fired CHP plant with a steam turbine, ‘c2’ adds a condensing turbine.   
 
 
Although the Rickeard et al. study used standard UK-derived wheat agronomic factors, it 
has emerged that substantial reductions in the emissions arising from the feedstock 
production could be achieved if different e.g. high starch / feed, varieties of wheat were 
used for ethanol production (Smith et al, in press). In particular, reductions in the use of 
nitrogen per unit of ethanol produced can lead to significant reductions in overall GHG 
emissions both from reduced nitrous oxide (N2O) emissions in-field and at the fertiliser 
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manufacture plant, and in improved fermentation efficiency in the ethanol production plant 
due to the lower protein content of the wheat grain. An important conclusion of this 
analysis was that the lowest GHG emitting ethanol production chains were also the most 
capital intensive. Therefore, policies that simply promoted biofuels on a volumetric basis 
are likely to give relatively greater incentives to the worse performing ethanol producers 
rather than the best. 
 
Despite there now being a number of long running and therefore mature biofuel 
programmes around the world, e.g. the Brazilian and US fuel-ethanol programmes, 
emerging developments in feedstock production, conversion and use technologies could 
lead to substantial reductions in GHG impacts. The use of good/best management 
agronomic practices and crop selections might result in substantially improved GHG and 
energy balances and decreased environmental impacts (Woods and Diaz-Chavez, 2007). 
Partners contributing to Task 3.2 will help to widen the dissemination on the topic. 
 
 
3.4 Climate change  
 
Climate change effects affect poor people’s strategies to secure elements of a basic living 
standard, including the opportunity to: 

·  earn an income and meet material needs; 

·  maintain health and a basic education; 

·  speak up for oneself and have rights; 

·  maintain a sense of social and cultural affiliation. 
 
Therefore, the strategy is to follow both mitigation and adaptation measures in order to 
reduce the risks of climate change (Eriksen et al, 2007)1.  
 
Vulnerability is the social and ecological context that shapes the ability to cope or secure 
well-being in the face of climate variability and change. It is generated by multiple factors 
and processes, such as social relations of resource access, political and economic 
marginalization, loss of employment opportunities, and weakening of social networks 
(Eriksen et al, 2007). 
 
The effects of climate change should be treated as an issue of development which is 
relevant to all sectors of society since these all affect people’s vulnerability and their ability 
to adapt to climate variability and change. It should be noted that not all poor people are 
necessarily vulnerable, and non-poor people can also be vulnerable, in industrialised as 
well as in developing countries. Development and poverty eradication efforts need to make 
specific considerations of the vulnerability of their target groups and enhance the ability of 
these groups to adapt to climate variability and change. Poverty can thus be reduced in 
ways that may be more effective than the current strategies (Ulsrud and Eriksen, 2007). 
An example of the relationship between poverty and vulnerability is given in Box 1. 
 

                                                 
1 UiO sent two reference documents on climate change vulnerability and adaptation that were included in the project web 
site to share with partners (Task 3.4) 
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Box 1: The relationship between poverty and vulnera bility to climate variability and 
change in the drylands of Kenya (Ulsrud and Eriksen , 2007). 

The relationship between poverty and vulnerability to climate related challenges is illustrated 
by the case of vulnerability among populations in drylands in Kenya (Eriksen et al. 2006a). 
Their current vulnerability to drought is instructive also to vulnerability to climate change. 
Drought has occurred from time to time in these areas and is not a phenomenon only related 
to climate change. However there is now evidence that droughts are increasing in African 
drylands and may increase further with climate change (IPCC 2007). 

Furthermore, factors that undermine current adaptation to drought are likely to cause 
vulnerability to any future changes in the climate, including an increase in drought or 
incidence in new types of events such as change in seasonality. In the research project 
conducted in Kenyan drylands, it was found that several processes had led to people being 
vulnerable to drought. Conflict and insecurity, loss of farmland through government 
gazettment, poor provision of public services and water provision, increasing economic 
inequalities and weak social and political relations in formal and informal institutions were 
processes that had led to certain households and individuals in Kitui District being unable to 
access coping strategies during drought. The impact of drought, in particular in combination 
with conflict, had pushed some people into destitution and extreme poverty. In Turkana 
District, raids and insecurity, gradual conversion from nomadic pastoralism to settled farming 
or fishing, and drought, had made some people extremely poor. At the same time, it was not 
necessarily the poorest that had been the most vulnerable to these events. Both in Kitui and 
Turkana, some of the richer livestock owners had been targeted by raids; eviction from 
government lands and migration to areas safe from conflict led to loss of access to dry 
season grazing and farm-lands for both rich and poor households; while some individuals 
from poorer households in Kitui had successfully started trading businesses that gave high 
drought incomes. Many of the destitute were unable to access opportunities from aid 
interventions, however, because such adaptations, such as planting new types of seeds, were 
premised on a minimum of capital investment and access to land and labour. The destitute 
would therefore need particular measures, such as social welfare measures as well as 
facilitation of participation in drought economic activities such as processing of local drought-
resistant fruits, in order to adapt to climate change. 

 
 
The COMPETE Task 3.4 on ‘Climate Change’ will continue investigating on vulnerability 
and adaptation and on the environmental impacts from climate change effects in Africa. 
The overview of the results presented in section 3 will set the basis for the deliverables 3.4 
and 3.5. 
 
 
4. Opportunities for African countries on bioenergy  production - Rewarding best 
practice. 
 
A number of issues need to be considered to ensure a sustainable production and use of 
biomass to produce energy in order to fulfil energy needs and contribute to make MDG 
achievable. These issues include both environmental and social concerns, which consider 
among others the amount of land that would be required for producing electricity and 
biofuels for transport from energy crops. It also includes the effect that the large-scale 
cultivation of energy crops and use of residues may have on biodiversity, soils, hydrology 
and landscape. Furthermore, the use of biomass for energy involves a change to its usual 
utilisation or disposal route for which these net changes in the amounts of GHG emitted 
need to be accounted for. On the social issues some examples of criteria from existing 
standards are mainly related to workers conditions (Diaz-Chavez, 2008). 
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Furthermore, the lack of vision to incorporate the production form (large or small scale) 
into these approaches is also a major absence (figure 5). The decision of approaching to 
any of these forms or a combined one might be determinant for the sustainability 
performance of bioenergy production. The forms of production are strongly related to the 
different indicators from the three main pillars and they provide a link to fulfil more advance 
environmental and social goals such as the Millennium Development Goals.   
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Figure 5: Bioenergy Development Options (Woods, 2006). 
 
 
The Millennium Development Goals (MDGs) adopted at the Millennium Summit in 2000 
set targets for reducing poverty, increasing primary education, promoting gender equality 
and empowering women, improving health conditions, and ensuring environmental 
sustainability. Although there was no specific MDG relating to energy, it was assumed that 
it would be impossible to achieve them without improving the quality and quantity of 
energy services in the developing world. In fact, access to energy services affects 
practically all aspects of sustainable development, including access to water, agricultural 
productivity, population levels, health care, education, job creation, gender equality and 
climate change impacts (UNDP, 2004; Johansson and Goldemberg, 2002).  
 
According to the Global Network on Energy for Sustainable Development (GNESD) about 
2.7 billion people live under a budget of US$2.00 per day, considered as “poor” by 
international agencies (such as the World Bank, UNDP, UNEP and OECD). This poor 
population lacks adequate access to cleaner energy and services making them to rely on 
traditional biofuels to meet their energy needs (Karekezi and Sihag, 2004).  
 
Moreover, more than half the world’s population live in rural areas and nearly 90% of them 
in the developing countries. The vast majority of these people rely on traditional fuels as 
they lack access to electricity and modern fuels. They rely primarily on human and animal 
power for mechanical tasks, such as agriculture activities and transport. The lack of 
adequate energy services in rural areas of developing countries has social dimensions as 
well as serious environmental and health effects (Goldemberg, 2000, WEC and FAO, 
1999). Rural energy must integrate with other measures dealing with agriculture, 
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education, infrastructure and social and political factors. Experience has clearly 
demonstrated the limited effect of one-dimensioned measures (WEC and FAO, 1999). 
Current pressures on biomass resources and cultivable land in a deteriorating environment 
are contributing to jeopardise the long-sustainability of the economies in developing 
countries (WEC and FAO, 1999). 
 
Contribution from partners on COMPETE Tasks 3.5 and 3.6 on ‘Mechanisms for 
monitoring sustainability’ and ‘Mechanisms for rewarding best practice’ will help to set the 
guidelines on policy and best practices reward (D3.3 – D3.5).  
 
 
4.1 Three case studies 
 
4.1.1. Economic and Social Viability of Jatropha in  Zambia 
(Imperial College MSc research report Marianna Doria, 2007).  
 
This thesis examines the potential of Jatropha through a case study 
of Zambia, a desperately poor country that has recently woken up 
to the possibility of producing biofuels. To investigate the factors 
that inuence the development of a Jatropha-based bioenergy 
industry, desk-based research coupled with semi-structured 
interviews in loco were used.  
 
 

 
Figure 6. Map of Zambia (from www.worldatlas.com) (Doria, 2007). 
 
 
The thesis highlights the need to change the existing energy patterns in Zambia and 
illustrates how Jatropha based biofuels could enhance the quality of energy services and 
improve their access. It describes the challenges posed by biofuels and discusses 
mechanisms to overcome them.  
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Fig 7: Relative yields of biodiesel feedstocks (data from Pahl (2005)). It can be seen that Jatropha is one of 
the bioenergy crops with the highest oil yields per hectare. (Doria, 2007) 
 
 
The need for a national policy and regulatory framework and for financial mechanisms to 
guide, control and support the biofuel industry is stressed and efforts to deliver those 
reported. The thesis argues the economic and social viability of enterprises that have 
already developed in recent years, despite the lack of assistance from the government. 
The Jatropha business appears to be an economically viable one from the investors' point 
of view. From the farmers' perspective, however, few benefits have been felt so far, partly 
because most plantations are young and not yielding seeds yet, but also partly due to a 
low level of awareness about the uses of and products from Jatropha. Finally the thesis 
evocates the CDM of the Kyoto Protocol as a way in which foreign investment can help the 
industry flourish, whilst leaving it in the hands of Zambians. 
 
Overall, the thesis recognised the potential of Jatropha in Zambia, yet highlights the need 
for appropriate measures to ensure its sustainable development so that the benefits can 
be felt by the whole range of the Zambian population. 
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4.2.2. The Sustainability of Large Scale Bioethanol  Production in Zambia, with a 
special focus on the potential contribution of swee t sorghum 
(Imperial College MSc research report Siobhan O’Keeffe, 2007). 
 
The research report examined the sustainability of planned bioethanol production in 
Zambia. The current potential for bioethanol production is assessed in a global context, 
and the role of sweet sorghum as a bioethanol crop is considered.  
 

 
Fig. 8: Agro-ecological regions of Zambia. Source: Munyinda, 2007. (Okeefe, 2007). 
 
 
The case study country is introduced. The key policy priorities are found to be energy 
security and reduction of rural poverty. It is found that Zambia holds a competitive 
advantage in bioethanol production due to favourable climatic conditions and a pre-
existing sugar industry. 
 
The likely environmental, social and economic impacts of draft production frameworks are 
examined, and the robustness of the policy support to be provided by the government is 
also discussed. The expected transience of bioethanol production, at least in the form 
planned for by Zambian policy makers raises some concerns, especially if mono-cropping 
of bioethanol crops such as sugar cane or sweet sorghum by small-scale farmers takes 
place. Safeguards must be put in place to help farmers to phase out biofuel production if 
other transport solutions are later developed. 
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Table 1: Comparison of Growing Characteristics Between Sweet Sorghum and Sugarcane. Source: Yamba 
and Matsika, 2004 (Okeefe, 2007). 
 
 
The notion of sustainability is discussed, and the scope and content of the sustainability 
criteria recommended to be incorporated into Zambia’s bioethanol plans are discussed, as 
are current sustainability schemes in operation in other countries. It is found that whilst 
environmental groups in industrialised countries support more stringent standards than are 
currently being proposed and implemented by their governments, developing countries 
have voiced concerns about what they deem ‘green Imperialism’, and attempts by the 
West to suppress development in third world countries. It is found that the eventual scope 
and ownership of reporting and measurement requirements will be crucial to the success 
and effectiveness of these criteria, and sensitivity to the limited resources and 
infrastructure for enforcement and reporting in developing countries will be paramount. 
 
In conclusion it is suggested a small number of sustainability criteria relating to social and 
environmental sustainability are implemented by government stakeholders. These 
standards will also help to ease the later burden of fulfilling more stringent foreign 
sustainability criteria once production reaches a level suitable for export. 
 
 
4.1.3. Biodiesel production for transport in Tanzan ia. Policy approaches needed for 
the sustainable development of the industry 
(Imperial College MSc research report Vanessa Evans, 2007). 
 
The thesis reviewed and analysed the Tanzanian policies indirectly affecting or having an 
impact on the development of biofuels in the country. These are namely the ‘National 
Energy Policy’ of 2003, the ‘Agricultural and Livestock Policy’ of 1997, the ‘Land Act’ of 
1999, the ‘Transport Policy’ of 2003 and the ‘Investment Act’ of 1997. There is currently no 
‘Biofuels Policy’ in Tanzania or no policy directly mentioning biofuels, however the 
government coordinated a ‘Biofuel Task Force’ in 2006 with for aim the elaboration of a 
‘National Biofuel Strategy and Policy’. They are helped in this task by the ‘Tanzanian 
Biofuel Stakeholder Association’ which provides them with assistance, advises them on 
what is needed to develop a biofuel industry in Tanzania and coordinate future investors 
and producers.  
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The ‘National Biofuel Task Force’ was created in 2006, by the government in order to 
promote development of the biofuel sector and to develop a legislation stimulating the use 
of biofuels. This movement was triggered by the release of a study by the German 
Technical Cooperation (GTZ) (Janssen 2005), analysing the potential for biofuel 
production and demand in Tanzania. The goals of the Taskforce are listed in Table 2.    
 
______________________________________________________________ 

·  Drafting a Tanzanian ‘Biofuel Policy’ 

·  Drafting regulations suitable for the development of biofuels in Tanzania (ie. mandates, obligations, tax 
breaks, enabling fuel standards) 

·  Insuring co-operation between the different Tanzanian Ministries involved in the development of biofuel 
policies (ie: MEM, MACOD, MLHHSD…) 

·  Channelling information between the different Ministries and the biofuel stakeholders 

·  Establishing biofuel demonstration facilities 

·  Encouraging the sale of flex-fuel vehicles which run on pure vegetable oil 

·  Designing financing options and set-up incentives for local and foreign investors 

·  Securing international funding for biofuel development (ie.  EU partnership dialogue facility, FAO 
International Bioenergy Programme, G8 Global Bioenergy Partneurship) 

·  Promoting applied research and development 

·  Promoting awareness of the benefits of biofuels among the national investors and the population 
__________________________________________________________________________________ 

Table 2. The Goals of the ‘National Biofuel Task Fo rce’ (Evans, 2007). 
 
 
These goals ensure a good coordination of the different stakeholders involved in the 
biofuel sector and a good biofuel marketing strategy ensuring that investors are aware of 
the benefits of the development of a sustainable biofuel market in Tanzania. The ‘National 
Biofuel Task Force’ has been working with the UN foundation to understand the global 
best practices of the sector and was expected to recommend a legislation introducing the 
incentives for fuel-blending by 2007. However this has been delayed due to a lack of 
synchronisation in the government and currently, only an Action Plan of the ‘National 
Biofuel Task Force’ has been set up (Mwihava, pers. comm. 2007). Problems have been 
encountered due to the subject of biofuels being complicated, as it cross-cuts several 
areas over different ministries thus a ‘Biofuel Task Force’ needs to be extremely specific, 
carefully taking into account all the elements of sustainability. The government is looking 
into liquid biofuels and co-generation, with the aim to find gaps in the policies and develop 
a sustainable industry. The government is helped in that task by the ‘Tanzanian Biofuel 
Stakeholder Association’ which will be described thereafter. 
 
Also, Tanzania, unlike Zambia, shouldn’t advertise Jatropha Curcas as a biodiesel 
feedstock in the large scale, instead, they should encourage small-holder farmers to 
collect seeds and convert to oil. Large-scale Jatropha Curcas plantations have not been 
proven to provide sufficient yield to be viable. Furthermore, to date nobody has proven the 
levels of production for Jatropha and that the levels of production could continue for 40-50 
years, and estimations are that the production would double if the plantations were 
irrigated. 
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Thus caution should be taken before broadcasting its usage. Tanzania on the other side 
should advertise the use of Palm oil as a biofuel. Palm is already cultivated on large scales 
in the country and it can be sold as vegetable oil if the fuel market doesn’t allow for it, thus 
guaranteing a return on investment. 
 
Finally there is a need for the implementation of trial farms and programmes. Zambia 
wants a roll-out biodiesel programme (and there are no details of this) over 6 years and 
their funding strategy is based on a computer model simulation concentrating on using 
Jatropha as a feedstock. This time span is too short, Tanzania need to allow the 
plantations to grow to a sufficient yield to estimate if they viable of not.  
 
 
5. Sustainability assessment of bioenergy and polic y links 
 
A range of global to local factors are driving the increasing demand for biofuels.  Although 
there is potential conflict between new policies designed to target individual drivers, 
flexible and carefully developed policies can be developed to provide incentives for biofuel 
provision systems that meet all or many of the goals simultaneously. However, such policy 
frameworks are unlikely to happen without careful and detailed planning and 
implementation (Woods and Diaz-Chavez, 2007). 
 
Figure 9 outlines the diversity of policy drivers from global to local level that have driven 
the emergence of bioenergy, and biofuels in particular. At the global level these range from 
the relatively more recent climate change mitigation and adaptation treaties to long-
running subsidies to agricultural production as ‘rural development’ funding. There may also 
be conflicting policy aims between the global and local / end-user perspectives. For 
example, ‘rural development’ or ‘energy security’ incentives to biofuels could result in 
biofuels which are worse than the fossil fuels that are being substituted in terms of GHG 
emissions or air quality impacts. From the end-user perspective, even environmentally 
minded purchasers of vehicles will not purchase them if biofuels may cause engine 
failures. For drivers wishing to reduce their individual (or fleet) GHG emissions, tradeoffs 
may need to be made in terms of increased emissions of acetaldehyde, ozone precursors 
in general or particulates (Woods and Diaz-Chavez, 2007). 
 
 

National / Regional / Global  Local / End User  

1. Climate Change 1. Usability 

2. Energy Security 2. Cost 

3. Rural Development 

(Macro-economic costs) 

3. Environment e.g. air quality / 
health / welfare / biodiversity? 

Sustainability 

health / welfare / environment 

 
 

Figure 9: Global and local drivers for bioenergy and biofuels 
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In developing policies to address this diverse set of drivers an overarching framework is 
also implicitly provided for developing the principles and standards needed to underpin any 
environmental certification scheme to be applied.  To avoid duplication and to minimise 
costs, existing assurance and certification schemes/institutions have been evaluated as 
possible implementing institutions (Bauen et al, 2004; Tipper et al, 2005; Ecofys, 2006).  
 
Providing answers on the effectiveness of biofuels in meeting each of these drivers has 
required the careful and parallel development of policy, the meta-standard methodology 
and the meaningful interaction of the main stakeholders that are likely to be involved in 
delivering significant volumes of biofuels into Europe. The balance of representation in the 
stakeholder group is an important component of the validity, and therefore public 
acceptability, of the approach. Stakeholders include biofuel suppliers, oil majors, major fuel 
distributors, government departmental representatives, Agricultural representatives, 
academics (primarily LCA experts) and Green NGOs.   
 
The use of bioenergy has come into mainstream debate mainly as a result of problems 
relating to climate change, one of the key challenges in the 21st century. It engages the 
energy sector particularly closely because energy is central both to the problem and to its 
resolution. In its report on “Energy and climate change”, the WEC (2007) stated that 
energy-related emissions (including energy used in transportation) account for over two 
thirds of anthropogenic greenhouse gas (GHG) emissions. These emissions contribute to 
over 80% of worldwide emissions of CO2 as a direct result of fossil fuel combustion. One 
of the main problems facing and tackling climate change problems has been the lack of 
appropriate policies. These have often ignored the human and social needs which energy 
fulfils, reducing their credibility and viability, and failing to respond to the complexity of 
energy systems, so that the measures have often not had their intended effect (WEC, 
2007).  
 
Although there is no single policy or measure which can provide total solution, or even a 
partial one, there is need for immediate action. If African countries are willing to engage in 
the “bioenergy sector” and replace traditional use of biomass with a more modern form to 
fulfil their own energy needs, they will have to ensure that sustainability pillars 
(environmental, social and economic) are incorporated into local policy and governance. 
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