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1.  FOREWORD 

 

/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ŜƳŜǊƎƛƴƎ ŀǎ ƻƴŜ ƻŦ !ŦǊƛŎŀΩǎ Ƴƻǎǘ ǇǊŜǎǎƛƴƎ ǇǊƻōƭŜƳǎΦ ¢ƘŜ ŎŀǊōƻƴ ƳŀǊketτ
conservatively worth $126 billion in 2008τ represents one of the most promising means of reducing 
greenhouse gas emissions quickly and effectively. The Clean Development Mechanism (CDM) of the 
Kyoto Protocol and the non-ŎƻƳǇƭƛŀƴŎŜ όάǾƻƭǳƴǘŀǊȅέύ ŎŀǊōƻƴ offset markets offer an opportunity for 
African countries to tap into the global carbon market, and to harness associated investment and 
technology flows.  

Amongst the variety of mitigation and sequestration options available in the carbon markets, the 
άōƛƻ-ŎŀǊōƻƴέ ǎŜŎǘƻǊ ƻŦŦŜǊǎ ǎƛƎƴƛŦƛŎŀƴǘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ Ƴŀƴȅ ƴƻƴ-industrialised African countries. 
Activities such as forestry, agro-forestry, forest pǊŜǎŜǊǾŀǘƛƻƴ όάwŜŘǳŎed Emissions from 
Deforestation and 5ŜƎǊŀŘŀǘƛƻƴέΣ w955ύ ŀƴŘ ōƛƻ-energy offer potentially lucrative monetary 
opportunities from a carbon finance perspective, as well as offering sustainable development 
dividends. Furthermore, the rural beneficiaries of bio-carbon projects are typically unable to access 
the global carbon market in other ways.  

Carbon credits represent an additional source of revenue for bio-carbon projects, an income stream 
that augments timber, Non-Timber Forest Products (NTFPs), crops, biomass fuel and other 
άǘǊŀŘƛǘƛƻƴŀƭέ ǊŜǾŜƴǳŜ ǎǘǊŜŀƳǎΦ /ŀǊōƻƴ ŎǊŜŘƛǘǎ ǊŜǇǊŜǎŜƴǘ ŀ ǇƻǘŜƴǘƛŀƭ ƳŜŀƴǎ ƻŦ ŜƴƘŀƴŎƛƴƎ ǘƘŜ 
attractiveness of the forestry, agro-forestry and bio-energy sectors as an investment destinationτ 
which, in turn, will serve tƻ ŀŘŘǊŜǎǎ !ŦǊƛŎŀΩǎ ǎǳǇǇƭȅ-demand gap in timber and sustainable energy, 
and simultaneously offer significant climate change adaptation benefits.  

The United Nations Development Programme (UNDP), the Food & Agriculture Organisation of the 
United Nations (FAO), the Risoe Centre of the United Nations Environment Programme (UNEP 
Risoe), Farm Africa and SOS-Sahel jointly organized a regional workshop in Addis Ababa in April 2009 
to raise awareness amongst carbon project developers and other stakeholders of the bio-carbon 
opportunities offered by the carbon market, to enhance technical understanding of carbon finance, 
ǘƻ ŎǊŜŀǘŜ ŀ άŎŀǊōƻƴ ŎƻƳƳǳƴƛǘȅ ƻŦ ƛƴǘŜǊŜǎǘέ ƛƴ ǘƘŜ ǊŜƎƛƻƴ, and to catalyse a bio-carbon project 
pipeline.  

In the run-up to this workshop, UNDP commissioned a number of papers relating to specific aspects 
of the bio-carbon sector. This book brings together eleven of these papers, each constituting a book 
chapter. 

The chapters are organized in terms of the production cycle, beginning with two chapters on forest 
bio-cŀǊōƻƴ όǿƘƛŎƘ Ŏŀƴ άƎǊƻǿέ ŎŀǊōƻƴύΥ one on policy options and the second on forest bio-carbon 
methodologies. The book then moves into coverage of domestic bio-energy and charcoal 
productionτtechnologies very much linked to the forest sector through their use of wood as a fuel 
source. The next chapters address bio-energy proper, first with a broad review of policy options and 
instruments before delving into specific bio-energy options, each with an increasing level of 
technological sophistication. The section begins with anaerobic digestion and then proceeds to 
chapters on bagasse cogeneration, biomass use in cement production, and biomass gasification and 
pyrolysis. The final chapter considers landfill bio-energy, at the end of the production cycle. 
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2. BIO-CARBON OVERVIEW 

By Mark Purdon 

Department of Political Science, University of Toronto 

Contact: mark.purdon@utoronto.ca 

 

2.1. INTRODUCTION  

While climate change adaptation remains a priority for many African countries, the carbon market 
represents a promising means of reducing global emissions in a cost-effective manner while also 
contributing to sustainable development. The goal of the carbon market is to seek out low-cost 
emission reduction and removal opportunities globally in order to bring down the costs of climate 
change mitigation. 

Amongst the variety of cost-effective global mitigation options currently available, bio-carbon offers 
significant opportunities for many non-industrialised African countries to participate in the carbon 
market. The term άōƛƻ-ŎŀǊōƻƴέ is defined in this context as meaning the broad sector that includes 
renewable energy derived from biomass and organic wastes as well as the carbon sinks (trees, 
vegetation, soil and peat) found in agricultural, forest and other terrestrial ecosystems. An 
appropriate bio-carbon policy can play an important role in mitigating climate change through: 

1) The replacement of fossil fuel energy with renewable bio-energy;  
2) The prevention of emissions by maintaining and enhancing current bio-carbon sinks and; 
3) The removal of carbon from the atmosphere through the establishment of new bio-carbon 

sinks.  

aŎYƛƴǎŜȅ ϧ /ƻƳǇŀƴȅΩǎ (2009) Global GHG Abatement Cost Curve (Figure 2-1) finds many bio-carbon 
options to be low-cost carbon mitigation opportunities. Some are even negative-cost (e.g., cropland 
nutrient management), meaning they make economic sense even without the benefit of carbon 
finance. Yet the ability to structure a market to realize these low-cost reductions remains a 
challenge. Concerns about the rigour of carbon finance as a tool for GHG mitigation and sustainable 
development have exerted, and continue to exert, considerable influence on international climate 
change policy negotiationsτand, as a consequence, the bio-carbon opportunities available to Africa 

Chapters in this bookτwritten by African and international expertsτdiscuss bio-carbon 
technologies and project-types in detail, including forest carbon sequestration, domestic bio-energy 
applications such as improved cookstoves, improved charcoal production (slow pyrolysis), anaerobic 
digesters for biogas production, biomass cogeneration for electricity generation and cement 
production, fast pyrolysis, and biomass gasification. Perhaps the most promising aspect of bio-
carbon lies in the broad range of its application, from relatively small-scale household technologies 
to the large-scale, industrial άōƛƻ-ǊŜŦƛƴŜǊȅέ ŎƻƴŎŜǇǘΦ   

Despite its potential, there is insufficient awareness and understanding of bio-carbon opportunities 
in Eastern and Southern Africa. In response, the United Nations Development Programme (UNDP), 
the Food & Agriculture Organisation of the United Nations (FAO), the Risoe Centre of the United 
Nations Environment Programme (UNEP Risoe), Farm Africa and SOS-Sahel jointly organized a 
regional workshop in Addis Ababa in April 2009 for carbon project developers and other 
stakeholders. One goal of the workshop was to enhance understanding of carbon finance, including 
the technical knowledge needed to implement bio-carbon projects and to navigate the 
administrative complexities of carbon financeτparticularly with regard to additionality, non-
permanence and sustainable development. This book serves to further the goals of the Addis Ababa 
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workshop and address the capacity gap in bio-carbon through a review of the relevant carbon 
finance concepts and rules, as well as emerging bio-carbon technologies and policies. 

Figure 2-1: Global GHG abatement cost curve beyond business-as-usual ς 2030 

 

  Source: McKinsey & Co. (2009)  

2.1.A. STATE OF THE CARBON MARKET 

The carbon market is actually comprised of many different carbon markets, each operating under 
their own specific rules. The size of the entire carbon market in 2008, including trade in emissions 
allowances and the carbon offset market, was US$126 billion and involved the trade of 4,811 
MtCO2e (Capoor and Ambrosi 2009: 1). This represented a doubling of the size of the 2007 carbon 
market. The Clean Development Mechanism (CDM) of the Kyoto Protocol is the largest and most 
mature of the so-called carbon offset markets, though common themes and challenges also present 
themselves in the non-ŎƻƳǇƭƛŀƴŎŜ όάǾƻƭǳƴǘŀǊȅέύ ŎŀǊōƻƴ ƳŀǊƪŜǘǎΦ Lƴ Ƴŀƴȅ ǿŀȅǎΣ ǘƘŜǊŜ ŀǊŜ ƳƻǊŜ 
opportunities for bio-carbon in the voluntary marketsτthough this may change as a result of the 
upcoming climate change negotiations in Copenhagen. 

The CDM and voluntary markets have emerged as a significant source of development financing. The 
primary CDM market and voluntary markets were together worth US$7 billion in 2008, associated 
with 443 MtCO2e of emission reductions (Capoor and Ambrosi 2009: 1). If one includes the 
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secondary CDM marketτa financial market with spot, futures and options transactionsτthe value 
of the carbon market is even larger: estimated to have been US$33 billion in 2008.1  

The global financial crisis and questions about the future of the climate change regime have 
suppressed the market somewhat in 2008, when the primary CDM market contracted (Capoor and 
Ambrosi 2009: 32). A similar reduction occurred in the price of carbon credits (CERsτcarbon credits 
under the CDM; EUAsςcarbon allowances under the EU-ETS), which saw the primary CDM market 
price Ŧŀƭƭ ǘƻ Ϸмлκϵт ƛƴ CŜōǊǳŀǊȅ нллф (Figure 2-2). While it is too early to tell definitively, there are 
signs that the CDM market price is now recovering.  

Figure 2-2: Carbon prices respond to the recession 

 

Source: Capoor and Ambrosi (2009: 6). 

There is much anticipation that the upcoming climate change negotiations in Copenhagen will 
considerably expand the role of bio-carbon, particularly that of bio-carbon sinks. Bio-carbon sinks 
are currently limited to afforestation/reforestation (AR) under the CDM. Bio-carbon sink projects 
comprised 11% of the voluntary markets in 2008, where rules are less restrictive, but only about 1% 
of the CDM (Hamilton et al. 2007: 45, UNEP Risoe Centre 2009b). There is also growing anticipation 
that agreement will be reached in Copenhagen on reducing deforestation (Reduced Emissions from 
Deforestation and Forest Degradation, REDD), though it is not clear whether it will be included as a 
market-based mechanism (such as the CDM) or fund-based mechanism (Parker et al. 2009). There is 
also considerable support for the broader inclusion of agriculture, forestry and other land uses 
(AFOLU), which would bring into the compliance carbon market additional agricultural and soil 
management practices (see Terrestrial Carbon Group 2008). To understand why bio-carbon sinks 
have been limited in the carbon market, we need to appreciate the role of bio-carbon in the global 
carbon cycle. 

 

 

                                                           

 
1
 The CDM essentially consists of two markets, the primary and secondary markets. A CDM project developer 

generally finds a buyer ƻƴ ǘƘŜ άǇǊƛƳŀǊȅέ ƳŀǊƪŜǘ for credits arising from a specific project. However, this buyer 
does not typically use the carbon credits (CERs) for compliance purposes. Rather, many buyers in the primary 
market ΨŀƎƎǊŜƎŀǘŜΩ credits from a number of different CDM projects and sell them ς typically at a higher price 
ς ǘƻ ŦƛǊƳǎ ƻǊ ƎƻǾŜǊƴƳŜƴǘǎ ƻƴ ǘƘŜ άǎŜŎƻƴŘŀǊȅέ ƳŀǊƪŜǘΣ ǿƘŜǊŜ ǘƘŜȅ ŀǊŜ ǇǳǊŎƘŀǎŜŘ ŦƻǊ ŎƻƳǇƭƛŀƴŎŜ ǇǳǊǇƻǎŜǎΦ  
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2.2. ROLE OF BIO-CARBON IN THE GLOBAL CARBON CYCLE  

Based on 2004 data, deforestation, peatland degradation, forestry and agriculture were together 
responsible for an estimated 30% of global anthropogenic GHG emissionsτequal to the release of 
15 gigatonnes CO2e (Table 2-1). The remaining GHG emissions were mostly the result of burning 
fossil fuels. But not all emissions make their way into the atmosphere. Currently, only about 40% of 
emissions remain in the atmosphere where they can contribute to climate change (Malhi 2002: 
1581). The remaining 60% is absorbed and sequestered by the oceans (~21%) and terrestrial bio-
carbon sinks (~39%).  

Table 2-1: Global GHG emissions in 2004 

  Total 2004 Emissions 

  Gt CO2e %  

CO2 from fossil fuel combustion 27.7 56.6% 
CO2 from deforestation, forest biomass decay and peatland degradation 8.5 17.3% 
CH4 from waste and energy 4.3 8.7% 
N2O from agriculture 3.9 7.9% 
CH4 from agriculture 2.7 5.6% 
Other CO2 1.4 2.8% 
F-gases 0.5 1.1% 

Total Anthropogenic Emissions 49.0 100.0% 

(Derived from IPCC 2007: Figure SPM.3) 

 

However, the global carbon cycle is itself expected to be affected by climate change. Climate change 
is expected to lead to increased temperature and water stress, with the potential to reduce crop 
yields (Porter and Semenov 2005). Regions dependent on rain-fed agriculture, including much of 
sub-Saharan Africa, are particularly vulnerable (IPCC 2007a). A related concern is the effect of 
climate change on bio-carbon sinks, which are expected to become less efficient at absorbing CO2 
into the future (Friedlingstein et al. 2006) and could rapidly become net sources of emissions 
(Lenton et al. 2008). For example, climate change over the next century could reverse on-going 
carbon accumulation in tropical rainforests (Malhi 2002; Phillips et al. 1998), could reduce the 
productivity of rain-fed crops by 50% (IPCC 2007a: 13), promote further desertification of semi-arid 
regions (Verstraete 2008), and lead to methane releases from newly-thawed permafrost (Lenton et 
al. 2008). 

So what role can bio-carbon play in the global challenge to mitigate climate change? Clearly, the 
principal challenge for policy-makers is to reduce emissions from fossil fuels. And the Stern Review 
has demonstrated that early action on climate change outweighs future costs (Stern 2007), 
particularly given the possibility of catastrophic climate change (see Weitzman 2008). Yet experience 
to date suggests that this is going to be more difficult and expensive than anticipatedτcosts and 
scale-up challenges continue to hamper key technologies such as carbon capture and storage (see 
The Economist 2009). Appropriate management of bio-carbon sinks can buy time for the 
development and adoption of technology and behavioural change necessary for such structural 
transformations. This makes sense as a global climate strategy because, given that CO2 has a long 
residency time in the atmosphere (Archer 2009), carbon removed from the atmosphere today is 
worth more than future emission reductions (Keller et al. 2008). The sooner we remove CO2 from 
the atmosphere, the better.  

This assessment is at odds, however, with much of climate change policy, which has seen important 
limitations placed on bio-carbon sinksτin the Kyoto Protocol as well as in the EU Emissions Trading 
Scheme (EU-ETS). The Kyoto Protocol has placed a limit on the number of AR credits an 
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industrialized country can use towards its emission reduction target, has excluded deforestation 
from the current CDM, and has limited switching away from activities using a fuelwood baseline (see 
Chapter 4). ¢ƘŜ 9¦ ŎƻƴǘƛƴǳŜǎ ǘƻ ǘŀƪŜ ŀ άƳƻǊŀƭ Ǉƻǎƛǘƛƻƴέ ƻƴ ǎƛƴƪǎ (Boyd et al. 2008: 106) which 
maintains that the use of credits from bio-carbon sinks in the EU-ETS is not compatible with the need 
for the large-scale structural transformation of the European economy for climate change mitigation 
(see Wemaëre 2009; EU Directive 2009/29/EC). 

These positions certainly have merit because emissions from fossil fuel consumption continue to 
riseτincreasing the risk of climate change and of bio-carbon sinks turning into future emission 
sources. However, the sheer scale of bio-carbon mitigation potential, combined with its generally 
ƭƻǿ Ŏƻǎǘ ŀƴŘ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ΨŎƻ-ōŜƴŜŦƛǘǎΩ ǘƘŀǘ ǘȅǇƛŎŀƭƭȅ ŀŎŎƻƳǇŀƴȅ ōƛƻ-
carbon projects, might be reason to reconsider policies towards the bio-carbon sector. 

 

2.3. HISTORY OF BIO-CARBON IN UN CLIMATE CHANGE NEGOTIATIONS 

The CDM is the largest and most mature carbon offset market currently in operation. While 
limitations on bio-carbon in the Kyoto Protocol and EU-ETS described above have moved many bio-
carbon activities into the non-ŎƻƳǇƭƛŀƴŎŜ όάǾƻƭǳƴǘŀǊȅέύ ŎŀǊōƻƴ ƳŀǊƪŜǘǎΣ ǘƘŜǊŜ ŀǊŜ ǎƛƎƴǎ ǘƘŀǘ ǘƘƛǎ 
might change in the post-2012 period as a result of upcoming negotiations in Copenhagen.  

2.3.A. THE CLEAN DEVELOPMENT MECHANISM: THE Y¸h¢h ά{¦wtwL{9έ 

The CDM grew out of a proposal from Norway at the initial 1992 UNFCCC session calling for a global 
GHG credit trading scheme, culminating in the adoption of the mechanism called Activities 
Implemented Jointly (AIJ) at the 1995 Conference of Parties (COP) to the UNFCCC (Eyzaguirre and 
Kalas 2002). When the COP was again convened in 1997 (in Kyoto, Japan) there was a sense of 
dissatisfaction with the AIJ, particularly in terms of the limited benefits accrued to non-industrialized 
countries as well as the administrative costs for verifying and monitoring GHG credits. This led to a 
proposal from Brazil for a Clean Development Fund (Gupta 2000; Werksman 1998) which would be 
distinct from AIJ. According to the Clean Development Fund idea, industrialized countries that failed 
to meet their emission reduction targets under the Kyoto Protocol would be required to pay a fine 
into the fund. This money would then be used for climate mitigation and adaptation projects in 
developing countries.    

The Clean Development Mechanism (CDM) that was finally negotiated came, then, as something of a 
surpise in the late hours of negotiations (Werksman 1998). It might be seen as a compromise 
solution between the AIJ and Clean Development Fund. The CDM maintains the GHG trading 
mechanism of the AIJ program, but also requires that any CDM project assist the host country attain 
ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΦ !ǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜǎŜ ƴŜƎƻǘƛŀǘƛƻƴǎΣ ǘƘŜ /5a Ƙŀǎ ǘƘŜ άǘǿƛƴ Ǝƻŀƭέ ƻŦ 
promoting sustainable development in project host countries and mitigating climate change. This is 
clearly expressed in paragraph 2 of Article 12 of the Kyoto Protocol: 

ά¢ƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘŜ ŎƭŜŀƴ ŘŜǾŜƭƻǇƳŜƴǘ ƳŜŎƘŀƴƛǎƳ ǎƘŀƭƭ ōŜ ǘƻ ŀǎǎƛǎǘ tŀǊǘƛŜǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ 
Annex I [non-industrialized countries] in achieving sustainable development and in 
contributing to the ultimate objective of the Convention, and to assist Parties included in 
Annex I [industrialized countries] in achieving compliance with their quantified emission 
limitation and reduction commitments under !ǊǘƛŎƭŜ оΦέ 

¢Ƙƛǎ άǘǿƛƴ Ǝƻŀƭέ ŘƛǎǘƛƴƎǳƛǎƘŜǎ ǘƘŜ /5a ŦǊƻƳ ǘƘŜ ƻǘƘŜǊ ŦƭŜȄƛōƛƭƛǘȅ ƳŜŎƘŀƴƛǎƳǎτEmissions Trading 
and Joint Implementationτwhich do not have the notion of sustainable development as clearly 
incorporated. 
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2.3.B. LIMITATIONS ON BIO-CARBON IN THE CDM 

The role of bio-carbon sinks in the climate change regime has become one of the most contentious 
issues discussed by the Parties. The role forests should play nearly ruined climate change 
negotiations at the 2000 Sixth Conference of Parties (COP6) of the UNFCCC and forced an 
extraordinary COP6b in early 2001 (Doelle 2005; Fearnside 2001; Niles 2002; Wirth 2002). The 
decisions made at COP6b, however, came to limit in an important way the role of bio-carbon sinks in 
the CDM. 

The most important decision regarding bio-carbon sinks was to exclude efforts to reduce 
deforestation, improve forest management and enhance soil sequestration from the CDM. The only 
bio-carbon sink permitted in the CDM is afforestation/reforestation (AR). Yet important limitations 
have also been placed on AR: a cap was placed on the number of credits that developed countries 
(Annex I countries, in the terms of the Kyoto Protocol) could generate through CDM AR projects, 
limited to 5҈ ƻŦ ŀ ŎƻǳƴǘǊȅΩǎ мффл ōŀǎŜƭƛƴŜ ŜƳƛǎǎƛƻƴ ƭŜǾŜƭǎ  in the first commitment period, 2008-
2012 (UNFCCC 2001: para 7(b)). One estimate of the total amount of carbon this represents is 110 
Mt CO2e (Bernoux et al. 2002: 380). A further delay has resulted from difficulties of integrating 
credits from AR CDM projects into the European carbon market, which has excluded the expiring 
CER credits (t-CERs and l-CERs) generated by CDM AR credits (Schlamadinger et al. 2005)τrecent EU 
decisions maintain this exclusion (Wemaëre 2009). Related to the exclusion of deforestation from 
the CDM is the issue of non-renewable fuelwood. As described in more detail in Chapter 4, CDM 
projects using non-renewable fuelwood as a baseline (such as for improved cookstove projects) 
were ineligibile until 2007.  

Why have bio-carbon sinks been limited? First, carbon credits issuing from avoided deforestation 
were expected to flood the carbon market with cheap credits. Economic modelling has suggested 
that the introduction of avoided deforestation into the market might suppress the price of carbon 
credits by as much as 62% (Jung 2003: 16-17) and would also divert resources away from renewable 
energy projects (Jung 2005: 94). Second, there have been concerns with the permanence of bio-
carbon sinks. Trees, vegetation and soils are at risk of releasing their carbon back into the 
atmosphere pending disturbance, senescence or mortalityτadding another layer of complexity to 
carbon accounting (see Galik and Jackson 2009; Schlamadinger et al. 2007). This becomes only more 
of a challenge because, as mentioned earlier, bio-carbon sinks may themselves be vulnerable to 
climate change-driven άreversalέ or degradation in the futureτbecoming emission sources. 

Third, there have been concerns associated with sustainable development, human rights and land 
governance. There have been instances where local peoples have been displaced as a result of forest 
carbon offset projects (Lang and Byakola 2006; Lohmann 2006: 222-274; Orlando et al. 2002). The 
concern here is that the international carbon market only replicates international systems of 
ŜȄǇƭƻƛǘŀǘƛƻƴΥ ά/h2ƭƻƴƛŀƭƛǎƳέ (Forsyth and Young 2007). While the risk of expropriation of the assets 
of rural peoples in developing countries through either AR or forest conservation efforts is real, it is 
worth noting that this is, unfortunately, not restricted to carbon offset projects (see Brockington 
2007). Other problems linked to sustainable development arise where forest plantations or biomass 
crops replace existing native ecosystems, which can lead to a host of problems including depleted 
water resources and changes in biodiversity (World Rainforest Movement 2002). 

2.3.C. CDM VS REDD VS VOLUNTARY MARKET VS ALTERNATIVES  

While the CDM is important, it is by no means the only outlet available to bio-carbon project 
developers. Here we briefly discuss alternatives to the CDM for accessing carbon finance for bio-
carbon activities. 
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Some of the limitations on bio-carbon sinks in the CDM discussed above are now being addressed 
under the REDD initiative for the post-Kyoto period (Forner et al. 2006; IISD 2009; Parker et al. 2009) 
or have been circumvented in the voluntary carbon market (Hamilton et al. 2009: 45). REDD was 
brought back into the UN climate change negotiations through an initiative of the Governments of 
Papua New Guinea and Costa Rica (2005) to reconsider deforestation in the UN climate change 
regime and became an integral part of the Bali Action Plan adopted in 2007 (UNFCCC 2007a: 
para.1(b)(iii); 2007b). The discussion on REDD, however, continues to be one of its over-arching 
architecture, particularly whether to link REDD directly to the carbon market. At the time of writing, 
no methodology for REDD had been approved by the UN, though a proposal has recently been made 
to the Voluntary Carbon Standard (VCS), whose methodologies share many similarities with CDM 
methodologies. 

The non-ŎƻƳǇƭƛŀƴŎŜ άǾƻƭǳƴǘŀǊȅέ ƳŀǊƪŜǘs have been a key area for innovation in the bio-carbon 
arena, particularly with regard to AR projects which dominated the voluntary markets until 2004. 
However, as the voluntary markets have expanded, the share of AR projects has decreased from 
29% in 2004 to 16% in 2008 (Hamilton et al. 2009: 44-45). At the same time, certain voluntary 
market operatorsτmost notably the Gold Standardτhave not permitted AR projects. It should also 
be noted that only in 2008 did renewable biomass cookstove projects become viable under the Gold 
Standard (Gold Standard 2008). More recently, the VCS has attempted to standardize carbon 
accounting procedures both under the CDM and other compliance systems. While no VCS approved 
methodologies exist for AR other than those already in use under the CDM, guidelines have recently 
been issued for VCS AFOLU bio-carbon projects, with important provisions for non-permanence 
including carbon buffers as well as a risk analysis system (VCS 2008). 

The above alternatives represent variations on the project-based emissions regulation system 
initiated under the CDM. An alternative that departs from this design is worthy of mention. This is 
the bio-carbon trading system proposed by the Terrestrial Carbon Group (2008), which resembles an 
emission allowance system. Under this system, each participating country would conduct a detailed 
inventory of national bio-carbon sinks and then distribute or auction rights to emit bio-carbon to 
private individuals or, quite plausibly, communities. Private individuals or communities would then 
be free to sell these rights to emit to foreign companies, effectively as bio-carbon emission 
allowances.  

 

2.4. TECHNICAL ASPECTS OF BIO-CARBON ς SOME COMMON THEMES  

2.4.A. CDM ADMINISTRATION AND PROJECT CYCLE  

The first step in the CDM project cycle is (1) Project Design, which entails the development of a PIN 
prior to the development of the more detailed Project Design Document (PDD). The PDD must be 
based on an approved CDM baseline and monitoring methodology. A methodology for the 
environmental and socio-ŜŎƻƴƻƳƛŎ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŀ /5a ǇǊƻƧŜŎǘΩǎ ƛƳǇŀŎǘ ƛǎ ƴƻǘ ǇǊŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ 
approved methodologies. Rather, these issues are to be addressed on a case by case basis in the 
PDD, where it is required as Section E-Environmental Impacts, Section F-Socio-Economic Impacts 
(CDM AR projects only) and Section G-Stakeholder Comments, and as per the approval process of the 
Ƙƻǎǘ ŎƻǳƴǘǊȅΩǎ 5ŜǎƛƎƴŀǘŜŘ bŀǘƛƻƴŀƭ !ǳǘƘƻǊƛǘȅ ό5b!ύΦ  

Upon compleǘƛƻƴΣ ǘƘŜ ŘǊŀŦǘ t55 ƛǎ ǎŜƴǘ ǘƻ ǘƘŜ Ƙƻǎǘ ŎƻǳƴǘǊȅΩǎ 5b! ŦƻǊ (2) National Approval. This 
entails an evaluation of whether a project will mitigate GHGs and whether the proposed project 
meets the nationally-determined criteria for sustainable development. National approval comes in 
the form of a Letter of Approval being granted by the DNA. Also at this stage, project proponents are 
required to seek stakeholder comments, which are incorporated into the finalized PDD. If approved 
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by the DNA, the finalized PDD, incƭǳŘƛƴƎ ǘƘŜ 5b!Ωǎ Letter of Approval and the stakeholder 
comments, is passed on for (3) Validation. 

Figure 2-3: CDM project cycle 

 Development Phase 

 

 

 Implementation Phase 

 

 

 

Validation is performed independently by a third-party Designated Operational Entity (DOE) in order 
to assess if all the components of the PDD are satisfactory, including the Letter of Approval from the 
DNA. The DOE is required to make the validated project available for stakeholder comments for a 
30-day period on the UNFCCC website. If successful, the project is then passed on to the CDM 
Executive Board (CDM EB) for (4) Registration. The CDM EB appoints a Registration and Issuance 
Team (EB-RIT) to appraise the request for registration. This appraisal should be achieved within eight 
weeks, after which time the project is deemed registered on the UNFCCC website.  

With the PDD registered, a CDM project can then be officially implemented. In order to ensure the 
project meets the conditions of the PDD, it requires (5) Monitoring. This entails the systematic 
review of net GHG removals achieved during the course of the project. Monitoring results are 
inspected periodically by a second DOE during the course of the CDM projectΩǎ crediting period: (6) 
Verification. It should be noted that for normal CDM projects, a second DOEτa different DOE than 
the one that validated the projectτis required for verification. The next step is (7) Certification, 
when the DOE submits a formal written confirmation that the emission reductions set out in 
the verification report were actually achieved, constituting a request for (8) Issuance of the carbon 
credits (Certified Emission Reductions, CERs) by the CDM EB. Up until this point, the actual carbon 
creditsτCERsτdo not exist; they are a commodity issued only by the CDM EB. There may be more 
or fewer carbon credits issued than originally envisioned in the PDD: the number of CERs issued is 
dependent on actual project performance, as captured by the monitoring and verification regime. 
The last step is (9) Forwarding, when the CDM registry administrator transfers CERs from the CDM 
9.Ωǎ ǇŜƴŘƛƴƎ ŀŎŎƻǳƴǘ ƛƴǘƻ ǘƘŜ ŀŎŎƻǳƴǘǎ ƻŦ the project participants.  

2.4.B. TRANSACTION COSTS IN THE CDM  

The complicated project cycle for the CDM has made transaction costs a real issue. Total 
transactions costs have been estimated to lie in the range of approximately US$50,000 to $200,000 
for large-scale projects (Table 2-2). One of the earlier observations of the CDM was that the high 
transaction costs involved in CDM project administration would tend to favour large-scale projects 
(Michaelowa and Jotzo 2005).  

1)Preparation 
of PDD

2)Obtaining 
Letter of 
Approval

3)Validation 4)Registration 4)Registration

5)Monitoring 6)Verification 7)Certification 8)Issuance 9)Forwarding



10 
 

Table 2-2: Range of transaction costs for non-AR CDM projects 

 Low Average High 

Large-Scale CDM 

Project Preparation Costs $43,000 $118,000 $193,000 

Project Implementation Costs $5,000 $12,000 $19,000 

Total Costs $48,000 $130,000 $212,000 

Small-Scale CDM 

Project Preparation Costs $24,500 $38,500 $52,500 

Project Implementation Costs $5,000 $12,000 $19,000 

Total Costs $29,500 $50,500 $71,500 

Source: Pin (2005) 

There have been two main approaches to reducing the transaction costs of the CDM. The first 
attempt was to simplify the CDM administrative process for small-scale projects, most notably 
through predefined and simplified methodologies and the bundling of discrete project activities 
(UNFCCC 2002). Such provisions have tended to bring transaction costs down to range of 
approximately $30,000 to $70,000 (Table 2-2) for so-called small-scale projects. Small-scale projects 
are, however, limited in size: a maximum of 60,000 tCO2e per year for energy projects and 16,000 
tCO2e per year for AR projects (UNFCCC 2006: para. 28; UNFCCC 2007c). The different small-scale 
CDM project categories and their size limitations are presented in Table 2-3 below. 

Table 2-3: Small-scale CDM project categories and their size limitations 

   

AMS I Renewable energy  Project activities with a maximum 
output capacity equivalent of up to 

15 MW 

AMS II Energy efficiency  Project activities which reduce 
energy consumption, on the supply 

and/or demand side, by up to  
60 GWh per year 

AMS III Other project activities that reduce 
anthropogenic emissions by sources  

Directly emit less than  
60,000 tCO2e per year 

AR-AMS Afforestation/Reforestation Project activities sequestering up to 
16,000 tCO2e per year 

 

The response to the small-scale project modality has, however, been rather mute. While the total 
number of large-scale and small-scale CDM projects is comparable, small-scale projects are expected 
to account for only about 10% of all CERs generated by 2012 (UNEP Risoe Centre 2009b). 

! ƳƻǊŜ ǊŜŎŜƴǘ ŀǘǘŜƳǇǘ ǘƻ ƳŀƴŀƎŜ ǘǊŀƴǎŀŎǘƛƻƴ Ŏƻǎǘǎ ƛǎ άǇǊƻƎǊŀƳƳŀǘƛŎέ CDM, which builds on the 
bundling concept of small-scale projects but, in effect, removes the size limitation (UNFCCC 2005b: 
para. 20)τan issue to which we return because it might address other system issues confronting the 
CDM. 

2.4.C.     FINANCING CDM PROJECTS  

Transaction costs introduce the issue of project finance. The costs of a CDM project can be 
significant and it is necessary to justify such expenditures. Many carbon projects rely upon a number 
of revenue flows (in some cases, multiple carbon revenues), with ǘƘŜ άŎŀǊōƻƴ ƭŀȅŜǊέ typically 
representing just one source of project revenue, and often the lesser one (Black 2009).  


















































































































































































































































































































































































































































































































































































