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Abstract 
 
Social entrepreneurs around the world experience difficulties in developing a successful 
earned income strategy, while such a successful strategy would work beneficially for them in 
achieving the social goals of their organizations. Many social entrepreneurs are active in 
developing countries, and have activities that contribute in some way to reducing global 
greenhouse-gas emissions. In the last decade, initiated by the Kyoto protocol, frameworks 
have been established that facilitate the trade in so called carbon credits. Activities of some 
social entrepreneurs in developing countries have the potential to generate carbon credits, this 
way they could develop a more viable business, with a larger share of earned income. 
 
This master thesis researches to which extent carbon credits have the potential for social 
entrepreneurs to help them create a better earned income strategy, and this way a more viable, 
and more successful operation. This is researched by means of a case study at Diligent 
Tanzania ltd. Diligent is a Tanzanian producer of Jatropha oil, which is used as a biofuel. The 
company is based on close cooperation with thousands of Tanzanian small farmers.     
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Summary 

Introduction 
Social entrepreneurs are individuals or groups of people who aim to achieve explicit social 
goals, through the application of entrepreneurship practices. Due to their focus on achieving 
social goals, they face difficult challenges to gather sufficient income to finance their 
operations. Social entrepreneurs often depend on philanthropic funders and investors, with 
short time horizons, and many requirements on what to do with their money. A substantial 
share of earned income in a social entrepreneur’s total financing mix, would solve these 
problems, and would make social entrepreneurs more effective in achieving their social goals. 
 
In this thesis the potential of one financial instrument, namely the trade of carbon dioxide 
emission credits, to contribute to a successful earned income strategy and an improved 
financing mix, is researched. This is done by means of a case study at Diligent Tanzania ltd., a 
Tanzanian social entrepreneurial company, and producer of Jatropha vegetable oil for use as a 
biofuel. Carbon dioxide emission credits are credits that organizations or governments can 
purchase to fulfil their emission reduction targets. These credits are often generated by 
emission reduction projects in developing countries. The case in this thesis is a carbon 
sequestration project with Jatropha trees in Tanzania. The main research question for this 
project is formulated as follows: 
 
Does engaging in the production of carbon-dioxide emission credits have the potential to help 
social entrepreneurs in creating a successful earned income strategy, and to improve their 
financing mix? 
 

Research approach 
This research project follows the logic of business problem solving by means of the 
Reflective Cycle. In this approach, a specific business problem, in this thesis the financing 
problems of social entrepreneurs, is analysed by means of a case study. The results from the 
case study are used to develop prescriptive knowledge for the field of social entrepreneurship 
research.  
 
Carbon markets 
The total market for carbon credits can be divided in two: the compliance market and the 
voluntary carbon market. The compliance market entails the market on which buyers buy 
carbon credits to comply with the greenhouse-gas emission reduction targets they agreed on 
by means of the Kyoto protocol. These targets can be partly fulfilled by purchasing offset 
credits, which are generated by offset projects in developing countries. Such projects should 
be certified under the Clean Development Mechanism (CDM) to be able to trade in the 
compliance market. Every transaction of carbon credits that is not related to the Kyoto 
protocol and its mechanisms falls under the voluntary carbon market. In this market many 
different standards are available to certify an offset project. Many of these standards are 
derived from the CDM. The buyers voluntarily choose to offset their emissions, and can 
therefore choose the most suitable standard.  
 
Despite all voluntary initiatives, the Certified Emission Reductions (CER’s) that are produced 
by CDM projects remain the standard for carbon offset credits. Prices vary over time, but are 
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around USD15.80 at the moment. Credits from forestry credits sell at lower prices, because 
the CDM developed specific credits for forestry projects: tCER’s and lCER’s. The basic idea 
behind these is that they expire, and need to be renewed after expiration. This is to handle the 
risk that a forest might be destroyed, and carbon-dioxide is emitted again. TCER’s generally 
expire after 5 years, lCER’s after 20 or 30 years. Prices for tCER’s are around USD3.50, for 
lCER’s good estimations are not available, but this price should be around 60% of the normal 
CER price. Prices for voluntary credits are usually lower than for CDM-credits, but vary with 
the different standards that can be chosen.  
 
Generally, CDM-procedures are more complex and extensive than their voluntary 
counterparts. However, also voluntary standards should safeguard sufficient guarantees to 
deliver real, unique, measurable, and additional carbon-dioxide emission reductions. An 
important difference is that CDM always goes via national governments, while voluntary 
carbon credit projects usually involve business to business transactions, with very little 
government involvement. Of course national laws and regulations still do apply. 
 
Biomass production and carbon storage in Jatropha Curcas   

In the development of a forestry carbon sequestration project, it is essential to know exactly 
how much carbon-dioxide is sequestered in a Jatropha tree. In this research project a total of 
nine Jatropha trees that lived under different circumstances, and of different ages, were 
excavated. These trees were measured and weighed to determine a valid allometric equation 
between the tree’s basal diameter and total woody dry biomass, for Jatropha trees in northern 
Tanzania. This equation is likely to be less valuable for different growing conditions on other 
locations because root/shoot ratios differ substantially. Therefore also an allometric equation 
for the relation between the above ground woody dry biomass and the basal diameter was 
developed. Finally, to give the most representative general equation, the equation from this 
study was combined with findings from other studies to develop a third allometric equation.  
The equations that were found are: 
 

 2575.3001245.0 BDTWDBiomass =  
2568.3000939.0 BDsAGWDBiomas =       

3929.3000948.0 BDsAGWDBiomas Combined =  

From the excavated trees, also wood samples were taken to determine the precise carbon 
content of the wood. It was concluded that for Jatropha wood, 44.1% of the above ground dry-
weight, and 42.5% of the below-ground dry weight consist of carbon. This should be 
multiplied with 44/12 to calculate the amount of carbon-dioxide. A regular Jatropha tree in 
northern Tanzania, that is kept in shape for harvesting its seeds, is estimated to have 
sequestered 11.62 kg of carbon-dioxide in its woody biomass, when mature.          
 
Internal control and data management 
In the development of a carbon sequestration project, especially one with smallholder farmers, 
which is closest to Diligent’s current operation, controlling the organization, precise 
monitoring procedures and proper data management are crucial for success. Currently the 
company has little control over the precise origin of the seeds. Furthermore, the database that 
was developed to manage the entire farmer network contains a lot of errors, and in fact is very 
unreliable.  
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In a new situation in which a carbon sequestration project would be developed, more 
cooperation and direct communication with farmers is necessary. Monitoring should happen 
on a regular basis, and the information should be stored properly in a database. The most 
important modifications to Diligent’s internal control system are: 

- The formation of more centralized farmer groups, who are also officially identified as 
groups, to make the network more comprehensible, and the operation more efficient. 

- More and better trained field officers who take care of direct communication with 
farmers and local organizations. 

- Much stricter protocols with regard to for example visiting intervals, data to be 
measured, and reporting intervals.  

 
Total project result 
To calculate the total costs that are related to the development of a carbon sequestration 
project by Diligent in northern Tanzania, two scenarios are chosen.  
 
The first scenario is a smallholder-based scenario. In this scenario the choice is made to 
develop a CDM Programme of Activities, with initially only one CDM Programme Activity 
(CPA), and the option to add more CPA’s later. This CPA would be developed around the 
village of Gorofani in northern Tanzania. The choice was made to generate tCER’s with this 
project. This would mean that the project would not be viable when a scale of 1000 hectares is 
used. However, at a scale of just over 6.000 hectares the project has reached breakeven after 
five years, and every extra hectare means an extra profit of €13.79. Income is assumed after 
every five years, so when break-even is reached at this first time income is received, all 
subsequent times less costs are involved, which means higher profits. 
 
The second scenario is the development of a 7000 hectares plantation at the grounds of 
Kilimanjaro International Airport. It is assumed that Diligent would develop this plantation by 
themselves, employing local workers. This scenario would require a very high upfront 
investment of around €2.240.000. Choosing tCER’s here as well, would not lead to a 
financially feasible project. When lCER’s are chosen, the project makes a profit of €212.571 
after five years, but because the plantation needs to be maintained for 30 years, ultimately a 
loss of €87.313 is expected when no income from biofuel production is included. It should be 
noted that only limited knowledge regarding lCER-prices is currently available. 
  
This thesis proposes to make a start with the development of the plantation scenario, to gather 
more experience with the development of a CDM project, and then take the next step to the 
operationally more challenging smallholder-based scenario. If no improved circumstances can 
be created for the plantation scenario, the smallholder-based scenario can also be a good first 
option, especially because of Diligent’s expertise in working with smallholders.  
 
Conclusion 
The overall conclusion of this thesis is that, if the current activities have potential to produce 
carbon credits, and have, or could reach, sufficient scale to cover the transaction costs, the 
development of a carbon credit project is a good option for social entrepreneurs to become 
more financially self-sufficient. The case study in this thesis suggests that a carbon credit 
project developed in the context of a social entrepreneurial organization can be economically 
viable on a relatively short term. Furthermore, such a project gives social entrepreneurs reason 
and opportunity to develop a long term focus. This will generally increase the sustainability of 
their organization, and lead to improved circumstances to achieve their social goals.      
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1 Introduction 
Social entrepreneurs are individuals or groups of people with clear social goals, who want to 
contribute to sustainable development, while applying entrepreneurship practices. Due to their 
“triple bottom line” approach (focus on people, planet and profit), social entrepreneurs 
experience difficulties in their access to capital, and in developing a successful earned income 
strategy. This study researches the potential for carbon-dioxide emission credits to contribute 
to a solution for these problems.  
 
Carbon-dioxide emission credits are credits that can be purchased by organizations or 
governments who committed themselves to certain emission reduction targets. They can 
achieve these targets through purchasing credits that guarantee an emission reduction 
elsewhere, often in a developing country. These emission reductions are mainly produced by 
sustainable energy projects, forestation projects, or improvements in industry.  
 
The case in this study is Diligent Tanzania ltd., a Tanzanian biofuel producer with Dutch 
roots. Diligent is a perfect example of a social entrepreneurial company because they strive to 
contribute to the development of Tanzania, and to the fight on climate change. In principle, 
Diligent is a commercial company, aiming for profit. The company is involved in the 
production of Jatropha vegetable oil and sells this as straight vegetable oil or biodiesel at the 
global market. The seeds from which the oil is made, are harvested from tropical trees, that 
are usually cultivated specifically for the purpose of oil production. This makes the model 
potentially suitable for the production of carbon-dioxide emission credits.  
 
Diligent is not the only social entrepreneurial company that is involved in the production of 
biodiesel and that engages in forestry or agriculture in developing countries. However, to my 
best knowledge none of them has successfully implemented a carbon-dioxide emission credit 
project yet. Furthermore, no scientific research on this specific field could be found. 
Therefore, the main research question of this thesis, which is analysed by means of a case 
study at Diligent, is formulated as follows: 
 
Does engaging in the production of carbon-dioxide emission credits have the potential to 
help social entrepreneurs in creating a successful earned income strategy, and to improve 
their financing mix? 
 
The logic followed in this thesis follows the Reflective Cycle of Van Aken et al. (2007). In 
this model, first a business problem is identified in the field of social entrepreneurship. In this 
thesis, the financing problem that many social entrepreneurs experience is chosen. This 
problem is analyzed by means of a case study, which follows the embedded Regulative Cycle 
of Van Strien (1997). In this thesis this is the possible implementation of a carbon credit 
project at Diligent. Finally the knowledge that was developed in the case study, is taken back 
to the research field of social entrepreneurship again, and contributes to the development of 
preliminary technological, or general, rules, regarding the development of carbon credit 
projects by social entrepreneurs. The last two steps of the Regulative Cycle are no part of this 
thesis project, since they entail the actual implementation of the proposed improvements. The 
set up of this thesis matches with the steps from both cycles, this is visualized in Figure 1.1, 
on the next page. This Figure shows how the thesis is built up. The logic of this model is 
further explained in Section 3.3.  
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Figure 1.1: The Reflective Cycle (Van Aken et al., 2007) 

 
Chapter 2 goes into the theory of social entrepreneurship, and identifies fields of research to 
which this thesis aims to contribute. This chapter forms the theoretical background for this 
research project. In chapter 3 the research questions were formulated, and the research 
methodology is explained. With chapter 4 the analysis phase from the Regulative Cycle 
begins, this chapter is a description of the carbon credit market and all different standards that 
exist. Also their requirements are explained, as well as an analysis of the prices for carbon 
credits that are paid on the market. Chapter 5 gives estimations for the weights of Jatropha 
trees and the amount of carbon that can be sequestered in them. Furthermore, a relationship 
was developed between a tree’s stem diameter and its biomass, which is valuable in 
estimating carbon stocks. Chapter 6 analyses the control and data management systems that 
should be implemented in the company to successfully implement a carbon sequestration 
project. In Chapter 7 the total costs for the development of such a project are estimated for 
two different scenarios: a smallholder-based scenario and a plantation model. In chapter 8, all 
information from the preceding chapters was used to draw conclusions about the feasibility of 
a carbon sequestration project for the case of Diligent. Chapter 9 takes the information from 
the case study back to the general research question on social entrepreneurship, and draws 
conclusions to contribute to this field of research. The concluding Chapter 10 reflects on this 
research project, and the methodology that was followed throughout the thesis.  
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2 Theoretical background 

2.1 Introducing and defining social entrepreneurship 
Social entrepreneurship is about improving people’s lives and creating social change through 
the application of innovative entrepreneurship approaches. In practice this has been around for 
a long time, but as a topic of scientific research, it is still relatively young. Over the last 
decade however, it gained increased attention (Desa, 2010). The majority of social 
entrepreneurship research until now, focussed on defining the domain. Hockerts et al. (2010) 
state that researchers just recently managed to go beyond that general discussion on 
definitions, emerging general theories and first empirical insights.  
 
Many publications on social entrepreneurship have given different definitions, and several 
have tried to give summaries or overviews of these (e.g. Mair et al., 2006; Desa, 2010). Of 
course it is useful to know what is generally regarded a social entrepreneur, but a too 
restrictive definition would cause more problems than it solves (Cho, 2006). For this reason a 
broad definition is preferred. It is important to include both social and entrepreneurial aspects 
in a definition, Peredo and McLean (2006) did this by extending a previous characterization 
by Dees (1998) to a five-point definition of social entrepreneurship. They consider something 
an exercise of social entrepreneurship when some person or persons (1) aim either exclusively 
or in some prominent way to create social value, (2) show a capacity to recognize and exploit 
opportunities to create this value, (3) employ innovation, (4) is willing to accept an above 
average degree of risk, and (5) undertake in some way bold actions without acceptance of 
existing resource limitations. This definition of social entrepreneurship is often cited, but 
should, according to the writers, be applied and understood with appropriate flexibility.  
 
In defining social entrepreneurship one of the most important themes is whether social 
entrepreneurs should have a strict non-profit orientation, or can also have a for-profit 
orientation, and whether the social objectives should always be more important to the 
organization than seeking for profit. In line with a desire for a broad definition, many scholars 
argue for including both for- and non-profit, and include an organization as long as social 
goals are among the firm’s goals, they don’t necessarily need to be the most important one. 
Furthermore, Desa (2010) states that the distinction between for- and non-profit is not 
dichotomous, but rather a continuum, ranging from strictly social to strictly business 
objectives. Several scholars have described this continuum, the version by Douglas (2010) is 
visualized in Figure 2.1. In this continuum, every form in between a strictly commercial 
business and an altruistic voluntary organization is regarded as social entrepreneurship. 
Philanthropic firms with some social objective embedded in a commercial business on one 
end, and non-profit social organizations on the other.  
 

 
Figure 2.1: The continuum of social entrepreneurship orientation (Douglas, 2010) 

 
In this thesis all options on the continuum are included as social entrepreneurship, and the 
above described definition of Peredo and McLean (2006) is used as a guideline, and applied 
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with some flexibility, always more towards including something as social entrepreneurship 
rather than excluding it. In the end, it is a matter of interpretation whether an organization is 
regarded social entrepreneurial or not. The above described criteria are guidelines in this 
interpretation. This is also the approach that is followed throughout this thesis.   

2.2 A social entrepreneurial business model 
Many slightly different definitions of a business model exist in scientific literature. Byers et 
al. (2011) state that a business model describes the business, and how it works in economic 
terms. It is the result of a business design process. This process describes how value is 
delivered to customers, and how profit is captured from that activity. Moray and Stevens 
(2010) agree by saying that most definitions refer to how and where organizations create 
value. The definition of Byers et al. (2011), which originated from a traditional commercial 
entrepreneurship perspective, refers to value creation to make profit. Seelos and Mair (2007) 
approach business models from a social entrepreneurship perspective, and state that they 
describe how value is created that is consistent with the firm’s economic or social strategic 
objectives.  
 
Markets and the context in which organizations operate are not static; they change over time. 
New customer demands arise and old ones become less important. Some entrepreneurs or 
companies also succeed to identify latent and unstated dissatisfactions of customers, this often 
results in new profitable business opportunities (Byers et al., 2011). When changes in the 
market or in the context of an organization occur, it is important to adapt the business model. 
Business model innovation is defined as the capacity to reconceive existing business models 
in new ways that create new value for customers (Hamel, 2000). Being innovative is often 
regarded essential for economic sustainability and success. Austin et al. (2006) explain that, 
compared to traditional commercial entrepreneurs, social entrepreneurs experience very few 
degrees of freedom to change themselves, business plans, products and the markets served. 
Often, this is due to funding that is obtained to achieve very specific goals, which makes it 
impossible to just change the organization’s focus. This makes business model innovation 
hard for social entrepreneurs; while few for profit businesses end up executing their initial 
business plan, social entrepreneurs often don’t have the freedom to change the model easily 
(Austin et al, 2006), or even have to reshape themselves according to an investor’s wishes 
(Bornstein and Davis, 2010). As was said, this constraint often comes along with funding 
through the philanthropic capital market, and thus seems unavoidable. At the same time it also 
seems to hinder business model innovation in social entrepreneurial organizations, which 
could have a negative impact on the organization’s earned income operations. Continuously 
keeping a good balance here can be very challenging for social entrepreneurs. 
 

2.3 Financing social entrepreneurship 
The income of social entrepreneurs is often a combination of funding through social capital 
injections and earned income. It is likely that earned-income activities are more prevalent in 
organizations that find themselves more towards the “business objectives” end of the 
spectrum that was described in Section 2.1. Non-profit organizations will be more likely to 
rely on the social capital market for their income, this market consists of governments and 
philanthropic organizations providing capital without, or with little, commercial objectives. 
According to Foster and Bradach (2005), it is difficult for social entrepreneurs to operate 
without social capital, even if they launched earned-income operations. However, funders 
have been urging non-profit organizations to become financially self sufficient, especially in 
developing countries. They have aggressively promoted earned-income as a means to 
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sustainability (Foster and Bradach, 2005). With the application of earned-income strategies, 
organizations are less tied to the high demands social or philanthropic investors often have. 
This would logically imply a commercial mindset for the social entrepreneur. However, when 
relying on earned income, it can be more difficult for social entrepreneurs to remain focussed 
on the organization’s social objectives, since they then have important financial objectives to 
meet. So most social entrepreneurs need to strike a balance between earned-income, and 
resources from (social) investors, foundations or philanthropists. These two sources of income 
are both described in this section.   
 
About twenty years ago, having an earned-income strategy was not common for non-profit 
organizations, today it is. According to Foster and Bradach (2005) this increased popularity 
among social entrepreneurs and non-profit organizations has a few reasons. They appear more 
disciplined and business-like to stakeholders, and also reduce their reliance on fundraising. 
Especially this last one is important, since social entrepreneurs tend to be very constrained by 
investors’ wishes, and philanthropic investments are generally for a short term, which causes 
the entrepreneur to focus on fundraising rather than on the organization’s social objectives 
(Austin, 2006). In short, the more a social entrepreneur, either non- or for-profit earns his own 
money, the more the organization is economically sustainable.  Mair and Marti (2006) say 
that the primary objective of most social entrepreneurs is social wealth creation, but earned 
income is necessary to ensure sustainability and to become financially self-sufficient. They 
give examples of many social entrepreneurs who need their earned income to survive, such as 
the Grameen Bank, the Aravind Eye hospital and Sekem.  
 
For additional income, since earned-income operations usually don’t generate sufficient 
resources, social entrepreneurs need to turn to the commercial or social capital market. 
Especially capital to expand business and to grow as an organization is usually provided 
through capital markets, even for profitable businesses (Dees, 2007). The orientation of the 
organization, non- or for-profit, is important in which capital markets can be accessed. For-
profit firms have access to well established, commercial capital markets. In this market, 
investors seek financial returns for their investment, for-profit commercial entrepreneurs thus 
have to show financial performance to their investors. This could cause a problem in keeping 
a continuous focus on the organization’s social objectives (Austin et al., 2006). Social 
entrepreneurs, for- or non-profit, can also search for capital on the social capital market. 
These markets are less developed compared to the traditional commercial market, but are 
better suited for social entrepreneurs. This is mainly because investors here don’t seek a 
complete financial return on their investment, but also aim for social outcomes, these can 
partly or completely offset the financial return (Pepin, 2005). The investors that were 
described here are often referred to as “social investors”, they start a funding process with 
extensive screening of the social entrepreneur, on positive and negative outcomes of the 
operation. Social investors together with philanthropists form the two most common providers 
of capital on the social capital market (Desa, 2010). Philanthropists generally invest human 
resources and funding as a form of charity, aiming for strictly social returns on their 
investments (Desa, 2010). One of the main problems in the social capital market at the 
moment is that it is still hard to quantify social performance. Some standards have been 
developed, but one widely accepted common standard is still non-existing (Desa, 2010). Thus, 
for investors in the social capital market, it still is difficult to measure the “blended value” of 
social and financial performance, to show them the effect of their investment (Nicholls, 
2009). Next to philanthropists and social investors, social capital is also provided by other 
sources such as foundations or social venture competitions. Foundations that invest in social 
entrepreneurs can be private or public, and vary in their interests. One could aim to 
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specifically help hungry children, the other could aim to stimulate the growth of social 
entrepreneurship in Africa. Overviews of foundations that support social entrepreneurs are 
given by Bornstein and Davis (2010) and Nicholls (2006). Some important foundations are 
the Skoll foundation and the Ashoka foundation. Obtaining funding through the social capital 
market has a few negative aspects for social entrepreneurs (Austin et al., 2006). First, as was 
already mentioned before, investors often provide capital with some restrictions regarding 
what it should be used for, this limits the entrepreneur in his freedom to do what he thinks is 
best. Second, investors in the social capital market often provide only a small portion of the 
organization’s capital need. Third, they often only provide capital for a short period of time, 
often one year. This means that the social entrepreneurial venture’s future is often uncertain, 
and it puts an ongoing pressure on social entrepreneurs to give fundraising priority, which 
could cause losing focus on the organization’s social goals. These disadvantages make that 
social entrepreneurs sometimes even choose a for-profit orientation, just to have access to a 
more developed capital market, in which bigger amounts of unrestricted capital are available, 
for longer periods of time (Austin et al., 2006). They however do require financial 
performance.       
 

2.4 Social entrepreneurship as a field of research 
The academic discipline of social entrepreneurship is still at a very early stage. It has 
appeared in scientific literature for a little bit more than a decade. The publication by Dees 
(1998) is often seen as one of the first articles in this field. The field may be young, but can 
draw on much better established fields of research, such as commercial entrepreneurship, non-
profit organizations and Corporate Social Responsibility literature (Desa, 2010). The 
challenge for social entrepreneurship researchers now is to see how to judiciously apply 
theories from other domains, to answer questions regarding social entrepreneurship. Hockerts 
et al. (2010) say that right now the field finally reached a point where they could move 
beyond the general discussion about definitions, emerging general theories, and first empirical 
insights, which dominated the discipline in the past decade. Social entrepreneurship research 
thus is getting more mature, but there is still a lot of research to be done. Combining two 
overviews of suggestions for further research (Desa, 2010 and Austin et al., 2006) gives 35 
relevant future research questions in this field. This thesis aims to contribute to this field of 
research by contributing to knowledge regarding the following directions for future research: 
 

- How does a social entrepreneur determine the optimum mix of financing sources for 
the social enterprise? (Desa, 2010; Austin et al., 2006) 

- What new financial instruments may be designed to overcome some of the current 
deficiencies in the philanthropic capital market? (Austin et al., 2006) 

- To what extent are earned-income strategies successful? (Austin et al., 2006) 
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3 Methodology 

3.1 Case selection 
The case researched in this thesis is the Tanzanian company Diligent Tanzania ltd, founded in 
2005, and a subsidiary of Diligent Energy Systems, which is located in the Netherlands. 
Diligent Tanzania ltd (from now on referred to as Diligent) is a producer of Jatropha 
vegetable oil, which has a promising future as a biofuel.  
 
At Diligent, Jatropha oil is produced though crushing seeds in mechanical expellers, the seeds 
contain around 30% oil. After filtering, the oil can be directly used as a fuel in combustion 
engines, or further processed into biodiesel. The seeds grow in the fruits of bushy tropical 
trees. The seeds that Diligent uses are supplied through an extensive smallholder-network. At 
the moment Diligent has contracted around 3500 small farmers throughout Tanzania, who 
grow Jatropha exclusively for Diligent. The farmers own their own farm, and their own trees, 
and a fair price for the seeds is calculated every year. Diligent collects these seeds through a 
well established network of collectors that works with pre-finance for the collectors, to 
facilitate immediate payment to the farmer.  The development of this network was time and 
resource consuming, and took several years. 
  
Diligent is a perfect example of a social entrepreneur. The company’s mission highlights the 
social objectives of the company regarding the creation of employment and additional income 
to poor peasant farmers in Tanzania, and fighting climate change. Furthermore, the triple 
bottom line principle, in which people, planet and profit are considered equally important, as 
opposed to just profit in the commercial world, is deeply rooted in the company1

 

. Not every 
Jatropha oil producer is immediately a good social entrepreneur, but Diligent, with its 
smallholder business model is. A business model with many small farmers is regarded the 
most sustainable way of producing Jatropha oil (Struijs, 2008). 

As was said earlier, the seeds contain 30% oil. The rest, 70 %, is transformed into seedcake. 
For Diligent, it is a challenge to make optimal use of the seedcake because income from 
selling seedcake, or products made from it, could help to make the business as a whole more 
profitable. At the moment seedcake is used to make briquettes and charcoal, to replace 
firewood and fossil charcoal. These by-products are sold on the local market in Tanzania. 
Diligent is involved in extensive research to make better use of the seedcake.  
 
Diligent is mainly privately funded, but does receive government subsidy for the execution of 
specific projects. The company has a for-profit orientation, and is aiming at making a viable, 
commercial business from this operation, with a constant strong focus on the social 
objectives. This means that the company aims at generating sufficient income through its 
earned-income activities to sustain, and even aims at making a financial profit in the future. 
The earned income activities at the moment are the production and sales of Jatropha oil, 
briquettes and charcoal. At the moment the income from these activities approaches to be 
sufficient to finance the company’s daily operation. However, the costs for management and 
the Dutch headquarters, and a return on the investment can not yet be covered. Diligent aims 
at a turnover-growth of 300% every year to make the business as a whole viable and to be 
completely self-supporting. Next to this turnover-growth, an optimal use of all by-products 
from the oil production is essential.   
 
                                                 
1 See www.diligent.nl. 
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3.2 The objective and research questions of this study 

3.2.1 The main research question 
As can be concluded from Chapter 2, it is more difficult for social entrepreneurs to generate 
income and mobilize resources, than for entrepreneurs who only focus on profit. This 
difficulty is twofold. First, it is more difficult to find investors, since they need to be willing 
to accept the extra risk associated with investing in a company with social goals, this includes 
a higher risk on no or low financial returns. This relates to the second difficulty, which is the 
fact that the company has less emphasis on “making money”, because a social entrepreneur 
does not solely aim at making financial profit. This could lead to less earned income, which 
also creates an extra difficulty in obtaining sufficient resources.  As was also explained in 
Chapter 2, it is desirable for social entrepreneurs to be financially self-supporting. The 
research questions that were given in the end of Chapter 2 relate to this. This thesis tries to 
contribute to answering these research questions. The objective is to look into a new financial 
instrument, namely carbon-dioxide emission credits, and research how this could affect a 
social entrepreneur’s earned income strategy and financing mix. An improved financing mix 
would entail a higher income, and fewer restrictions from funders, this implies that a large 
share should consist of earned income (see Chapter 2).    
 
The principle behind carbon-dioxide emission credits (from now on referred to as carbon 
credits) is that countries or companies who committed themselves to certain carbon-dioxide 
emission targets, can offset these targets through purchasing carbon credits. These credits 
guarantee to the buyer that the required emission reduction has been achieved somewhere 
else. This is mainly done through renewable energy projects, forestry projects, or direct 
greenhouse-gas emission reducing measures in industry, often in developing countries, 
intending to also contribute to their development. There is sufficient reason to assume that 
getting involved in the production of carbon credits could help social entrepreneurs to 
improve their performance. Two main reasons can be identified. First, through the monitoring 
that is needed to produce valid carbon credits, they help to assure the social goals of the 
company through higher, and also more carefully monitored environmental performance. 
Second, carbon credits have the potential to generate a substantial increase in income. Even 
commercial companies with the production of carbon credits as their main or only earned-
income activity do exist. Often the activities that are necessary to engage in carbon credit 
production, can also be used for other earned-income activities. For example trees that are 
used for carbon sequestration can also produce valuable seeds or fruits, or electricity that is 
produced in a sustainable way to produce carbon credits, can be used in manufacturing other 
products, or be sold to the grid. This reasoning could also be made the other way around: if 
you, as a social entrepreneur, are engaged in some kind of business that is currently not 
economically viable, but that, maybe with some adaptations, could also produce carbon 
credits, this could really have a potential to help in making a viable social business. 
 
Many social entrepreneurs are active in developing countries, which is often a requirement for 
valid carbon credits, and also engage in projects that have potential to produce carbon credits, 
such as rural electrification, erosion and deforestation prevention, or infrastructure projects. 
Engaging in carbon credits could be a solution for these social entrepreneurs to solve their 
problems regarding the funding of their businesses, and could help to make their earned-
income strategies more successful. For these reasons it seems relevant for social entrepreneurs 
to engage in carbon credits, however, this combination has, to my knowledge, never really 
been researched before. Therefore, the main research question in this thesis is:      
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Does engaging in the production of carbon-dioxide emission credits have the potential to 
help social entrepreneurs in creating a successful earned income strategy, and to improve 
their financing mix? 
 

3.2.2 The case specific research objective  
As is further explained in the next sections, this thesis aims to answer the main research 
question by means of a case study. One case, the company Diligent Tanzania ltd, is 
extensively researched. The research questions that are formulated in the next section are 
case-specific, and will thus contribute to answering the question whether carbon credits have 
the potential to help Diligent in creating a successful earned income strategy, and to improve 
their financing mix. 
 
Many possibilities to produce carbon credits do exist. Diligent’s current operation has three 
options to produce carbon credits. First, the Jatropha trees that produce seeds, sequester 
carbon in their biomass, just like every other tree does. The amount of carbon that is 
sequestered could be sold as emission reduction credits, because it is removed from the 
atmosphere. Second, fossil fuel is replaced with biofuel, which has a closed carbon cycle. The 
amount of carbon-dioxide emission that is prevented through the use of biofuel can be sold. 
Third, the products that are made from seedcake replace firewood and fossil charcoal. This 
also prevents the carbon-dioxide emission that would have been released if these fossil energy 
carriers would have been burned. The emissions that are prevented can be sold as carbon 
credits. To limit the scope of this project, and because sequestration seems to have the highest 
potential, this thesis only focuses on the first option. The research questions that are 
formulated in the next section refer to a carbon sequestration project at Diligent in Tanzania. 
The other options are only briefly discussed through the last research question. The main 
research objective from the perspective of Diligent Tanzania ltd. is: 
 
Does the development of a carbon sequestration project have the potential to contribute to a 
more successful earned income strategy, and an improved financing mix, for Diligent 
Tanzania ltd.?        
 

3.2.3 Case specific research questions 
In approaching the case, the first important choice that has to be made is according to which 
standard a carbon credit project would be implemented. Many different standards exist, all 
with different requirements and rules, and all producing carbon credits with a different value. 
Some basic requirements are shared among many standards, but others differ. Although this 
thesis discusses all important standards, the differences are important in answering all the 
following research questions. Therefore the first research question is formulated as follows: 
 

1. What is the most suitable standard to use in this case? And what are the similarities 
and differences compared to other standards? 

  
Considering the main research question, the main aspect in answering it, is whether engaging 
in the production of valid carbon credits is economically viable, so whether the activity 
generates more income than it costs. Therefore, it is important to identify all relevant costs 
that need to be made to engage in carbon credit production, the second research question is 
formulated as follows: 
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2. What are the total expected costs associated with engaging in carbon credit 
production? 

  
To be able to make the complete economic calculation, next to the total costs, also the total 
gains are needed. In calculating the total gains, two things are important. First, it is necessary 
to know how much carbon is precisely sequestered in the Jatropha trees. Second, it is 
important to know which price will be paid for certified credits. These are the two main 
aspects that are treated with the third research question: 
 

3. What are the total expected gains associated with engaging in carbon credit 
production? 

 
Research question two and three are interrelated, because their outcomes are highly dependent 
on the standard that is chosen in research question one. The fourth research question takes the 
results from both questions, and calculates the final outcome. It is formulated as follows: 
 

4. Is it expected to be economically viable to engage in the production of carbon credits? 
 
In developing such a project, it is useful to know which factors are decisive in whether the 
project will turn out to be economically viable or not. This makes it easier to make 
adaptations to transform an unviable project into a viable one. Therefore, the fifth research 
question is formulated: 
 

5. Which are the most important factors affecting the expected economical viability of 
this kind of carbon credit project? 

 
Next to the question of whether a carbon credit project would be economically viable or not, it 
is also important that such a project would fit within the context of the company, and would 
not hinder the company’s current operations. Therefore this thesis does not only discuss the 
economic question, but also goes into the other, more organizational aspects that come along 
with this kind of project.  
 
Important with implementing a carbon credit project in an existing company is how this 
company is currently organized and managed, and how this needs to be changed to support 
the new project. Especially with such strict monitoring requirements as can be found in 
carbon credit certification projects, and such a complicated smallholder model, as can be 
found at Diligent, a good internal control system is essential. First, the current control system 
at Diligent has to be analyzed, then a system that would better fit a new situation, with an 
implemented carbon credit project, has to be proposed. This leads to the following research 
questions: 
 

6. What is the current situation of Diligent’s control system? 
 

7. What would an improved control system look like? 
 
To successfully implement a carbon credit project in a company that works with so many 
smallholders, would be impossible without their cooperation. The small farmers could play an 
important role in the project, since they are the ones growing the trees, and actually producing 
the carbon credits. It is important to know their opinions regarding such a project. Also the 
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opinions of other stakeholders, such as local and national governments are important. 
Therefore the following research question is formulated: 
 

8. What are the opinions of smallholder farmers and other stakeholders towards 
developing a Jatropha carbon credit project? 

 
In developing a carbon credit project, internal operating procedures and monitoring strategies 
are important and need to be made explicit. To prevent delays and extra costs when the actual 
certification is done, it is favourable to test these practices in a pilot certification plot. In this 
way problems can be detected and solved in an early stage and on a small scale, this is much 
cheaper and easier than changing procedures when the project is operational at its full scale. 
This leads to the following two research questions: 
 

9. What are the location requirements for a pilot certification, and which location fulfils 
these requirements best? 

 
10. When is the project ready for expansion to full scale? 

 
As was said before, this thesis focuses on carbon sequestration in the fixed biomass (stem, 
branches, and roots) of Jatropha trees. Next to this, two more possibilities exist: credits from 
the fuel switch from fossil fuel to biofuel (straight Jatropha oil or biodiesel), and credits from 
the fuel switch from firewood and fossil charcoal to Jatropha briquettes and charcoal. The 
potential for the two options that were not treated are briefly researched with the following 
research question: 
 

11. What is the potential for other possible carbon credit producing activities within this 
company? 

 

3.3 Research approach and case-study design 
In this thesis, the approach of theory based business problem solving by Van Aken et al. 
(2007) is followed. This approach is chosen because the primary aim of this thesis is to 
contribute to soolving a business problem that many social entrepreneurs face in financing 
their operation. Because this thesis aims at developing prescriptive knowledge, based on the 
paradigm of the design sciences, the approach of this project follows the Reflective Cycle 
model of Van Aken et al. (2007). The logic of this model aims to convert specific knowledge 
that is obtained by means of case study research into generic preliminary technological, or 
general, rules, which are ready to be tested again in other but similar projects. The type of 
research problem that is chosen, which refers to the main research question that was 
formulated in Section 3.1, is analyzed by means of a case study. The logic of this case study is 
explained in the Regulative Cycle of Van Strien (1997), which is embedded in the Reflective 
Cycle. Figure 3.1 shows how these two models interact with each other, and which steps they 
entail. The process starts with the choice of a relevant problem, then a relevant case is 
selected in which the problem is analyzed and solved, and an improved situation is proposed. 
The final two steps of the Regulative Cycle are no part of this thesis, according to Van Aken 
et al. (2007) this is very common for thesis research projects in the context of a company. 
Finally a reflection on the case is done, which forms the basis for developing preliminary 
technological rules, these are prescriptive and more general rules that are wider applicable 
than just to this case. They can be further tested in other, but similar, projects. The 
development of these rules is the final goal of this research project.   
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If we look at the main objective of this thesis research project, which was formulated with the 
main research question, this is to explore the potential of a carbon credit project to help social 
entrepreneurs overcome their financing difficulties. Yin (2009) states that a case study 
approach should be used when a research question has an explorative character, which is the 
case here. According to Yin (2009), the most suitable research questions for a case study 
approach are formulated in a “how” or “why” form. The main research question of this 
research project is somewhere in between “what is the potential of a carbon credit project” 
and “how could a carbon credit project help”. Since Yin (2009) also argues that considerable 
overlaps exist between the applicability of different research methods, and also highlights the 
importance of an explorative character, this research project uses a case study approach. 
Furthermore, this research is not executed in a controlled setting where a researcher has 
perfect control over what happens, and it focuses on contemporary events. According to Yin 
(2009) this all points towards a case study approach as being favourable. The type of case 
study in this project is an embedded single case study. This means that only one single case is 
studied, but within this single case attention is paid to one or more subunits (Yin, 2009). The 
reason why this project is done by means of a single case study is because, out of the social 
entrepreneurs that could potentially engage in carbon credit production, Diligent can be 
considered a typical example. Furthermore, Van Aken et al. (2007) state that if a business 
process as a whole is studied, which is the case in this research, there is no need to study more 
than one case.   
 

 
                                              Figure 3.1: The Reflective Cycle (Van Aken, et al., 2007) 
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3.4 Research scope 
As was described in the previous section, this research project follows the full Reflective 
Cycle and the first four steps of the Regulative Cycle. The two final steps of the Regulative 
Cycle form no part of this thesis research project. According to Van Aken et al. (2007), it is 
very common for thesis research projects to exclude the intervention and evaluation phase. In 
the intervention stage, the solution that was designed in this thesis is executed. This comes 
along with important changes in the company, and also agreements with third parties need to 
be made. Those activities would form the follow-up for this thesis research project. After the 
intervention phase has been completed, it should be reflected on in the evaluation phase. 
Unfortunately reflection often lacks, while it could be very useful (Van Aken et al., 2007). 
Since the intervention phase is beyond the scope of this project, the evaluation on that 
intervention can not be included yet either. Evaluation on this case study as a whole is 
included by means of the reflection step in the Reflective Cycle.  
 
As was already explained in Section 3.2.2, this project mainly researches the options for a 
carbon sequestration project, it does not extensively treat other options for producing carbon 
credits. It does however briefly discuss the potential of the other options.  

3.5 Unit of analysis 
The unit of analysis in a case study defines what the actual case is (Yin, 2009).  In this project 
the one main unit of analysis is the case that is studied: the company Diligent Tanzania ltd. 
Within this case, several subunits are studied, this makes it an embedded case study design. 
Subunits in this research project are: the farmers within the current network of Diligent, 
farmers outside the current network, the internal control and information system of the 
company, the company’s field officers and extension network, the crop Jatropha Curcas, the 
international carbon credit market and the relation with the Tanzanian government policy.  
 

3.6 Data collection 
The research questions that were formulated in Section 3.2 are answered using various 
sources of information. The data collection methods were mainly qualitative in nature. 
According to Van Aken et al. (2007), qualitative research methods are particularly important 
if one intends to study organizations, which is the case in this project.  
 
One of the main methods of data collection in this project is interviews. During the interviews 
a semi structured approach was followed. The list of interviewed people is attached in 
Appendix 2. The interviewed people include:  

- People involved in carbon credit trade and the development of carbon credit projects 
- External experts on Jatropha and carbon credit trade 
- Employees and management of Diligent Tanzania ltd 
- People within Diligent’s extension network, such as collectors and field officers 
- Tanzanian small scale farmers within Diligent’s network 
- Tanzanian farmers outside Diligent’s network 
- Tanzanian village leaders 
- Tanzanian national government officials    

 
Another method of data collection that was used in this research project is participative 
observation. This means that knowledge was gathered through long term participation in a 
culture and the daily activity of a company (Van Aken et al., 2007). In this case, a four month 
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participation in the Tanzanian culture, and in the daily activities at Diligent Tanzania ltd, 
formed an essential part of the data collection.   
 
Next to participative observation, also direct observation was used. These are observations 
that can be done during field trips to case study “sites” (Yin, 2009). In this case direct 
observations were also a source of data. They were mainly collected during field trips to 
farmers and villages, this provided information about the working and living conditions in the 
field.   
 
Next to these qualitative data, the properties of Jatropha trees needed to be studied to be able 
to give an idea about the amount of carbon they sequester. Therefore measurements on trees 
were carried out in the field, and wood samples were collected and then analyzed in a 
laboratory.  
 
According to Van Aken et al. (2007), another important source of information in business 
problem solving projects is scholarly literature. In this project the work of Cacho et al. 
(2003a; 2003b) and Cacho (2009) forms an important guideline next to some important papers 
on social entrepreneurship. Furthermore many reports from scientists and professionals 
regarding carbon credits, as well as the official guidelines provided by the different 
certification schemes form part of the input for this project. 
  
To structure the use of so many different data collection techniques, Table 3.1 categorizes 
them according to the research question they relate to, and the chapter in which they are 
treated. 
 

Research question Data collection Chapter 
1 Scientific and professional literature, official 

guidelines, interviews  
4, 8 

2 Scientific and professional literature, official 
guidelines, interviews 

7, 8 

3 Professional literature, tree measurements, 
wood-sample measurements, interviews  

5, 8, Appendix 1 

4 Participative and direct observations, 
information from previous chapters 

8 

5 Participative and direct observations, 
information from previous chapters 

8 

6 Participative and direct observations, 
interviews 

6 

7 Participative and direct observations, 
scientific and professional literature, 

interviews 

6 

8 Interviews 8 
9 Interviews, participative and direct 

observation 
8 

10 Professional and scientific literature, 
interviews, participative and direct 

observations 

8 

11 Participative and direct observations, 
professional literature 

8 

  Table 3.1: Data collection techniques related to the research questions 
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3.7 Data Analysis 
From the data collection techniques that were described in the previous section, can be 
concluded that this research project combines qualitative with quantitative data. Yin (2009) 
says that analysing an embedded unit of analysis with quantitative data, can make a valuable 
contribution to the main research question, which has a qualitative nature. In this research 
project the properties of the Jatropha tree are researched by means of quantitative data. 
 
In the further analysis of data, this research relies on the theoretical propositions that formed 
the basis for formulating the main research question. These propositions were explained in 
Section 3.2.1, and guided the direction for the case study, and data analysis. According to Yin 
(2009), this is the most preferable data analysis strategy, he says that in the case of “why” or 
“how” questions, the theoretical propositions can be extremely useful in guiding the case 
study.  
 
The data that were gathered could immediately be categorized according to the research 
questions. Because these questions were formulated in a specific way, specific data could be 
collected to answer it.  
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4 Carbon markets 

4.1 Introduction 
In the past decades, scientists and policy makers became increasingly aware of the changing 
climate, and the role of mankind in this change. It is generally accepted that carbon-dioxide 
emissions play an important role in our changing climate, and that emissions need to be 
reduced in the future, to prevent further climate change. In December 1997, the Kyoto 
Protocol was developed, which is linked to the United Nations Framework Convention on 
Climate Change (UNFCCC). By ratifying this protocol, countries commit themselves to 
certain emission reduction targets. The main feature is the commitment of 37 industrialized 
countries, and the European community, to reduce on average five percent of their 
greenhouse-gas emissions compared to the levels in 1990. This has to be done in the five-year 
period 2008-2012. The protocol came into force on February 16th 2005, and currently includes 
193 parties, covering a total of 63.7% of the world’s greenhouse-gas emissions.     
 
To meet their emission reduction targets, countries usually take measures on a national level 
to reduce the emission of greenhouse gasses. However, the protocol also offers three 
international market-based mechanisms: Emissions Trading, the Clean Development 
Mechanism (CDM), and Joint Implementation (JI). Emissions Trading allows countries to 
trade their excess emission permissions. This means that when the protocol allows a country 
to emit a certain amount of greenhouse gasses, but the country emits less, these permissions 
can be traded like any other commodity. The CDM entails the development of emission 
reduction projects in developing countries. The accomplished emission reduction can again be 
traded as a commodity, under the name of Certified Emission Reduction (CER). Joint 
Implementation regards the development of projects by industrialized countries in other 
industrialized countries, to meet their own reduction targets. Emission reductions that are 
accomplished though JI are referred to as Emission Reduction Units (ERU).  All traded 
emission rights are expressed in “tonnes of carbon-dioxide equivalent”, this is done because 
carbon-dioxide is the most common greenhouse gas. This means that emission reductions of 
other greenhouse gasses are expressed as carbon dioxide equivalent. One tonne of carbon-
dioxide equivalent is what is usually referred to as a “carbon credit”, this is also done 
throughout this thesis. The Kyoto-related carbon market consists of the three above described 
mechanisms, and is considered a key tool for reducing emissions worldwide2

 
. 

Next to the carbon market that is related to the Kyoto protocol, which is often referred to as 
the “compliance market”, also a voluntary carbon market exists. The big difference between 
the two is that buyers in the voluntary market choose to reduce their emissions, instead of 
officially having committed to an emission reduction. Examples of these buyers are 
companies choosing to do business in a more sustainable way or travellers who want to 
reduce the impact of their flights. The carbon credits that are produced for the voluntary 
market, don’t need to go through the extensive procedures of the compliance market, which 
saves time and money. 
 
Over the past decade, many different standards have been developed. Since there is no overall 
controlling entity for the voluntary market, basically every standard can choose its own rules 
and procedures. This really means buyers could express what they consider important, and 
find or even develop an appropriate standard. However, in general the public opinion is 

                                                 
2 All this general information about the Kyoto Protocol can be found at www.unfccc.int 
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important in this kind of transactions, which means that also voluntary standards need to be 
robust. To guarantee this, voluntary standards often refer to the methodologies that were 
developed for the compliance market, and make slight adjustments to them.  
 
The potential for forestry projects to contribute to the fight on climate change, is widely 
shared. Nevertheless, less than 1% of the total transactions in CDM are forestry transactions 
(UNFCCC, 2008). This percentage lies higher in the voluntary carbon market, where forestry 
transactions account for 24% of the total (Hamilton et al., 2010). This chapter discusses both 
the voluntary standards and the options on the compliance market, with emphasis on the case 
for a carbon sequestration project. Both markets are compared on their advantages and 
disadvantages for this case, and an estimation of the prices that are paid for different credits 
has been made. The CDM is explained, and a general explanation of the voluntary market is 
given. This chapter however does not aim to deliver a complete comparison of all forestry 
standards, since these are already available (e.g. Lopes, 2009; Merger and Williams, 2008)   
 
This chapter contributes to answering research questions 1 and 3.  

4.2 Forestry under the Clean Development Mechanism 

4.2.1 Special CER’s for forestry 
The basic idea behind CDM is to combine climate change mitigation with a contribution to 
the development of developing countries. Generally emission reduction projects within the 
CDM produce Certified Emission Reductions (CER’s). Forestry projects within the CDM 
however, produce temporary CER’s (tCER’s) or long term CER’s (lCER’s). This distinction 
is made because of the issue of “permanence”. The difference between a forestry project and 
any other emission reduction project is as follows. Once an emission reduction has been 
accomplished it is generally irreversible. For example when the combustion of fossil oil has 
been replaced with solar power, this has avoided the combustion of that quantity of oil, and 
this can never be reversed again. In the case of a forest however, the carbon is only temporary 
stored in the trees. It cannot be guaranteed that this carbon will never be emitted again (for 
example through fire, natural disasters, or illegal logging). This is why the CDM uses special 
CER’s in the case of forestry projects.  
 
TCER’s expire at the end of the commitment period that follows the one in which they were 
issued. This means that they first have to be verified (after the carbon has actually been 
sequestered in trees), and are then valid for the following commitment period (each period 
takes five years3). Then the next check (verification) has to be done, to produce new tCER’s, 
which will again be valid for the next five years. LCER’s expire at the end of the project’s 
crediting period, which can be chosen by the project developer to be either 20 years with the 
possibility to renew twice, or a single 30 years4

                                                 
3 Adopted from “Frequently asked questions on forestry and CDM, version 1.2” at: www.tuev-sued.de. 

. After the expiration of these credits, they 
need to be replaced with any other kind of emission reduction credit. TCER’s can be replaced 
with any kind, including new tCER’s, lCER’s need to be replaced with more permanent 
credits. The other important difference between the two is that tCER’s have a guaranteed 
validity for their full commitment period, whereas lCER’s need to be replaced in case they 
were reversed. Credits being reversed means that the carbon stock does no longer exist, for 
example because of a forest fire. This would be observed in the obligatory verification, once 
every five years. This system, with tCER’s and lCER’s, is generally perceived as being very 

4 www.cdmrulebook.com 
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complicated. Therefore many buyers don’t precisely understand the concept, and choose not 
to buy tCER’s and lCER’s. Neeff and Henders (2007) state that a quarter of the carbon credit 
buyers don’t know the difference between tCER’s and lCER’s, and often don’t even know 
that forestry credits expire. It is likely that tCER’s and lCER’s will not be used anymore after 
2012, when the Kyoto protocol expires. New ways of handling the permanence problem have 
been developed in the voluntary market, it is likely that these will also be adapted in the 
compliance market (Lopes, 2009). 
 

4.2.2 The CDM project cycle 
Every CDM project follows the same steps that bring a project from an initial idea, to the 
production of valid and tradable CER’s. This cycle follows eight steps, and is visualized in 
Figure 4.15

 
. 

A CDM project, whether it is a forestry project or not, starts with a project idea. A project 
developer can choose to first explain the idea briefly (5-10 pages) in a Project Idea Note 
(PIN). This document can be used to explain the project to potential investors, or to get a first 
feedback from the national Designated National Authority (DNA). This DNA’s role is to 
approve the project from the host country’s government’s perspective. The PIN can also be 
used to obtain a Letter Of No Objection from the DNA. This letter can be helpful in contact 
with potential investors, it however does not give any guarantee about the final approval. The 
PIN should also discuss the baseline- and monitoring-methodology that will be followed. A 
CDM project usually follows an already developed methodology, but also the possibility to 
develop a new methodology exists. This last option however, is a long process, which is why 
most project developers choose to use an existing methodology. In the case of forestry 
projects, these methodologies mainly describe what the previous land use (the baseline 
scenario) is, of the land that will be used for the project. Also the monitoring requirements are 
explained.     
 
After the decision is made to actually develop the idea into a project, the Project Design 
Document (PDD) needs to be prepared. In this document the project needs to be described 
into detail. All requirements for CDM projects need to be fulfilled, and every aspect from the 
chosen methodology needs to be treated. In the Section 4.2.4 the requirements for a CDM 
project, and thus the content of the PDD will be further explained.    
 
When the PDD is developed, the project needs to be approved by the national DNA, and 
validated by a Designated Operational Entity (DOE). A DOE is an independent external 
auditor, who is assigned by the CDM executive board as an approved auditor. Usually 
validation has to be done by a different DOE than verification, however, in special cases such 
as small scale projects, both tasks can be done by the same DOE. From the DNA a letter of 
approval needs to be obtained. This letter guarantees the national government’s support for 
the project.    
 
After the letter of approval is obtained, and validation was successful, the project is ready to 
be formally registered as a CDM project by the CDM executive board.  
 
                                                 
5 This cycle is mainly based on the information on the official CDM website (cdm.unfccc.int), but also on 
several other reports and publications such as the official CDM guides that were developed by the national 
DNA’s of Tanzania and Zambia. Furthermore information was used that was obtained in interviews with experts, 
and the information at the website www.cdmrulebook.org was used.  

http://www.cdmrulebook.org/�
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During the project the greenhouse-gas emission reductions need to be carefully monitored by 
the project participant(s).  
 
Finally, verification of the achieved greenhouse-gas emission reductions has to be done by a 
DOE. This verification is done “ex-post”, which means that it happens after the emission 
reductions have actually been achieved. The DOE has to determine that a certain amount of 
emission reductions has been achieved, as a result of the registered CDM project. For Forestry 
projects validation is done every five years.  
 
After the verification has been done, the DOE submits the verification report to the CDM 
executive board. This is then checked again, after which the produced CER’s are valid and 
tradable. However, also options exist to trade in futures on CER’s, this will be discussed later.  

        
Figure 4.1: The (forestry) CDM project cycle. 
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4.2.3 Options for forestry under CDM 
The CDM offers developers of forestry projects some different options to shape their 
projects6

 

. First, a suitable baseline and monitoring methodology has to be identified. A 
methodology gives a guideline and procedures for determination of the baseline scenario (the 
scenario in absence of the proposed project) in terms of for example environmental 
conditions, land use changes, or social issues. Furthermore, the methodology discusses the 
methods that are used to collect and archive all relevant data for implementation of the 
monitoring plan. To date, a total of 18 approved methodologies is available, an overview of 
the available methodologies is provided in Appendix 3. Every methodology is developed for 
different circumstances, varying from agriculture to degraded lands, to silvopastoral practices. 
If a project developer is unable to find a suitable approved methodology, he can always 
decide to develop a new methodology, and propose it for approval by the CDM executive 
board. However, this is a longer and more expensive process than choosing an approved 
methodology.   

An important distinction is made between large- and small-scale projects. Small scale forestry 
projects can follow simplified baseline and monitoring methodologies, which makes their 
development less complex, and less expensive. Compared to large-scale projects, they only 
need a simplified version of the PDD, for which a format is provided by CDM. Furthermore, a 
shorter review period for registration and a lower registration fee applies. A project is 
basically regarded a small scale project, if the net greenhouse-gas removals as a result from 
the project don’t exceed 16.000 tonnes of carbon-dioxide per year. Furthermore, a small-scale 
project should be developed by low-income communities and individuals, which has to be 
determined by the country in which the project is implemented (usually referred to as the host 
party).  
 
Instead of developing one single large- or small-scale project, CDM also offers the possibility 
to develop a Programme of Activities (PoA). This framework offers the possibility to develop 
many different, but comparable, interconnected projects under one Programme of Activities. 
A project under a PoA is referred to as a CDM Programme Activity (CPA). One PoA consists 
of several CPA’s. After validation of the PoA, and of one CPA, there are no limits to the 
addition of new CPA’s to the PoA. The CPA’s don’t need individual validation, when they 
are added after the PoA has been validated. The greenhouse-gas emission reductions as a 
result of the CPA’s have to be verified after they have taken place, before any valid CER’s 
can be registered. Separate design documents should be made for every CPA, and one design 
document, for the PoA as a whole. Formats for these documents are provided by the CDM, 
specific formats are available for forestry projects. One PoA can consist of CPA’s in more 
than one country, and several approved methodologies may be combined.  
 

4.2.4 Requirements for forestry CDM in Tanzania 
For the development of forestry projects CDM has many general rules and guidelines. Some 
of those are specific to the host country, which is the country in which the project is 
developed. In this section the most important requirements are treated and linked to the 
Tanzanian context. These issues also need to be treated in the PDD that needs to be prepared 
for validation, in case of a Programme of Activities some aspects should be treated in the 

                                                 
6 This section is based on information that was obtained from the official CDM website (cdm.unfccc.int), and 
citations from official CDM documentation at www.cdmrulebook.org.  
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PoA-design document, others in the CPA-design documents. In any case, as was explained in 
the preceding section, a suitable approved baseline and monitoring methodology should be 
chosen, or a new one has to be developed. The requirements for the baseline scenario in the 
selected methodology have to be followed.   
 
Forestry projects within the CDM are divided in afforestation and reforestation. The main 
difference between the two is that with reforestation a deforested area of land is newly turned 
into forest, while afforestation is about the development of new forests. Afforestation is done 
on land that did not contain a forest for the past 50 years. Reforestation is done on land that 
was not forested on the 31st of December 19897

 

. Land that was covered with forest after that 
date, but is now deforested is not eligible, to prevent land clearing purposely for the 
development of a CDM project. Besides the reforestation / afforestation issue, land is only 
eligible when the current vegetation on that land is below forest thresholds, these are 
discussed in the next paragraph. Furthermore, all young natural vegetation should not be 
expected to be finally able to reach forest thresholds, and the land cannot be just temporarily 
empty. Thus land can only be eligible when the current vegetation is permanently below 
forest thresholds, and is not expected to ever reach those thresholds.  

The forest threshold is defined by each host country individually. The host country’s 
Designated National Authority (DNA) defines thresholds to qualify as a forest in that specific 
country in the national forest definition. These thresholds lie within the margins that are 
provided by the CDM. These margins require a value for minimum crown cover between 10 
and 30%. The minimum single land area should have a value between 0.05 and 1 hectare, and 
the single minimum tree height should lie between 2 and 5 metres. Tanzania did not develop a 
national forest definition yet, according to the DNA such a definition is under development8

 

. 
Tanzania’s neighbouring country Kenya did develop a national forest definition. 
Climatological circumstances are similar in Tanzania, so this is the best guideline at the 
moment. Kenya’s forest definition requires a minimum crown cover of 30%, a single 
minimum land area of 0.1 hectare, and a single minimum tree height of 2 metres.  

Every CDM project should be additional. This means that the green-house gas emission 
reductions as a result of the project are greater than those that would have occurred in case of 
the most likely baseline scenario. The most likely baseline scenario could be a business as 
usual scenario in which the current activity on the land just continues, but also another 
activity that would possibly result in greenhouse-gas emission reductions, without the income 
from the selling CER’s. 
 
Forestry projects that have already started can apply for validation as a CDM project. It is 
however important that the project did not start before January 1st 2000, projects that started 
before this date are not eligible as a CDM project. It is very important that the project was 
intended as a carbon credit project from its earliest start on.  
 
An important aspect of the Letter of Approval that a project developer should obtain from the 
DNA is that the project contributes to sustainable development in the host country. The 
Tanzanian DNA wants all benefits from the project to flow directly to Tanzanian 

                                                 
7 This and more information in this section was obtained from the official CDM website (cdm.unfccc.int), and 
citations from official CDM documentation at www.cdmrulebook.org 
8 This information is obtained through personal communication with Mr. Freddy Manyika, head of the 
Designated National Authority in Tanzania.  
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stakeholders. A project developer with strictly foreign shareholders is problematic. 
Furthermore, it should be clear that forestry activities don’t compete with food production9

 
. 

In the development of a forestry CDM project it is important that the environmental impacts 
of the project are thoroughly researched. In Tanzania this should be done by a consultant who 
is approved by the National Environmental Management Council (NEMC)10

 

. The NEMC 
states that a forestry project that consists of operations at different locations needs separate 
Environmental Impact Assessments (EIA) for each location if these locations are located in 
different regions (further than 20-30 km apart). This would be very likely in the case of for 
example a PoA with CPA’s at different locations, or with one large project that consists of 
many small forests. Separate EIA’s for all different locations can quickly make a project 
financially unfeasible. The Tanzanian government however does require an EIA, therefore a 
project developer should anticipate to this by centralizing the project as much as possible. 
Depending on the scale of the project, there is a possibility that only environmental clearance 
or a preliminary EIA would be sufficient, however, when one project consists of many small 
scale activities, still a full EIA is required. To make a CDM project financially viable some 
size is required, which almost automatically leads to a full EIA. The final choice of the 
consultant that will be hired to do the EIA lies with the project developer, however, the 
consultant has to be or become approved by the NEMC. Next to the environmental impacts, 
also the social impacts should be analyzed. This Social Impact Analysis (SIA) is often part of 
the EIA, or is done by the same consultant.  

Besides what was discussed above, a Project Design Document for a forestry CDM project 
should contain the following information: 

- A general description of the project, including the participants, the location, its 
boundaries, the project’s funding, a description of the applied species and 
technologies, and the legal land titles. 

- A choice between tCER’s or lCER’s 
- An estimation of the amount of net Greenhouse-gas removals as a result of the project 
- The duration of the project (crediting period), this can be either a non-renewable 

single 30 years, or 20 years which can be renewed twice to a total of 60 years.  
- The application of the baseline and monitoring methodologies, this includes a 

description of the applied stratification and sampling practices for monitoring.  
- Identification of leakage (an increase in greenhouse-gas emissions outside the project 

boundary, attributable to the project), and a description of measures to reduce it 
- An extensive description of how the greenhouse-gas removals will be monitored over 

the duration of the crediting period, including parameters that should be measured, and 
their measurement intervals.  

- Comments from stakeholders; all stakeholders should be given the opportunity to 
comment on the proposed project 

- A description of how uncertainties will be addressed 
 

4.2.5 The market for forestry CER’s 
As was explained in Section 4.2.1, CDM forestry projects produce tCER’s or lCER’s. The 
market for these CER’s is limited compared to normal CER’s. This is mainly due to the 
                                                 
9 This information is obtained through personal communication with Mr. Freddy Manyika, head of the 
Designated National Authority in Tanzania. 
10 This information is obtained through personal communication with Mr. Moses Ngegba, Carbon Manager at 
Green Resources ltd., and Mr. Aziz Abbu, Senior environmental management officer at NEMC, Dar es Salaam.   
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permanence problem; forestry CER’s need to be renewed at a certain moment, while normal 
CER’s have an unlimited validity. The voluntary carbon market developed a system to handle 
the permanence problem in an easier way, which is described in the sections about that 
market. It is likely that a successor of the Kyoto protocol, which expires in 2012, will use 
another way of handling the permanence problem.  
 
The world’s largest trading mechanism for carbon credits is the European Union Emissions 
Trading System (EU ETS)11

 

. It is launched in 2005 and is mainly a cap and trade system. This 
means that a limit is put on a country’s or company’s total amount of allowed greenhouse-gas 
emissions. These emission allowances can also be traded from one country to the other. The 
EU ETS also accepts the purchase of CER’s to reach part of the emission reduction targets. 
Carbon credits from voluntary markets are not accepted. Due to their complexity and the 
permanence problem, forestry credits are also excluded from the EU ETS. Exclusion from the 
world’s most important trading mechanism makes forestry credits relatively difficult to trade.  

Buyers of forestry carbon credits either can buy credits to meet their own emission targets, or 
to resell the credits. The first category entails countries that do not operate within the EU 
ETS, but do have a Kyoto target to meet. The second category consists of brokers, but also 
carbon funds. A carbon fund is a transparent framework, designed to deliver a certain volume 
of carbon credits at a certain moment (Neeff and Henders, 2007). Certain funds engage with 
project developers at a very early stage, sometimes only after the Project Idea Note has been 
developed. At this stage the expected credit production can already be sold. Usually prices for 
this kind of early sales are much lower than the prices that are paid for credits from registered 
projects or issued credits. However, an early purchasing agreement can help to obtain 
financial closure for a project.  
 
The BioCarbon fund of the World Bank is the biggest buyer of forestry CER’s (Neeff and 
Henders, 2007). This fund specifically aims at forestry CER’s. Only compliance credits are 
bought, which means that carbon credits from the voluntary carbon market are not purchased 
by the BioCarbon fund. Currently the second tranche of this fund is still open for new 
projects12

 
. 

4.2.6 Forestry CER prices 
As was already said in the preceding Section, prices that are paid for CER’s depend heavily 
on the type of credit, and the time of selling. With the time of the purchase (the stage in which 
the project finds itself), risks are taken; and early purchase includes a risk for the buyer that 
the credits will never be issued. Neeff and Henders (2007) indicate precisely which risks are 
involved for the buyer of forestry CER’s in which stage of the project. The reference is an 
EU- emission Allowance (EUA), which is a tradable allowance from one country to the other, 
with no risk involved. The lower the risks involved are, the higher the purchasing price will 
be, this means that EUA-price is the reference for the maximum price. Usually EUA’s are 
sold with a yearly forward contract, at the moment the Dec11 EUA price is the best reference, 
which is the price for contracts that expire in December 2011. This price per tonne of CO2 
equivalent has been between €13 and €17 in the past two years, at the moment it is around 
€15.8013

                                                 
11 Information about the EU ETS is mainly obtained from http://ec.europa.eu/clima/policies/ets . 

.  

12 According to the World Bank at www.wbcarbonfinance.org, at March 9th 2011. 
13 Carbon credit prices were obtained from www.theice.com, www.carbonpositive.net, and from market reports 
at www.thecarbondesk.com. 

http://www.wbcarbonfinance.org/�
http://www.theice.com/�
http://www.carbonpositive.net/�
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Since forestry CDM projects produce expiring CER’s, it is important whether the project 
produces tCER’s or lCER’s. LCER’s will generate a higher income at an earlier stage of the 
project, so if this is necessary a developer will probably be required to choose lCER’s. 
However, buyers generally prefer tCER’s (Neeff and Henders, 2007), this is mainly because 
they offer a short-term, low-cost fulfilment of emission reduction-targets. Also the high 
degree of flexibility of tCER’s is valued by buyers, while lCER’s bring along certain risks. It 
however is important that many buyers don’t know the exact differences between tCER’s and 
lCER’s. For further elaboration see Section 4.2.1. According to Bird et al. (2004), the tCER 
price will be approximately 10% of the current market price of normal CER’s. LCER’s are 
estimated to generate up to 60% of the normal CER price. At this moment the CER price is 
around €12 per tonne of CO2 equivalent14

15
, and analysts expect this price to remain stable in 

the near future . According to Neeff and Henders (2007), the price that the BioCarbon fund 
pays for tCER’s lies between USD3.75 and USD4.35 per tonne of CO2 equivalent, for carbon-
dioxide removals by forests until 2017. Prices of 3 till 4 USD are also expected by experts of 
the World Bank itself15

 

. A PDD that was developed by Green Recources ltd. for a forestry 
project in Idete, Tanzania, estimates a price of €4 per tCER in 2013, increasing with 5% every 
year. 

In the remainder of this thesis, a value of USD3.50 per tCER are used. This is based on the 
estimates of the World Bank, and the figures about the BioCarbon fund, which is the main 
buyer of tCER’s. At the moment of that estimation CER prices were between USD12 and 
USD20. 
 

4.2.7 Post 2012 scenario 
Although the first commitment period of the Kyoto protocol ends in 2012, there is still no 
agreement on a successor. Negotiations in Copenhagen and Cancun, where the parties were 
expected to come to an agreement, did not lead to this outcome. There is general consensus 
that there will be a successor of the Kyoto protocol. However, because it is still uncertain 
what this successor will look like, project developers tend to be cautious until more certainty 
about the future can be given. As a result of the slow negotiations it is possible that a gap 
between the first and subsequent commitment periods arises (UNFCCC, 2010).  
 

4.3 Forestry in the voluntary carbon market 

4.3.1 Introduction 
In the voluntary carbon market, buyers are active who did not commit themselves to legally 
binding emission requirement targets through the Kyoto protocol. These buyers can set their 
own standards. This way many of the complexity that CDM projects bring along can be 
avoided. Furthermore, since the voluntary market operates independently from the slow 
bureaucracy of the United Nations, it tends to be more innovative in solving problems and 
complexities. Of course the obvious requirements for carbon sequestration projects should 
also be followed in the voluntary market, since every buyer wants to buy a legitimate product. 
Issues such as additionality, permanence, and environmental impacts, which were discussed 
                                                 
14 Carbon credit prices were obtained from www.theice.com, www.carbonpositive.net, and from market reports 
at www.thecarbondesk.com. 
 
15 At www.carbonpositive.net. 

http://www.theice.com/�
http://www.carbonpositive.net/�
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in the preceding sections about the CDM, are also important in the voluntary market. For this 
reason these concepts are not extensively explained again. Especially in the voluntary carbon 
market it is important that unique carbon credits are produced. Many different standards exist, 
which means that it should be carefully checked whether credits from the same project were 
already registered with another standard.  
 
Mainly two trading schemes exist for voluntary carbon credits. The first is the Chicago 
Climate Exchange (CCX), which covers almost half of all credits that are traded on the 
voluntary carbon market (Hamilton et al., 2010). The second is the so called “Over the 
Counter” market (OTC). This market entails every transaction that does not fit in the 
compliance market or CCX. Almost all credits in the over the counter market originate from 
emission reduction projects (Hamilton et al., 2010), while in the other two still the majority of 
the traded emission rights originates from a cap and trade mechanism, which means an 
allowance to emit is traded from one emitter to the other. 
 
In the following sections both schemes are explained.          
 

4.3.2 The Chicago Climate Exchange 
The idea behind the Chicago Climate Exchange (CCX) is similar to the Kyoto protocol: 
parties agree on legally binding emission reduction targets16

 

. Through a cap and trade system, 
in which allowances are tradable from one party to the other, and projects that produce 
emission reduction credits, emission allowances are traded. Where the Kyoto protocol is an 
agreement between countries, the members of the CCX are usually companies. These 
companies voluntarily commit themselves to legally binding emission reductions. 

The unit of measurement that is used in the CCX is the Carbon Financial Instrument (CFI), 
one CFI is equal to 100 tonnes of CO2-equivalent. As was said before, both allowance based 
credits, and offset based credits (from emission reduction projects) are traded on the CCX. 
Currently most members reach their emission reduction targets mainly through mitigation 
efforts in their own operation, only 15% of the total emission reductions are achieved through 
offset projects (CCX, 2009). The CCX allows 50% of all emission reductions to be the result 
of offset projects.  
 
Offset projects that want to participate in the CCX need to be third party verified by a CCX-
approved verifier. Basically all offset projects could qualify for registration with CCX, 
however, projects that precisely follow the CCX protocols are the easiest and quickest way. 
Projects that are developed based on other guidelines (such as CDM or other voluntary 
standards) first need approval from CCX committees. The protocols can be found on the CCX 
website, a specific protocol for forestry projects is also available. According to Lopes (2009), 
the CCX forestry standard is one of the worst standards available in terms of quality. In his 
analysis he questions the additionality-criteria, and states that the CCX protocol handles the 
permanence problem in a very poor way. Although a buffer pool of 20% is required (only 
80% of the sequestered carbon is sold in credits), there are no guarantees the forest will 
remain after the minimum 15 years commitment period. Furthermore it is not clear what 
happens if the CCX would cease to exist. Altogether, according to Lopes (2009), it seems 
relatively easy to plant a forest, sell the carbon credits, and clear the land relatively shortly 
after, without consequences. 

                                                 
16 Most information regarding the CCX is obtained from www.chicagoclimatex.com. 
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Prices at the CCX dropped from USD4.40 per tonne of CO2-equivalent in 2008 to USD1.20 
in 2009 (Hamilton et al. 2010). At the moment prices are back at around USD3.1517

 
. 

4.3.3 The voluntary over the counter market 
Every transaction that does not fit into the CDM or CCX is regarded part of the voluntary 
over the counter market (OTC) (Hamilton et al., 2010). As the name already says, most 
transactions in this market are made on a case to case basis. Buyers interested in purchasing 
carbon credits and project developers willing to sell their carbon credits find each other, and 
come to a mutual agreement. Also intermediaries, like brokers, can assist in connecting both 
parties. Also CDM credits can be sold on the OTC market instead of in the more standardized 
trading mechanisms.  
 
The buyers are not driven by a legal requirement to reduce their emission. This makes that in 
the OTC market two types of buyers are active: “pure voluntary” and “pre-compliance” 
buyers (Hamilton et al., 2010). Pure voluntary buyers buy carbon credits to offset their own 
emissions, they are driven by CSR or ethical motives. Pre-compliance buyers buy credits 
before they are registered as official CER’s, so when they are technically still voluntary 
credits. They could do this to either use them for future compliance with own emission 
reduction targets, or to sell them in the future as compliance credits at a higher price 
(Hamilton et al., 2010).     
 
Many different standards are available to certify offset projects that generate carbon credits. 
Both project developers and buyers can identify a suitable standard, and agree on the use of a 
specific one. This thesis does not aim to give a complete overview of the available forestry 
standards, or a comparison between them, because these already exist (e.g. Lopes, 2009; 
Merger and Williams, 2008; Hamilton et al., 2010). These reports can be very helpful in 
identifying the most suitable standard for a specific project. However, procedures and 
regulations change quickly, so it is wise to always check with the standards themselves for the 
latest updates. Lopes (2009) assesses the quality of all standards. He concludes that only the 
Voluntary Carbon Standard (VCS), the Climate, Community and Biodiversity Standard 
(CCBS), Carbonfix, and the California Climate Action Registry (CCAR) offer sufficient 
guarantees. All other standards have major weaknesses in terms of transparency, 
environmental performance, or the accuracy of calculating the actual contribution to 
greenhouse-gas emission reductions (Lopes, 2009). The CCBS is not a complete carbon 
standard, but can be used as an additional certificate to guarantee the value of the co- benefits 
that arise from a project, such as benefitting local communities. Most standards handle the 
basic issues regarding carbon credit projects, which were described in the CDM-Sections, in a 
more or less proper way, or even in a similar way to CDM. Many standards for example refer 
to CDM tools in assessing the additionality of a project. One important difference is that 
while the CDM uses the tCER/lCER system to address the permanence problem, most 
voluntary standards use a buffer pool. This means that they don’t sell the full sequestration 
potential of a project, but keep up to 60% of all credits in a buffer. This buffer serves as 
insurance in case trees were destroyed. The size of the buffer pool is based on a risk 
assessment.  
 

                                                 
17 Obtained from www.chicagoclimatex.com at March 14, 2011. 

http://www.chicagoclimatex.com/�


 27 

Prices that are paid on the voluntary OTC market vary enormously across different standards 
and projects. They vary from USD0.30 per tonne up to USD111.00 per tonne of CO2-
equivalent sequestered. Conditions and prices all depend on the agreement between buyer and 
seller. On average USD6.50 per tonne of CO2-equivalent was paid on the voluntary OTC 
market in 2009 (Hamilton et al., 2010). The most popular standard, VCS, accounts for one 
third of the total over the counter market. These credits were sold at an average price of 
USD4.70 in 2009. Climate Action Reserve credits (CAR), which are linked to the CCAR, 
accounted for another third. CAR-credits were sold at an average price of USD7.00 in 2009 
(Hamilton et al., 2010). At this moment CAR-credits are at a price of USD2.75 per tonne of 
CO2-equivalent18. Credits sold under the Carbonfix standard report the highest prices for 
voluntary forestry credits in 2009, selling at an average of USD10.90 per tonne of CO2-
equivalent. These and all other prices can be found in the market analysis by Hamilton et al. 
(2010). An important price drop is seen in the price of CAR-credits from the 2009 average to 
now. In the development of project proposals it is wise to be conservative in the expected 
price at which carbon credits will be sold. Without an already contracted buyer it is safe to 
count on a price of USD2.00 to USD3.00 per tonne of CO2-equivalent in the voluntary OTC 
market19

4.4 Which standard to choose? 

, this is also done throughout the thesis. It is important to note that the actual sales 
price could end up much higher, this all depends on the deal that can be made.          

Generally project developers would prefer to generate CER’s under the CDM. CER’s have 
the largest potential market, since they can be used for both compliance and voluntary 
emission reductions. For example, the EU ETS only accepts offset credits from CDM 
projects. Besides a larger market, also the prices that are paid per tonne of CO2-equivalent are 
generally higher for CDM credits, compared to voluntary ones (Hamilton et al., 2010).  
 
Aiming for registration under CDM brings along a few difficulties. First of all, procedures are 
extensive and complex. CDM is part of the Kyoto protocol, which is linked to the UNFCCC. 
This means that the CDM has to cope with all difficulties that come along with the 
international diplomatic way of working within the United Nations. This is often regarded as 
very bureaucratic compared to voluntary carbon credit trading. In the voluntary market 
regulations and legislation of the host country (e.g. regarding environmental and social impact 
analyses) should obviously be followed as well, but formalities like a letter of approval are 
not necessary. Especially in the least developed countries with unstable governments, it can 
be preferable to avoid government involvement as much as possible, this is difficult under the 
CDM. Specifically forestry projects often choose to register under a voluntary standard rather 
than under the CDM. Where the voluntary market as a whole is compared to the CDM, it 
becomes clear that the distribution of project-types is similar, except for forestry projects 
(Estrada et al., 2008). In the voluntary OTC market forestry projects accounted for 24% of the 
total in 2009 (Hamilton et al., 2010), while less than 1% of the total CDM projects is forestry 
related (UNFCCC, 2008). This is mainly because of the better procedures voluntary standards 
developed, such as the way of handling the permanence problem. Furthermore, the advantage 
of a much bigger market from CDM credits is less valid for forestry projects, since they 
produce tCER’s and lCER’s, which are more difficult to trade, they are for example not 
tradable under the EU ETS. 
 

                                                 
18 Current price obtained from www.ccfe.com. 
19 According to Ms. Nicola Steen, carbon markets expert.  
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Since the current version of the Kyoto protocol, and with that the CDM, expires in 2012, it is 
likely that a new version will improve the conditions for forestry projects. At this moment 
however, it is still unknown what a successor will look like. Experts generally believe it is 
easier and less expensive to register a project under a voluntary standard, while this does not 
necessarily result in a lower quality of credits (in terms of for example environmental and 
social performance). The CDM however still is the leading framework, and it is the reference 
for most voluntary standards. Furthermore, important buyers like the World Bank only accept 
CDM-credits. Experts agree that if a buyer can be contracted before initiation of the project, 
voluntary credits are preferable. But if the project aims at producing credits that will be later 
sold on the market, there is a bigger market for CDM-credits. If the choice is made in favour 
of a voluntary standard, the overviews and comparisons that were mentioned in Section 4.3.3 
can be helpful in identifying the most suitable one. 20

 
 

   

   
 
 
 
 
 
 
 
   
      
 
   
 
  
           
 
  
 
      
 
 
           
 
 
 
 
     
 
 
 
 

                                                 
20 This section is based on interviews with several experts in the field of carbon credits. For a list of interviewed 
people see Appendix 2. 



 29 

5 Biomass production and carbon storage in Jatropha Curcas 
 
In the development of a forestry carbon sequestration project, it is essential to know exactly 
how much carbon-dioxide is sequestered in a Jatropha tree. Only very little research was 
found on this aspect, and no research at all was found that could provide all necessary 
information to make proper estimations for a project in northern Tanzania. Since this 
information is required to give an idea about the potential for Jatropha in developing carbon 
credit projects, the decision was made to destructively research a total of 9 trees from 
different locations in northern Tanzania. A detailed report on that research is attached to this 
thesis as Appendix 1. This chapter summarizes the most important findings, and contributes to 
answering research question 3.    
 
A total of nine Jatropha trees that lived under different circumstances, and of different ages, 
were excavated. These trees were measured and weighed to determine a valid allometric 
equation between the tree’s basal diameter (BD) and total woody dry biomass, for Jatropha 
trees in northern Tanzania. An allometric equation is particularly valuable in monitoring tree 
growth because it gives the option to measure variables that are easy to measure, and predict 
variables that are difficult to measure, such as a tree’s total biomass. The developed equation 
is likely to be less valuable for different growing conditions on other locations because 
root/shoot ratios differ substantially. Therefore also an allometric equation for the relation 
between the above ground woody dry biomass and the basal diameter was developed. Finally, 
to give the most representative general equation, the equation from this study was combined 
with findings from other studies to develop a third allometric equation.  The equations that 
were found are: 
  

2575.3001245.0 BDTWDBiomass =  
 

2568.3000939.0 BDsAGWDBiomas =       
 

3929.3000948.0 BDsAGWDBiomas Combined =  
 
From the excavated trees, also wood samples were taken to determine the precise carbon 
content of the wood. It was concluded that for Jatropha wood, 44.1% of the above ground dry-
weight, and 42.5% of the below-ground dry weight consist of carbon. This should be 
multiplied with 44/12 to calculate the amount of carbon-dioxide. A regular Jatropha tree in 
northern Tanzania, that is kept in shape for harvesting its seeds, is estimated to have 
sequestered 11.62 kg of carbon-dioxide in its woody biomass, when mature.          
 
In the continuation of this thesis, the value of 11.62 kg carbon-dioxide per tree, which was 
calculated in Section 5.2 of Appendix 1, was used for further calculations, unless stated 
otherwise.    



 30 

6 Internal control and data management 

6.1 Introduction 
Controlling the project, and accurately monitoring the carbon sequestration as a result of the 
project, and all the project’s impacts, is essential to a project’s success. Trading carbon credits 
is in fact nothing more than trading the guarantee that an emission reduction has been 
achieved, or carbon-dioxide has been sequestered in a forest. Proper management and 
monitoring makes this guarantee legitimate or worthless. At the same time management and 
monitoring are major challenges, especially in the developing countries in which carbon 
sequestration projects are usually carried out. 
 
Carbon sequestration projects are projects in which carbon-dioxide is stored in the biomass of 
usually millions of trees that altogether form a forest. Obviously not every tree can be 
individually measured. This means that precise sampling methods should be used. In the case 
of a smallholder-model, in which small groups of trees are located at different locations, 
together forming one project, this is especially important and challenging. It is extra 
challenging because conditions might differ on different locations, leading to different growth 
patterns of trees. 
 
This chapter explores how Diligent Tanzania ltd. currently organizes its operation, and 
manages its farmer-network. Furthermore, the company’s current data management and 
monitoring systems are analysed. Then the requirements in case of the implementation of a 
carbon credit project in cooperation with smallholder farmers are explained, and a new 
solution to fit that new situation is proposed. This chapter goes into research questions 6 and 
7.     
 

6.2 The current situation 
Diligent Tanzania ltd. has currently contracted around 3.500 farmers throughout Tanzania. By 
means of training sessions the company explained how the trees should be planted, and how 
they need to be treated. This is to increase chances for good yields, and to make sure there is 
no adverse environmental impact. The farmers receive seeds for free, and plant trees on their 
own land, they remain their own property. Then in the villages where farmers are located 
collectors are assigned, these are usually small grocery stores or similar small local 
businesses. These collectors are provided with a pre-finance, so they can immediately pay 
farmers when they bring in their harvested seeds. The collectors sell the seeds, with a small 
commission for themselves, back to Diligent. Diligent itself employs field officers for every 
region where the company is active. These field officers are the company’s connection to the 
collectors and farmers, they also make sure seeds are collected from the collectors, and are 
transported to the factory. The field officers are also responsible for the pre-finances that are 
provided to the collectors. At the moment, Diligent has almost no regular contact with the 
farmers, but only with collectors. This means that the environmental impacts, cannot properly 
be monitored, and that it is unclear where the seeds that are collected by the collectors 
precisely come from. It can however be assumed, since seeds are only collected from regions 
where training sessions were held, that most seeds come from the contracted farmers. Other 
seeds most likely come from trees that were already there before Diligent even became active, 
since Jatropha has already been planted for ages. If large quantities of seeds would be offered 
in an area where this was not expected, their origin will obviously be checked, to prevent 
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severe environmental consequences. Currently these checks seem unnecessary and don’t 
happen on a regular basis.  
 
The contracted farmers (contracted means they signed a contract for seed delivery and they 
received seeds and training, and that their farm is usually visited once or twice by a field 
officer) and collectors are saved in a Microsoft Access database. This database is updated on 
an irregular basis with information from new contracts or visiting reports. Contracts are 
usually scanned, and stored with a link to them in the database. A few important problems 
with Diligent’s current database exist. First, it is updated by one employee, who has many 
other responsibilities and was not properly educated to do this work. Her work is not checked, 
which makes the chance for entry errors high. Second, the database has been transferred from 
one computer to another a few times, without properly checking whether this affected it or 
not. Also it went through a few computer crashes, after which it was restored. However, after 
checking some entries it was clear that information became mixed up. Information from 
farmers is mixed up, impossible quantities for farmsizes and yields are given, etcetera. The 
only conclusion that can be drawn from investigating this current database is that it is in fact 
useless, and does not provide reliable information about farmers or collectors. Fortunately the 
company does have a paper archive in which all original farmer contracts and reports are 
saved. Also the computer scans of these documents are still available.  
 

6.3 An improved version 
Generating legitimate carbon credits succeeds or fails with proper monitoring practices. To 
facilitate this, a smooth organisation and a solid database are required. At the moment 
Diligent lacks both. At the moment the database is only for internal use, to save and organize 
the contracted farmers and collectors. In case of a certification for carbon credits (or any other 
standard regarding for example sustainability or fair trade), the database will also be used by 
external parties, like verifiers. To give an idea: where at Diligent one employee maintains the 
database on an irregular basis, a similar company in Malawi that is developing a voluntary 
carbon credit project employs four people full time to maintain the database. This project 
however has a larger scale, but it indicates how seriously the data management should be 
taken21

 
. 

An important first step is to archive everything. It must be possible to verify everything in the 
database, therefore “paper trails” must be available of every famer, including contracts, 
visiting reports, baseline scenario, tree measurements, etcetera21;22

 

. For smallholder- based 
projects this is more extensive and complex than for large, centrally managed forests or 
plantations. Both are future possibilities for Diligent.   

The only feasible way of monitoring a project with smallholder farmers is to organize them in 
geographic groups. Group certification is a common approach for other standards, such as a 
fair trade label, or in the case of organic agriculture. It is logical to apply similar methods for 
the case of a carbon credit project (Buch-Hansen, 2004). Pyburn (2004), stresses the 
importance of a good Internal Control System, to make extensive farmer networks 
comprehensible. If an Internal Control System is operational and works smoothly, only 
groups of farmers need to be sampled. This means that not a number of trees from every 
farmer need to be sampled, but only a few from every group of farmers, who work under 

                                                 
21 Information from a company visit to Bio Energy Resources ltd. in Lilongwe, Malawi.  
22 Information obtained from an interview with Dr. I. Emmer, forestry expert.   
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similar conditions. This way, sampling can become feasible, if it is properly organized. 
Organizing this properly is the responsibility of the project developer, in this case Diligent. 
Verifiers and certification bodies only check (with sampling) whether the company’s own 
control system works correctly. The more reasons they find to believe it doesn’t, the more 
they need to check, and the more expensive and difficult certification becomes23

 
.  

Diligent’s current system, with field officers who visit farmers is a good basis, but it needs to 
be extended. Currently Diligent only employs five field officers to cover all farmers. This 
means that not every farm can be visited regularly. This is not necessary, if the farmers would 
be organized in groups, but that is not yet the case. Diligent should aim at the formation of 
groups that consist of farmers who work under similar conditions. These groups need to be 
managed by local group managers, this position can be fulfilled by village leaders, or 
important farmers. The field officer is the direct link with the company, and checks on the 
group’s operation. Groups should be located as geographically centralized as possible, to 
make sampling easy, and the chance on differences within the group smaller. According to 
Pyburn (2004), heterogeneity (also in terms of social class, and income dependency of the 
group) within groups is likely to cause problems, and should be avoided. More field officers 
are necessary, and even more important, they need to be trained better. Field officers need to 
be aware that it is their responsibility that farmer groups perform according to the standards, 
and they need to report on that. Such strict policies are currently non-existing at Diligent. The 
most important required adaptations to Diligent’s Internal Control System in case of the 
development of a smallholder based project are: 

- The formation of more centralized farmer groups, who are also officially identified as 
groups. 

- More and better trained field officers. 
- Much stricter protocols with regard to for example visiting intervals, data to be 

measured, and reporting intervals.  
 
Regarding which data need to be monitored, on which interval, and with which sample size, 
all standards differ. For a carbon credit project, proper monitoring of the carbon stock is 
obviously very important. This is done by taking non-destructive measurements from trees, 
for example the tree’s basal diameter. These measurements should be taken on a regular basis, 
and the quantity of trees measured should be properly calculated. The CDM methodologies, 
and also some voluntary standards, give guidelines for sample size determination, and 
stratification. Stratification entails the grouping of trees in different strata, which are relatively 
homogenous. It is recommendable and logical to match strata with the farmer groups that 
were discussed in the preceding paragraphs, if a smallholder-based project is developed. 
Strata are identified before the project starts, but can be adapted over the course of the project, 
if they turn out to be invalid. The allometric equations that were developed in Appendix 1 can 
be used to calculate the total carbon stock, this is an approved method according to the CDM. 
In the development of a carbon credit project it is necessary to test the equations from this 
thesis on a larger sample size with destructive research on trees. If necessary they need to be 
adapted. The equations from Appendix 1 are meant to give a good first idea about carbon 
stocks in Jatropha. Allometric equations are site specific, therefore some destructive testing 
will always be necessary. 
 
For CDM, an important difference exists between large- and small scale projects. Small scale 
projects use a simplified monitoring methodology, which only requires a very limited amount 

                                                 
23 Information obtained from an interview with Dr. I. Emmer, forestry expert. 
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of parameters to be measured, and also a limited description of the methods that will be used 
compared to a large scale project. Which exact parameters need to be monitored can be found 
in the CDM methodologies, and in several methodologies of voluntary standards. Also the 
environmental impacts of the project need to be constantly monitored24

 

. It is recommendable 
and logical to develop one large database, in which all relevant parameters are included, and 
updated.      

  
 
 

                                                 
24 Information obtained from an interview with Mr. Aziz Abbu, Senior environmental management officer at 
NEMC, Dar es Salaam 
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7 Total project costs 

7.1 Introduction 
The total costs that are associated with the development of a carbon credit project depend on 
many factors. Different scenarios bring along different costs, and also different gains. First, it 
is important whether a smallholder-based project is chosen, or a plantation. Second, it is 
important which standard is chosen. In this chapter, both a smallholder and a plantation 
scenario are explained. A CDM project is used as standard, since the CDM is a reference for 
many voluntary standards and the market for CER’s seems to be more stable. For the 
smallholder scenario, the set up of a CDM Programme of Activities, consisting of several 
small scale programme activities is chosen (see Section 4.2.3 for an explanation). Important 
differences between CDM and voluntary standards will also be indicated. This chapter aims at 
answering the first and second research question.   
 

7.2 The smallholder-based scenario   

7.2.1 Introduction 
In this section the scenario is followed that a carbon credit project will be developed in a way 
that is similar to Diligent’s existing operation. This means that it will be smallholder based, 
with small-scale farmers which are located on different locations. However, as was concluded 
in Chapters 4 and 6, these locations are more centralized than is currently the case, and the 
network is organized and monitored according to much stricter protocols. The set up of a 
CDM Programme of Activities (PoA), consisting of several small scale programme activities 
(CPA’s) is chosen, this was done for several reasons. First, to reduce costs, and allow for the 
easiest procedures, the use of simplified (small scale) CDM methodologies is preferred. On 
the other hand, it is preferable to have projects at substantial scale, to be able to make up for 
high transactions costs with future gains. A PoA allows for the use of simplified 
methodologies, while permitting a substantial scale through combining several small scale 
projects. Furthermore, only one CPA needs to be developed before validation of the PoA, 
after validation new CPA’s can be freely added to the PoA, without the need to validate again. 
This permits a smoother development process of learning and doing simultaneously, and the 
flexibility of adding new CPA’s whenever the time and resources are available to do so. Also 
an upfront payment of the registration fee for CER’s is avoided, since no upfront fee has to be 
paid for new CPA’s. 
 
In practice, the most likely set up would be to have concentrated CPA’s at different locations. 
One project location would be equal to one CPA, which is formed by a group of smallholder 
farmers. The maximum land area covered by such a group equals 11.000 hectares, which is 
limited by the maximum emission reduction permitted in a small scale project25

                                                 
25 Over a standard 20 year crediting period a maximum total of (16.000x20=) 320.000 tonnes of CO2-equivalent 
may be sequestered. With a planting distance of 2x2 metres, and 11.62 kg CO2 per tree (see Section 5.6), this 
equals to an area of just over 11.000 hectares. Similar calculations were found in registered small scale PDD’s 
(e.g. project numbers 3000, 1578, and 2345) at cdm.unfccc.int.    

. This limit 
will in practice probably never be reached by a single CPA. It is recommendable to plant 
smaller areas than this maximum to permit trees to grow heavier. The analysis in Appendix 1 
and Chapter 5 is relatively conservative, but realistic, compared to some other sources 
regarding the carbon sequestration potential of Jatropha (compared to for example 
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Carbon2Green, 2010). Such a conservative estimation is preferable in developing a business 
plan. However, if a CPA sequesters more CO2 than was initially calculated, and more than 
16.000 tonnes per year, the excess cannot be sold as CER’s, since it is registered as a small 
scale activity. The trees in such a CPA should be planted in small plantations (to correspond 
with the forest definition), and can be maintained by farmers and villagers. The land that will 
be used is most likely village land that serves no purpose at the moment, but is property of the 
village. The land should comply with one of the accepted simplified baseline 
methodologies26

 

. Several village leaders were interviewed, they expressed their enthusiasm 
about such a set up, and many were available throughout the region. Both trees and land will 
remain the property of the village or the farmers, the rights to the CER’s should be transferred 
to Diligent. The income from CER’s will be used to fund the project, and returned to the 
villages through a fair and relatively high purchasing price for the Jatropha seeds that will be 
produced by the trees. Eventually also a small first payment to bridge the gap until the first 
harvest will be paid.  

The economic model for implementing a carbon credit project in a smallholder setting is 
explained by Cacho (2009). What makes a smallholder project special is that the actual 
producers of carbon credits, the farmers, are not the sellers. The carbon credits will be 
transferred to the project developer, in this case Diligent. The project should be economically 
viable for both parties to be successful. Furthermore, Cacho (2009) separates abatement costs 
and transaction costs. Abatement costs are defined as the cost of producing one unit of 
uncertified carbon-dioxide emission reduction. Transaction costs are the costs of participating 
in the carbon market, this includes the costs incurred in the process of obtaining approval for 
the project. In other words, transaction costs are the costs that need to be made to certify the 
emission reduction, and abatement costs are the costs associated with the actual production of 
it. Cacho (2009) makes a difference between ex-ante and ex-post costs, these are respectively 
costs before the project is registered, and costs after registration. He identified the following 
relevant transaction costs that should be taken into account while making the final 
calculations: 

- Search and Negotiation costs. These are the costs associated with the first steps in 
developing the project, before its registration. 

- Approval costs. These costs are also made before registration, and are associated 
with the actual validation of the project.  

- Project management costs. These are costs associated with organizing and running the 
project. 

- Monitoring costs. These are costs that are made to measure and control the actual 
amount of carbon-dioxide emissions prevented. 

- Enforcement and insurance costs. These costs arise from the risk of failure or 
underperformance of the project, and reducing this risk. 

 
In the following sections the above mentioned transaction costs, and also the abatement costs 
are identified. 
 

7.2.2 Search and Negotiation costs 
This cost category entails the entire development phase of the project (Cacho, 2009). Starting 
with the identification of project sites, the development of a PIN, and then the development of 

                                                 
26 These can be found in Appendix 3 and at cdm.unfccc.int. 
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the full Project Design Document. The content of the PDD was explained in Section 4.2.4. All 
costs associated with the collection of the required information, belong to this category.  
 
Many project developers choose to hire an experienced consultant to assist them in the 
development of the PDD. CDM regulations are often perceived complex, and an experienced 
consultant certainly helps to go through the process a lot smoother and faster. To reduce costs, 
one could also choose to do it without a consultant, or with very little involvement from 
consultants. Expert’s opinions are contradicting on this aspect. Mr. Moses Ngegba, carbon 
manager at Green Recources ltd, the only company developing CDM forestry projects in 
Tanzania at the moment, states that it is certainly possible to do it without too much 
involvement from consultants. He developed their entire PDD with a small team of own 
employees. Others27

 

 state that consultants should be involved as early as possible in the 
development of a project. Here can be concluded that everyone is justifying their own 
decisions, but both options are possible.  Developing a PDD without the involvement of third 
party experts at all is not possible, since environmental and social impacts need to be analyzed 
by approved consultants. 

In Tanzania, environmental impact assessments (EIA’s) need to be approved by the National 
Environmental Management Council (NEMC), and done by a NEMC-approved consultant. 
The NEMC requires separate impact assessments for all locations that are more than 
approximately 20 km apart28. Prices for a full EIA depend on the type of project, the project 
locations, and the consultant who is hired. The NEMC has lists of approved consultants, but 
also other consultants can request approval. An indication for the price is hard to give, but a 
rough estimation of USD 15.000 - 25.000 was given as a reference price for a full EIA on a 
10.000 hectares piece of land, in a relatively easy accessible area. As was already discussed in 
Section 4.2.4, for projects at a very small scale only environmental clearing, or a partial EIA 
is required, this however is only valid for projects that occupy only a few hectares, such as a 
pilot plot. In practice, real projects in Tanzania always need full EIA’s. A review of currently 
registered PDD’s for small scale forestry projects in other countries (Tanzania does not have 
registered projects yet, and there is no experience at all with small scale projects) tells that 
usually no full EIA is demanded by the host country, if can be argued that the project has no 
likely adverse environmental impacts29

 

. This means that, although the Tanzanian government 
currently states a full EIA is always required, this could be a point of discussion in the future, 
based on experience with projects in other countries.  

Neeff and Henders (2007), estimate the total project preparation costs for a large scale 
forestry CDM project at USD 60.000 – 180.000, depending on the involvement of 
consultants. For this case, low involvement of consultants is assumed. This would be a logical 
choice to reduce costs, and because of the fact that only very few consultants with real 
additional value in this specific field are available30

                                                 
27 For example Dr. Igino Emmer, forestry expert, and Ms. Inge Knapen, sustainability officer at Bio Energy 
Resources ltd in Lilongwe, Malawi.   

. It is assumed that two employees would 
need half a year of full time work for the development of the PoA design document, and one 
CPA design document. This could be spread over a longer period of time, and would cost 
approximately €25.000 for salary. The work that would need to be done includes the 
identification of a suitable location for the first CPA, and other locations for possible future 

28 All information regarding environmental impact assessments in Tanzania is obtained from an interview with 
Mr. Aziz Abbu, Senior environmental management officer at NEMC, Dar es Salaam. 
29 For example the projects with reference numbers 2345, 3000 and 3338.  
30 According to Mr. Moses Ngegba, Carbon manager at Green Resources ltd., Dar es Salaam.  
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CPA’s. Furthermore, setting up the local organization at the project site with a field officer, 
the village leaders and the farmers should be done. Legal issues need to be arranged in 
contracts, and estimations should be made for carbon stocks. All this should be combined in 
properly written design documents. For transportation and accommodation of employees to 
and in the field, a total cost of €5.000 is estimated. Assuming that an EIA would be required 
would lead to USD20.000 for a consultant performing a combined EIA and SIA for the first 
CPA. It might be desired to buy some relevant knowledge in the form of some consultant 
involvement, to make the project’s chance on a successful first validation higher, €5.000 
should be included for this kind of expenses. Summing up these costs, the total search and 
negotiation costs equal to approximately €50.000 for the development of the first design 
documents, these are all ex-ante costs.  
 
Developing new CPA’s will go smoother, since experience is acquired with the first CPA, and 
will thus be less expensive. It is assumed that no involvement from consultants is necessary 
anymore, since much can be copied from the first CPA. Here is assumed that one employee 
could develop a new CPA in less than half a year, equalling to salary costs of €15.000, costs 
for transportation and accommodation of €5.000, and eventually a full combined EIA and 
SIA, at a price of again USD20.000. This would lead to a total of approximately €35.000 per 
CPA for developing new CPA’s.  
 

7.2.3 Approval costs 
The costs that need to be made to validate and register the project fall into this category 
(Cacho, 2009). This includes approval by a Designated National Authority (DNA), and 
validation of the PoA and first CPA by a Designated Operational Entity (DOE). The 
Tanzanian DNA does not require a payment for their services until the first issuance (sales 
after verification) of credits, so no costs need to be made to obtain approval in this stage. 
Neeff and Henders (2007) estimate the costs for validation of a large scale forestry project by 
a DOE at USD15.000-25.000. A leading DOE, SGS, estimates the costs for validation of the 
described project at maximum USD 10.00031

 
. 

This category also includes the costs for registration by the CDM executive board, after which 
the project is an officially registered CDM project. In the case of a PoA, a registration fee 
only needs to be paid for the first CPA, and not for CPA’s that were added after validation. 
Usually the registration fee is USD0.10 per tonne of CO2 sequestered for the first 15.000 
tonnes, and USD0.20 for higher sequestration. The registration fees that are paid are deducted 
from the issuance fee that needs to be paid at issuance (after verification) of CER’s, so in fact 
the registration fee is a pre-payment for the issuance fee. For small scale forestry projects 
however, the CDM executive board decided that no registration fee needs to be paid for 
projects that generate an expected emission reduction below 15.000 tonnes of CO2 equivalent, 
furthermore, projects in the least developed countries are exempted as well. 32

 

. This means 
that for the proposed project, no registration fee needs to be paid.  

The total approval costs for this project only consist of the costs for validation by the DOE, 
which is estimated at USD10.000, these are ex-ante costs.         
 

                                                 
31 According to Mr. Philip Abuor, Environmental services manager at SGS 
32 According to Executive board meeting 54, Annex 29, paragraph 9, via www.cdmrulebook.org. 
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7.2.4 Project management costs 
The costs for project management are costs that need to be made to facilitate and run the 
project (Cacho, 2009). Ex-ante, these include costs of establishing an office, and putting into 
place smoothly working local organizations in the field (see Chapter 6). Ex-post, these are the 
costs associated with maintaining this organization. Diligent’s employees would need to visit 
the farmer groups on a regular basis, travel and accommodation expenses that need to be 
made are part of the project management costs.  
 
In estimating these costs it is difficult to separate costs for Diligent’s daily business of 
producing Jatropha oil, and costs for the new carbon sequestration project. Here is assumed 
that only costs that are additional for the new project are included. This means that the 
company’s current office space and equipment, which also includes means of transportation, 
can be used. Also the company’s daily management is assumed to participate in the project.       
 
Extra costs that would result from this project, and are additional to the company’s daily 
operation are the costs associated with extra field trips to the project sites. These are travel 
and accommodation costs. They are estimated at €1.500 per year, but this depends highly on 
how smooth the operation is running, which is difficult to predict, especially in the Tanzanian 
context, they also depend on the project location that will be identified.   
 

7.2.5 Monitoring costs 
According to Cacho (2009), costs associated with the final three steps of the CDM project 
cycle (Figure 4.1) fall within the category “monitoring costs”. These are costs directly 
associated with monitoring, but also costs for verification and issuance of CER’s.  
 
For monitoring, trees should be measured on a regular basis. Cacho (2009) lets farmers 
measure their own trees, in the case of Diligent, it needs to be tested to what extent tree 
measurements can be performed by farmers themselves. Depending on the success of that, 
field officers just need to collect these measurements and verify them once in a while, or they 
need to perform all measurements themselves. Initially one full time field officer is assumed 
to be required, with a monthly salary of around €200,-, and an extra €250,-, per month for fuel 
and accommodation (it is assumed here that the company owns motorbikes for transportation, 
if not, €3.000 should be calculated for this purchase). Due to the uncertainty in measuring the 
trees, one extra field officer, with all associated costs, could be required. For this initial 
project, one office employee, with a monthly salary of around €250,-, should be hired to 
process data from the field and maintain the database. 
 
Verification of the carbon sequestration should be done every five years. At verification, the 
total amount of carbon-dioxide that is sequestered in the project at that moment is determined. 
Verification is done by a DOE, in small scale projects this may be the same DOE that did the 
validation, in a large scale project a different DOE is required. Prices for verification are 
similar to prices for validation (Neeff and Henders, 2007). SGS, a leading DOE estimates 
these costs at a maximum of USD10.000 for the proposed project33

 
.  

After verification, the verified carbon-dioxide sequestration can be transformed into tradable 
CER’s. This happens through issuance by the CDM executive board. An issuance fee of 
USD0.10 per tonne of CO2 should usually be paid to the executive board at issuance for the 

                                                 
33 According to Mr. Philip Abuor, Environmental services manager at SGS. 
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first 15.000 tonnes of annual greenhouse-gas sequestration, for sequestration above 15.000 
tonnes a fee of USD0.20 applies. For later issuances of new tCER’s or lCER’s, an issuance 
fee only needs to be paid over additional sequestration, not for new tCER’s of lCER’s based 
on sequestration that was already achieved in a previous verification period34. Next to the 
issuance fee, usually also an “Adaptation share of proceeds” is deducted from the total CER 
production of a project. This means that 2% of all CER’s that are generated by a project have 
to be given to the CDM executive board, who deposits them in a fund that helps developing 
countries adapt to the effects of climate change. However, projects in the least developed 
countries are exempt from the payment of both the adaptation share of proceeds35 and the 
issuance fee36

 
.    

The Tanzanian DNA requires a fee of 2,5% of the final CER production for their services, 
This fee is to be paid after issuance and sales of CER’s, and does not depend on the level of 
involvement of the DNA in the development of the project37

 
.  

7.2.6 Enforcement and insurance costs 
According to Cacho (2009), “enforcement and insurance costs arise from the risk of project 
failure or underperformance”. This may be caused by pests, fire, illegal cutting or slow tree 
growth. Measures should be taken to reduce this risk to acceptable levels, these measures 
should be made explicit in the PDD. Existing PDD’s from other projects especially pay 
attention to measures taken to prevent fires. These measures include intensive monitoring for 
early detection of a fire, training to farmers on what to do in case of a fire, and the 
establishment of fire breaks in between certain surfaces of land.  
 
The above described measures should also be taken in the development of this project at 
Diligent. Furthermore, training should be given on how to avoid pests and diseases, and how 
to regularly monitor the trees. The set up of this project is beneficial in this respect, because it 
consists of many small pieces of land, that are not necessarily interconnected. This reduces 
the risk on high losses of trees in case of a fire. Lost trees should always immediately be 
replaced.  
 
Voluntary standards keep a certain amount of carbon credits in a buffer, which serves as an 
insurance in case trees are lost due to fire, pests, or other causes. Since this project chooses to 
use CDM, this buffer is not required.  
 
It is very difficult to give an adequate cost estimation for risk mitigating measures. They need 
to be done, but are difficult to separate from the usual costs. Therefore, in this cost-estimation 
risk measures and the higher costs that result from them are considered part of the normal 
costs. Furthermore, it is not believed the total costs will be substantially higher due to risk 
mitigating measures. Initially no legal insurance is assumed.    
 

                                                 
34 According to Executive Board meeting 36, Annex 21 paragraph 2, at www.cdmrulebook.org. 
35 According to official CDM documentation (17/CP.7, paragraph 15(b) and 4/CP.10, paragraph 1 (d))at 
www.cdmrulebook.org.  
36 According to the CDM Executive Board report 37 Annex 20.  
37 This information was obtained in an interview with Mr. Freddy Manyika, Head of the Tanzanian DNA at the 
vice-president’s office, Dar es Salaam.  
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7.2.7 Abatement costs 
Abatement costs are defined by Cacho (2009) as the actual “cost of producing one unit of 
uncertified carbon sequestration services”. In this case is assumed that the farmers and 
villagers will plant the trees according to the training that will be provided. They will also be 
responsible for maintenance like pruning and pest control. This work will be paid for with a 
good purchasing price for the seeds that they will harvest from the trees. This set up makes 
that no real abatement costs are involved here, because the carbon sequestration project runs 
in parallel with Jatropha oil production, and the related seed purchases. To motivate farmers 
to plant trees according to the instructions they received, a bonus will be paid after the trees 
have been transplanted from a nursery to their final location. This should be done to give them 
a short term goal to work for, since the 2-3 years that it usually takes before substantial seed 
production can be expected is a long time waiting for income, especially in the Tanzanian 
context. The necessity and appreciation for this bonus after planting was confirmed in 
interviews with farmers and village leaders. How high this bonus should be depends on the 
income that can be expected from seed production, it should always be lower to prevent 
disappointment when the final situation (with seed purchases) is reached. The final bonus has 
to be determined later, but here a bonus of €0.01 per planted tree is assumed, this equals to 
approximately €25,- per hectare, if a planting distance of 2x2 metres is used. 
 

7.2.8 Total costs 
The total costs are divided in ex-ante costs, which are made before the project’s registration 
and thus are an initial investment, and ex-ante costs, which are made when the project is 
already registered and operational. The preceding sections give estimations for all relevant 
costs, in this section they are summarized and an estimation for the total costs is given. Table 
7.1 gives the estimations for both ex-ante and ex-post costs.  
 
 Ex-ante  Ex-post  
Search and Negotiation  €50.000 - 
Approval €8.000 - 
Project management - €1.500 /year 
Monitoring  €8.000 / 5 years + 

€700 / month + 
2.5% of all tCER’s 

Enforcement and insurance - - 
Abatement costs €0.01 / tree - 
   
Total fixed €58.000 €8.000 / 5 years +  

€9.900 / year 
Total variable €0.01 / tree 2.5% of all tCER’s  

Table 7.1: Total cost calculation for a smallholder-based project. 
 
The calculation in Table 7.1 gives an upfront investment of €58.000 plus the bonus of €0.01 
per tree. This is a rough estimation and could be somewhat lower or higher according to how 
smoothly the organization works in the Tanzanian context, but it is a good guideline.  
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7.3 The plantation scenario 

7.3.1 Introduction 
Compared to the smallholder-based scenario which was described in the preceding sections, a 
single plantation model is relatively simple. In the smallholder case, trees are planted over 
several smaller plots, possibly all owned and managed by different farmers. One single 
plantation, managed and maintained by one single entity, namely the project developer, is 
easily controllable compared to the smallholder case. A plantation managed by the project 
developer however, has disadvantages too. While for example in the smallholder case 
planting trees is logically outsourced to local farmers, in the plantation case this, and all 
associated costs directly have to be carried the project developer. Furthermore the land 
generally needs to be acquired, which is a very high upfront investment. In Tanzania the 
purchase of land is not even possible, therefore complex lease-constructions need to be 
established.  
 
Due to good cooperation of Diligent in its home region of Northern Tanzania, the company 
has been given the opportunity to use the land of Kilimanjaro International Airport (KIA) for 
the development of a Jatropha plantation. This is a total of 7.000 hectares, which all belongs 
to the airport, and thus is not suitable for living, the production of annual edible crops (this 
causes too much dust), or anything else. The current situation of the land is arid, grassland, 
with scattered small and low bushes. This has been the situation for a long time, and it is 
unlikely this will change in the near future without human initiative. This would make the 
project in principle eligible as a CDM project.  
 
Three years ago a test plot has been established by Diligent at the airport. These trees have 
now reached a height of approximately 2 metres, without any irrigation or fertilization. 
Pictures of these trees, and the current situation (and baseline scenario) are attached in 
Appendix 4. Assuming a similar tree growth as was observed in Appendix 1, this is likely 
according to what was observed at the test plot, and a planting distance of 2x2 metres, this 
would still be within the limits of a small-scale CDM project. Using the value from Chapter 5 
of 11.62 kg of CO2 sequestered per tree would lead to a total sequestration of 203.350 tonnes 
of CO2. This equals to an annual sequestration rate of 10.167 tonnes per year, with a common 
20 year crediting period, which is within the small-scale limits. The risk of choosing a small-
scale methodology is that when trees grow heavier than is initially expected, which is possible 
because the estimations from Chapter 5 are conservative, the annual sequestration could 
exceed the small-scale limit. This would mean that not the entire CO2 sequestration by the 
project can be sold as CER’s, only up to 16.000 tonnes per year. It has to be noted that the 
baseline scenario, which would be the carbon stock in the current vegetation that would 
disappear because of the project still needs to be subtracted from the carbon sequestration by 
the Jatropha trees.   
 
The choice between the use of small-scale, and thus simplified, procedures, or large scale 
should be based on how likely it is that trees will grow so heavy that the total sequestration 
exceeds 16.000 tonnes per year. On the other hand, it should be checked what the extra costs 
for developing a large scale project would be. These extra costs will be mostly due to a more 
extensive PDD, in which the environmental and social impacts should be analyzed more 
thoroughly, and the baseline scenario should be monitored and investigated to a deeper 
extend. In this scenario for a plantation on KIA airport, the use of a small-scale methodology 
is used. For example, methodology AR-AMS007, which is written for projects implemented 
on grasslands or croplands, can be used.  
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In the following sections the relevant costs are estimated. The setup follows the logic of the 
CDM project cycle from Section 4.2.2. 
 

7.3.2 Project preparation costs 
Project preparation starts with the development of a Project Idea Note (PIN). This can be done 
in a few weeks. The PIN only is a voluntary explanation of the project, which can be used to 
attract investors, and obtain first feedback from the host country’s DNA. 
 
After the decision has been made to execute the project, the actual Project Design Document 
(PDD) should be made. This would be less complex compared to the smallholder-based 
scenario, since the project organization is more comprehensible. It is assumed that one 
employee, who has sufficient background on carbon sequestration, could develop this PDD in 
half a year of full time work. This would equal to salary costs of around €20.000. Because of 
the easily accessible project location, and relatively simple organization, only €800,- should 
be calculated for fuel costs. Similar to the smallholder-based scenario, it is likely that 
involvement from third party consultants is required for a high chance of success with 
validation, €5.000 is calculated for these expenses.  
 
According to the current information from the Tanzanian government, a full EIA is required, 
also for small-scale projects. As was explained in Section 7.2.2, this is in contradiction with 
the common practice in other countries. However, at this moment it is the best information 
available, and it comes directly from the Tanzanian government, therefore also in this 
scenario, USD20.000 is calculated for a combined EIA and SIA.          
 
The total project preparation costs for this scenario equal to approximately €40.800,- 
 

7.3.3 Project validation and registration costs 
Third party project validation by a DOE will be comparable or cheaper when compared to the 
smallholder-based scenario. The project organization is less complex, however, the challenge 
to deal with this complexity mainly lies with the project developer, and not with the DOE. 
Therefore the same costs of USD10.000 are calculated for validation by a DOE.  
 
Since this scenario, just like the smallholder-based scenario, assumes a small-scale forestry 
project, in one of the least developed countries, no registration fee needs to be paid to the 
CDM executive board. This means that validation and registration costs remain limited to 
costs for validation by a DOE. 
 

7.3.4 Project execution and management costs 
The land does not need to be acquired, since the airport allows using it for the purpose of 
establishing a Jatropha plantation. What rests is the preparation of land, and planting the trees. 
First a nursery needs to be established, in which seeds can grow to trees large enough for 
transplantation to their final locations. The establishment and management of a nursery is 
estimated to require one full time employee, at a cost of €150,- per month. After 
approximately one year the trees are ready to transplant to their final locations. To transplant 
one tree it should be excavated in the nursery, and a small hole should be dug on the final 
location, then the tree can be planted. Important is that only a small hole is dug to plant the 
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tree, without harming the rest of the vegetation that is already present. This reduces work, and 
also reduces CO2-emissions after ploughing the soil, and as a result of destroying the baseline 
vegetation, these would be negative for the final CO2-emission impact of the project. It is 
estimated that this work would require a total of 8 minutes per tree, this would mean 7,5 trees 
can be planted in one hour by one employee. This means that, after the nursery, it costs 
€0.125 to plant one tree38

 
. 

For management of the project while it is operational, a part time employee of Diligent is 
required. This would bring along salary costs attributable to this sequestration project of 
€15.000 per year. Furthermore, two full time employees should be hired for plantation 
maintenance. Activities include pruning, screening for pests and diseases, and taking general 
care of the plantation. These two employees would earn monthly salaries of around 
TSH300.000 each, equalling to a yearly cost of around €3.600,-. Harvesting seeds, and related 
activities are not included in this project, and are considered a separate activity.     
 
It could be a topic of discussion who would need to pay for tree planting and maintenance, 
since trees will eventually be property of the airport. Related is the question of who has the 
rights to harvest seeds. Is this the tree owner, or could Dilgent hire temporary employees for 
harvesting, without a need to pay for seeds? These questions need to be considered while 
actually developing this project, in this cost estimation it is assumed that the project developer 
bears the costs of planting and maintaining the trees.    
 

7.3.5 Monitoring, verification, and issuance costs 
It is assumed that the two employees that were hired to maintain the plantation, also perform 
tree measurements on a regular basis. These measurements need to be taken at permanent 
sample plots, located at random places in the plantation. Samples should be taken at different 
locations throughout the plantation. To cover the entire plantation they need a motorbike at a 
cost of €1.500,-, and €150,- per month for fuel. Practice should learn whether two employees 
are sufficient for this job or not. 
 
In the office, one part time employee is required to update the database with measurements 
from the plantation. This employee is assumed to work half days, at a salary of €250,- per 
month.    
 
Verification of the achieved carbon sequestration is, similar to the smallholder-based scenario, 
assumed to cost the same as validation. Every five years USD10.000 should be calculated for 
verification by a DOE.  
 
Similar to the smallholder-based scenario, the CDM executive board does not require any 
issuance fee, since the project is executed in one of the least developed countries. The 
Tanzanian DNA requires 2.5% of the total CER production as a tax for their services. 
 

7.3.6 Risk mitigation and insurance costs 
Important risks that should be considered in this project are the risk on fire, and the risk of 
losing trees due to pests and diseases. Jatropha is not very susceptible for pests and diseases, 

                                                 
38 A working day is assumed to consist of 8 hours, with a daily salary of TSH 15.000, equaling to approximately 
€7.50. 
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but a few harmful ones do exist, and should be regularly checked for by the plantation’s 
maintenance employees. Measures should be taken to reduce the risk on fire, this includes the 
establishment of fire breaks, and close monitoring. The latter can be done easily on this 
location, since the airport’s traffic tower is located right in the middle of the plantation, with 
good views in every direction. Costs that are made due to risk mitigating measures are 
assumed to be part of the normal project costs, and are not separated. No legal insurance 
against tree loss is purchased, but any lost trees will be replaced as soon as possible. 
 

7.3.7 Total costs       
Similar to the smallholder-based scenario, the costs are divided in an initial investment, before 
registration, these are the ex-ante costs, and costs after the project has been registered, these 
are the ex-post costs. The total costs for this plantation scenario are summarized in Table 7.2. 
 
 Ex-ante  Ex-post  
Project preparation  €40.800 - 
Validation €8.000 - 
Project execution and 
management 

€150,- / month (nursery) + 
€0.125 / tree 

€18.600 /year  

Monitoring, verification and 
issuance 

 €1.500,- + 
€8.000 / 5 years + 
€400,- / month + 
2.5% of all tCER’s 

Enforcement and insurance - - 
   
   
Total fixed €48.800 €1.500,- + 

€8.000 / 5 years +  
€23.400 / year 

Total variable €150,- / month + 
€0.125 / tree 

2.5% of all tCER’s + 
 

Table 7.2: Total cost calculation for a plantation project 
 
The initial investment that is required for this project, is €48.800,-, added to this should be the 
maintenance of the nursery, which is done by one single employee, until the major part of the 
trees has been planted on their final location, then the small nursery that  is necessary to 
replace lost trees can be maintained by the maintenance employees. For this reason the total 
initial investment can be rounded off to €50.000,-. Furthermore, transplanting the trees is part 
of the initial investment too, this however depends on the scale that is chosen.  
 
Probably the most important difference between the estimations from the smallholder-based 
and the plantation scenario is the high yearly costs for the latter. These costs are due to the 
relatively high involvement of a skilled Diligent employee. This is considered necessary in 
this case, because the management of the entire plantation is in the company’s own hands 
here, while in the other scenario this lies in the hands of the farmers and their local 
organization. This has the advantage that the company keeps complete control over 
everything that happens on the plantation, and has the rights to harvest seeds too. As was 
already mentioned in Section 7.3.4, it should be part of the negotiations with the airport how 
this division will be made, the high yearly costs for a skilled Diligent employee depend on 
this.  
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7.4 Financing options 
Now that the total costs have been calculated, the project developer faces the challenge of 
how to carry them. The total initial investments, and also the ex-post costs from the 
Sections7.2.8 and 7.3.7 are very rough estimations. It is difficult to give accurate estimations 
for the costs that need to be made. This is not in the last place because everything happens in 
the Tanzanian context, in which experience learns that precise project plans often fail because 
of unexpected changes and developments. Many costs depend on just how smoothly the 
project can be developed. Also the attitude and involvement of local and national 
governments can be difficult to anticipate on. The estimations that were made in this chapter 
are still a good guideline, but they should be taken with substantial margins.  
 
The uncertainty in costs, and the difficulty in making a proper upfront planning, make it 
difficult to find commercial investors interested in this kind of project. This is a problem that 
businesses often experience in developing countries, which was also discussed in Chapter 2. 
These uncertainties contribute to the fact that only around 2.5% of all CDM projects are 
located in Africa39

 

, while CDM was originally developed precisely to contribute to the 
development of these countries. Measures have been taken to make it more interesting to 
develop a project in one of the least developed countries, such as Tanzania. These measures 
include exemptions from the payment of fees to the CDM organization, and even the 
provision of specific loans for the development of projects in these countries (Fenhann, 2011). 
However, until now these benefits did not outweigh the extra uncertainties, according to the 
percentage remaining low. 

To obtain the required financing, project developers could turn to specific investors who seek 
participation in interesting carbon sequestration projects, and are often interested to buy the 
future carbon credits. These investors can become involved in any stage of the project. They 
will often pay an upfront agreed price for purchasing the CER’s that will be produced in the 
project. The Biocarbon fund of the World Bank is such an investor, but also several other 
organizations and even commercial companies are interested to get involved in these projects. 
After developing an initial Project Idea Note (PIN), a project developer can already search for 
investors. If this is successfully done, financial backup can be found during the (expensive) 
development of the official design documents.  
 

7.5 CDM versus voluntary standards 
In this thesis the choice is made in favour of CDM, above a voluntary standard. As was 
argued in the beginning of this chapter, many voluntary standards are derived from CDM 
regulations and procedures. Furthermore, the market for CER’s is larger than for voluntary 
credits, since almost every buyer of voluntary credits would also purchase CER’s instead, 
while the reverse situation is often impossible.  
 
In the development of carbon sequestration projects, a choice for either CDM or voluntary 
does not make a substantial difference in development costs. Often a voluntary standard is 
chosen because a project is not eligible as a CDM project, or a developer prefers another way 
of handling the permanence problem, since the system with expiring tCER’s and lCER’s is 
often perceived as unnecessarily complex. Problems with eligibility would occur if for 
                                                 
39 Obtained from cdm.unfccc.int. 
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example trees were planted before January 1st 2000, projects with an earlier starting date are 
not eligible as CDM project40

 

. Another issue could be that under certain voluntary standards 
the planting of trees could be certified, that don’t necessarily form a forest. In that case for 
example, planting hedges could be certified as a carbon sequestration project, while a CDM 
project would require to follow the forest definition.  

Another reason to focus on a voluntary standard instead of CDM could be to avoid too much 
government involvement from unstable governments of developing countries. This argument 
is only valid to a limited extend, since also voluntary projects would still be executed in those 
countries, and some form of approval is always required. Tanzania for example still requires 
full environmental impact assessments, also for projects that want to register under a 
voluntary standard41

 
.   

Altogether, for the development costs the choice between CDM and a voluntary standard is 
not very relevant. This choice is usually made for other reasons, like the ones described 
above. Validation and verification is usually done by the same consultants that do CDM, for 
similar prices, and projects of similar quality require similar aspects to be treated in the PDD. 
The fees that are usually demanded by the CDM executive board for registration, and 
issuance, and the fee for the national DNA of the host country are higher in the CDM than in 
for example the VCS. However, in case of a small scale forestry project in one of the least 
developed countries, most of these don’t need to be paid, and also this difference disappears. 
 
   
    
 

 

                                                 
40 According to the CDM glossary of terms version 3 at www.cdmrulebook.org. 
41 According to Mr. Aziz Abbu, Senior environmental management officer at NEMC, Dar es Salaam. 
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8 Case study results and recommendations  

8.1 Introduction 
This chapter takes all information from the preceding chapters and draws conclusions about 
the outcomes when one final picture is created. This picture mainly consists of putting the 
costs of a carbon sequestration project against the benefits. In the next two sections this is 
done for both the smallholder and the plantation scenario. This answers research questions 4 
and 5. Also research question 9, regarding the project location, is treated in these sections, 
since the project location influences costs and gains. 
 
Section 8.4 discusses the opinions of different stakeholders towards the development of these 
carbon sequestration project scenarios. That section aims at answering research question 8. 
 
In Section 8.5 a final advice regarding the development of a carbon sequestration project is 
given for the case of Diligent Tanzania ltd. The next steps to take and choices to make are 
identified. Research questions nine through eleven are answered in this section.  
 
Altogether, this chapter entails the “plan of action” step from the Regulative Cycle in Figure 
3.1, this is the last step before returning to the Reflective Cycle.      
 

8.2 The smallholder-based scenario 
To make a start with the smallholder-based programme of activities, that was described in 
Chapter 7, the village of Gorofani, on the shores of lake Eyasi in northern Tanzania is 
selected. Right next to the village, an area of approximately 1000 hectares is immediately 
available. The exact location is indicated on the map in Appendix 5, and pictures from the site 
are also attached. This location is identified for a few reasons. First, local stakeholders had a 
very positive attitude towards this project, this is further treated in Section 8.4. Second, this 
area has been left relatively ignored by development organizations or project developers until 
now. Therefore people are sincerely enthusiastic about this project, and it really has the 
potential to increase the quality of their lives. Third, the land is very dry and sandy, almost no 
vegetation is present at the moment and has not been there for a long time42

 

. This makes the 
land in principle eligible for the development of a CDM project. Fourth, much more similar 
land, that is suitable for expansion of the project, is available in the close vicinity. Fifth, the 
selected land lies right next to the village, which makes it easily accessible for maintenance, 
monitoring and harvesting.   

The planting distance that was used in Chapter 7, is also used here, a distance of 2x2 metres is 
assumed, which is similar to what is used in the only Jatropha related PDD that is currently 
available and still under development (Carbon2green, 2010). This planting distance equals to 
2500 trees per hectare. Using the value for carbon-dioxide sequestration that was found in 
Chapter 5, 11.62 kg per tree, this would lead to a final sequestration of approximately 29 
tonnes of CO2 per hectare. It is possible that trees will grow heavier, since this value is based 
on trees of 2.5 years old, however, they have the shape and size that is required in a 
plantation, and also older trees of similar sizes have been observed. How trees grow, is very 
dependent on the circumstances, and this is a relatively safe, conservative estimation. 
 
                                                 
42 According to the village executive officer in Gorofani.  
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To handle the permanence problem, the option of producing tCER’s is chosen. These involve 
lower risks than lCER’s, and a greater flexibility. Using the tCER price that was found in 
Chapter 4 of USD3.50, this equals to a total gain per hectare of USD101.50, every five years. 
The possibility exists that trees have not yet reached this weight at the first verification, this 
depends on when this verification is done. On the other hand there is the uncertainty of trees 
growing heavier than was expected. These two uncertainties could weigh each other out, 
therefore, a steady USD101.50 per hectare is assumed, every five years.  
 
From Section 7.2 can be adopted that the total initial costs for developing a smallholder based 
project are €58.000,-. Per hectare an extra cost of €25,- has to be calculated for the 
transplantation bonus to farmers. Subsequently, the project would cost €11.500,- per year, if 
the verification costs are divided over five years. 
 
Because cash in- and outflows over the life-span of the project are not comparable with each 
other, a discount factor should be applied to future net results. This is done according to the 
Net Present Value technique, as explained by Romijn and Balkema (2009). In this technique 
the net cash inflows (total cash inflow minus cash outflow over a certain period) are 
calculated, then they are multiplied with a discount factor which is based on the yearly 
interest that should be paid for a normal commercial loan. In this thesis a 4% yearly interest 
rate is applied43

 

. The discount factor is calculated as: 1/(1+i)^t. Here i is the interest rate, and t 
is the number of years since the start of the project. The sum of the outcomes is the Net 
Present Value (NPV) of the project at a certain time.  

For an initial project on the proposed location the calculation in Table 8.1 can be made. 
 
Fixed initial costs: - €58.000 
Variable initial costs at 1000 hectares - €25.000 
Total initial costs (year 0): - €83.000 
 
Monitoring and management costs for every 
five year period (year 5): 

- €57.500 

Total income every five year period at 1000 
hectares (year 5): 

+€76.125* 

Tax for national DNA (2.5%) (year 5): - €1.903 
Net cash inflows from non-financial 
operations after 5 years (year 5): 

€16.722 

 
Discount factor (year 5): 1/(1+0.04)^5 =  0.82 
 
Total NPV after five years (year 0 + year 
5): 

- €69.288 

 *at €1.00 = USD0.75  
Table 8.1: Initial calculation for the smallhoder-based scenario.   

 
For the remainder of the project, the result for every five years is calculated in Table 8.2.  
 
 
 
 
                                                 
43 Obtained from www.rabobank.nl as a typical interest rate for a commercial loan.  

http://www.rabobank.nl/�
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Monitoring and management costs for every 
five year period: 

- €57.500 

Total income every five year period at 1000 
hectares: 

+ €76.125 

Tax for national DNA (2.5%) - €1.903 
Net cash inflows from non-financial 
operations every 5 years: 

+€16.722* 

 
Discount factor: 1/(1+0.04)^t  
 
Total NPV after five years: +€16.722* x (1/(1+0.04)^t) 
*at €1.00 = USD0.75  

Table 8.2: The project’s result every five years for the smallholder-based scenario.   
 
If the scale of 1000 hectares is not increased, the project as it was described above will not 
reach break even. This is due to the project’s maximum life span of 60 years (three crediting 
periods), and the effect of the discount factor increasing quickly over this long life span. This 
means that gains that can be expected in a few decades from the start, are nearly worthless at 
the start. The only way to make the project viable is by generating a higher income in an 
earlier stage of the project.   
 
Since only a small proportion of the costs increases with an increased scale, and all income 
increases, it is clear that break even will be reached on an earlier point when scale is 
increased. Table 8.3 calculates the net result after five years of adding one extra hectare. 
 
Initial investment (year 0): - €25 (only at first issuance) 
 
Monitoring and management costs for five 
years (year 5): 

- €25* 

Tax for national DNA (2.5%) (year 5): - €1.90 
Total income after five years (year 5): + €74.20 
Net cash inflows from non-financial 
operations after 5 years (year 5): 

+ €47.30 

 
Discount factor (year 5): 1/(1+0.04)^5= 0.82 
 
Total NPV after five years (year 0 + year 
5): 

+€13.79 

*With a larger scale the required management and monitoring costs don’t grow at a linear pattern, the relative 
costs per CER decrease as the operation becomes more efficient.  

Table 8.3: Net result after 5 years of adding one extra hectare.  
 
If the calculation from Table 8.3 is taken into account, and a double project size of 2000 
hectares is assumed, the net result after first issuance would be - €55.498. The larger the scale 
of the project, the quicker it will become profitable. To be at break-even after the first 
issuance, an initial scale of just over 6.000 hectares is required, every hectare more will mean 
an extra profit of €13.79. These hectares can be interconnected, or scattered around the 
village, this makes this scenario, together with the fact that it will be managed by local people, 
distinct from the plantation scenario. In these calculations it is constantly assumed that 
income will only be received after issuance of the credits. This is an option, but it is also 
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common that futures are traded, this was discussed in Section 7.4. Furthermore, it should be 
noted that sequestration projects typically have a life-span of 30 till 60 years, this means that 
if break even is reached after 5 years, only the yearly management costs need to be paid, the 
further income from tCER sales is profit.   
 

8.3 The plantation scenario 
As was described in Section 7.3, the plantation scenario in this thesis focuses on the 
development of a Jatropha plantation on the grounds of Kilimanjaro International Airport in 
northern Tanzania. In the calculations it is assumed that the full 7000 hectares will be used. 
The same planting distance and handling of the permanence problem as in the smallholder-
based scenario were chosen. Also in the plantation scenario, at first hand the production of 
tCER’s is chosen. This means that also here the earnings are USD101.50 per hectare, every 
five years.  
 
The costs can be adopted from Chapter 7. An initial investment of €48.800 is required, plus 
costs for transplanting trees of €2.187.500 at 7000 hectares, and nursery maintenance 
estimated at €3.600 for two years. This leads to a total initial investment of €2.239.900. The 
subsequent costs over the entire lifetime of the project are €125.000 per five years. The 
motorbike at €1.500 is likely to need replacement every 5 years, therefore the total operational 
costs are estimated at €126.500 for five years. The total calculation for the first five years of 
the project is made in Table 8.4. 
 
Similar to the smallholder-based scenario, the technique of calculating the Net Present Value 
(NPV), and discounting for future income and costs,  is applied.  
 
Total initial investment (year 0): - €2.239.900 
 
Total operational costs after five years (year 
5): 

- €126.500 

Total income over after 5 years (year 5): + €532.875* 
Tax for national DNA (2.5%) (year 5): - €13.322 
Net cash inflows from non-financial 
operations after 5 years (year 5): 

€393.053 

 
Discount factor (year 5): 1/(1+0.04)^5= 0.82 
 
Total NPV after five years (year 0 + year 
5): 

-€ 1.917.597 

*at €1.00 = USD0.75  
Table 8.4: Calculation of the result for the first five years of the project in the plantation scenario when 
the production of tCER’s is chosen.   

 
With the figures from Table 8.4, the project would not reach breakeven over its life span. This 
is due to the high upfront investment, and the very long time span on which income can be 
expected. This income on the long term is strongly reduced by the discount factor.  
 
A way to obtain a higher income early in the project, is by choosing lCER’s instead of 
tCER’s. As was discussed in Section 4.2.6, the lCER price is expected to be around 60% of 
the price of normal CER’s, while tCER’s are only assumed to deliver 10% of the CER price. 
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In practice this means that the income for the entire crediting period of 20 (renewable twice) 
or 30 (one single period) years can be obtained after the first verification. This means that if 
the income from lCER’s is indeed six times the income from tCER’s, as was stated in Section 
4.2.6, and all this income would be obtained after the first verification, the income after five 
years would be 6 times the income with tCER’s. In that case a single, not renewable crediting 
period of 30 years is chosen, which should be done to generate the highest possible income 
early in the project. In that case, a profit of €212.571 can be made after five years, as is shown 
in Table 8.5. The costs for maintaining the plantation for 30 years should be deducted from 
this profit. After the full life span of the project, which is the 30-year crediting period, a total 
loss of €87.313 is expected. If this scenario with lCER’s is followed, this means that the 
plantation makes a profit at first hand, but this becomes a loss over the full life span of the 
project. It should be noted that this is only based on income from lCER sales, and no income 
from seed harvests is assumed, while this creates a very attractive opportunity for cheap and 
steady seed production, for which only seasonal harvesting employees need to be hired. 
Inclusion of this income is likely to make the business as a whole profitable. The 
disadvantage of choosing lCER’s is that less information about selling prices is available, this 
makes it difficult to give an accurate income estimation. Furthermore, the risk of loosing trees 
lies with the project developer, this means that lCER’s can loose their value and need to be 
replaced if verification, which is required every five years, is not successful. The validity of 
tCER’s is guaranteed once verified. This is a risk that cannot be taken when smallholder 
farmers are responsible for the trees, but that could be acceptable in case the plantation is 
managed by own employees.     
 
Total initial investment (year 0): - €2.239.900 
 
Total operational costs after five years (year 
5): 

- €126.500 

Total income over after 5 years (year 5): + €3.197.250* 
Tax for national DNA (2.5%) (year 5): - €79.931 
Net cash inflows from non-financial 
operations after 5 years (year 5): 

€2.990.819 

 
Discount factor (year 5): 1/(1+0.04)^5= 0.82 
 
Total NPV after five years (year 0+ year 
5): 

€212.571 

 
Total discounted operational costs for 30 
years**: 

-€299.884 

 
Total NPV after 30 years: -€87.313 
*at €1.00 = USD0.75  
** Discount rates were calculated for every 5-year period and multiplied with the operational costs per five years 
of €126.500, finally the sum of all these costs formed the total.   

Table 8.5: Calculation of the result for the first five years of the project in the plantation scenario when 
the production of lCER’s is chosen.   

 
In addition to the preceding paragraph, it is important to note that most voluntary standards 
also produce credits that cover the entire crediting period at once, instead of in small bits of 
five years, as is the case with tCER’s. Usually voluntary standards don’t make a difference 
between a carbon credit from forestry, and one from another kind of project. This means that 
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a similar effect in terms of pay-back time as with lCER’s, could also be obtained when using 
a voluntary standard like VCS. 
 
The high initial investment, that is mainly due to establishing the plantation (planting trees), 
makes a project with tCER’s unfeasible. Test plots should be planted to measure the actual 
effort it costs to plant a tree at the given location with a systematic approach, to test whether 
the assumptions were right. Increasing the scale, as was done in the smallholder-based 
scenario, would be less helpful since the major part of the cost increases with scale, instead of 
it being fixed. Furthermore, it is not as easy to include more land, since the project is 
restricted in this case to the land that belongs to the airport. 
 
Another aspect, that was mentioned before, is that it would be logical to not only include 
income from the sale of tCER’s, but also from the production of Jatropha oil. If the project 
developer is responsible for the costs of planting trees, it would be logical that this same 
company, in this case Diligent, would also have the right to harvest seeds. If another party, 
such as the airport, wants to be owner of the trees and their seed production, maybe an 
agreement with the airport can be made with regard to a participation in the cost of 
developing the plantation, and with regard to a fixed seed price. Including income from the 
biofuel operation or sharing costs with for example the airport, would quickly make the 
project viable. 
 
An important advantage of this scenario is that it is much better controllable, compared to the 
smallholder-based scenario. This is an area of land, with clear boundaries, that remains under 
control of Diligent, the chance on failure, or individual, autonomous harmful actions by 
farmers is much smaller.  
 

8.4 Stakeholder’s opinions 
Of the farmers that would participate in the smallholder-based scenario, some were 
interviewed. Their initial opinions were very positive towards the development of this project. 
The bonus for successfully transplanting the trees was perceived as an important aspect, 
because a time horizon of 3 years until their work would financially pay off is too long for 
most farmers. Although communication with local farmers can be sometimes unclear for 
western people, these opinions can be assumed legitimate because the project was explained 
on prepared leaflets with text in Kiswahili, and questions were handled via a one of Diligent’s 
local field officers.  In the identified area also one German farmer is active who is very 
enthusiastic about Jatropha, and grows it as a test on his farm, in Gorofani. This farmer could 
be an important link between Diligent and the farmers in the field. He could for example fulfil 
a leading position in the local organization. At the moment he is very interested in 
participating in this project44

 
.   

The village executive officer of Gorofani agreed on how suitable this location would be for 
the smallholder based project. He highlighted the potential for further economic development 
of his village, and was very enthusiastic about the project. 
 
In case of the plantation project no interviews with potential plantation workers have been 
held. It can however be assumed that the employment that such a plantation would bring to 
the region will be warmly welcomed, as long as decent salaries are paid. These workers will, 

                                                 
44 Obtained from an interview with Mr. Johannes Klepps, farmer in Gorofani.  
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as opposed to the farmers in the other scenario, not need to make an upfront investment 
themselves, but get immediately paid by the hour.  
 
The national government’s opinion has been obtained through Tanzania’s Designated 
National Authority (DNA). In an interview, the head of this DNA was enthusiastic and 
supportive towards the idea of a smallholder-based scenario, but also recognized the 
challenges, and stressed the need for centralization. He was not specifically asked for his 
opinion regarding this plantation scenario. The importance of not competing with food 
production was once again stressed, because this remains a sensitive topic when the 
cultivation of a biofuel crop is proposed. 
 

8.5 Discussion and recommendations 
An important part of Diligent’s original strategy is proven to be correct here again. Working 
with smallholder farmers and local communities, and not aiming for the ownership of a large 
plantation, turns out to be economically attractive too, next to its contribution to local 
development. By involving local farmers and communities from the beginning of the project 
on, a high upfront investment by the project developer is avoided, since this investment is 
done by the work of local people, who benefit later from a good price at which they can sell 
their harvested seeds.  
 
At first hand, the smallholder-based scenario seems to be the most attractive option, since this 
is easily made viable and profitable on a relative short term, with increasing the scale. 
However, also the opportunity to use the grounds of KIA airport to develop a plantation is 
worth further effort. If this project is taken to the PIN stage, which is relatively little work, 
investors can be attracted. If a social investor can be found who is willing to reduce the 
interest rate below 4%, the discount rates as they were applied in Section 8.3 will work out 
better. It is also worth the effort to test the assumptions for plantation maintenance and 
monitoring costs. The controllability of the project location, and the extra seed supply to the 
oil-factory are important advantages. Income from the company’s biofuel operation can also 
be included in the calculations of Table 8.5, this will lead to better final results. Care should 
be taken to not use land that is used by local farmers for food production. If an investor can be 
found who wants to invest in this KIA airport plantation, it would be an ideal option for 
Diligent to develop a project in an operationally less challenging environment compared to 
the smallholder-based scenario. The sequence of first developing this project to gather 
experience, and then develop the more challenging smallholder-based project would make 
sense from a learning point of view. Unfortunately the high initial cost points to a direction in 
which it would be quicker feasible to develop the smallholder-based scenario.                    
 
A common way to make a project’s income higher at an earlier stage, and which was also 
discussed at earlier points throughout this thesis, is selling futures, before the actual issuance 
of tCER’s. This is a common way of trading, and a good way to obtain a higher income early 
in the project. It must be noticed that prices for futures are obviously lower than prices for 
issued credits, since a risk for the buyer is involved that the tCER’s will never be issued. 
However, also a lower discount rate applies if income is received earlier.  
 
A decisive factor in making a project economically viable or not has appeared to be the 
project’s scale, especially in case of a smallholder-based project this has an important impact. 
In this project big losses were found for small areas, while a project of 6000 hectares is 
economically viable, and above that is even becomes profitable. The project’s scale is 
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considered the main factor in making the project feasible or not. Also the smoothness of the 
project development is important. Due to the context of the project, in one of the world’s least 
developed countries, unexpected circumstances, hurdles, and costs can be expected. This 
makes it difficult to give accurate upfront cost estimations. The estimations in this thesis are 
however still a good guideline.  
 
Besides a new sequestration project, such as the scenarios that were described in this thesis, 
some other options exist for Diligent to produce and trade carbon credits. The company is one 
of the world’s first industrial producers of Jatropha oil, this oil is usually used as a biofuel, 
which replaces fossil fuel. This “fuel-switch” is eligible for carbon credits. However, at the 
moment the production volumes are still too low to cover the transaction costs of a CDM 
project. Also the production of Jatropha seedcake briquettes and charcoal, to replace fossil 
charcoal and firewood is a potential CDM project. At the moment however, the same applies 
as for the oil production: volumes are still too low. Another option, which was not extensively 
treated in this thesis, is the possible registration of Diligent’s current farmer network as a 
CDM project. At first hand this seems possible since Diligent included the possibility of 
producing carbon credits in their farmer contracts since the earliest start. However, the 
baselines are unclear, and most likely the hedges (hedges have been the main focus until now) 
face problems meeting the additionality criteria. Most farmers would plant a hedge in any 
case, if it would not be Jatropha, it would have been another tree, therefore planting a Jatropha 
tree does not necessarily sequester more carbon than the business as usual case. Furthermore, 
hedges are not eligible as forests under CDM.         
 
Considering all the above, both scenarios have the potential to be successful CDM projects. If 
improved circumstances (such as lower costs, an investor with better conditions, or the 
inclusion of biofuel production in the calculation) can be created, it is recommendable to start 
with the plantation scenario, aiming for lCER production. This is beneficial to gather 
experience with CDM projects, in an operationally less challenging environment. However, it 
is first important to get a better insight in the income that can be obtained from the sales of 
lCER’s. This insight can be obtained through further market analysis, or by agreeing a price 
with a future buyer. Before final execution is pursued, it is recommendable to test the 
proposed procedures, and estimated costs on a small area, on the KIA airport grounds. If this 
pilot plantation gives the expected results, and the calculations in Table 8.5 can be made in a 
bit more favourable way (due to the previously described “improved circumstances”), the 
project is ready for expansion to full scale, it is not necessary to wait for real validation and 
verification. Validation and verification could be simulated for the purpose of testing 
procedures. For the management of Diligent, it is an important consideration whether the 
company wants to become involved in the development of a plantation instead of only 
working with smallholders. A plantation generally brings along more critical questions 
regarding sustainability and local development. If the proposed scenario is followed, no 
difficulties in answering these questions are expected. Furthermore, registration as a CDM 
project safeguards sustainability and a contribution to local development by definition through 
its extensive procedures and requirements.  
 
When more experience is gathered with the development of a CDM project, the smallholder-
based scenario is an interesting option for a second project. The development of this 
smallholder-based scenario is more challenging due to the required cooperation with local 
farmers and organizations. This cooperation however, is where Diligent’s expertise lies, 
which certainly is an advantage in developing the smallholder-based scenario. A good option 
to combine the two scenarios is to include the plantation scenario as the first CPA in 
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Diligent’s PoA, to which smallholder-based projects can be later added under more cost-
efficient conditions. This possibility should be further explored.  
 
If no improved situation for the plantation scenario can be created compared to the current 
Table 8.5, Diligent can choose to immediately start the smallholder scenario. As stated before, 
this is more challenging, but if the applied scale is large enough, this will turn out beneficially 
as well. Three clear benefits can be identified. First, seed production will be substantially 
increased. This will directly benefit the company’s biofuel operation, and contributes to the 
required turnover growth. Second, direct profit can be expected when the total cultivated area 
is larger than 6000 hectares. This should be feasible since a lot of suitable land is available 
throughout the region. Third, a future cash cow is established since at later verifications 
higher profits can be expected. The current calculations only cover the first five years of the 
potential life span of 60 years, while all investments are included.      
 
It became clear that is it possible that a CDM project is not viable on itself, due to for example 
a too small scale. In that case it could still turn out beneficially if it is seen as an extra way of 
financing the required turnover growth of the company’s biofuel production, and a way to 
make the operation as a whole viable.  
 
In the development of a CDM project it is important that Diligent keeps in close contact with 
the national DNA. At the moment they require a Tanzanian (minority) shareholder in the 
organization that develops the project. This means a new organization should be established, 
and a suitable Tanzanian partner needs to be found.  
   
Since the current CDM expires in 2012, and at this moment there is still no agreement on a 
successor (see Section 4.2.7), it is wise to wait for more clarity until final documents are 
written. There is not much discussion about whether there will be a successor or not, there 
will be one, it only still is unclear what it will precisely look like. The basic setup of a forestry 
project, and also the requirements for it, will be similar to today. Therefore development can 
already be started prior to knowing exactly what will happen after 2012.     
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9 Discussion and conclusions 
 
The relevance of a project that generates carbon credits was researched in this thesis for the 
case of one social entrepreneur. The results for that single case were described in Chapter 8. 
This case-study researched what the development of a carbon sequestration project precisely 
entails for a company like Diligent. Chapter 8 identified what the expected difficulties and 
benefits are. Based on that, conclusions can be drawn for social entrepreneurs regarding the 
general use of developing carbon sequestration projects. This chapter takes the case-study 
results back to the discussion on social entrepreneurship. 
 
The discussion on social entrepreneurship in Chapter 2 resulted in a question of which new 
instruments could be designed to help social entrepreneurs in determining a more optimal way 
to finance their activities. The CDM, and also the available voluntary standards certainly are 
such instruments. For particular social entrepreneurs, namely the ones whose activities 
contribute to reducing the global carbon dioxide emission, getting involved in the production 
of carbon credits can be beneficial. These activities would include for example forestry 
projects, rural electrification projects, power plants, anti-deforestation activities, and 
sustainable transport projects.  
 
Developing a carbon credit project would create a steady flow of earned income into the 
social entrepreneur’s organisation. As was argued in Chapter 2, this makes the entrepreneur 
less dependent on philanthropic capital, which gives more freedom. Dependency on 
philanthropic capital can be very restrictive (Austin et al., 2006). It limits social entrepreneurs 
in doing what they think works best to reach their own social goals. Earned income from 
carbon credits helps social entrepreneurs to keep more freedom and independence in their 
work. A higher share of earned income also gives a social entrepreneur a better story in 
approaching investors, and towards stakeholders. According to Foster and Bradach (2005) this 
works beneficial for social entrepreneurs in getting easier access to capital.    
 
Another disadvantage of depending on the social capital market is the short time horizon that 
often applies. Usually social entrepreneurs who depend on the social capital market for their 
income are forced to continuously search for new capital, since capital is usually provided for 
only a year ahead. This often distracts the organization’s focus away from the social goals 
(Austin et al., 2006). A carbon credit project is by definition a long term project, especially a 
carbon sequestration project. This makes the developing social entrepreneurial company 
immediately an organization that should work with a time horizon of decades, which benefits 
the economic sustainability of the organization. Social entrepreneurs who develop carbon 
credit projects are more likely to deliver a long term contribution to local development.  This 
works through for example the inclusion of small farmers as was seen in the smallholder-
based model, or through the employment of people for plantations, factories, or power plants. 
 
A disadvantage of developing a carbon sequestration project for a social entrepreneur is that 
this requires a relatively high upfront investment, while return can only be received years 
later. However, this can be solved because the development of such a project does also give 
access to new funds and investors, who specifically aim at financing carbon credit projects, 
and thus are used to long time horizons. The development of a carbon credit project opens 
doors to new investors, and since these investors have longer time horizons, the social 
entrepreneur can also extend his horizon.  
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Social entrepreneurs are often active in developing countries, also standards for carbon 
credits, such as the CDM, are often developed specifically for project development in 
developing countries. It immediately seems logical to combine the two, and make use of the 
special advantages project developers in the least developed countries can apply for. These 
include special loans, lower costs, and less complex procedures.  
 
An added advantage of the development of a carbon sequestration project is that the 
environmental and social performance of a social entrepreneur is better monitored and can 
thus be better valued. This is likely to increase the quality of work, and can lead to more 
success in achieving the entrepreneur’s social goals.   
 
Carbon credit projects usually bring along a lot of rules, requirements, and paperwork. Since 
social entrepreneurs often already experience difficulties to find sufficient time to work on 
achieving their actual social goals, it might be undesirable to follow the extensive procedures 
of a carbon credit project. This should not be underestimated, and should be taken into 
account.           
 
Overall can be concluded that, if the current activities have potential to produce carbon 
credits, and have, or could reach, sufficient scale to cover the transaction costs, the 
development of a carbon credit project is a good option for social entrepreneurs to become 
more financially self-sufficient. The case study in this thesis suggests that a carbon credit 
project developed in the context of a social entrepreneurial organization can be economically 
viable on a relatively short term. Furthermore, such a project gives social entrepreneurs reason 
and opportunity to develop a long term focus. This will generally increase the sustainability of 
their organization, and lead to improved circumstances to achieve their social goals.      
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10 Concluding remarks 
 
This thesis has aimed to cover all important aspects of the development of a carbon credit 
project for a social entrepreneur. However, due to this approach, not every aspect is as 
thoroughly researched as would be useful; some parts are more extensively researched than 
others. The individual chapters of this thesis could be the main subject of research in separate 
research projects. For example the chapter on internal control and data management can be 
researched more extensively. It would also be useful to do a more thorough determination of 
the carbon stock in Jatropha trees, a bigger and more varied sample would provide more, and 
more reliable, information. In this thesis the choice was made to create one integral view, 
instead of completely going into depth on every individual aspect.  
 
It would also be useful to research the possibilities for the application of different baseline 
methodologies, and also different kinds of carbon credit projects, for different kinds of social 
entrepreneurs. For example, a case about an entrepreneur who aims at installing solar panels 
in rural communities in Africa could lead to different results than this case study did. It would 
improve the overall knowledge about social entrepreneurs and the development of carbon 
credit projects.  
 
The approach of theory based business problem solving that was used in this thesis was 
experienced as very suitable for this project. It structures the research as a whole, and clearly 
separates the case from the broader research context, and later brings them back together 
again. This makes it possible to approach other cases within the same research context in the 
same way, and that way create multiple perfectly comparable studies to gather more 
knowledge, and draw stronger conclusions for social entrepreneurs. It therefore certainly is 
recommendable to approach similar projects with the same methodology as the one that was 
used in this thesis.  
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Appendix 1: 

Biomass production and carbon storage in Jatropha Curcas 

1 Introduction 
If a company wants to start producing and selling carbon credits, the actual thing that is being 
traded is a certificate, guaranteeing a certain carbon-dioxide emission reduction. In the case of 
a forestation project, in which carbon is stored in trees, the amount of carbon credits produced 
by the project is equal to the amount of carbon that is stored in the trees. Therefore, to exactly 
know how much carbon credits a project will produce, it is essential to know how much 
carbon will be sequestered in the trees of that project. To identify this, two aspects are 
specifically important. First, one needs to know the biomass of a tree, under the circumstances 
it will grow in the project. Second, one needs to know how much of this biomass actually is 
carbon. This study goes into both aspects. 
 
The first question researches the amount of biomass that is developed in a Jatropha Curcas 
tree. Some research has been done on identifying the biomass of Jatropha. Most publications 
about this subject refer to data from Henning (see Benge, 2006), Reinhard et al. (2008), 
Francis et al. (2005) or Struiijs (2008). However, these publications base themselves on rough 
estimations or unverifiable sources and unclear methods. Destructive research, in which the 
weight of a Jatropha tree would be determined by actually weighing the tree, would give a 
more accurate idea of the biomass that is produced in a Jatropha tree. To my knowledge, three 
publications exist of research in which a destructive research approach is applied to Jatropha 
trees. Ghezehei et al. (2009) researched the above-ground biomass of 12 randomly sampled, 
and destructively tested trees, from three different height categories, with ages varying from 
16 to 26 months. This study was executed in South Africa, where the trees grew at a 
university research plot. Firdaus et al. (2010) selected a total of three trees from three different 
ages (10, 17 and 32 months) for destructive testing. They determined both the above- and 
below-ground weights of trees that were grown at a university plot in Malaysia. Achten et al. 
(2010) identified the biomass production over time in a controlled greenhouse setting, for 
different drought conditions. They measured the trees on a regular basis, till they reached an 
age of 116 days. Furthermore they validated the results from their greenhouse experiment 
with mature trees, three of three years old, and three of 12 years old. Stem and branch 
diameters were taken, and the above-ground weight was determined. These trees were taken 
from a university plot in India.  
 
A common way of estimating the biomass of a tree is to make use of an allometric equation. 
This is a non-destructive method in which the tree weight (total, above- or below ground) is 
predicted by means of a formula that uses data that are relatively easy to measure, such as the 
stem diameter, or the height of the tree. Both Ghezehei et al. (2009) and Achten et al. (2010) 
developed such an equation, based on their destructive research. Allometry is a site specific 
method: the same tree follows a different allometric equation when exposed to different 
conditions (Pastor et al., 198445

 
). 

The second question that was formulated in the first paragraph regards the amount of carbon 
that is present in a tree’s biomass. The amount of carbon in a tree is a fraction of the tree’s dry 
biomass. The publications that were mentioned above use percentages from 47,5% till 52%, 

                                                 
45 Also through personal communication with Y.J. Franken, researcher at the FACT foundation. 
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for the part of dry weight that is carbon. In practice a rule that 50% of the dry biomass is 
carbon is widely applied, not only to Jatropha. Only one publication (Firdaus et al. 2010) did 
actual measurements on wood samples to determine the carbon fraction of the dry biomass. 
They analyzed samples of their sample trees with a carbon analyzer.    
 
This study aims to contribute to the knowledge regarding the biomass production of Jatropha 
Curcas by applying a destructive research approach on Jatropha trees in the field. A total of 9 
trees were sampled, with varying growing conditions, and ages varying from 2,5 to 25 years 
old. The data were used to give an idea about the dry biomass a Jatropha tree produces, and to 
develop an allometric equation. Compared to the existing publications that were described 
above, this study uses more mature trees that were grown in the field, researches both above- 
and below-ground biomass, produces site-specific data for northern Tanzania, tests the 
allometric equations from literature in the Tanzanian situation, and develops a new allometric 
equation. Furthermore, samples of the trees were further analyzed to identify the real carbon 
fraction of Jatropha biomass, both to compare with the results of Firdaus et al. (2010), and to 
search for variations in carbon fraction in different circumstances, or in different parts of the 
tree. To my knowledge this study is the first attempt to research all physiological aspects of 
Jatropha Curcas that are relevant for a carbon credit project, together in one study.      
 

2 Theoretical background 
The research that has been done so far regarding the biomass production and carbon content 
of Jatropha Curcas is, as was already mentioned in the introduction, limited. Relevant findings 
from the studies that were published are summarized in this section.  
 
The main objective of the research done by Ghezehei et al. (2009) was to examine the 
reliability of a tree’s basal diameter and crown-depth, in predicting above-ground variables, 
such as biomass weight. These relationships were also tested using independent data. They 
identified three height categories from trees with ages varying from 16 till 24 months old. 
These categories were: shorter than 1.2 m, between 1.2 m and 2 m, and taller than 2 m. From 
each category four trees were sampled randomly from a plot at the Ukulinga research farm at 
the University of Kwazulu Natal, in South Africa. This study site was situated at an elevation 
of 781 m above sea level, and was described as a site with hot and warm summers, mild 
winters, and an annual rainfall of 680mm. The trees were cut off at ground level, all relevant 
variables were measured just before cutting. Then samples were taken from leaves, branches 
and stem. These samples were oven dried at 73°C, and then weighed with an electronic 
balance to determine the dry weights. Highly significant relationships were found between 
both the basal stem diameter and the crown depth, and the above ground variables. The basal 
stem diameter is generally preferred since this is easier to measure. The allometric equations 
that were developed in this study for the relationship between the basal diameter (BD) and the 
total above-ground dry mass (TAM), and with the woody above-ground dry mass (WAM), are 
as follows: 
 

354.3000907.0 BDTAM =         (1) 
 

529.3000283.0 BDWAM =         (2) 
 
The woody above-ground dry mass does not include the leaves, while the total does. The 
weights are in grams, and the diameters in millimetres. The study also concluded that neither 
below-ground competition with other species nor tree spacing had significant effects on 
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allometry. They did affect the growth and size of trees, but this is a proportional effect, 
resulting in constant allometric equations. The authors recommend the inclusion of data from 
additional study sites, to test the wider applicability of the equations.  
 
The study by Achten et al. (2010) determined the biomass allocation and allometric 
relationships for young Jatropha seedlings, under three different levels of drought stress. The 
drought levels were simulated in a greenhouse at the K.U. Leuven University in Belgium. All 
non-destructive measurements, such as stem diameters, were collected at the ages of 64, 78, 
92, and 116 days. After this last measurement the weights of both above- and below- ground 
parts were determined. Furthermore, dry masses were determined after oven-drying at 105°C 
until a constant weight was reached. The results from these measurements were used to 
calculate the root-shoot ratios (root biomass divided by aboveground biomass, with or without 
leaves). They indicate that water stressed seedlings had significantly higher root-shoot ratios 
compared to wet treatment plants, but they are all around 0.50 for these young seedlings, if 
the leaves are not included. The wood density they found is 0.26g/cm3, and did not vary 
among the different treatments, this is similar with other reported densities of Jatropha 
Curcas, also on older trees. The allometric equation that was developed from the seedlings is 
as follows: 
 

328.2029.0 BDTAM =             (3) 
 
Also here the weight is in grams and the diameter in millimetres. With an R2 of 0.89, this 
equation gives a good estimation of the total above ground biomass of the seedlings. The 
allometric equation that was found on the seedlings was tested on more mature trees. From 
three trees of three years old, and three of 12 years old, the diameters at ground level were 
measured before they were cut. Then the total above-ground fresh and dry weights were 
determined. These trees grew at a plantation of the CCS Haryana Agricultural University in 
India. Neither the developed allometric relationship, nor a more general one from literature, 
predicted the above-ground weight with acceptable accuracy. However, if applied to each 
first-order branch individually, a similar equation produced a good prediction (R2= 0.92). This 
equation is: 
 

68.203.0 BDTAM =          (4) 
 
The main objective of Firdaus et al. (2010) was to determine the potential of Jatropha Curcas 
to sequester carbon. The study was executed at the agriculture park of the Putra University in 
Malaysia, where a total area of one hectare is planted with Jatropha Curcas, at a planting 
distance of 2x3m.  A total of three trees from different ages (10, 17, and 32 months) were 
researched. These trees were sawn down at the base of the stem, after which the fresh weight 
of the above-ground part was directly determined. Then the below-ground parts were 
excavated. All tree parts were subsampled and oven-dried till a constant weight was reached. 
Later the samples were ground to 2mm for total carbon content determination by means of a 
carbon analyzer. Furthermore, litterfall was collected from nine randomly selected trees, 
photosythesis was measured, and soil carbon was analyzed. The results of this study are 
summarized in Table 1. The measurements on soil and litterfall did not indicate any addition 
to the total carbon content of soil by the litterfall.  
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Age [months] C-content 
(above-ground) 

Dry biomass* 
(above-ground) 

C-content 
(below-ground) 

Dry biomass* 
(below-ground)  

32 46.90% 12.68 kg 46.88% 3.95 kg 
17 46.75% 6.60 kg 46.76% 2.32 kg 
10 46.23% 1.23 kg 44.59% 0.70 kg 

 * without leaves          
Table 1: Results dry weight and C-content measurements (Firdaus et al., 2010). 

 

3 Data collection and research approach 

3.1 Sample trees and research location 
For this research project, a total of nine trees were excavated in June 2010. This was done at 
four different locations, in the region of Arusha, northern Tanzania. The exact GPS locations 
of all trees were saved, a map with these locations is attached as Appendix 1.1.  
 
The first four trees were excavated in the city of Arusha itself, they were taken from a hedge, 
and a small plot of trees at an industrial area, in the part of town called Njiro. These trees were 
2,5 years old, and irrigated on a regular basis, they originated from seeds. The first two trees 
were planted on a square plot, with planting distances of approximately 1.5x1.5 m. The third 
and fourth tree were planted in a hedge, with planting distances of approximately 1.2 meters. 
All four trees had an average size compared to the surrounding trees.   
 
The fifth and sixth tree were excavated at a demo plot near the village of Selela. The 
environment in Selela is very dry, and the plot was located uphill, away from the river, on dry, 
sandy ground where nothing else grew at the time of visit. These trees were neither irrigated, 
nor fertilized, and originated from seeds. The planting distance was approximately 1.5x2m. 
The fifth tree was among the larger trees, the sixth was among the smaller ones. They were 
2.5 years old.    
 
The seventh and eight tree were excavated at a demo plot near the village of Engaruka Juu. 
This is in the same region as Selela, but closer to the river. At this plot some grass could be 
found in between the Jatropha trees, at the time of visit. The trees were neither irrigated, nor 
fertilized, and originated from seeds. The trees were planted with distances varying from three 
to five meters. The seventh tree was among the larger trees, the eight was among the smaller 
ones. They were 4 years old.  
 
The ninth tree was also excavated in Engaruka Juu, from a hedge separating a farm from the 
(sand) road. It had been regularly irrigated, and on an irregular base fertilized with cattle-
manure from passing cattle on the road. According to the owner, the tree originated from a 
cutting, and was approximately 25 years old. Planting distance was approximately 1.2m.  
 

3.2 Measuring the trees 
With all trees the same approach was followed. Trees were excavated using spades, pickaxes 
and hands, care was taken to not damage the rootsystem, which stayed intact, except for tiny 
rootlets that remained in the ground. After excavation the perimeter of the stem at ground 
level, the number of first order branches, and the tree’s above-ground, below-ground, and 
total heights were measured. Then loose sand and soil were removed from the roots, and all 
leaves were removed, before measuring the total weight of the tree as a whole (except for the 
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ninth tree, which was too heavy to weigh in one piece). This weight was measured using a 
hanging scale with a maximum load of 100kg. Then the above- and below-ground parts were 
separated (using a pruning saw), and weighed individually with the same scale. Subsequently, 
three till seven subsamples were taken from different parts of each tree, leading to a total of 
34 subsamples. The fresh weight of these subsamples was immediately measured using a 
Kern precision scale with a maximum load of 200 grams.            
 
All subsamples were oven dried at 105°C, till a constant weight was reached. Immediately 
after drying, the dry-weight of the samples was determined using the same precision scale. 
These measurements were used to calculate the dry weights of the trees. After drying, seven 
samples were ground using a steel file, to prepare for analysis with a CHN-analyser (Perkin 
Elmer 2400 series II). With this analyzer the exact weight fraction of carbon was measured. 
Seven subsamples from different trees, and different parts were measured, and every sample 
was measured twice. In between these measurements the samples were stored in a desiccator, 
to prevent the absorption of moisture by the samples.  
 
The excavation of all trees, and all measurements afterwards were photographed, these 
pictures can be found in Appendix 1.2.  

3.3 Allometry 
Allometric equations help to estimate characteristics of trees that are difficult to estimate, 
using characteristics that are easier to measure. A good allometric equation can predict the 
biomass of a tree, without the need for destructive research. The diameter at ground or breast 
height is a commonly used predictor (e.g. Achten et al., 2010; Ghezehei et al., 2009). This 
research did include destructive research, for the purpose of empirically developing a valid 
allometric equation for Jatropha Curcas, in the context of northern Tanzania. According to 
Pilli et al. (2006), the proportions between different parts of a tree maintain constant while the 
tree is growing. Therefore, a power function is generally used to predict a tree’s biomass from 
the diameter. Such a function has the following form, which was also found in the 
publications by Ghezehei et al. (2009), and Achten et al. (2010): 
 

baDBiomass =          (5) 
 
Which biomass one wants to calculate can be chosen, this could be with or without leaves, 
and could include below-ground parts or not. In this study leaves were never included, 
because only woody biomass has the potential to produce reliable carbon credits. The 
diameter can be taken at ground level, or at a certain fixed height above the ground. Since 
Jatropha Curcas tends to develop their first-order branches very near to the ground, it is most 
convenient to use the diameter at ground (or base) level, this was done, and was also done in 
the studies by Ghezehei et al. (2009) and Achten et al. (2010). In this study, the relationships 
between the basal diameter and biomass are estimated. Allometric equations are developed for 
both total dry woody biomass, and above-ground dry woody biomass. This was done to make 
comparison with existing equations possible, and to evaluate which equation produces more 
reliable results.   
 
The allometric equations are estimated by means of a regression in SPSS (version IBM SPSS 
Statistics 19). The significance and validity of the equations are evaluated with the R2 value, 
the F-statistic, and a scatterplot of the residuals. Microsoft Excel was used to visualize graphs 
of the equations.    
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4 Results and analysis 

4.1 Tree characteristics 
The measurements from the sampled trees are summarized in Table 2. For the dry weight 
fraction, an average value was calculated, and this value was used in further calculations. This 
was done to reduce the impact of measurement errors, as can for example be observed in tree 
number six, where there is a high chance on small errors due to the relatively low tree-weight. 
In Table 2, only the most relevant data for this study were given, many other data were stored 
as well, the complete dataset can be obtained on request from the author.   

Tree 
ID

Age 
[years]

Diameter 
at base 

[cm]

Woody 
fresh 

weight 
[kg]

Dry 
weight 
fraction

Dry 
weight* 

[kg]

Woody 
Above-
ground 
weight 

[kg]

Below-
ground 
weight 

[kg]

Root/s
hoot 
ratio

Origin Irigation

1 2,5 16,1 33,7 0,23 7,75 26,2 7,5 0,29 Arusha Yes
2 2,5 15,9 45,4 0,20 9,08 34,8 10,6 0,30 Arusha Yes
3 2,5 13,1 29,5 0,23 6,79 24,0 5,5 0,23 Arusha Yes
4 2,5 12,7 23,2 0,24 5,57 18,6 4,6 0,25 Arusha Yes
5 2,5 6,5 2,8 0,21 0,59 1,7 1,1 0,65 Selela No
6 2,5 4,6 0,8 0,17 0,14 0,6 0,3 0,45 Selela No
7 4 11,1 13,5 0,24 3,24 10,0 3,5 0,35 Engaruka No
8 4 8,0 6,3 0,22 1,39 4,9 1,4 0,29 Engaruka No
9 25 43,3 137,3 0,24 32,95 95,5 41,8 0,44 Engaruka Yes

Average values: 0,22 0,36
* for all trees the same average dry weight fraction was used. 
                                                 Table 2: Tree measurements 

 

4.2 Carbon measurements 
All ground wood samples were analyzed twice, to make sure the measurement was valid. The 
average of these two measurements is considered the final result, they lie between 42.20% 
and 45.48 % of carbon in the tree’s woody dry weight. The results are presented in Table 3. 
All samples were ground from complete cross sections of the stem, branches, or roots. The 
only exception is sample 9c, which came from the centre part of the stem from a big tree.  If 
the sample was a sample from a root, this is indicated in the second column of the table.  
 

Tree ID Below-ground sample C-content [% of total dry weight]

1 Yes 42,20
2 No 45,35
5 Yes 42,71
6 No 42,76

9a No 45,48
9b Yes 42,54
9c* No 42,81

43,41
* Sample 9c originates from the center part of the stem, the rest are full cross sections
Average:

 
      Table 3: Carbon content measurements 
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4.3 Allometry 
The results from Table 2 were used to develop the allometric relationships for the total woody 
dry biomass and for the above-ground woody dry biomass. Only the first eight trees were 
used in the regression, since the ninth could be considered an outlier, and would have had an 
important effect on the final allometric equations. Furthermore the history of the ninth tree is 
relatively uncertain compared to the other eight. In the calculation on dry weights, the average 
dry weight fraction was continuously used, instead of the individual fraction for each tree. 
Tests with different regressions showed slightly more significant results when the average 
value was used.  
 
The first equation that was developed is between the basal diameter and the total woody dry 
biomass, this means below-ground biomass was included. The resulting equation looks as 
follows: 
 

2575.3001245.0 BDTWDBiomass =        (6) 
 
The analysis resulted in an R2 of 0.980, an F-statistic of 295.86 (0.000 significance), and no 
clear pattern in the scatter plot of the residuals. This indicates that the developed allometric 
relationship is strong and significant, and that the equation produces estimates of the total dry 
biomass without a systematic error. Figure 1 shows the relationship.   
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Figure 1: Empirical regression model for the allometric relation between Total Woody Dry Biomass and the 
Basal Diameter. 
 
The second allometric equation that was developed identifies the relationship between the 
basal diameter and the above-ground woody dry biomass. The resulting equation looks as 
follows: 
 

2568.3000939.0 BDsAGWDBiomas =        (7) 
 
The analysis resulted in an R2 of 0.981, an F-statistic of 312.67 (0.000 significance), and no 
clear pattern in the scatter plot of the residuals. Similar to the first equation, this indicates that 
the developed allometric relationship is strong and significant, and that the equation produces 
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estimates of the above-ground dry biomass without a systematic error. Figure 2 shows the 
relationship. 
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Figure 2: Graph 1:The model that was developed by Ghezehei et al. (2009); Graph 2: Empirical regression 
model for the allometric relation between Above-Ground Woody Dry Biomass and the Basal Diameter (the 
individual points that are shown belong to this graph); Graph 3: The model that was developed by Achten et al. 
(2010), corrected to not include leaves.  
 
In Figure 2, also the graphs that resulted from the equations that were developed by Ghezehei 
et al. (2009), and Achten et al. (2010) were shown. Both equations were transformed to 
expressions in centimetres and kilograms, to make a comparison possible. The equation from 
Achten et al. (2010) needed to be corrected for not including the leaf biomass. This was done 
by subtracting 43%, which is the percentage that is accounted for by leaves in the total above-
ground dry biomass (Achten et al., 2010), from the total above-ground dry weights that were 
calculated using their allometric equation. These new values were used to develop a new 
equation.  
 
Both studies that developed an allometric equation from destructive research with trees in the 
field, this one and the one by Ghezehei et al. (2009), used a relatively small sample (eight and 
twelve trees). Therefore it could make sense to combine both equations into one new 
equation. This was done by calculating new values for the above-ground woody dry weights, 
with both equations, for fixed diameters, and then running a new regression. Since new values 
were calculated with the equations from Achten et al. (2010) and Ghezehei et al.(2009), it 
does not make sense to calculate R2 or F-statistic. The result is plotted in Figure 3, and the 
equation is as follows: 
 

3929.3000948.0 BDsAGWDBiomas =        (8) 
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Figure 3: Combined model for the allometric equations from both this study, and the one by Ghezehei et al. 
(2009). 
 

5 Discussion 

5.1 Tree characteristics 
From the data that were presented in Table 2 can be seen that a clear increase in tree weight 
can be observed when trees of the same age were better irrigated. Irrigation was the most 
important predictor of how much and how fast a tree would grow. The sample trees from the 
driest region produced up to 15 times less biomass when compared to trees of the same age 
that were irrigated. This is in line with the findings of Achten et al. (2010), who found that 
Jatropha Curcas trees stop growing when exposed to extremely dry conditions. 
 
When compared to a tree of similar age that was excavated by Firdaus et al. (2010), the trees 
that were sampled in this study are much lighter. The 32-month old tree of Firdaus et al. 
(2010) had a total woody dry weight of 16.6 kg, while the heaviest tree of approximately the 
same age from this study had a dry weight of just over 9 kg. Most likely this is because of the 
climatological differences between Malaysia and Tanzania. Tanzania is much dryer than 
Malaysia, which would cause a slower growth of Jatropha trees, this is confirmed by the data 
in Table 2 regarding irrigation.  
 
The dry-weight fraction of the trees was determined individually per subsample, this resulted 
in a mean dry weight fraction of 0.22 grams of dry weight per gram of fresh weight. No 
significant differences between above- and below-ground parts could be observed. Between 
trees from different environments no structural differences could be observed either.  
   
Regarding the root/shoot ratio one clear conclusion that can be drawn from Table 2 is that it 
decreases when trees receive more water over their lifetime. From the table it is clear that the 
trees from the driest environment had much higher ratios than the irrigated trees. This is in 
line with the findings from Achten et al. (2010), who identified a root/shoot ratios of 0.27 in 
wet environments, and one of 0.41 in very dry environments. From the findings of Firdaus et 
al. (2010) also a root shoot ratio can be calculated. This leads to a ratio of 0.16 for the 32-
month old tree, and a similar value for the 17-month old one. This would be in line with the 
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explanation that was already given for the high weights that were reported from that study 
too. Malaysia has a very wet climate, therefore trees grow quickly and low root/shoot ratios 
are likely. The lower root shoot ratios for wetter environments can be explained by imagining 
trees needing to put less effort in finding water, which means they need less roots46

 
.          

5.2 Carbon content  
The results that were presented in Table 3 indicate a slight difference in the carbon fraction of 
the above-ground dry biomass, and the below-ground dry biomass. If both averages are 
calculated (42.5 for below ground, and 44.1 for above-ground) a difference of 1.6% becomes 
apparent. This is in line with the study by Firdaus et al. (2010), which also indicated slightly 
lower values for below-ground biomass. In calculating the carbon content of a tree, it is up to 
the researcher whether one fraction is used for the entire tree, or separate ones for the above- 
and below-ground parts.  
 
For the purpose of developing a Jatropha-based carbon credit project, it might be preferred to 
use a low fraction, to come to an overall conservative estimation of the carbon stock. This 
would be done to prevent a lower actual production of credits than was anticipated on at the 
start of the project. What size a tree finally reaches is difficult to say, and depends on many 
parameters. Trees that are planted in hedges with small planting distances generally end up 
being smaller, but the carbon stock per hectare could end up to be higher because there are 
more trees. Furthermore, planting distances are also important when a plantation model is 
chosen.  
 
In the case of a carbon credit project with Jatropha Curcas, this will always be combined with 
biofuel production from its seeds. To be able to harvest the seeds, trees can’t be too large, so 
if they grow higher they will most likely be pruned. Trees one through four from the sample 
that was used in this study have an ideal shape for this purpose, and can therefore be used as a 
standard. If one knows beforehand that the trees will grow in a drier area, and will remain 
smaller, another tree from the sample can be chosen to serve as a standard. The pictures in 
Appendix 1.2 can be helpful in this estimation. The average value over trees one through four, 
for the total dry woody tree weight is 7.3 kg. If this average tree would be used in the 
development of a carbon credit project, every tree would store 3.17 kg of carbon, if the 
average carbon fraction is used. This value should be multiplied with 44/12, which is the 
conversion factor from carbon to carbon-dioxide47

 

. This calculation results in 11.62 kg of 
carbon-dioxide per tree. On a plantation with a common planting distance (2x3m), this would 
mean a stock of 19.4 tonnes of carbon-dioxide per hectare. If a planting distance of 2x2m is 
used, the total carbon stock is 29.1 tonnes of carbon-dioxide.    

5.3 Allometry 
A more accurate way than what was done in the preceding section, is to make use of a valid 
allometric equation. If an appropriate allometric equation is available one can quickly 
estimate the biomass of trees when the basal diameter is known. This is more accurate than 
using one of the sample trees from this study as a reference. A valid allometric equation 
would save a lot of time and resource consuming destructive research, which would be 
essential in the development of successful carbon credit projects with Jatropha in the future. 

                                                 
46 From personal communication with Y.J. Franken, researcher at the FACT foundation. 
47 This value is used in the official methodologies from the Clean Development Mechanism (cdm.unfccc.int). 
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They are useful in both the estimation of a project’s sequestration potential before it started, 
and in monitoring activities once the project has started.  
 
The allometric equations that were developed in this study are good predictors for the tree’s 
biomass. One can choose which equation to use, and how to use them. In the context of 
Northern Tanzania, equation (6) will produce valid results, since this is where the samples 
were taken. However, since the root/shoot ratio tends to differ significantly over different 
climates, it is safer to use equation (7) in other contexts. When the root/shoot ratio is known, 
the below-ground biomass can still be calculated when equation (7) is applied.   
 
If the equation that was developed in this study is compared with the equations from other 
studies, as was done in Figure 2, it becomes visible that this study’s equation forms the 
middle between the ones developed by Ghezehei et al. (2009) and Achten et al. (2010). That 
this study delivered lower dry weight values than the one by Ghezehei et al. (2009), can be 
explained as follows. This study took trees that were used for the production of biofuel as a 
starting point, and it has been the objective to research the potential for carbon credits 
combined with biofuel production. This means that it is important that fruits can be easily 
harvested, and thus that trees at times need to be pruned to get the perfect shape. Ghehezei et 
al (2009) however, used trees from a university research plot, which were probably not 
pruned. This could lead to higher biomasses at similar stem diameters. The study by Achten et 
al. (2010) already tested their own equation on mature trees, without accurate results. Most 
likely this is due to their use of very young trees in the development of the equation.            
 

6 Conclusion 
This study confirms that the basal tree diameter is a very reliable predictor for the biomass in 
a tree, both above-ground and for the total tree. It developed highly significant and strong 
allometric equations, that can be used in the context of Northern Tanzania. It is likely that the 
developed equations have the same relevance for all East-African countries that share a 
similar climate. Furthermore, especially the equation that estimates the above-ground biomass 
can have a much wider applicability. Future research will have to confirm the validity of the 
equations in other contexts. 
 
This study combined all data that are necessary in the estimation of carbon stocks for 
development of a carbon credit project with Jatropha Curcas. These data can be used as 
reference values in initial project proposals.  
 
The main limitation of this study is the low quantity of sampled trees. However, this research 
aimed at developing knowledge at an indicative level. Statistically significant samples of trees 
still need to be taken when an actual carbon credit project is developed, this study can only be 
helpful in the initial stages. 
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 Appendix 1.1: Map with locations of tree excavations 
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Appendix 1.2: Pictures of tree excavations and analysis 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Group of trees of which trees 1 and 2 were representative examples. 
 
 
                                                                                      

        
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Excavation of trees 1 and 2 
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Appendix 1.2: Pictures of tree excavations and analysis 
 

   
Excavation of trees 3 and 4. 

 
 

                  
Plot of trees 5 and 6                                                               Tree 5 excavated.  

 

       
Tree 5 before excavation                          Tree 6 before excavation 
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Appendix 1.2: Pictures of tree excavations and analysis 
 

 
Plot of trees 7 and 8. 

 
 
 
 
 
 
 

     
                                  Excavation of tree 7.                                               Tree 8 excavated. 
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Appendix 1.2: Pictures of tree excavations and analysis 
 

   
Tree 9 being excavated. 

 

                                           
                                                                            Tree 9 being excavated. 

 
Weighing the root system of tree 9. 
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Appendix 1.2: Pictures of tree excavations and analysis 

 

 
Weighing a tree (tree5). 

 
 
 
 
 

   
               Taking a tree sample.                                             Weighing the sample’s fresh weights.  
 
 
 
 
 
 
 
 



 19 

 
 

Appendix 1.2: Pictures of tree excavations and analysis 
 

 
Wood samples ready for drying in the oven. 

 
 
 
 

             
                   Ground wood samples stored in a desiccator.              The ground wood samples before analysis. 
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Appendix 2: List of interviewed people 
 
The people who were interviewed during this project, but were not directly related to it are 
listed in the following table: 
 
Name Organisation Function 
Mr. Freddy Manyika DNA Tanzania Head of DNA 
Mr. Aziz Abbu National Environmental 

Management Council 
Sr. Environmental 
management officer 

Mr. Moses Ngegba Green recources Tanzania 
ltd. 

Carbon manager 

Dr. Igino Emmer Silvestrum Forestry expert 
Ms. Nicola Steen - Carbon markets expert 
Mr. Y.J. Franken Fact foundation Researcher 
Mr. Johannes Klepps Gorofani village Farmer 
Village leader Engaruka Juu Engaruka Juu village - 
Village leader Engaruka 
Chini 

Engaruka Chini village - 

Village Executive Officer 
Engaruka Chini 

Engaruka Chini village - 

Village Executive Officer 
Gorofani 

Gorofani village - 

Mr. Philip Abuor SGS Environmental services 
manager 

Ms. Inge Knapen BioEnergy Resources Ltd, 
Malawi 

Sustainability officer 

Various Carbon Market 
Experts  

Africa Carbon Forum 2010, 
Nairobi, Kenya 

- 

Various CDM experts CDM capacity building 
seminar 2010 Dar es Salaam 

- 

Various farmers Rural areas in Tanzania - 
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Appendix 3: Overview of forestry CDM methodologies 
 
In the following table an overview is given of all CDM forestry baseline methodologies that 
are currently available48

 

. Depending on the state (baseline) of the identified land for the 
development of a CDM forestry project, the most suitable one can be chosen. 

Methodology number Name 
AR-AM0002 Restoration of degraded lands through afforestation / reforestation 
AR-AM0004 Reforestation or afforestation of land currently under agricultural use 
AR-AM0005 Afforestation and reforestation project activities implemented for 

industrial and/or commercial use 
AR-AM0006 Afforestation / reforestation with trees supported by shrubs on degraded 

land 
AR-AM0007 Afforestation and reforestation of land currently under agricultural or 

pastoral use 
AR-AM0009 Afforestation or reforestation on degraded land allowing for silvopastoral 

activities 
AR-AM0010 Afforestation and reforestation project activities implemented on 

unmanaged grassland in reserve / protected areas 
AR-AM0011 Afforestation and reforestation of land subject to polyculture farming 
AR-AM0012 Afforestation or reforestation of degraded or abandoned agricultural lands 
AR-ACM0001 Afforestation and reforestation of degraded land 
AR-ACM0002 Afforestation or reforestation of degraded land without displacement of 

pre-project acitivities 
AR-AMS0001 Simplified baseline and monitoring methodologies for small scale A/R 

CDM project activities implemented on grasslands or croplands with 
limited displacement of pre-project activities 

AR-AMS0002 Simplified baseline and monitoring methodologies for small scale 
afforestation and reforestation project activities under the CDM 
implemented on settlements 

AR-AMS0003 Simplified baseline and monitoring methodologies for small scale 
afforestation and reforestation project activities under the CDM 
implemented on wetlands 

AR-AMS0004 Simplified baseline and monitoring methodologies for small scale 
agroforestry – afforestation and reforestation project activities under the 
clean development mechanism 

AR-AMS0005 Simplified baseline and monitoring methodologies for small scale 
afforestation and reforestation project activities under the clean 
development mechanism implemented on lands having low inherent 
potential to support living biomass 

AR-AMS0006 Simplified baseline and monitoring methodologies for small scale 
silvopastoral - afforestation and reforestation project activities under the 
clean development mechanism 

AR-AMS0007 Simplified baseline and monitoring methodologies for small scale A/R 
CDM project activities implemented on grasslands or croplands 

 

                                                 
48 Adopted from the CDM Methodology Booklet, available online at cdm.unfccc.int, since November 2010, and 
from cdm.unfccc.int.  
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Appendix 4: Pictures of Jatropha trees at Kilimanjaro 
International Airport 
 
 
 

 
Three year old Jatropha trees at Kilimanjaro International airport. 

 
 
 
 
 
 

 

 
Border of the current plot of Jatropha trees, and the rest of the airport grounds. 
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Appendix 5: Map and pictures of the village of Gorofani 
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