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ABSTRACT
Improved stove projects in Guatemala yield potential social benefits and represent sound financial investments for potential investors.  Using the AMS IIG methodology provided by the UNFCCC, the implementation of improved stoves, specifically the HELPS ONIL stoves, could yield significant reductions of carbon emissions.  With over 2.2 million households in Guatemala, an analysis shows that a 1% adoption rate per year of the ONIL stove could reduce carbon dioxide emissions by 900,000 tCO2e per year in 2019.  Following the implementation schedule offered up by the ONIL CDM project, by 2019 up to 1.7 million tCO2e could be reduced per year, which represents just over 10% of Guatemala’s carbon emissions.  Within the 10-year framework of the proposed project, emissions could be reduced by up to 1.7 billion tCO2e (cumulative).  
An NPV (net present value) analysis demonstrates that stove projects also represent cost effective and potentially profitable investment opportunities. Depending on the deal structure agreed upon between project developers and investors, CERs could cost as little as $1 per CER for an entity seeking to invest in CERs to use for compliance. Also, as long as CER contract costs remain below $13 per CER, stove projects could result in positive NPV projects for investors, yielding respectable profits.  However, the Clean Development Mechanism along with the European Emissions Trading Scheme is critical in creating a market for carbon credits, thus supporting the widespread implementation of improved stoves.
Unfortunately, some social impacts are not easy to quantify.  Because of a variety of land-use factors, such as agriculture and logging practices, deforestation impacts are difficult to calculate.  It is difficult to quantify the health benefits of improved stoves because of confounding factors such as living conditions and nutrition.  While the figures presented are merely estimates of the potential impact on emissions levels, they demonstrate benefits to be gained by implementing improved stove projects, not only in carbon dioxide emissions reductions but also in overall quality of life. 
INTRODUCTION
This paper will examine the potential greenhouse gas emissions reductions and investment opportunity associated with improved stove projects, specifically the HELPS ONIL stove in Guatemala.  The ONIL Stove Project was analyzed using methodologies provided by the UNFCCC and the Clean Development Mechanism (CDM) and through a net present value analysis.  In addition, this paper will examine the potential health, environmental, and economic benefits that improved stove projects offer, particularly to rural households in Guatemala.  As we examine the potential impacts of the implementation of improved stove projects across Guatemala, the analysis will also be grounded by considerations of what are feasible implementation plans and schedules.
While Guatemala is a small country and not a significant emitter of greenhouse gases, it is an interesting country to examine for this analysis for several reasons.  First, Guatemala has a seen significant work done with improved stove projects since the 1970s, though much of the population continues to use traditional three-stone fire pits for cooking.  As such, there are many reports and analyses related to these stove projects, their impact, along with successes and challenges.  
Second, Guatemala is an important country to study because of the significant deforestation rates.  Between 1990 and 2005, Guatemala lost just over 17 percent of their forest cover, and the annual deforestation rate between 2000 and 2005 was 1.28 percent.[footnoteRef:-1]  Deforestation is a critical factor to consider because the forest cover in Guatemala represents an important carbon sink that make Guatemala a net negative emitter of greenhouse gases.  Improved stove projects might reduce fuel wood consumption and thus deforestation rates, increasing Guatemala’s value as a carbon sink. [-1:  http://www.fao.org/forestry/country/32185/en/gtm/] 

Third, Guatemala would be open to adopting widespread improved stove projects based on observations from prior studies.  While previous efforts were stunted because of financial constraints, with the advent of the Kyoto Protocol and the Clean Development Mechanism, there are now mechanisms available that support larger-scale stove projects.  The inhibitive costs of buying improved stoves, limited access to capital, along with information barriers and overcoming traditional practices has limited the uptake of many improved stove projects within Guatemala.  However, the mechanisms created by the CDM address these challenges, along with the potential limitations and constraints that might be associated with market and regulatory conditions.  Also, the CDM and the European Union Emission Trading System (EU ETS) create a market for offset credits that valuable for firms seeking compliance or firms seeking to profit by selling offset credits on the market.
Finally, with over half the population living below poverty[footnoteRef:0] and significant consumption by households of fuel wood for cooking and heating, Guatemala provides an important study of the potential economic and health benefits that improved stoves could provide.   [0:  https://www.cia.gov/library/publications/the-world-factbook/geos/gt.html] 

BACKGROUND
	To provide a context for the value of investigating the social and financial potential of improved stove projects in Guatemala, some background will be provided below.  Information about Guatemala, improved stove projects, and the Clean Development Mechanism also provides a better understanding of the potential impacts.
Guatemala
Guatemala is the largest and most populous country in Central America located south of Mexico, with the Pacific Ocean to the west and the Caribbean Sea to the east.  The population is over 13 million with an annual growth rate just over 2%.  Assuming average household sizes of 5 or 6 individuals, there are over 2 million households.  Income is unequally distributed in the country with more than half of the population living below the national poverty line, 15 percent living in extreme poverty.[footnoteRef:1] Over 60 percent of the population in Guatemala lives in rural communities, and firewood dominates as the cooking fuel in 97 percent of those households.  Among these households, 42 percent use fuel wood only while 55 percent use wood and additional fuels.[footnoteRef:2] [1:  CIA World Factbook. https://www.cia.gov/library/publications/the-world-factbook/geos/gt.html]  [2:  World Bank (2005), “Environmental Health and Traditional Fuel Use in Guatemala”, p. xiv.] 

	Guatemala has a land area of 108,890 square kilometers (42,042 square miles).  The National Institute of Forestry (INAB) reports that approximately 34.4 percent of the territory is forest cover (37,500 square kilometers) though over 51 percent of the land has potential forestry use.  Unfortunately, deforestation has been identified as an environmental issue with forest depletion reaching approximately 90,000 hectares per year in the 1990s.  Fuel wood has been identified as one of the main sources of forest degradation in Guatemala, with 82 percent of the population relying on fuel wood as their main energy source.[footnoteRef:3] [3:  FRA Working Paper 13, 2000.  Annotated Bibliography Forest Cover Change: Guatemala.  Section 3.  http://www.fao.org/docrep/005/ac631e/ac631e00.htm] 

                               [image: ]
                                       Figure 1:  Map of Guatemala from Lonely Planet[footnoteRef:4] [4:  http://www.lonelyplanet.com/maps/central-america/guatemala/] 

	Carbon emissions in Guatemala were 11.70 million tons of CO2e for 2007 according to IEA key indicators.[footnoteRef:5]  Based on an inventory of emissions collected by the UNFCCC, in 1994, total emissions of CO2, CH4, N20 and CO2e in Guatemala were 14.7 million tons.  However, when land-use change and forestry are taken into account, Guatemala is a net sink with emission of -24.8 million tons.  The improved stove project represent potential reductions in CO2e emissions, along with potential reductions in deforestation, which adds further value to Guatemala as a net sink.[footnoteRef:6] [5:  http://www.iea.org/stats/indicators.asp?COUNTRY_CODE=GT]  [6:  http://unfccc.int/resource/docs/2005/sbi/eng/18a02.pdf] 

A brief history of improved stove projects in Guatemala
The development and implementation of improved stove technologies has been active since 1976, when improved-stove programs were launched in Guatemala.  There have been attempts to introduce new cooking methods to the local population since the 19th century with the sustained arrival of Europeans to South America, though this did not result in widespread implementation of new cooking technologies.  More recently, over 25 years of research and development has gone into improving wood stoves, stemming from a desire to improve health and economic conditions, particularly of the poor, along with wood fuel efficiency.[footnoteRef:7]  The improved stove technologies were meant to replace the traditional method of cooking and heating in Guatemala, which is an open fire on a dirt floor with cookware balanced over the fire on three rocks, called the three-stone fire pits.  However, the traditional three-stone fire pits continue to dominate as the cooking method of choice in most households.   [7:  ESMAP Technical Paper (December 2004), “Evaluation of Improved Stove Programs in Guatemala: Final Report of Project Case Studies”, p. 3.] 

As noted above, there has been a concerted effort to increase the installation of improved stoves in Guatemala and in other developing countries.  There are several reasons for this, which is alluded to above.  First, the negative health impacts of the traditional three-stone fire pits have been an impetus for change.  The traditional open fires within households lead to indoor air pollution (IAP), which results in respiratory diseases.  Between 1997 and 2000, acute respiratory infection (ARI) was the single most important cause of morbidity and mortality in Guatemala, and the number of cases of morbidity increased 31 percent a year on average.[footnoteRef:8]  Because these fires are in the middle of open rooms, they have resulted in severe burns and scarring among women and children.  A second impetus for the development of improved stoves was fuel wood efficiency.  Further analysis of the impact on fuel wood consumption, deforestation, and emissions reductions will be addressed when looking at improved stove projects through the CDM.  Finally, with reduced fuel wood consumption come economic savings, which are realized by households.  These factors have contributed to the sustained research and efforts to install improved stoves across the country. [8:  Ibid, p. xiv.] 

Because of the significant health, economic and environmental impacts of reduced fuel wood consumption and improved stove usage, there have been several studies to examine the impact of small-scale projects that have been implemented.  One such report published by the World Bank presented the findings of a study conducted by Fundación Solar, a Guatemalan NGO, which evaluated three small-scale projects to determine factors that led to success, replicable and sound practices, and potential weakness and challenges to avoid.  The project organizations studied were Tezulutlan (an NGO supported by the EU and the government of Guatemala), the Social Investment Fund (a government agency that implements infrastructure projects), and Intervida (an international NGO established in Spain).  Combined, these efforts have constructed and installed over 100,000 stoves in Guatemala at varying subsidization levels ranging from 55 percent of total costs up to 90 percent of costs.  While these projects were successful in installing a number of stoves and found that there were significant reductions in fuel wood usage (between 50 to 67 percent), these projects were not sustainable because of the high level of financial subsidy.  Also, because of these high subsidies, the programs created market distortions making it difficult for stove manufacturing companies to compete.  However, the study did identify best practices such as community participation in stove design and cost, gender focus, participation of local staff, and local capacity building.[footnoteRef:9]   [9:  ESMAP, p. xv-xvii.] 

The Clean Development Mechanism
The Kyoto Protocol, an international agreement aimed at mitigating the impact of climate change on a global level, was adopted in 1997 by a large part of the international community.  The agreement committed 37 industrialized countries to reduce greenhouse gas emissions by an average of 5 percent at 1990 levels between 2008 and 2012.  To provide countries flexibility in meeting their goals, several mechanisms were created to aid in the reduction of emissions.  These included emissions trading, the Clean Development Mechanism, and Joint Implementation.  Key to this paper will be an analysis of the Clean Development Mechanism and one specific type of project that may help improve reduce GHG emissions, along with reducing deforestation rates, improving health conditions and alleviating poverty.  
The Clean Development Mechanism is a tool by which emission reduction projects in developing countries earn certified emission reduction credits (CERs), which can be used by developed countries to meet their emission reduction goals.  One CER is equivalent to the reduced emission of one tonne of carbon dioxide.  The goal of the CDM is to promote sustainable development and emissions reductions in developing countries while providing industrialized countries with a flexible tool by which to meet their emissions goals.  
There are 2,045 registered projects generating on average 343,146,546 CERs per year, over 55 percent of which are large-scale projects.  Over 50 percent of the CERs issued to date have been to projects hosted in China and India, and over 75 percent of projects are registered in Asia and the Pacific.[footnoteRef:10]  The nature and scope of CDM projects has led to much debate and concern, particularly the argument that CDM projects have benefits only a handful of countries.  However, that debate will not be addressed in this paper.  Currently, CERs are trading for €11.64 or $15.84, though this is an illiquid market and the price that project developers obtain for the CERs they generate are negotiated for in a contract that may not be disclosed to the public.  The financial analysis portion of this paper will make several assumptions regarding CER prices that will be noted later. [10:  UNFCCC website] 

European Union Emissions Trading System (EU ETS)
	In 2007, leaders in the European Union made a unilateral commitment to cut emissions and in 2008 the European Parliament passed binding energy and climate legislation to reduce greenhouse gas emissions by 20% (below 1990 levels), ensure 20% of energy consumed comes from renewable resources, and 20% reduction of primary energy use by improving energy efficiency by 2020.  
The EU ETS represents one aspect of the European Union climate policy and is the largest multinational emissions system ever implemented.  As part of the European Union’s commitment to reduce emissions, five industries were targeted: Power and Heat Generation, Oil Refineries, Metals, Pulp & Paper, and, Energy Intensive Industry.  Based on National Allocation Plans prepared by the member states of the union, emissions levels are set and allowances called EUAs are allocated to emitters.  If emitters exceed their emission levels and allocations, they must meet compliance by purchasing allowances on the market via an exchange or using carbon offset credits.  Offset credits, Certified Emission Reductions (CERs), can be obtained through purchase on the market or through private contracts with carbon offset project developers.  The latter method will be examined further during the financial analysis.[footnoteRef:11]  [11:  http://www.ecx.eu/What-is-the-EU-ETS] 

Project Finance
The financial analysis of this paper examines the investment potential of an improved stove CDM project.  A key assumption to this analysis is investor interest in financing carbon offset projects.  This assumption is supported by the creation of the EU ETS and the CDM.  Because there is a demand created through compliance policies, there will be a need on the part of emitters for additional allowances and offset credits to meet emissions standards, particularly when the global economy is booming and high manufacturing and industrial output yield increased emissions.  Carbon offset projects could represent an inexpensive mechanism to meet compliance or a profitable investment opportunity.
CDM projects that are implemented by independent project developers often require project finance.  Because many carbon projects are capital intensive, particularly on the front-end with assessment and preparation costs, there are opportunities for investors to partner with project developers to ensure that CDM projects are implemented.  Financial analysis is important to consider because as an emitter requiring compliance or an investor looking to return a profit, the costs and potential profits are an important consideration.
METHODOLOGY
Environmental Analysis
To evaluate the potential impact of improved stove projects in Guatemala, the methodology used to calculate carbon emissions reductions is the AMS II.G., a UNFCC approved methodology for small-scale energy efficiency improvement projects. The primary data source used for the environmental analysis is based on a program currently undergoing the CDM registration process with the UNFCCC.  The information provided by the project organization is available on the UNFCCC website.  The “Distribution of ONIL Stoves—Guatemala” Programme of Activities Design (PoA document) and Programme Activity Design Documents (CPA documents) provide the relevant information and data.  The project developers, HELPS International, used surveys to collect information regarding household fuel wood consumption and researched data regarding non-renewable biomass.
According to HELPS International, the Household Survey was designed based on FAO (2002) fuel wood survey guidelines.  A sample of 400 poor and rural households was randomly selected targeting 200 ONIL stove users and 200 traditional open fire users.  A sample of this size was selected because the population sample parameters involved a 95 percent confidence level and a confidence interval of +/- 5 percent.  For geographic diversity, sample households were divided by state, then municipality, and then by community.  The survey asked questions regarding household size, type of fuel wood used, daily wood consumption, method of obtaining fuel wood, and cost of fuel wood.  The findings from the survey data to calculate emission reduction per stove are provided in the results section of this paper.
To compare the potential carbon reduction impacts of the stoves used in the Guatemala program, the information for other improved stove projects that have submitted documentation with the UNFCCC were assessed.  Currently, an approved and registered stove project in Nigeria is generating carbon credits, while a program of activities in El Salvador is seeking validation.  To evaluate additional environmental, along with health and economic impacts, information from stove research projects and forestry reports were reviewed.  Background information regarding current conditions is noted above.
CDM AMS II.G. Methodology
	To calculate the greenhouse gas emissions reductions associated with an ONIL Stove, the AMS II.G. Energy Efficiency Improvement Projects methodology was used.  These are guidelines provided by the UNFCCC for project developers to use to calculate the emissions reductions associated with CDM projects.  Upon verification and validation by third parties, the CER credits are granted to the project developers.  
For emissions reductions, the project must first determine the baseline scenario, which is the condition in the absence of the project activity.  Then the share of renewable and non-renewable woody biomass must be determined, as defined by the methodology.[footnoteRef:12]  Leakage relating to non-renewable woody biomass must be assessed after implementation to ensure that biomass savings from the project activity are not diverted and used by other non-project households.  Since this paper calculates only an initial estimate of emissions reductions, leakage will be addressed in conclusions related to the results. [12:  Definitions from AMS II.G. methodology:
Demonstrably Renewable woody biomass (DRB):
Woody biomass is “renewable” if any one of the following two conditions is satisfied:
The woody biomass is originating from land areas that are forests where:
The land area remains a forest; and
Sustainable management practices are undertaken on these land areas to ensure, in particular, that the level of carbon stocks on these land areas does not systematically decrease over time (carbon stocks may temporarily decrease due to harvesting); and
Any national or regional forestry and nature conservation regulations are complied with.
The biomass is woody biomass and originates from non-forest areas (e.g., croplands, grasslands) where:
The land area remains as non-forest or is reverted to forest; and
Sustainable management practices are undertaken on these land areas to ensure in particular that the level of carbon stocks on these land areas done not systematically decrease over time (carbon stocks may temporarily decrease due to harvesting); and
Any national or regional forestry, agriculture and nature conservation regulations are complied with.
Non-renewable woody biomass (NRB) is the quantity of woody biomass used in the absence of the project activity (By) minus the DRB component, so long as at least two of the following supporting indicators are shown to exist:
Trend showing increase in time spent or distance travelled by users (or fuel-wood suppliers) for gathering fuel wood or alternatively trend showing increase in transportation distances for the fuel wood transported into the project area;
Survey results, national or local statistics, studies, maps or other sources of information such as remote sensing data that show that carbon stocks are depleting in the project area;
Increasing trends in fuel wood price indicating scarcity;
Trends in the type of cooking fuel collected by users, suggesting scarcity of woody biomass.] 

Emissions Reduction Formula:


Where:
ERy 			Emission reductions during the year y in tCO2e
By,savings 			Quantity of woody biomass that is saved in tons
FNRB,y 	Fraction of woody biomass saved by the project activity in year y that can b established as non-renewable biomass
NCVbiomass 	Net calorific value of the non-renewable woody biomass that is substituted (IPCC default for wood fuel, 0.015 TJ/tonne)
EFprojected_fossilfuel 	Emission factor for the substitution of non-renewable woody biomass by similar consumers.  The substitution fuel likely to be used by similar consumers is taken:  71.5 tCO2/TJ for Kerosene, 63.0 tCO2/TJ for LPG or the IPCC default value of other relevant fuel


Where:
By 			Quantity of woody biomass used in the absence of the project activity in tons
old 	Efficiency of the baseline system/s being replaced, measured using representative sampling methods or based on reference literature values (fraction), use weighted average values if more than one type of systems are encountered; 0.10 default value may be optionally used if the replaced system is the three stone fire or a conventional system lacking improved combustion air supply mechanism and flue gas ventilation system i.e., without a grate as well as a chimney; for the rest of the systems 0.2 default may be optionally used
new 			Efficiency of the system being deployed as part of the project activity (fraction)


Where:
NRB			Non-renewable woody biomass (see Footnote 10)
DRB			Demonstrably renewable woody biomass (see Footnote 10)
	
No methodology was provided by the CDM for determining non-emissions impacts.  The examination of the health, economic and deforestation impacts related to improved stove projects will be assessed via observations reported in stove studies.  Based on these reported results and observations, the potential environmental, health and economic impacts will be considered.
The ONIL Stove
	Don O’Neal is an engineer who worked with HELPS International in Guatemala, examining Mayan families who suffered from burns and respiratory problems.  He found that families were using open fits in the dirt floor of their homes and saw these as the cause for these medical problems.  As a solution, he developed the ONIL Stove.  To date, over 40,000 stoves have been installed and are in use.
	The stove is made of cast concrete.  There are currently two manufacturing facilities in Guatemala and one in Mexico.  Each stove is assembled and installed locally.  The cast concrete body is molded in fiberglass molds and the clay combustion chamber is insulated with pumice.  The fire is contained in the insulated combustion chamber, thus burning the oil vapor that is normally emitted as smoke.  Energy is then transferred to cooking pots.  The galvanized steel chimney vents the smoke outside of the home.  Wood ash or pumice provides insulation that prevents heat from being wasted and fills the stove cavity to within one inch of the “plancha” (metal griddle). [footnoteRef:13]   [13:  http://www.helpsintl.org/programs/stove.php] 

	Independent stove efficiency tests were performed by Aprovecho.  The ONIL Stoves were found to have a “cold start” thermal efficiency of 20 percent and a “hot start” thermal efficiency of 26 percent, compared to the 10 percent efficiency of the traditional three stone fire pits, the default value provided by the AMS II.G. methodology.[footnoteRef:14]  The stove reduced the amount of fuel wood required by households by up to 65 percent as measured in household survey data.[footnoteRef:15]   [14:  Reference the Aprovecho lab results]  [15:  Reference CDM documents] 

Nigeria Stove Project 
	The “Efficient Fuel Wood Stoves for Nigeria” project registered with the UNFCCC replaced traditional fireplaces with the SAVE80 system, which included an efficient fuel wood stove and heat retaining polypropylene box.  The SAVE80 is a portable stove that was developed and manufactured in Germany, but assembled locally.  With an efficiency of 35.15 percent, each SAVE80 system saves 2.72 tCO2e per year.
El Salvador Stove Project
	The “’Turbococinas’, rural cooking stove substitution program in El Salvador” project is seeking registration with the UNFCCC.  The technology of the Turbococinas is based on the “Pressurized Combustion and Heat Transfer Process and Apparatus (US Patent 6,651,645)”.  While two different types of stoves are proposed for use within the program of activities document, this assessment will focus on the Tcs 1, which is designed for households, versus the Tcs 2 which is designed for schools.  With an efficiency of 85 percent and biomass savings of 4.66 tonnes per stove, each household Turbococinas saves 3.72 tCO2e per year.
Financial Analysis
A financial analysis of the investment potential of stove projects was conducted looking at the net present value of different deal structures.   Net present value analysis was conducted to take into account the time value of money and determine at what point projects yield a positive return to justify investment and implementation.  Because these projects are implemented for social outcomes, an internal return on investment analysis is less relevant and merely assuring the lowest cost assessment and positive returns is the focus.  
The financial analysis used data provided by the ONIL Stove Project along with project finance cost assumptions and projections provided by the UNFCCC and other web sources.  Three potential deal structures were considered for analysis.  The first involves the direct purchases of CERs with project developers.  The second involves an investor paying the full project costs in exchange for the CERs generated, including the up-front costs, registration, validation, and monitoring costs, and stove production and sales costs.  The final deal structure would involve an investor covering the up-front costs, and associated registration, validation, and monitoring costs, in addition to paying a discounted value for the CER from the project developer of the stove projects.
For the NPV analysis of the deal structures, data for the ONIL Project were used.  A reference provided by the UN, “The Clean Development Mechanism: A User’s Guide” provides estimates for costs associated with offset projects.  The costs this analysis will consider are up-front (pre-operational) costs, operational phase costs, and direct project costs (stove production and sales costs).  Estimates of the up-front costs and operational phase costs for projects are noted below in a table taken from the CDM User’s Guide.  To refine some of the costs, additional data was gathered through web searches.  HELPS International reports on their website that the stove costs $150, so the range for stove production and sales costs were assumed to be between $100 and $300.
           Table 1:  CDM Transaction Cost Estimates
          
	In addition to the costs noted above, other factors to consider in the financial analysis include the annual registration fees for the project after approval, purchase cost of CERs (if this is part of the deal structure), CER selling price, and the discount rate to use for the NPV.  From the website for Carbon Credit World, a carbon credit consultancy, the registration fees should cost US$0.10/CER for the first 15,000 CERs per year and US$0.20/CER for any CERs above 15,000 CERs per year (max US$350,000).  For this analysis, CER purchase costs ranged between $3 and $15 (max because current CER prices, spot and futures, are approximately $16).  The CER selling price represents the amount that the project financers/investors could obtain by selling the CERs on an exchange or through private contracts.  In this analysis CER selling prices were set between $4 and $18.  The CER purchase and selling price ranges were used for the sensitivity analysis of the NPV.  The discount rate used for this analysis was 15% to take into account the riskiness of this project.

			(Equation 1)
Where:
Costs 		Costs paid by the investor for project implementation 
r		Discount rate of 15%
t		Time (year of project)	
	


	(Equation 2)

Where:
Revenues	Revenues from sale of CERs
Costs		Costs paid by the investor for project implementation
r		Discount rate of 15%
t		Time (year of project)	

	As noted in the equations above, the only distinction between Equation 1 and Equation 2 is the role of revenues in impacting NPV.  Because the project financer could be investing in the project for compliance or for profit, the distinction lies in project finance for compliance, as demonstrated in Equation 1, and project finance for profit, as demonstrated in Equation 2.  Again, to emphasize the deal structures noted above, costs in both equations could vary depending on the contracts agreed to between project developers and investors.  The two scenarios to be analyzed are full financing (covering all costs associated with the project, including stove production and sales costs), and project financing in addition to paying a discounted rate for CERs.
ANALYSIS
Carbon Emission Reductions
	Improved stove projects qualify as small-scale energy efficiency projects that can earn CERs from the UNFCCC.  Currently, HELPS International has submitted a proposal to the CDM Executive Board to register and generate credits for implementing the ONIL Stove across rural communities in Guatemala.  Using the information provided by the CDM project activity survey results (as provided in the CDM PoA and CPA documents), lab results, and guidelines provided by the UNFCCC AMS II.G. methodology, the carbon emission reduction per stove was calculated.  Estimations of potential emission reductions were then calculated.  In addition to examining the impacts based on the ONIL Stove CDM implementation schedule, adjustments to calculations were made to see how differing adoption rates, along with adjustments to carbon emission reductions per stove, impacted emissions reductions.  We find that emissions reductions could be as low as 900,000 tCO2e to as high as 9 million tCO2e, cumulative over a 10-year period.  Given that Guatemala’s carbon emissions were 11.7 million tons in 2007, these reductions represent as low as 7.7 percent of the Guatemala’s emissions, to as high as almost 77 percent of the country’s emissions.
	In calculating emission reductions per stove, several factors were considered.  Based on stove testing done by Aprovecho and survey data collected by HELPS International for the CDM project activity, the following data was used in the calculations.  Testing by Aprovecho of the ONIL Stove found the cold start and hot start thermal efficiencies to be 0.20 and 0.26 respectively.  The cold start and hot start fuel consumption were 129.25 grams and 83.08 grams of wood respectively.  The efficiency of the replaced system (old) is provided by the methodology and for the three stone fire pit is 0.10.  The efficiency of the deployed system (new) is calculated based on the cold and hot start efficiencies of the ONIL Stove.  The project developers used a weighted average of the two efficiencies to calculate the new efficiency.  Since the morning meal requires a cold start of the stove and the other two meals are prepared using a hot start as the stove is not shut down during the day, the weighted average efficiency of the deployed system is 0.24.
			new = 0.20 (1/3) + 0.26 (2/3) = 0.24
The survey results show that traditional three stone fire pits consume 6.64 tons of fuel wood per year.  This value represents the baseline value of By,appliance.  Using the efficiencies above and the baseline fuel wood consumption (By,appliance), By,savings, which is biomass savings in tones, can be calculated.
By,savings = By,appliance  (1- old/new)
	By,savings = 6.64  (1-(0.10/0.24))
	By,savings =  3.87 tonnes of woody biomass
	
To calculate the fraction of woody biomass saved by the project activity (fNRB,y), the project developers used data provided by the FAO and National Forest Institute statistics.  
		fNRB,,y = NRB/(NRB+DRB)
According to the project documents, to calculate DRB (demonstrably renewable woody biomass), the National Forest Institute statistic for reforested hectares in Guatemala is 82,738 ha.  This value was then multiplied by an average growth factor of 2.87 m3/hectare/year (which is the average of 2.54 m3/hectare/year and 3.2 m3/hectare/year, representing the different growth factors because of the variety of forest stock in the country).  Then to convert to mass, the reforested area and average growth factor were multiplied by 0.4 tonnes/m3, the average density of the trees used as fuel wood based on the household survey data.  
	DRB = 82,738 ha  2.87 m3/ha/year  0.4 tonnes/m3 = 94,983 tonnes of wood
To calculate NRB (non-renewable biomass), fuel wood consumed by households using traditional cooking methods (By) is reduced by the value of DRB.  The project developers used the survey data results of fuel wood used without the stove which was 6.64 tonnes of fuel wood per year multiplied by 1.52 million, the estimated number of households in Guatemala that use the traditional open fire pits (according to HELPS International documents) to calculate fuel wood consumed by households.
	NRB = By –DRB = (6.64 tonnes  1,520,000) – 94,983 tonnes
	NRB = 10,092,800 tonnes – 94,983 tonnes = 9,997,817 tonnes
	fNRB,y = 9,997,817 tonnes / 10,092,800 = 0.99
The fraction of woody biomass saved by the projects is 0.99.  NCVbiomass and EFprojected_fossilfuel values are provided by the methodology for emissions reductions calculations and are 0.015 TJ/tonne and 63.0 tCO2/TJ for liquefied petroleum gas (which was found to be the substitution fuel likely to be used from the survey) respectively.  Thus, emissions reduction per ONIL Stove is calculated to be 3.62 tCO2e per year.
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To determine the impact of the implementation of stove projects in Guatemala, the number of stoves adopted per year must be calculated.  The analysis of the potential impact will initially be based on the implementation schedule of the Distribution of ONIL Stoves project.  Using a 10-year project schedule with the first year of implementation of 2009, the following schedule and emission reductions are calculated.  Last year while developing the proposal for submission to the UNFCCC, HELPS International installed approximately 10,000 stoves in Guatemala, which should yield 36,200 tCO2e per year.  HELPS International expects the implementation schedule to reach 50,000 per year and remain constant at that level.  By 2019, cumulative emission reductions for all of the stoves adopted by households will be just over 1.7 million tCO2e for that year and beyond.  These numbers are based on the assumption that all of the stoves adopted by households will remain in use and all of the assumptions made in the calculations regarding fuel wood use and efficiency.
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The table above represents the potential impact of the implementation of improved stove projects in Guatemala based on HELPS International’s project development assumptions and implementation goals.  However, there may be potential flaws in the assumptions used to calculate emissions reductions.  To further explore the potential impact of stove projects in Guatemala, this paper will examine the implications of improved stove projects by analyzing the impact on emissions reductions based on the use of different types of stoves and changing the assumptions and variables of the calculations used in the methodology.
First, this paper will consider the potential implementation of different types of stoves in Guatemala and their impact on emission reductions.  Improved stove projects have been implemented in Guatemala and in many developing countries for years.  There is the possibility that alternative improved stove projects in Guatemala might be registered.  However, because of the number of stoves and the type of information necessary to calculate the impact, this study will look focus on two in particular.  As reported earlier, there are two additional types of stoves that are or have registered with the UNFCCC to generate CERs, the SAVE80 in Nigeria and Turbococinas in El Salvador.  The SAVE80 system yields emission reductions of 2.72 tCO2e per year while the Turbococina yields emission reductions of 3.72 tCO2e per year.
[image: ]	Using the implementation schedule proposed by HELPS International, cumulative emission reductions range from almost 1.3 million tCO2e with the SAVE80 to approximately 1.75 million tCO2e with the Turbococinas.  While these differences may not seem significant, when CER values are taken into consideration, the emissions reductions per stove are important to consider.  At current prices of $15.84, the SAVE80 project in 2019 would be valued at $20.25 million while the Turbococinas project would be valued at $27.69 million, a difference of $7 million. 
      

Next, the effect of stove efficiency on emissions reductions was examined.  The emission reduction potential of improved stove projects varies with differences in the efficiency of the deployed stove system.  If a stove only had an efficiency of 0.15, which is slightly better than the traditional fire pit, based on the ONIL Stove implementation schedule, with the launch of all 470,000 stoves, only 973,221 tCO2e would be reduced per year, while an improved stove with an efficiency of 35 percent (which is that of the SAVE80 system) would yield a reduction of almost 2.09 million tCO2e.  Assuming that the Turbococinas represents the most efficient improved stove in the market with an efficiency of 85 percent, a stove project with this efficiency and using the ONIL Stove implementation rates, a project could observe emissions reductions of almost 2.6 million tCO2e.  Because of the UNFCCC methodology, the relationship between stove efficiency and emission reductions is not a linear function, but plateaus based on the given assumptions towards 2.5 million.
         
	

The next variable examined was the fraction of woody biomass used by the stove (fNRB,y).  Changing the fraction to values between 0.50 and 0.96 results in emission reductions ranging from over 860,000 tCO2e to over 1.65 million tCO2e.  The emissions reductions double when the fraction of woody biomass doubles.  When looking deeper at what drives the calculation for the fraction, the three project activity documents demonstrate that each program used different methods to calculate the fraction.  The ONIL Stove project examined values provided by the National Forest Institute for reforesting and growth rates, along with determining total fuel wood consumption based on survey data.  The SAVE80 system determined the share of non-renewable biomass based on FAO data and compared sustainable yield or production with demand in the project area (fNRB,y=0.77).  The Turbococinas project examined C-WISDOM (a GIS-based analysis) to determine fuel wood supply and demand to determine the fraction of non-renewable woody biomass (fNRB,y=0.96).  These differences highlight the variety of methods potentially available for use by project developers and potential challenges and errors in calculating emission reductions.  It is also important to note that the different methods and results are a function of differences between countries (such as size of forests, type of trees, and fuel wood usage).
	Finally, an analysis of changing adoption rates and emission reductions was examined.  The implementation schedule that the ONIL Stove project assumes adoption rates between 1.52 percent and 2.13 percent.  With adoption rates between 1 percent and 10 percent, emission reductions vary significantly.  Some of the key drivers of adoption rates by households would be stove manufacturing capacity, resistance to adoption of stoves, and delays due to community outreach initiatives and transport of stoves.
  	 
Financial Analysis Results
	Financial analysis using an NPV approach finds financing improved stove projects in exchange for CERs to be an inexpensive mechanism to obtain carbon credits for compliance and/or a profitable investment if the goal is to sell CERs to emitters needing credits for compliance.  
The first deal structure examined involved covering all costs associated with implementing stove projects in Guatemala.  Using the assumptions noted in the methodology (based on the upper end of costs), if the CERs were held by the investors for compliance, the cost per CER if stove costs were $100 would be $3.09 and if stoves cost $300, the CER cost would be $9.04.    
If an investor were looking to generate a profit by selling CERs on the market, with stove costs at $100, the investor would need to sell the CERs at approximately $8 each for the investment to yield a positive NPV.  With stove costs at $300, the investor would need to sell the CERs at approximately $23 each for the investment to yield a positive NPV (see NPV 1 below).  In the NPV below, we are assuming that total up-front costs are on the upper end at $110,000.  Additional costs beyond the stoves and up-front costs include the success fee (cost associated with selling CERs), risk mitigation fees (insurance against CERs in case they are not generated), monitoring and verification costs (which are assumed to be on the upper end at $15,000 per year) and registration fees (cost associated with registering CERs).
[image: ]
               
           
The second deal structure examined involved financing up-front project costs and paying a discounted rate for the CERs generated.  Again, using the assumptions noted in the methodology (based on the upper end of costs), if the CERs were held for compliance, the NPV cost per CER if the investor contracted to pay $3 per CER would be $1 per CER.  Because of the time value of money (discounting), the costs per CER are lower than the contracted price.  At a contracted CER price of $15, each CER would only cost the investor approximately $7.  If an investor were looking to generate a profit by selling the CERs, at a contracted CER price of $3, the investor would need to sell the CER at approximately $3.74 for the project to yield a positive NPV.  With current CERs trading at around $16, if an investor wanted to generate a profit (positive NPV), they would need to contract to buy the CERs at below $14.  
                
	Displayed below is the NPV given the scenario where costs up to $110,000 are paid for up-front costs, the investor also pays associated CER registration, monitoring, and registration costs, and additionally pays $10 per CER (NPV 3).  Assuming the investor can sell the CERs on the market at the current price of approximately $16, the project yields a significant NPV of over $14 million dollars over the life of the project.
[image: ]    



Health Benefits
	The ONIL Stove was developed to help alleviate medical problems found in rural households of Guatemala using traditional three-stone fire pits such as burns and respiratory problems.  Traditional cooking methods in Guatemala lead to high levels of indoor air pollution, which leads to respiratory health problems, particularly for women and young children.  Women are the primary household members responsible for preparing meals, thus experience high exposure to wood smoke.  Young children who are too young to attend school and spend a lot of time inside the home with mothers (particularly babies) also have high exposure levels.
There have been a number of epidemiological studies over the past decade related to improved stoves and the health impacts on mothers and children.  Approximately half of the world population and 90 percent of rural households in developing countries cook with solid fuels (such as wood fuel).  Because these households use unvented stoves, there is a high level of exposure to fuel products that did not fully combust such as carbon monoxide and particulate matter.  Outside of burns from working too close to fires or falling into the fire pits, women and children suffer from acute respiratory tract infections (ARI), acute lower respiratory tract illnesses (ALRI), and serious chronic lung disease.  It is estimated that exposure to these compounds is responsible for 1.6 million premature deaths each year, of which two-thirds are from child pneumonia, which is the largest single cause of child death globally.[footnoteRef:16]  In 1990, ARI accounted for 20 percent of all registered deaths for children under 5-years of age in Guatemala.[footnoteRef:17] [16:  Smith, Kirk R., John P. McCracken, Lisa Thompson, Rufus Edwards, Kyra N. Shields, Eduardo Canuz, and Nigel Bruce.  “Personal child and mother carbon monoxide exposures and kitchen levels:  Methods and results from a randomized trial of woodfired chimney cookstoves in Guatemala (RESPIRE)”, Journal of Exposure Science and Environmental Epidemiology 2009; pp. 1.]  [17:  McCracken, John P., and Kirk R. Smith.  “Emissions and efficiency of improved woodburning cookstoves in highland Guatemala”, Environment International 1998; 24(7), pp. 739.] 

	A review of epidemiological studies comparing open fire pits and improved stoves found several different impacts.  The stoves that replaced the traditional three-stone fire pits in test homes resulted in lower indoor air pollution levels by venting smoke outside of homes.  One analysis found that the risk of pneumonia in young children exposed to unprocessed solid fuels increased by a factor of 1.8.[footnoteRef:18]   [18:  Dherani, Mukesh, Daniel Pope, Maya Mascarenhas, Kirk R. Smith, Martin Weber, and Nigel Bruce.  “Indoor air pollution from unprocessed solid fuel use and pneumonia risk in children aged under five years: a systematic review and meta-analysis”, Bulletin of the World Health Organization 2008, 86, pp. 390.] 

However, while these studies indicate that households felt that there were health benefits associated with installation of improved stoves, it is difficult to quantify the direct health impacts because of confounding factors and measurability of results.
Fuel Wood Consumption and Deforestation
[image: ]Deforestation is one of the key environmental issues facing Guatemala.  There are several components of forest cover change though, such as agriculture, cattle production, and fuel wood consumption.  Between 1990 and 2005, Guatemala lost just over 17 percent of their forest cover, with a 1.28 percent deforestation rate between 2000 and 2005.[footnoteRef:19]  If deforestation rates of 1.28 percent continue, Guatemala could see another 11 percent forest cover loss in the next 10 years.   [19:  http:// www.fao.org/forestry/country/32185/en/gtm/] 

 



With fuel wood usage identified as playing a key role in forest degradation, it is important to assess the potential benefits of projects that improve energy efficiency and reduce fuel wood consumption. Based on survey results, the ONIL stoves reduced fuel wood consumption by 65 percent with approximately 2 percent adoption rate by households.  With over 40,000 stoves currently in place, HELPS International estimates that over 300,000 trees per year are saved.[footnoteRef:20]  Based on the implementation rates proposed and projecting forward, it could be assumed that in 2019 with just over 474,000 stoves adopted, over 3.5 million trees would be saved. [20:  http://www.helpsintl.org/programs/stove.php] 

Economic Benefits
	In addition to emission reductions and potential health and environmental benefits with the widespread implementation of improved stoves in Guatemala, there are opportunities for economic benefits for households.  More than half of the population lives in poverty.  Approximately 60 percent of the population lives in rural areas, of which three-quarters live below the poverty line.  As fuel wood is the dominant cooking fuel in 97 percent of rural households, improved stove projects that target rural communities would yield in reduced fuel wood consumption and lead to economic savings for households.[footnoteRef:21]  Also, reduced fuel wood usage would require less time gathering wood, which would open up time to spend on other activities that might generate income for households.   [21:  Ahmed, Kulsum, Yewande Awe, Douglas F. Barnes, Maureen L. Cropper, and Masami Kojima.  “Environmental Health and Traditional Fuel Use in Guatemala”, Directions in Development, World Bank, 2005, pp. xiv.
] 

	The ONIL project creates opportunities for development in Guatemala, which will yield economic benefits.  Because the stoves are produced in two manufacturing facilities in Guatemala, widespread adoption of the stove will create manufacturing jobs in the country.  Further along the chain, there are opportunities in sales, transportation, and maintenance.  While there are a number of potential economic benefits that can be identified, these impacts are difficult to quantify without further studies assessing the stove projects in Guatemala. 
CONCLUSIONS
This paper looks to examine the potential of improved stove projects in Guatemala, specifically on emission reductions and as a financial investment opportunity.  Beyond carbon reductions, this paper also examines the potential health, economic, and deforestation impacts associated with replacing the traditional fire pits used by Guatemalan households with improved stove technologies.  Using assumptions and data provided by the project developers HELPS International for the Distribution of ONIL Stoves project, emission reduction were calculated.  A sensitivity analysis was also conducted to examine how emission reductions might vary by adjusting different variables.  Given the implementation rates set by the ONIL Project, emission reductions for 2019 would be equivalent to 10% of Guatemala’s carbon emissions (based on 2007 numbers), which represents a significant impact.  Adjusting adoption rates has the largest impact.  With just a 10 percent adoption rate by households, emission reductions are as high as 9 million tCO2e.  
Also, improved stove projects represent good investment opportunities, either as an inexpensive mechanism to meet emissions compliance or as a profitable venture.  Overall, stove projects in Guatemala present impressive social and financial benefits that serve not only investors but also the country of Guatemala and global climate concerns.
While there are many advantages to the adoption of improved stove programs in Guatemala, there are several challenges to widespread implementation across the country.  Many of the stove projects that were implemented in Guatemala in the past were small in scale.  To reach the hoped for adoption rates of 50,000 stoves per year by 2012, the project developers will need to invest heavily in sales and marketing to help overcome potential resistance from communities who have used traditional cooking methods for generations.  Additionally, there are no guarantees of approval by the CDM Executive Board and that credits will be generated at the rates projected.  Finally, there demand for CERs from emitters in the future is uncertain, which will impact the financial viability of carbon offset projects.  However, as long as there is a demand for offset credits and project developers focus on meeting project goals, improved stove projects represent great opportunities for those interested in environmental and financial benefits.
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CER validation, verification and certification costs: It


appears these costs are coming down as designated


operational entities are recognizing that the process 


is becoming more straightforward.


Executive Board administrative costs and registration fees:
The Executive Board has set a series of costs for project


registration, in accordance with the size of the individual


projects:


Tons per year Registration fees per year


Less than 15,000 $5000


Between 15,000 $10,000


and 50,000 


Between 50,000 $15,000


and 100,000


Between 100,000  $20,000


and 200,000


More than 200,000 $30,000


Other potential costs


Some host countries also require sharing of CERs 


(several countries levy this in the form of a tax; Chile,


for example, may levy the sharing level at the rate of


its domestic value added tax). Insurance services to


ensure delivery of contracted CER, or the opportunity


cost of holding back CERs to create a self-insurance


buffer may also add to the tranasaction costs. 


Transaction costs and project feasibility 


Clearly, transaction costs that are high relative to total


costs can reduce the project’s feasibility. The value of the


CERs generated must be significantly higher than costs


associated with the transaction in order to make a proj-


ect worthwhile. Transaction costs are particularly prob-


lematic when the volume of CERs being offered is rela-


tively low or when the price is very low. Transaction


costs that may kill a project at a market-clearing price of


$2.50 a ton may be perfectly acceptable if the market


price is $7.50 per ton. 


Examples set out below in table 5.1 demonstrate how


transaction costs affect investment decision-making. 


These costs reflect the use of an international carbon


consultant, since there are currently few national


experts. Aggregated transaction costs are currently aver-


aging about $200,000 per project. This is directly related
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TABLE 5.1 TRANSACTION COST ESTIMATES


CARBON TRANSACTION CONSULTANT’S


ESTIMATE OF COST (IN US$)


5,000-20,000


25,000-40,000


10,000 


10,000-15,000


20,000-25,000


70,000-110,000


Success fee in region of 5-10 per cent of CER value. Higher for a 


small project than a large project.


1-3 per cent of CER value yearly. Mitigation against loss of incremental


value as a consequence of project risk.


3,000-15,000 per year 4. 


CDM PROJECT CYCLE


UP-FRONT (PRE-OPERATIONAL) COSTS:


1. Feasibility assessment


2. Preparation of the project design document 


3. Registration


4. Validation


5. Legal Work


TOTAL UP-FRONT COSTS:


Operational Phase Costs:


1. Sale of CERs


2. Risk mitigation3


3. Monitoring and verification


Source: EcoSecurities, 2003


3 Risk mitigation fees: the potential fee a developer may wish to incur so as to insure against non-delivery of contracted CERs. (This could take the form of a specific insurance, 
a product which is only now emerging in the market)


4 It is not clear yet exactly how the burden for monitoring and verification will be realized, costs will be incurred if on site verification is mandated, vs. remote verification for
example.
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Table 2: Emission Reduction per ONIL Stove

Variable Unit Value
B(y) t/year 6.64
n(old) 0.1
n(new) 0.24
B(y,savings) t/year 3.87
f(NRB,y) 0.99
NCV(biomass) TJ/t 0.015
EF(projected_fossilfuel) tC02/T] 63.0

ER(y) tCO2 3.62
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Table 3: Projected Emissions Reductions

Cumulative ER:

Year Stoves Adopted ONIL Stove
2009 10,000 36,200
2010 20,000 108,600
2011 40,000 253,400
2012 50,000 434,400
2013 50,000 615,400
2014 50,000 796,400
2015 50,000 977,400
2016 50,000 1,158,400
2017 50,000 1,339,400
2018 50,000 1,520,400
2019 50,000 1,701,400

* ER = Emission Reductions
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Table 4: Comparison of Projected Emissions Reductions

Cumulative ER:

Cumulative ER:

Cumulative ER:

Year Stoves Adopted ONIL Stove SAVESO0 Stove Turbococinas
2009 10,000 36,200 27,200 37,200
2010 20,000 108,600 81,600 111,600
2011 40,000 253,400 190,400 260,400
2012 50,000 434,400 326,400 446,400
2013 50,000 615,400 462,400 632,400
2014 50,000 796,400 598,400 818,400
2015 50,000 977,400 734,400 1,004,400
2016 50,000 1,158,400 870,400 1,190,400
2017 50,000 1,339,400 1,006,400 1,376,400
2018 50,000 1,520,400 1,142,400 1,562,400
2019 50,000 1,701,400 1,278,400 1,748,400

* ER = Emission Reductions





image16.png
Table 5: Net Present Value 1

Time 0 1 2 3 4 5 6 7 8 9

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Stoves distributed 34,434 40,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000
Annual CERs 124,651 144,800 181,000 181,000 181,000 181,000 181,000 181,000 181,000 181,000
Cumulative CERs 124,651 269,451 450,451 631,451 812,451 993,451 1,174,451 1,355,451 1,536,451 1,717,451
Cumul. CERs less Adaptation Fund 122,158 264,062 441,442 618,822 796,202 973,582 1,150,962 1,328,342 1,505,722 1,683,102
CER Revenues 2,819,408 6,094,552 10,188,483 14,282,413 18,376,344 22,470,274 26,564,204 30,658,135 34,752,065 38,845,996
Cost of stove 10,330,200 12,000,000 15,000,000 15,000,000 15,000,000 15,000,000 15,000,000 15,000,000 15,000,000 15,000,000
Total Up-front costs 110,000 0 0 0 0 0 0 0 0 0
Success fee 281,941 609,455 1,018,848 1,428,241 1,837,634 2,247,027 2,656,420 3,065,813 3,475,207 3,884,600
Risk mitigation fees 84,582 182,837 305,654 428,472 551,290 674,108 796,926 919,744 1,042,562 1,165,380
Monitoring and verification costs 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000
Registration fees 22,932 51,312 86,788 122,264 157,740 193,216 228,692 264,168 299,644 335,120
Profit (8,025,247) (6,764,052) (6,237,808) (2,711,565) 814,678 4,340,922 7,867,165 11,393,409 14,919,652 18,445,896
PV (8,025,247) (5,881,784) (4,716,679) (1,782,898) 465,795 2,158,205 3,401,193 4,283,204 4,877,261 5,243,475
NPV $22,525
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Table 6: Net Present Value 2

Time 0 1 2 3 4 5 6 7 8 9

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Stoves distributed 34,434 40,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000
Annual CERs 124,651 144,800 181,000 181,000 181,000 181,000 181,000 181,000 181,000 181,000
Cumulative CERs 124,651 269,451 450,451 631,451 812,451 993,451 1,174,451 1,355,451 1,536,451 1,717,451
Cumul. CERs less Adaptation Fund 122,158 264,062 441,442 618,822 796,202 973,582 1,150,962 1,328,342 1,505,722 1,683,102
CER Revenues 1,954,529 4,224,993 7,063,073 9,901,153 12,739,233 15,577,313 18,415,393 21,253,473 24,091,553 26,929,633
CER Costs 1,221,581 2,640,621 4,414,421 6,188,221 7,962,021 9,735,821 11,509,621 13,283,421 15,057,221 16,831,021
Total Up-front costs 110,000 0 0 0 0 0 0 0 0 0
Success fee 195,453 422,499 706,307 990,115 1,273,923 1,557,731 1,841,539 2,125,347 2,409,155 2,692,963
Risk mitigation fees 58,636 126,750 211,892 297,035 382,177 467,319 552,462 637,604 722,747 807,889
Monitoring and verification costs 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000 15,000
Registration fees 22,932 51,312 86,788 122,264 157,740 193,216 228,692 264,168 299,644 335,120
Profit 330,928 968,811 1,628,664 2,288,518 2,948,372 3,608,225 4,268,079 4,927,932 5,587,786 6,247,640
PV 330,928 842,444 1,231,504 1,504,738 1,685,741 1,793,926 1,845,208 1,852,592 1,826,657 1,775,969
NPV $14,689,708
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Table 7: Impact of Continued Deforestation in Guatemala

('000s hectares) 2010 2020 Total Change
Forest area (-1% rate) 3,692.34 3,373.01 -8.65%
Forest area (-1.28% rate) 3,692.34 3,288.12 -10.95%
Forest area (-1.5% rate) 3,692.34 3,222.76 -12.72%
Forest area (-2% rate) 3,692.34 3,078.48 -16.63%
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