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Executive Summary 

Solving Haiti’s waste management crisis is vital to the recovery and redevelopment of the 
Nation. Waste management is a multifaceted problem that offers solutions for clean energy, 
sanitation, public health, recycling, agricultural productivity, and employment. 

Energy solutions and redevelopment opportunities in Haiti must consider that only 30% of the 
population in Haiti has access to electricity and that the majority of energy use in the country is 
combustion of wood and charcoal for cooking. Additionally, solutions must focus on the short-
term need for sanitation and waste management as well as the long term need for economic 
development.   

NREL was tasked to explore the opportunity for waste-to-energy (WTE) in the redevelopment of 
the energy sector in Haiti following the devastating earthquake in January, 2010. NREL analyzed 
waste generation rates, waste characteristics, WTE technology options, potential project sizes, 
financial return, and the next steps in project development.   

WTE is different from other renewable energy technologies because it is firm baseload power. 
This makes WTE systems simpler to integrate into the electrical infrastructure in Haiti than 
intermittent technologies, such as solar or wind, and also provides an excellent opportunity to use 
WTE in rural areas with isolated microgrids. 

The characteristics of the waste stream were the primary factor in selecting a WTE technology 
for Haiti. NREL analyzed combustion, gasification, and biodigestion technologies. The high 
level of organics (primarily food waste) make a bio-digester plant a better option than 
combustion or gasification. A breakdown of the waste composition is shown in Figure 1. 

 
Figure 1. Waste composition in Haiti 

There are many challenges associated with waste management in Haiti. The waste management 
system was under-resourced prior to the earth quake and was only able to capture 20% to 40% of 
the waste generated in Port-au-Prince. The earthquake has made the situation even worse; human 
waste (no sewage treatment or water treatment system exists) and municipal solid waste are 
causing sanitation and public health problems in the cities and temporary tent camps. Local 
authorities do not have the resources to cope with the situation and immediate short-term 
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solutions are needed to address these problems. Waste is a resource that is going unused in Haiti. 
The figures below help illustrate the problem and the opportunity to address waste management 
issues. 

 
Figure 2. Waste in market in Port-au-Prince1 

 

Figure 3. Tent city in Haiti2

                                                 
1CHF International. Haiti Emergency Solid Waste Collection, Landfill Rehabilitation and Jobs Creation Program 
(SWM). (Cooperative Agreement # 521-A-00-04-00028-00). Final Report (July 28, 2004 - April 30, 2005). Silver 
Spring, MD: CHF International, August 15, 2005. 

 

2TENT CITY: Tent camps are set up in dirt fields all over the city of Port-au-Prince for those who have lost their 
homes and others too afraid to sleep inside. (Carolyn Cole / Los Angeles Times) 
www.latimes.com/news/nationworld/la-fg-haiti-hires-html,0,1464050.htmlstory 

http://www.latimes.com/news/nationworld/la-fg-haiti-hires-html,0,1464050.htmlstory�
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Bio-digesters provide a holistic energy strategy to deliver clean baseload electricity or cooking 
gas, improve sanitation and public health, reduce greenhouse gas emissions, reduce deforestation 
pressure (through the production of soil amendment), increase farm yields (through the 
application of soil amendment to crops), provide recycling opportunities (plastics, metals, and 
glass will need to be removed prior to bio-digestion), and create jobs. 

Short-Term Recommendation  
Small-scale bio-digesters should be deployed immediately to improve sanitation and waste 
management in the temporary camps in Haiti. These digesters can also provide cooking gas and 
soil amendment to improve soil conditions for agricultural use.  

Long-Term Recommendation 
Further project development work should be conducted on the opportunity for large-scale bio-
digesters that will produce clean baseload electrical energy to help power the long-term 
economic redevelopment of Haiti. These bio-digesters will also provide soil amendment.  

At a 40% waste collection rate, a bio-digester in Port-au-Prince would supply about 5 MW of 
power and at a 100% collection rate, it would supply about 12 MW. System sizes in other cities 
would be smaller, but still viable. Financial analysis of the proposed WTE system indicates a 
positive net present value (NPV) in all scenarios. A sensitivity analysis illustrating various 
scenarios of electricity prices and tipping fees for Port-au-Prince is shown in Table 1. 

Table 1. Sensitivity Analysis of Electricity Prices and Tipping Fee versus NPV and Payback 

Port-au-Prince 
Sensitivity 40% Collection 

   $0 Tipping Fee $20 Tipping Fee $40 Tipping Fee 
  NPV Payback NPV Payback NPV Payback 
Electricity Value USD Years USD Years USD Years 
 $       0.10   $       6,415,914 13.09  $    40,164,009 6.21  $    73,912,104 4.07 
 $       0.15   $    34,653,968 6.79  $    68,402,063 4.31  $  102,150,158  3.16 
 $       0.20   $    62,892,022 4.58  $    96,640,117 3.3  $  130,388,211  2.58 
 $       0.25   $    91,130,075 3.46  $  124,878,170  2.67  $  158,626,265  2.18 

 $       0.30   $  119,368,129  2.78  $  153,116,224  2.25  $  186,864,319  1.89 
       

Port-au-Prince 
Sensitivity 100% Collection 

   $0 Tipping Fee $20 Tipping Fee $40 Tipping Fee 
  NPV Payback NPV Payback NPV Payback 
Electricity Value USD Years USD Years USD Years 
 $       0.10   $    21,761,754 12.18  $  106,131,991  5.99  $  190,502,228  3.97 
 $       0.15   $    92,327,412 6.54  $  176,697,649  4.21  $  261,067,886  3.1 
 $       0.20   $  162,893,070  4.47  $  247,263,307  3.24  $  331,633,544  2.54 
 $       0.25   $  233,458,728  3.39  $  317,828,965  2.63  $  402,199,202  2.15 

 $       0.30   $  304,024,386  2.73  $  388,394,623  2.22  $  472,764,860  1.87 

                                                                                                                                                             
 



 

4 
 

Electricity value in the table refers to price per kWh in a power purchase agreement (PPA). 
There are currently PPAs in place with Electricite d’Haiti (EDH) ranging from $0.16-$0.30 kWh. 
Even without tipping fees, this results in a worst case simple payback of less than seven years.  

Haiti presents a challenging environment for doing business and project development. Currently 
the local utility EDH does not appear to be fiscally solvent or a credit-worthy off-taker for the 
power generated from a bio-digester project, although it does appear that current PPA providers 
are being paid by EDH. Due to limited capital markets and the financial condition of the utility, 
financing for electricity generation projects will likely be needed from foreign governments or 
development banks. 

The opportunity exists for small- and large-scale development of bio-digesters in Haiti. NREL 
recommends demonstration projects and further development work including:  

• Waste characterization in Port-au-Prince to determine specific chemical composition 

• Deployment of small-scale bio-digester demonstration projects in cooperation with an 
existing program operated by Viva Rio, United Nations Environment Programme 
(UNEP) and Norwegian Church Aid (NCA) 

• Commercial issue analysis of Service Metropolitain de Collecte des Residus Solides 
(SMCRS), the state-appointed agency to collect and dispose of solid waste in the 
greater Port-au-Prince area. (Similar to the analysis done of EDH) 

o In August of 2010 The Solid Waste Authority of North America conducted a 
study of the Municipal Solid Waste Collection needs in Haiti, which identified 
immediate and long-term equipment needs for SMCRS. This could be used as 
a starting point.3

• Exploration of ways to increase the waste collection rate 

 

• Further project development of a large-scale bio-digesters to produce electricity, 
including 

o Analysis of legal and permitting requirements 
o Project siting analysis 
o Off-take agreement exploration 
o Financial scenario refinement. 

NREL believes that bio-digesters provide an opportunity to improve the lives of Haitians and 
contribute significant benefits to the redevelopment of the country. NREL recommends small-
scale bio-digester demonstration projects in the short term, and further analysis of large-scale 
project potential. 

                                                 
3 Position Paper, SWANA Haiti Response Team, August 2010. 
http://swana.org/portals/arf/SWANA_Haiti_Response_Team_Position_Paper_2010.pdf  

http://swana.org/portals/arf/SWANA_Haiti_Response_Team_Position_Paper_2010.pdf�
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1 Introduction and Background 

NREL provided support to the U.S. Government energy team recovery efforts in Haiti by 
analyzing the opportunity for a waste-to-energy (WTE) project in Haiti. This report is intended 
as a preliminary analysis of the opportunity for a project in Haiti. The best available data was 
used for this report, however, given the age of the data, the lack of complete data, and the 
dynamic situation in Haiti, this analysis should be considered preliminary and does not provide 
sufficient detail for project investment; further analysis is recommended prior to proceeding.  

In order to determine the feasibility of a WTE generation facility, NREL analyzed numerous 
other factors, such as waste generation rates, waste collection, and population centers. These 
factors and others are discussed below to provide background information.  

1.1 Population  
WTE projects usually need to be located near population centers in order to gather enough waste 
to make a project economical. A chart showing the cities in Haiti with a population above 50,000 
is shown below.  

 
Figure 4. major cities in Haiti and populations4

 
 

 
 

                                                 
4 City Population, http://www.citypopulation.de/Haiti.html Accessed September, 2010.   

http://www.citypopulation.de/Haiti.html�
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The population in the metro areas around Port-au-Prince and Cap-Haitien is known to be larger 
than simply each city itself. The metro area population for the two known localities is shown in 
Table 2. 

Table 2. Haitian Metro Area Populations5

Metro Area 

 

Population 
Port-au-Prince 2,296,386 
Cap-Haïtien 244,660 

 

The Earthquake in Haiti resulted in the displacement of hundreds of thousands of people and the 
movement of people into temporary housing camps. The map in Figure 5 displays camp 
locations and population movement. The analysis in this report is based on pre-earthquake data, 
therefore opportunities may exist for WTE in areas where populations have increased due to 
relocation.  

 

Figure 5. Earthquake Effected Areas and Population Movement in Haiti6

                                                 
5 City Population, 

 (Credit: USAID) 

http://www.citypopulation.de/Haiti.html Accessed September, 2010.   

javascript:sg(2372)�
javascript:sg(2365)�
http://www.citypopulation.de/Haiti.html�
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The population in Haiti is expected to grow substantially over the next 40 years. The projected 
compound annual growth rate from 2010 to 2050 is approximately 0.8%. This growth will 
increase waste generation rates, sanitation issues, and power demands. The past population and 
future growth estimate from the U.S. Census Bureau for Haiti is shown in Figure 6.7 

 

Figure 6. Population Growth Estimate for Haiti 

 
1.2 Waste Generation Rates 
A review of existing data and reports was conducted to determine waste generation rates for 
Haiti. USAID reported the following data for Port-au-Prince:8

• The metropolitan region is estimated to produce between 1,400 and 1,600 metric tons 
of solid waste every day.  

 

• The waste generation rate is estimated to be approximately 0.5 to 0.6 kilograms per 
resident per day. 

• The waste generation breakdown by sector is 80% from households, 10% from 
markets, and 10% from industry. 

A different study conducted in Cap-Haitien concluded that the waste generation rate in that city 
was about half of the rate of waste generation in Port-au-Prince, or about 0.2 kg per person per 
                                                                                                                                                             
6 Earthquake Effected Areas and Population Movement in Haiti, USAID. 
www.reliefweb.int/rw/fullmaps_am.nsf/luFullMap/2E9F66871ED8563EC12577C000282D8F/$File/map.pdf?Open
Element  
7 U.S. Census Bureau, International Database. Accessed September, 2010 
www.census.gov/ipc/www/idb/country.php  
8 CHF International. Haiti Emergency Solid Waste Collection, Landfill Rehabilitation and Jobs Creation Program 
(SWM). (Cooperative Agreement # 521-A-00-04-00028-00). Final Report (July 28 2004 - April 30, 2005). Silver 
Spring, MD: CHF International, August 15, 2005. 

http://www.reliefweb.int/rw/fullmaps_am.nsf/luFullMap/2E9F66871ED8563EC12577C000282D8F/$File/map.pdf?OpenElement�
http://www.reliefweb.int/rw/fullmaps_am.nsf/luFullMap/2E9F66871ED8563EC12577C000282D8F/$File/map.pdf?OpenElement�
http://www.census.gov/ipc/www/idb/country.php�
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day in Cap-Haitien.9

Using the populations listed above and the Port-au-Prince median waste generation rate of 0.55 
kg per person per day, NREL estimated the waste generated in the cities. The metro area 
populations were used for Port-au-Prince and Cap-Haitien.  

 NREL was unable to obtain a copy of this report and review the methods 
used. The data from USAID is similar to other quoted sources. NREL determined this data to be 
the most representative of the country as a whole and used it for further analysis. However, the 
large discrepancy between waste generation rates in the two studies illustrates the lack of reliable 
data and the preliminary nature of this analysis.   

 

Figure 7. Estimated waste generation rates in major cities 

Figure 7 shows that only the three major cities would likely generate enough waste for a 
traditional WTE combustion system. This assumes a 100% collection rate for Carrefour and 
Delmas, which seems unlikely because the minimum waste rate for economically feasible 
systems is traditionally about 300 tons per day. Small system sizes could be accommodated with 
different technologies, higher energy costs or waste disposal revenue, if desired. However, larger 
systems are more economical due to economies of scale in the combustion and air pollution 
control equipment, as well as the labor force required.  

Composition of the waste stream is key to determining the most appropriate energy recovery 
technology. NREL found two studies that examined waste stream composition. The breakdown 
of the waste stream in Haiti as reported by the Haitian Bureau of Mines and Energy (the source 
                                                 
9 “Household solid waste generation and characteristics in Cape Haitian City, Republic of Haiti,” F. Philippe and M. 
Culot, Resources, Conservation and Recycling 54 (2) (2009), pp. 73–78. 
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of this data is unknown) and a breakdown from a study in Cap-Haitien are shown in the 
following figures.   

 

Figure 8. Waste composition in Haiti10 

 

Figure 9. Waste composition from Cap-Haitien study11

 

 

                                                 
10 “Haiti Energy Sector Development Plan,” Bureau of Mines and Energy Haiti. November, 2006. 
www.bme.gouv.ht/energie/National_Energy_Plan_Haiti_Revised20_12_2006VM.pdf   
11 “Household solid waste generation and characteristics in Cap-Haitian City, Republic of Haiti,” F. Philippe and M. 
Culot, Resources, Conservation and Recycling 54 (2) (2009), pp. 73–78 

http://www.bme.gouv.ht/energie/National_Energy_Plan_Haiti_Revised20_12_2006VM.pdf�
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For comparison purposes, the waste composition in the United States is shown in Figure 10.  

 

Figure 10. U.S. MSW composition  

The key difference in the waste streams of Haiti and the U.S. is that in the U.S. food waste 
represents about 12% of the waste stream whereas in Haiti, it represents about 65% to 75% of the 
waste stream. The composition of the waste stream in Haiti provides a viable fuel source for bio-
digester plants. Additionally, the Haitian waste stream contains very little paper, which is key 
fuel source for combustion or gasification WTE projects.  

The waste disposal methods used in Haiti vary substantially by income level or population class. 
A distribution is shown in Figure 11. 

 

Figure 11. Place of solid waste disposal by class12

                                                 
12 Problems and Current Practices of Solid Waste Management in Port-au-Prince (Haiti), A. Bras, C. Berdier, E. 
Emmanuel and M. Zimmerman, July 2009. 

 

Waste Management, Volume 29, Issue 11, November 2009, Pages 2907-
2909. 

http://www.sciencedirect.com/science/journal/0956053X�
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236017%232009%23999709988%231493111%23FLA%23&_cdi=6017&_pubType=J&view=c&_auth=y&_acct=C000056948&_version=1&_urlVersion=0&_userid=2332888&md5=c3eb34571ca8c5f67bfe4eec84e567ec�
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Due to the earthquake, there are millions of tons of waste and rubble in Haiti. The majority of 
this waste is non-combustible and non-compostable waste, such as concrete and steel, from 
buildings. NREL did not attempt to quantify this waste or propose disposal options. However, it 
may be possible to use some of this waste in conjunction with an anerobic digestion system that 
produces soil amendment, as some of the waste could be added to the soil treatment. This is an 
opportunity recommended for further study.  

1.3 Waste Collection 
NREL collected available information regarding current waste collection efforts in Haiti. 

Collection Rates 
Collection rates of waste in Port-au-Prince were estimated to be 20 to 40% of the waste 
generated in the city prior to the earthquake. This rate results in the collection of between 300 
and 600 tons of waste per day. This would make a large enough waste stream for a viable WTE 
plant. The higher the collection rate, the more economical a plant would be. The SWANA report 
stated that there were two private waste collection firms currently operating in Port-au-Prince. 
Other references state that there numerous firms in this business. NREL was unable to determine 
the amount of waste collected by these firms or where the waste is being taken. Collection 
percentages were not available for the other cities in Haiti.   

Recycling 
There does not appear to be a formal recycling program in Haiti. However, it appears that many 
items are recycled by individuals and small businesses, for profit.  

Composting 
There does not appear to be any large-scale effort to compost waste in Haiti. There are many 
small-scale efforts to build composting toilets and biodigestors. 75% of the waste was estimated 
to be organic and thus could be composted. Composting can provide biogas that can be used for 
both fuel and soil amendment. Large-scale production and distribution of soil amendment could 
improve farm productivity and increase the food production of the country.  

Landfilling 
The two important landfill sites are located in Truitier, at about 10 kilometers from Port-au-
Prince and in Madeline, at Cap-Haitien. In other cities, wastes are generally dumped in rivers and 
ends up on the coasts. Prior to the earthquake, those wastes were generally burned.13

Sewage 

  

No wastewater treatment facilities exist in the country of Haiti. In Port-au-Prince sewage is 
collected by trucks and taken to the Truitier landfill. The estimated amount of sewage spread on 
the landfill is 24,000 gallons of sewage per day.14

1.4 Waste Management Authority 

 

Information on the waste management authority was taken directly from SWANA Haiti 
Response Team Report. 15

                                                 
13 “Haiti Energy Sector Development Plan,” Bureau of Mines and Energy Haiti. November, 2006. 

 

www.bme.gouv.ht/energie/National_Energy_Plan_Haiti_Revised20_12_2006VM.pdf   
14“Sanitation Efforts Target a Sea of Sewage in Haiti,” www.aolnews.com/world/article/sanitation-efforts-target-sea-
of-sewage-in-haiti/19591460 Accessed September, 2010. 

http://www.bme.gouv.ht/energie/National_Energy_Plan_Haiti_Revised20_12_2006VM.pdf�
http://www.aolnews.com/world/article/sanitation-efforts-target-sea-of-sewage-in-haiti/19591460�
http://www.aolnews.com/world/article/sanitation-efforts-target-sea-of-sewage-in-haiti/19591460�


 

12 
 

Service Metropolitain de Collecte des Residus Solides (SMCRS) is the state-appointed agency to 
collect and dispose of solid waste in the greater Port-au-Prince area, which includes eight cities 
and a population of about $2.5 million. SMCRS has approximately 1,200 employees and an 
annual budget of about $2.4 million. 

Since the earthquake, SMCRS has been operating 24 hours per day, servicing eight routes every 
12 hours. Their current fleet includes 34 forty-five cubic meter (60 CY) rear loading compactor 
trucks and 14 open-bed trucks. They also have 307 four cubic meter (6 CY) and twenty cubic 
meter (30 CY) dumpsters available that have not yet been deployed for waste collection. Their 
equipment maintenance program is reportedly poor. SMCRS owns and operates a landfill about 
5 kilometers north of the City. Figure 12 gives an overview of the solid waste management 
sector.  

 

Figure 12. Solid waste management sector in Haiti16

1.5 Related Issues 
 

Waste management requires consideration of numerous issues and requires a holistic systems 
approach to energy projects. Waste generation is related to sanitation, public health and 
environmental quality. Waste management also has the ability to impact deforestation and 
agricultural yields, which are factors central to increasing the standard of living in Haiti.  

1.6 Past Programs 
USAID has funded several programs for waste collection and job creation in Haiti. These have 
been grant programs with a primary goal of using manual labor to clean up waste in Port-au-
Prince. These programs received nearly $5 million in funding, hired thousands of workers, and 

                                                                                                                                                             
15 Municipal Solid Waste Collection Needs in Port-au-Prince, Haiti, SWANA Haiti Response Team, August 2010. 
swana.org/portals/arf/SWANA_Haiti_Response_Team_Position_Paper_2010.pdf 
16 Solid waste workers and livelihood strategies in Greater Port-au-Prince, Haiti, Claudel Noel, Waste Management 
Volume 30, Issue 6, June 2010, Pages 1138-1148.  

http://swana.org/portals/arf/SWANA_Haiti_Response_Team_Position_Paper_2010.pdf�
http://www.sciencedirect.com/science/journal/0956053X�
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236017%232010%23999699993%231862698%23FLA%23&_cdi=6017&_pubType=J&view=c&_auth=y&_acct=C000056948&_version=1&_urlVersion=0&_userid=2332888&md5=2c6e9b5aae5ae90a41b7c2b7d0dfa5d4�
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made a significant impact on cleaning up the streets and canals in Haiti. However, these 
programs did not address the structural issues with waste management in Haiti and were not self-
sustaining. When the program funding ran out, the problem returned.  

2 Technology Analysis 

There are several commercially available technologies used to transform waste materials into 
energy. These technologies rely on thermochemical or biological processes.  

2.1 Technology Overview and Recommendation 
NREL evaluated three technologies— combustion, gasification, and bio-digestion—for a WTE 
project in Haiti. A combustion system burns the waste in the presence of oxygen to produce heat. 
These systems can utilize any combustible fuel but typically require a waste stream above 300 
tons per day to be economically feasible; they also have air emissions that require specialized 
treatment. Gasification systems heat the waste in the presence of oxygen to produce a gas that 
can be combusted. These systems typically have reduced air emissions and can be found in 
smaller sizes but are less commercially proven. Bio-digesters utilize bacteria to breakdown 
biologically available waste into methane and carbon dioxide gases. This gas mix can then be 
combusted; these digesters also produce a soil amendment that can be used to increase 
agricultural yields.  

Analysis of the waste stream in Haiti was the primary factor in technology selection. The waste 
stream in Haiti is estimated to contain between 65% and 75% organics, primarily in the form of 
food waste. Food waste typically does not make a good fuel or feedstock for combustion or 
gasification systems. This is because the waste has high moisture content. The food waste would 
likely need to be dehydrated or mixed with another fuel source to make combustion or 
gasification a more viable option. However, the bio-digestion process is ideally suited for food 
waste, because moisture content does not impact performance. Bio-digestion is also scalable to 
meet both the short- and long-term waste disposal needs in Haiti. Bio-digestion can produce soil 
amendment that could be used as a fertilizer to increase crop yields in Haiti. Additionally, bio-
digesters present a solution to the issue of human waste management, which is one of the biggest 
problems affecting Haiti today.   

Based on the waste produced, scalability, and versatility of the systems, NREL selected bio-
digesters as the most viable option for a WTE project in Haiti. The technology should be 
coordinated with a robust waste management program, which will need to be integrated with 
energy planning and development efforts.  

Bio-digesters are discussed in further in section 2.2 below. Information about combustion and 
gasification can be found in the Appendix in sections 6.1 and 6.2.  

 
2.2 Bio-digesters 
Bio-digesters are a well-proven and commercially available technology. Thousands of 
installations throughout Europe, Asia, and the United States have been successfully installed and 
are currently operating successfully.   
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Process: Bio-digesters use bacteria in the absence of oxygen to breakdown waste materials and 
convert them into a product gas. The product gas is a combustible fuel that is predominantly 
methane and carbon dioxide. 

Fuel Requirements: Bio-digesters require a biologically available feedstock that can be broken-
down by microbes such as food and human waste. Inert wastes, such as plastic and metal, cannot 
be broken down in a bio-digester.   

Technology Description of Bio-digesters (Anerobic Digestion) 
The feedstock collection and processes for anaerobic digestion are the same as those for mass 
burn and gasification. The importance of sorting materials is higher for anaerobic digestion than 
other WTE technologies. Therefore, the first step is manual or automatic material sorting to 
remove inorganic materials and recycle those materials with value. The organic materials are 
placed into a digester, where microorganisms break down the material and release a biogas that 
is high in methane.   

The resulting biogas is captured and serves several purposes: 

• Steam creation: the biogas can be combusted to provide heat for steam to drive a 
turbine that is coupled to a generator for power production. 

• Motive force: the biogas can be conditioned and serve as fuel for an internal 
combustion engine or gas turbine, linked to an electrical generator for power 
production. 

• Energy storage: the biogas can be stored for later use or transferred to another 
location.   

Similar to syngas produced from gasification, the products of anaerobic digestion are captured 
and the only resulting emissions come from the eventual combustion of the gas. These emissions 
typically fall well within EPA guidelines, though regional policies, such as those of the San 
Joaquin Valley APCD, may necessitate additional emissions control measures.   

Soil Amendment 
Anaerobic digesters convert about 50-70% of the feedstock to energy. For every 1000 kg of 
waste introduced into the digester, 300-500 kg of composted digestate will be extracted. The 
digestate will be characterized as 75% water and 25% solids, which will then need to be 
processed either through mechanical filtration (belt filter/filter press), or dried in evaporation 
ponds. Once the digestate has been dried, the characteristics will match typical compost with 
high organic matter. Anaerobic Digesters produce digestate with very good fertilizing properties 
because of the high nutrient content available in the waste, digestate is an excellent replacement 
for inorganic fertilizers. The level of effort necessary to make the digestate material suitable for 
the compost market depends on the feedstock and the screening processes used prior to 
digestion.  
 
Common Approaches 
The six common approaches to anaerobic digestion for WTE primarily with food waste include: 

• Membrane Covered Lagoon (MCL) 
• Heated and Mixed Membrane Covered Lagoon (HMMCL) 
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• Plug Flow Digester (PFD) 
• Complete Mix and Hybrid Digesters (CMHD) 
• Fixed Film Digester (FFD) 
• Upright Cylinder Digester (UCD). 

Table 3 shows their advantages and disadvantages. 

Table 3. Comparison of common approaches to anaerobic digestion 

 MCL HMMCL PFD CMHD FFD UCD 
Capitol Cost 
Ranking* 1 2 3 4 5 6 

Operating Costs 
Ranking*  1 2 

3--substantial 
increase over 
MCL and 
HMMCL 

4--Mechanical 
equipment 
requiring 
periodic 
maintenance 
and additional 
operation costs 

5--Require 
dilute 
feedstock, high 
water usage, 
and well 
screened, pre-
processing 
costs 

6--High solids 

Space 
Requirement Large Less than MCL Less than 

HMMCL 
Significantly 
less than PFD 

Similar to 
CMHD Small footprint 

Design 

Non-insulated 
membrane 
cover over 
concrete 
lagoon 

Insulated 
membrane 
cover over 
concrete 
lagoon 

Lagoon design 
with cover, 
system 
designed for 
material 
viscousity 
control to 
function as a 
plug at exit 

Bolted Steel 
Vessel with 
external 
pumps, and 
heating 

Bolted steel 
vessel with 
plastic media 
fill, external 
pumps and 
heating 

Small diameter 
tall vessels, 
high solids, 
proactive 
mixing, high 
bacteria 
concentration 

Retention Time >20 days >20 days 20 days 20 days 5-20 days 5 days 
Compatible with 
Co-digestion No No No No Yes Yes 

Gas Production Low Low Highly Variable Medium 
Excellent 
volatile 
reduction and 
gas production 

High volatile 
reduction and 
gas production 

*Ranked with “1” being the lowest and “6” being the highest. 
 
Application 
Bio-digesters are completely scalable, however to maintain availability multiple units for power 
generation are favorable.   

The most successful organization to implement anaerobic digestion technology is Arrow 
Ecology and Engineering Company. Arrow operates 300-500 tpd facilities in Israel, Australia 
and Mexico City.17

In the United States, there are anaerobic digestion projects using animal manure and food wastes, 
but there are no active projects using this technology to process MSW at this time. However, the 

  

                                                 
17 Los Angeles County Conversion Technology Evaluation Report, 2007. 
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waste stream composition in Haiti is much better suited to this technology application than the 
waste stream in the United States. Anaerobic digestion of food waste and human waste has been 
proven through water treatment facilities, animal waste facilities, and food waste installations in 
the United States.     

Planned Projects 
Los Angeles County’s WTE project is reaching demonstration phase, with three vendors selected 
to develop WTE projects for operations beginning in 2012. One of the three selected vendors is 
Arrow Ecology, selected to build a 150 tpd anaerobic digestion facility.18

Viva Rio, United Nations Environment Programme (UNEP) and Norwegian Church Aid (NCA) 
appear to be planning a bio-digester program in Port-au-Prince. NREL was unable to obtain 
much information about this program but recommends further exploration of partnering 
potential. The figure below shows locations of planed and potential projects in Port-au-Prince. 

 

 

 
Figure 13: Locations of Proposed Bio-digester Projects19

 
 

Advantages 
Multiple social and economic advantages can be achieved using bio-digestion. The successful 
breakdown of food and human waste generates a fuel that can be used to generate electricity, 

                                                 
18 Mitchell, T., Los Angeles County DPW, from presentation given at San Diego WTE Conference. July 20, 2010. 
19 Clement "Kim" Tingley, Senior Engineering Advisor, USAID/EGAT June 2010 
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heat, as well as a viable soil supplement. Bio-digesters are relatively simple in design and 
operation, when compared to other baseload power generation methods.   

Anaerobic digestion is the most compatible out of all WTE technologies with wet biological 
human and food waste, due to the process by which the bio-gas is generated. In anaerobic 
digestion there is no efficiency loss due to moisture content in the feedstock. In gasification and 
combustion heat is required to reduce the moisture content of the feedstock thus lowering the 
overall heat or power production potential.  

The digestion process produces a large volume of compost material, which will be vital to the 
local regions within Haiti.   

Capital and Operating Costs 
Several key variables directly affect the upfront capital cost and the operating costs for anaerobic 
digesters. These include the technology selected for the particular installation, the feedstock 
quality and composition, the feedstock pre-sorting, and the location of installation. 

Historical installations have varied from $2,000/kW to $15,250/kW,20

Operating costs are low, in comparison to other power production facilities, due to the low 
technological nature of anaerobic digesters. Reviewing installations, O&M costs ranged from 
$155.81 to $219/kW-year with an average of $178.43/kW-year. This capital cost estimate 
accounted for an average capacity factor of 82.5%.

 averaging $4,769/kW.  
For this study, $5,000/kW is used, considering that the installation will be in Haiti, where skilled 
labor will be required and increased freight charges are expected. 

21

Reviewing the waste characteristics in Haiti, the major constituent is food waste and human 
waste, which accounts for over 75% of the total waste. The feedstock for a digester can be 
derived from the normal household waste, which currently is disposed of in landfills (if 
available), in the streets, streams, and rivers. These waste streams, can be used to generate 
electricity with no fuel surcharges, and the facility can possibly be compensated for receiving 
this waste.  

 

3 Project and Financial Anaysis 

NREL further analyzed the opportunity for installing bio-digesters in Haiti. 

Generation Potential  
The analysis began with determination of the possible project sizes at various locations in Haiti. 
The analysis used the following standard factors and assumptions: 

• Waste generation rate of 0.55 kg per person per day 

• Waste composition data shown in Figure 8 

                                                 
20 “California Energy Commission Staff Workshop, Building and Community Scale Renewable Technologies,” 
KEMA, Inc., August 25, 2009. 
21 “California Energy Commission Staff Workshop, Building and Community Scale Renewable Technologies,” 
KEMA, Inc., August 25, 2009. 
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• Total solids of 34% 

• Volatile solids (VS) of 85% 

• Bio gas production of 0.318 cubic meters (m3) of gas per kg of VS per day 

• Gas composition of 60% methane and 40% carbon dioxide 

• Engine combustion efficiency of 40% 

• A combined heat and power potential efficiency of 90%. 

The assumptions above and the population estimates for the cities in Haiti were used to estimate 
electrical generation potential and combined heat and power potential. The heat stream could be 
used for industrial applications, such as agricultural processing or textile manufacturing.  

 

Table 4. Electrical and Heat Generation Potential by City 

Area Population Waste 
Production 

Electricity 
Potential 
(At 40% 

Collection) 

Electricity 
Potential  
(at 100% 
collection) 

Available 
Heat at 40% 

Available 
Heat at 
100% 

  metric ton/day MW MW MMBtu/day MMBtu/day 

Port-au-Prince 2,296,836 
1263 plus 24,000 

gal. of human 
waste 

4.79 11.97 517 1,292 

Carrefour 430,250 237 0.82 2.06 889 222 
Delmas 359,451 198 0.69 1.72 74 186 
Petionville 271,175 149 0.52 1.30 56. 140 
Cite Soleil 241,055 133 0.46 1.15 50 125 
Gonaives 228,725 126 0.44 1.09 47 118 
Cap-Haitien 244,660 135 0.47 1.17 51 126 
Saint-Marc 122,747 68 0.23 0.59 25 63 
Port-de-Paix 99,580 55 0.19 0.48 21 51 
Tabarre 99,011 55 0.19 0.47 20 51 
Petite-Anse 89,155 49 0.17 0.43 18 46 
Croix-des-
Bouquets 84,812 47 0.16 0.41 18 44 

Leogane 78477 43.16235 0.15 0.38 16.21 40.53 
Petit-Goave 76243 41.93365 0.15 0.36 15.75 39.38 
Les Cayes 71236 39.1798 0.14 0.34 14.72 36.79 
Ouanaminthe 58250 32.0375 0.11 0.28 12.03 30.09 
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These projections are shown geographically in Figure 14 and Figure 15.  

 
Figure 14. Electricity generation at 40% collection 

 

 
Figure 15. Electricity generation at 100% collection 
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Financial Analysis 
The next step in the analysis was to develop a proforma to model the financial opportunity or 
burden of installing a bio-digester. A proforma was developed for the top nine population centers 
within Haiti using the assumptions below. 

• A capital cost of $5,000 per kW 

• A capacity factor of 82% 

• A 20 year project lifetime 

• Operating costs of $7.04 per ton 

• System was funded by a government agency or development bank. Thus no debt 
service or return on equity was required. 

• A discount rate of 4% was utilized for NPV calculations 
The current electricity rate for residents in Haiti is $0.30/kW-hr22

A WTE system in the Port-au-Prince area looked to be the most promising location and NREL 
analyzed numerous potential scenarios. These scenarios are shown in the form of a sensitivity 
analysis, adjusting electricity cost and tipping fees and comparing net present value (NPV) and 
payback. All scenarios yielded a positive NPV. Scenarios with higher electricity prices and 
higher tipping fees had higher NPVs and shorter payback periods. This sensitivity analysis shows 
that a government- or donor-financed system in Port-au-Prince has a positive financial return 
under a variety of scenarios and further analysis is warranted. 

 and can very upward of 
$0.36/kw-hr depending upon consumption. Rates are tiered based on consumption, into three 
categories: 1 to 30 kWh, 31 to 200 kWh, and over 200 kWh. Tipping fees represent the costs 
customers pay to dispose of a ton of municipal solid waste. The actual tipping fees in Haiti are 
unknown, so scenarios were analyzed with no fee, $20 per ton, and $40 per ton. 

 

 

 

 

 

 

 

 

                                                 
22 “Commercial Assessment of EDH Operations – Initial highlights,” TETRA TECH, August 12, 2010. 
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Table 5: Sensitivity Analysis of Electricity Price and Tipping Fee versus NPV and Payback    

Port-au-Prince 

Sensitivity 40% Collection 
   $0 Tipping Fee $20 Tipping Fee $40 Tipping Fee 
  NPV Payback NPV Payback NPV Payback 
Electricity Value USD Years USD Years USD Years 
 $       0.10   $       6,415,914 13.09  $    40,164,009 6.21  $    73,912,104 4.07 
 $       0.15   $    34,653,968 6.79  $    68,402,063 4.31  $  102,150,158  3.16 
 $       0.20   $    62,892,022 4.58  $    96,640,117 3.3  $  130,388,211  2.58 
 $       0.25   $    91,130,075 3.46  $  124,878,170  2.67  $  158,626,265  2.18 

 $       0.30   $  119,368,129  2.78  $  153,116,224  2.25  $  186,864,319  1.89 

       

Port-au-Prince 

Sensitivity 100% Collection 
   $0 Tipping Fee $20 Tipping Fee $40 Tipping Fee 
  NPV Payback NPV Payback NPV Payback 
Electricity Value USD Years USD Years USD Years 
 $       0.10   $    21,761,754 12.18  $  106,131,991  5.99  $  190,502,228  3.97 
 $       0.15   $    92,327,412 6.54  $  176,697,649  4.21  $  261,067,886  3.1 
 $       0.20   $  162,893,070  4.47  $  247,263,307  3.24  $  331,633,544  2.54 
 $       0.25   $  233,458,728  3.39  $  317,828,965  2.63  $  402,199,202  2.15 

 $       0.30   $  304,024,386  2.73  $  388,394,623  2.22  $  472,764,860  1.87 
 
The capital costs of development and construction in Haiti are unknown. An additional 
sensitivity analysis was performed around a scenario with a $0.20 electricity PPA price and no 
tipping fees for 100% collection in Port-au-Prince. The capital cost used above of $60M 
represents the base case scenario and then costs were varied +/- 75% to examine the affect on 
NPV and payback. The results of this analysis are shown in Table 6 below. 
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Table 6: Sensitivity Analysis of 100% Collection with PPA price of $0.20 and no Tipping Fee. 

100% Collection - $60MM Estimated Capital Cost 
% of 

Estimated 
Capital 
Costs 

Capital Costs 
USD 

NPV 
USD 

Payback 
years 

-25%  $               15,000,000  $      207,893,070  1.12 
-50%  $               30,000,000   $      192,893,070 2.23 
-75%  $               45,000,000  $      177,893,070 3.35 

Base Case  $               60,000,000  $      162,893,070 4.47 
+25%  $               75,000,000  $      147,893,070 5.58 
+50%  $               90,000,00  $      132,893,070 6.70 

          +75%  $             105,000,000  $      117,893,070 7.82 
 

This analysis shows that under all scenarios this system still has a payback within 8 years and a 
positive net present value. Thus even if that capital costs are higher than estimated in the base 
case a bio-digester project will likely still be financially viable. At a 40% collection rate, the 
capital costs and NPV would be somewhat less, and the payback would be the same. 

The estimated capital costs for bio-digesters in the main cities are shown below for collection 
rates of 40% and 100%. 

Table 7: Estimated installed capital costs for population centers 

Area Capital Cost 
(40% Collection) 

 Capital Cost 
(100% Collection)  

  USD USD 
Port-au-Prince  $              23,932,678.78   $                    59,831,696.96  
Carrefour  $                 4,115,337.03   $                    10,288,342.58  
Delmas  $                 3,438,145.29   $                       8,595,363.23  
Petionville  $                 2,593,786.22   $                       6,484,465.54  
Cite Soleil  $                 2,305,688.71   $                       5,764,221.78  
Gonaives  $                 2,187,752.38   $                       5,469,380.96  
Cap-Haitien  $                 2,340,170.50   $                       5,850,426.25  
Saint-Marc  $                 1,174,073.85   $                       2,935,184.63  
Port-de-Paix  $                    952,481.72   $                       2,381,204.31  
Tabarre  $                    947,039.24   $                       2,367,598.11  
Petite-Anse  $                    852,766.70   $                       2,131,916.75  
Croix-des-Bouquets  $                    811,225.95   $                       2,028,064.87  
Leogane  $                    750,631.74   $                       1,876,579.34  
Petit-Goave  $                    729,263.55   $                       1,823,158.87  
Les Cayes  $                    681,371.64   $                       1,703,429.10  

Ouanaminthe  $                    557,160.68   $                       1,392,901.70  
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Utilizing the proforma, scenarios for the nine largest population sites were analyzed by adjusting 
the electricity rate and tipping fees. The three main scenarios analyzed were: 

• In the first scenario the electricity sales rate or PPA price is adjusted to achieve a 10-
year payback with $0 Tipping Fee. For example a PPA price between $0.11 and 
$0.12 per kWh is needed for Port-au-Prince. 

• In the second scenario the tipping fee is adjusted to achieve a 10-year payback with 
no electricity sales. For example a tipping fee of between $37 and $38 is needed for 
Port-au-Prince if, for example, electricity tariffs could not be collected and/or 
methane was provided for cooking fuel at no cost. 

• The third scenario shows possible project for each city with $0.30/kW-hr electricity 
rate and $20 tipping fee. 

All comparisons were completed assuming a government ownership scenario for both the 40% 
and 100% collection rate. Table 8 and Table 9 show the results of this analysis.  

Table 8. 100% Collection and Government Ownership Scenario 

Area Electricity Sales Disposal Costs Economic Evaluation 
  10 Year Payback USD 10 Year Payback USD Elec. $0.30 Tip Fee $20 
  No Tipping Fee No Electricity Sales NPV Payback 
  USD/kw-hr USD/ton USD Years 
Port-au-Prince  $   0.11   -   $   0.12   $      37.00   -   $      38.00   $    388,394,623.00  2.22 
Carrefour  $   0.12   -   $   0.13   $      41.00   -   $      42.00   $      68,603,387.00  2.17 
Delmas  $   0.12   -   $   0.13   $      41.00   -   $      42.00   $      52,587,470.00  2.33 
Petionville  $   0.13   -   $   0.14   $      44.00   -   $      45.00   $      38,807,496.00  2.38 
Cite Soleil  $   0.13   -   $   0.14   $      45.00   -   $      46.00   $      33,869,125.00  2.42 
Gonaives  $   0.14   -   $   0.15   $      46.00   -   $      47.00   $      31,897,510.00  2.43 
Cap-Haitien  $   0.13   -   $   0.14   $      45.00   -   $      46.00   $      34,539,219.00  2.4 
Saint-Marc  $   0.16   -   $   0.17   $      54.00   -   $      55.00   $      15,508,492.00  2.64 
Port-de-Paix  $   0.19   -   $   0.20   $      59.00   -   $      60.00   $      11,886,308.00  2.78 

Table 9. 40% Collection and Government Ownership Scenario 

Government Ownership 
40% Collection 

Area Electricity Sales Disposal Costs Economic Evaluation 
  10 Year Payback USD 10 Year Payback USD Elec. $0.32 Tip Fee $20 
  No Tipping Fee No Electricity Sales NPV Payback 
  USD/kw-hr USD/ton USD Years 
Port-au-
Prince  $  0.11   -   $   0.12   $     39.00   -   $     40.00   $  153,116,224.00  2.25 

Carrefour  $  0.15   -   $   0.16   $     49.00   -   $     50.00   $    24,978,070.00  2.35 
Delmas  $  0.15   -   $   0.16   $     52.00   -   $     53.00   $    18,793,363.00  2.57 
Petionville  $  0.17   -   $   0.18   $     57.00   -   $     58.00   $    13,210,631.00  2.73 
Cite Soleil  $  0.18   -   $   0.19   $     59.00   -   $     60.00   $    11,233,282.00  2.83 
Gonaives  $  0.18   -   $   0.19   $     61.00   -   $     62.00   $    10,586,121.00  2.84 
Cap-Haitien  $  0.18   -   $   0.19   $     59.00   -   $     60.00   $    11,574,062.00  2.79 
Saint-Marc  $  0.25   -   $   0.26   $     82.00   -   $     83.00   $      3,673,202.00  4.03 
Port-de-Paix  $  0.28   -   $   0.29   $     95.00   -   $     95.00   $      2,327,413.00  4.99 
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Table 8 and Table 9 show that in the cities with the highest populations, the lowest electricity 
price and tipping fee are needed to achieve a simple payback of 10 years. This is due to the 
economies of scale of large bio-digesters. With an electric rate above $0.32 USD per kWh, every 
city evaluated has payback within 10 years. With a tipping fee above $95 per ton, every city has 
a payback within 10 years. It was assumed that residents of Haiti would not be able to afford 
much or any tipping fee, and in order for a project to financially viable, it must sell electricity. 
With revenue from electricity sales of $0.32/kWh and a tipping fee of $20/ton, each site 
reviewed has a payback of less than 5 years. This analysis did not incorporate any region-specific 
risks or building costs.  Potential costs and savings resulting from current and improved health 
and sanitation were also not included.  

4 Project Development and Implementation Environment 

The opportunity for development of this proposed WTE facility in Haiti was explored. Haiti 
presents a challenging environment for project development and investment. Project financing 
from the private sector is unlikely, and financing will likely need to be obtained from a 
government or development bank for a project to be successful. 

4.1 Overview 
The World Bank’s Doing Business 2010 report ranks Haiti as 151 of 183 (with 1 being the best) 
on ease of doing business.23

The United States Senate Committee on Foreign Relations analyzed the investment environment 
in Haiti and concluded that “Absent reforms to improve Haiti’s business environment and 
economic trajectory, staff strongly believes that the potential for the private sector to have a 
major impact on Haiti’s development will be negligible.”

 This underscores the difficult project development and business 
environment Haiti.  

24

The investment climate in Haiti was known to present many problems prior to the earthquake. 
Some of these issues were outlined in a 2001 report by Martha N. Kelley, a Foreign Service 
Officer assigned as Economic Counselor at the U.S. Embassy in Port-au-Prince, Haiti and are 
reproduced below.

  

25

• Deteriorated physical/social infrastructure 

 

o Poor, inadequate and unreliable, electricity, water, telecommunications, roads 
o Insufficient and poor quality schools, clinics, housing 

• Macroeconomic policy destabilized by a ballooning public sector deficit 
o Direct deficit financing by central bank crowds out private sector access to credit 
o Absence of accountability and transparency in public sector finances 

• A reputation for political instability and potential violence 
o Insecurity 
o Criminal activity and drug trafficking 

                                                 
23The World Bank’s ‘‘Doing Business 2010,’’www.doingbusiness.org/rankings, Accessed November 2010.  
24 “Without Reform no Return on Investment in Haiti,” Committee on Foreign Relations, United States Senate, July 
2010. http://lugar.senate.gov/issues/foreign/lac/haiti/pdf/investment.pdf   
25 “Assessing the Investment Climate in Haiti: Policy Challenges,” Martha N Kelly, April 2001. 
www.oecd.org/dataoecd/4/42/1897610.pdf   

http://www.doingbusiness.org/rankings�
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o Police the sole force of order in the country 
• Weak institutions in government and society 
• Governance issues 

o Inadequate legal and regulatory framework 
o Weak and corrupt judiciary and related institutions 
o Poor prospects for dispute resolution 
o Over-reliance on personal relationships with government to resolve issues 
o Corruption at all levels of government and state-owned enterprises 
o Dysfunctional government bureaucracy, red tape, harassment 
o Lack of capacity to enforce existing or new laws 

• Inconsistent application of economic policies 
• Insufficient domestic sources of investment capital. 

It appears that attracting private sector financing for a WTE project in Haiti will be difficult. For 
successful project development, financing from development banks or governments will likely 
be required. However, it could be possible to combine financing from the public sector with 
financing with from the private sector.  

4.2 Macro-Level Development Considerations 
Issues to consider when planning for and developing energy projects include the timing, scale, 
priority of goals, and local considerations. 

Development for the Current Situation or Future Case 
As the plan for future development and investment in the waste management and WTE 
infrastructure Haiti is developed, it will be important to determine solutions for the short-term 
situation, as well as a long-term solution, once conditions on the ground have improved. NREL 
believes that Haiti can best be served in the short term with small-scale bio-digesters that can 
provide energy and waste management to the temporary housing camps while dramatically 
improving sanitation and health conditions. In the long term, NREL believes that it will be 
beneficial to develop a large-scale bio-digester in conjunction with other energy sector and waste 
management efforts to provide clean electricity.  

Large- versus Small-Scale 
There appear to be two viable options for WTE project development in Haiti. The first is large-
scale development of systems that involve cooperation with the energy sector for 
interconnection, transmission, and distribution, as well as cooperation with the waste 
management authority for waste collection and recycling. A second option is to develop 
community-level WTE systems that could be owned, operated, and maintained by members of 
the community without the reliance on entities such as the waste management authority. These 
options are not mutually exclusive and further analysis is needed to determine the most 
appropriate scale and option.  

Aid versus Sustainable Solutions 
In determining the most appropriate WTE option, it is important to consider whether the goal is 
to build an economically self-sustainable project or to provide as much aid as possible. The 
previous waste collection programs undertaken in Haiti provided great benefits and aid in the 
cleanup of Port-au-Prince, but were not economically self-sustainable because they did not 
produce a positive financial return. The optimal system of bio-digesters depends on economic 
and aid goals, and these goals will need to be determined for inclusion in further analysis.   
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Electric Utility Status 
Electricité d’Haiti (EDH) is the electric utility company in Haiti. EDH is an autonomous state-
owned, vertically integrated enterprise that has the monopoly of the production, transmission, 
distribution and commercialization of electricity throughout the country.26

Tetra Tech conducted a commercial analysis of EDH in August, 2010.
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Figure 16

 The main conclusion of 
their analysis was that EDH has a severe financial imbalance between revenues and costs. The 
operating costs of EDH are about $13.8 million per month with revenues collected far below 
costs. The revenues recovered before the earthquake, immediately after, and in the Spring are 
shown in . 
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Figure 16. Costs, revenue collected, and deficit of EDH28

The budget deficit shows the difference between costs and revenue for the utility. This budget 
gap has been traditionally filled with transfers from the treasury of the Government of Haiti. This 
analysis shows that the utility company is not currently financially solvent, which presents risks 
for project development that are discussed in section 4.3.   

  

Analysis of the status of EDH by Tetra Tech also revealed the prices of several PPAs undertaken 
by the utility. The prices for these agreements ranged between $0.16 USD per kWh to $0.30 
USD per kWh. It is expected that a bio-digester project that produces electrical energy could be 
performed under a PPA contract with the utility in a similar price range. The EDH status update 
also revealed that the utility does make enough revenue to pay its current PPAs. While the utility 
would likely not be considered a credit-worthy off-taker for the power by potential project 
financiers, it would likely be able to make payments for the power produced by a bio-digester.     

                                                 
26 “Haiti Energy Sector Development Plan,” Bureau of Mines and Energy Haiti. November, 2006. 
www.bme.gouv.ht/energie/National_Energy_Plan_Haiti_Revised20_12_2006VM.pdf 
27 Commercial Assessment of EDH Operations – Initial highlights, August 12, 2010, Tetra Tech.  
28 Commercial Assessment of EDH Operations – Initial highlights, August 12, 2010, Tetra Tech. 
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The analysis done by the other members of the Haiti Energy team indicate that there is a 
significant capacity shortage in Port-au-Prince. This issue is emphasized by the fact that power is 
typically delivered between 5 and 8 hours a day in the city. The need for additional generating 
capacity is much larger than the size of the WTE systems proposed, and these systems should be 
included in the plans to develop new capacity.  

4.3 Project-Level Development Considerations and Risks 
Developing a WTE project presents numerous considerations and risks for the project developer 
and the project financier. Several of these are outlined below. 

Project Financing 
The capital markets in Haiti are limited. The capacity for both the government and the private 
sector to borrow money is subject to challenges and high interest rates. Many government 
enterprises in Haiti appear to be largely insolvent and would not represent a credit-worthy 
organization. Private sector borrowing appears to be limited and subject to annual interest rates 
as high as 30%. The reduced ability for both the private sector and the government to borrow 
capital at reasonable interest rates limits the financial viability of new electricity generation 
facilities. This also emphasizes the need for foreign government or development bank financing.  

Utility Payments 
EDH is currently not likely a credit-worthy off-taker of the power produced by a WTE project. 
Thus, the project investor is taking a risk in assuming that EDH will make PPA payments for 
power produced by a WTE system. This risk could be mitigated through the sale of gas and soil 
amendment.  

MSW Flow Control  
The feedstock for a WTE project needs to be controlled and maintained to ensure that a sufficient 
amount of waste is available in order to produce the required power output. The project investor 
should attempt to secure control of the waste stream in question for this project to reduce the risk 
that it is not available. This is typically done through a contractual process.  

Technology  
Bio-digesters are relatively common and the technology is well understood. However, there is a 
risk that the technology will not perform as designed. 

Project Sizing  
The most appropriate WTE project size (in terms of tons per day processed or electricity 
generated) has yet to be determined. However, there is a risk that the project chosen will be over 
or undersized if the waste generation or waste collection rate estimated changes. 

Regulations and Permitting 
The Environmental Ministry is responsible for the requirements and regulations for waste 
disposal in Haiti. Currently, the waste disposal system is not functioning properly and it is 
unclear how it will evolve in the future. NREL was unable to find information about regulations 
pertaining to WTE projects and further research is needed in this area to determine factors such 
as legal status and permitting requirements. As an “unknown,” this variable presents a risk for 
future project development.   
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5 Conclusion and Next Steps 

NREL analyzed the opportunity for development of a WTE project in Haiti. After evaluating 
technology options, bio-digestion was selected as the most appropriate opportunity for Haiti, 
resulting in clean energy generation, and utilizing a waste stream currently contributing to 
sanitation and health problems. Potential electrical generation project sizes were evaluated for 
various cities and ranged from nearly 12 MW in Port-au-Prince to less than 1 MW in smaller 
cities. The financial return of a system is based on size, power price, and tipping fee. A pro 
forma analysis showed that under most scenarios, a bio-digester will produce a positive financial 
return. NREL recommends that bio-digesters be examined for both the short-and long-term 
redevelopment in Haiti. In the short term, the opportunity to build small-scale bio-digesters to 
improve waste management and sanitation in the camps and to partner with existing programs 
should be evaluated. In the long term, the opportunity for a large scale bio-digester should 
continue to be evaluated and developed along with other energy and waste management 
programs.  

Some of the next steps for further project work and development include: waste characterization, 
small scale bio-digester demonstration projects and partnering, business analysis of the waste 
management authority, exploration of ways to increase the waste collection rate, analysis of legal 
and permitting requirements, project site analysis, off-take agreement exploration, and financial 
scenario refinement.  
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6 Appendix 

The sections in the appendix provide the analysis and description of combustion and gasification 
waste-to-energy technologies.  Due to the waste stream composition, these were determined not 
to be suitable for Haiti at this time. 

 
6.1 Direct Combustion 
Process: In direct combustion, energy is produced in an exothermic reaction (combustion) when 
heat is added to the fuel in the presence of oxygen. The process typically contained within a 
boiler. The reaction produces several byproducts (further described in the emissions discussion), 
as well as heat. The heat enables further reactions with other fuel and is captured by tubes 
circulating water near the combustion area. Heat energy is transferred to the water, creating hot 
water that is useful for several purposes. The heated water can be used to supply heat to areas 
external to the boiler plant or it can be further heated to create steam. Steam also serves as useful 
fluid for heating uses or can be used to drive steam turbine, which converts the heat energy into 
kinetic energy (motion). After the steam or hot water has released much of its heat, it is 
condensed and collected to return to the boiler as feedwater, completing the cycle.   

Fuel Requirements: The direct combustion process requires combustible fuels, such as plastics, 
paper, and tires, to produce energy. Some material, such as metals and glass, are not 
combustible. Some biological materials, such as food waste, are only partially combustible and 
have high moisture contents and therefore will not yield large quantities of energy, while other 
biological materials, such as wood will produce large quantities of energy when combusted.  

Options: Direct combustion systems are generally categorized by the method used for moving 
fuel through the combustion area. 

Fixed Bed 
Fixed bed, or stoker systems, use direct combustion of solid fuels on top of a fixed grate. Air is 
circulated through the grate and fuel bed, with the rate of air flow determining the rate of 
combustion. Hot combustion gasses are used to heat water in the boiler tubes and are then 
exhausted through the flue, using various treatment processes along the way to control 
emissions. Stoker systems can be subcategorized by the method in which fuel is fed. These 
methods include the Mass feed and the Spreader method: 

• Mass feed: Fuel is continuously fed from one end of the boiler, traveling across an 
inclined or vibrating grate to churn the fuel slightly. Ash is collected at the other side 
of the grate. 

• Spreader: Fuel is spread across a grate. Finer particles burn in suspension above the 
grate, while larger particles fall and combust on the grate. Ash is collected at the 
discharge end of the grate. 

Fixed bed systems have existed since the 1800’s and have the least capital cost. 

Fluidized Bed 
In a fluidized bed, air is pumped upward through the bed media (typically sand), at a velocity 
that separates and churns the fuel particles to improve the mixing of air and fuel. This creates a 
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more efficient combustion process. Fluidized bed systems typically fall within one of two 
categories: 

• Bubbling fluidized bed: Air velocity is relatively low, and just enough air is added to 
expand and lift the bed, but not entrain it in the air flow. Fuel is burned on the surface 
of the bed, while combustion gases flow through the bed.   

• Circulating fluidized bed: Air velocity is high enough to entrain fuel particles. 
Particles are combusted and separated to promote further combustion. Some particles 
are carried out of the boiler, captured in a cyclone system and returned to the boiler. 

Fluidized bed systems have existed since the 1960’s and offer some advantages when compared 
to fixed bed systems: 

• Low Nitrogen Oxide (NOx) production, due to lower combustion temperatures in the 
815 to 900° F range 

• Greater flexibility of fuel type and sizing. 

Comparison 
The major differences between stoker and fluidized bed systems relate to efficiency, air 
emissions, and costs.   

Table 10. Comparison of Stoker and Fluidized Bed Boilers 

  Boiler Type 
Feature Stoker Fluidized Bed 

Combustion Mechanism 

 Transported on stoker 
Fluidized by combustion air and 
circulated through the combustion 
chamber and cyclone Flow of solid fuel 

Combustion Zone On the stoker Entire area of the combustion 
furnace 

Mass Transfer Slow Active vertical movement-mass and 
heat transfer 

Combustion Control   
Responsiveness Slow response Quick response 
Excess air control Difficult Possible 
Fuel Issues   
Applicability to various fuels Fair High 
Fuel pretreatment Generally not necessary Lumps must be crushed 
Environmental Factors  

Low sulfur oxide (SOx) 
combustion 

In-furnace desulfurization not 
possible 

High rate of in-furnace 
desulfurization 

Low NOx combustion Difficult Inherently low NOx 
Appropriate facility size Small Medium to large 

Source: EPA, 2007 
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The capital costs for a fluidized bed system are significantly higher than those for a stoker 
system.  In the 2007 EPA analysis reference above, fluidized bed capital costs ranged from 28 to 
108% higher than stoker capital costs depending on capacity, with the gap lowering as the scale 
of operations is increased.   

The operating and maintenance (O&M) costs for the systems were found to be similar at medium 
to large operations. For smaller operations, the higher complexity of the fluidized bed system 
results in less efficient operation.  

Capital and Operating Costs 
Capital costs for direct combustion units are approximately $200,000 per ton per day ($/tpd). 
This general estimate is derived from a 200 ton per day basis. Scaling up from this level will 
likely lower the $/tpd and lowering waste volumes will increase the $/tpd, due to economies of 
scale in facility operations. (For example, a 200 tpd unit should be expected to cost $40 million). 
One ton of MSW in the U.S. produces 470-930 kWh. Capital costs per kW for a system vary 
depending on total system size, feedstock, and other factors; a typical range would be from 
$3,000 to $7,000 per kW. For operating and maintenance costs, a modern WTE facility of this 
type should be expected to incur $50 to $70 per ton of waste processed. 
Mass Burn Facilities in Operation 
In the United States, there are currently 89 facilities that combust MSW for energy recovery, 
consuming approximately 30 million tons of waste per year. In Europe, about 400 combustion-
based MSW energy plants are operating, consuming approximately 55 million tons of material 
annually. 60 to 100 new MSW combustion plants are expected to be built in Europe in the next 
10 years to meet landfill and greenhouse gases reduction requirements.29

Application 
  

The typical scale of efficiency for a mass burn operation is a waste stream exceeding 500 tons 
per day. This is due to the high amount of emissions control equipment required which is a fixed 
cost for the operator regardless of plant size. At smaller scales, there is insufficient revenue from 
tipping fees or electricity sales to absorb the cost of proper emissions control equipment. At 
lower volumes, gasification technology is more appropriate. 
 
6.2 Gasification 
Process: In contrast to direct combustion, the gasification process involves a reaction in the 
presence of oxygen, which typically releases energy used directly to heat water to steam. The 
gasification process takes place in a high-temperature, oxygen-deprived environment to form a 
low to medium Btu gas. This gas is called synthetic gas, or syngas, and theoretically contains the 
same Btu content as the feedstock. The actual Btu content is subject to the conversion efficiency 
of the process, typically in the 60 to 80% range. 

Fuel Requirements: Gasification systems require organic wastes that can be turned into syngas. 
Moisture in the waste lowers Btu content and some materials such as metals and glass cannot be 
processed into syngas.  

Options: Similar to direct combustion, there are two general categories of gasifiers, which differ 
in the nature of their fuel bed. 

                                                 
29 CalRecycle, www.calrecycle.ca.gov/organics/conversion/Pathways/ThermoChem.htm 

http://www.calrecycle.ca.gov/organics/conversion/Pathways/ThermoChem.htm�


 

32 
 

Fixed bed 
As in direct combustion, in fixed bed gasification, fresh fuel is placed on top of a pile of older 
fuel, char and ash inside the gasifier. Air is introduced either from the top (downdraft) or from 
the bottom (updraft), which affects the gasification process differently.  
 

Table 11. Gasifier Comparison 

 Downdraft Updraft 

Operation 

Fuel is introduced from the top 
and moves downward. The 
oxidizer (air) is introduced at the 
top and flows downward. 
Syngas is extracted at the 
bottom at grate level. 

Fuel is introduced from the top 
and moves downward. The 
oxidizer is introduced at the 
bottom and flows upward. 
Syngas is extracted at the top. 

Advantages 

Tars and particulates in the 
syngas are lower, allowing direct 
use in some engines without 
cleanup. The grate is not 
exposed to high temperatures. 

Can handle higher-moisture fuel.  
Higher temperatures can 
destroy some toxins and slag 
minerals and metal. Higher tar 
content adds to heating value. 

Disadvantages 

Fuel must be very dry (<20 
percent moisture content). The 
syngas is hot and must be 
cooled if compression or 
extensive cleanup is required.  
About 4 to 7 percent of the 
carbon is unconverted and 
remains in the ash. 

Higher tar content can foul 
engines or compressors. The 
grate is exposed to high 
temperatures and must be 
cooled or otherwise protected. 

 
Fluidized bed 
Using the same gasification process, a fluidized bed can improve the efficiency and tolerance of 
the conversion from waste to energy. Similar to the fluidized bed concept, the primary 
gasification process takes place in a fuel bed loosened and suspended by upward traveling gases.  
This method of gasification improves the productivity of the process (measured per unit of bed 
area) and improves the fuel flexibility. Fluidized bed gasification units can operate with fuel 
moisture content up to 30%. 

Advantages 
Several significant advantages are associated with gasification, as compared to direct 
combustion. 

• Gasifiers have limited emissions, due to the high temperatures and controlled air flow 
in the production process 

• Gasification leaves less residual material that must be disposed (roughly 10% by 
weight of the incoming material) 



 

33 
 

• Syngas produced by the gasification process can be recovered and combusted as-is or 
cleaned for enhanced value-added uses. These include marketing as a natural gas 
substitute or transforming into a liquid fuel. 

The conditioning and cleaning of the gas requires a multi-faceted approach. Table 12 describes 
the contaminants that may be present and the methods used to treat them.  

Table 12. Gas Contaminants and Treatment 

Contaminant Description Treatment 

Tar 
Tars (creosote) are complex 
hydrocarbons that persist as 
condensable vapors 

Wet scrubbers, electrostatic 
percipitators, barrier filters, catalysts, or 
combustion. 

Particles 
Particles are very small, solid materials 
that typically include ash and 
unconverted fuel. 

Cyclone separators, fabric filters, 
electrostatic precipitators, and wet 
scrubbers. 

Alkali Compounds 
Potassium, alkali salts, and condensed 
alkali vapors are part of the chemical 
composition of biomass. 

First, cool syngas below 1200°F, 
causing the alkali vapors to condense. 
Second, use cyclone separators, fine 
fabric filters, electrostatic precipitators, 
and wet scrubbers. 

Ammonia 

Ammonia is formed from nitrogen (fuel-
bound and in air) and hydrogen (in fuel 
and in moisture content).  When syngas 
is burned, ammonia is converted to 
NOx. 

Catalysts, hydrocarbon reforming, or 
wet scrubbing. 

 
Currently, there are no means for treating hot gases. As the gases are cooled, the heat can be 
recycled (e.g., to dry incoming fuel) to improve system efficiency.    
 
Capital and Operating Costs 
As a newer technology with active development, there is less procurement and operating history 
from which to model costs. After several years of evaluating potential developers of advanced 
WTE technologies, Los Angeles County reported capital and operating costs, provided by 
several vendors, which help to illustrate the costs for projects using gasification technology.   
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Table 13. Gasification Capital and Operating Cost Estimates 

Company Tons/Day Capital Cost ($/tpd) O&M Cost ($/ton) 
Changing World Technologies 200 $  175,000 $  176 

International Environmental Solutions 242 $  124,000 $    34 

Interstate Waste Technologies 312 $  241,000 $  113 

Ntech Environmental 413 $  137,000 $    49 
 

Gasification Facilities in Operation 
There are currently no gasification units in commercial operation. Several demonstration projects 
have been proposed, included three in Los Angeles County which will begin operations in 2012. 
These demonstration projects will provide valuable cost and productivity data for further 
evaluation. 
 


