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In partnership with the Government of Canada, the Global Alliance for Clean Cookstoves (Alliance) is developing
acomprehensive strategy and national action plan for catalyzing the market for clean and efficient cookstoves
in Haiti Following a preliminary market study, the Alliance decided to extensetiter overview with six
consultancies includingthe present studyThe study assess7 alternative fuelg¢o charcoal and firewoaod
improved charcoal, charbriquettes, noarbonized briquettes, pellets, ethanol, LPG aalar electricity.
Comparison between fuels is carried out through an assessmdatalfbiomass resources, a Life Cycle
Assessment (LCA) of the environmental and health imgaaspmicsand sociaimpacts

Biofuels locally produced in Haiti are environmentally sound for a clean fuel stkddegguer local biomass
resources suitedotproduce biofuels are limited compared to the cooking energy demand of the country.

TheLCAof the biofueloptions assessetemonstrate their high CG@mission reduction potential if substituted

for traditional charcoal?.5 to 3kgCQ/MJuelvered. However, the resource assessment shows a limited potential
to scalewith locally producediofuelsdue to the lowand variablgproduction of biomass from agricultural
activitiesin Haiti The scenarios developéedlicatethat 27to 51% of the urban househol@emand for cooking
energy could béheoreticallyservedwith biofuels Charbriquettes, ethanol and pelistre the most promising
biofuels identifiedvhile norrcarbonized briquettes can be produced in limited volumes and solar electricity is
not costcompetitive for cooking purpose

The development of clean fuels in Haiti is expected to improve the social and economic wellbeingsefsend
but may have a negative impact on jobs along the value chain.

The use of cleaner and more efficient fuels will bieesit-users thanks to time savings in cooking and thanks

to a reduced exposure to smoke and particidatowever charcoaimaking is a significant source ofgaimd

income for farmerpossiblythreatened by the development of alternative fuels. Develpinproved charcoal
production techniques and biofuels locally produced are the best options to develop the clean fuels sector while
creating local value partly oriented towards farmers.

ENEA recommends the Alliance build a strategy based on fourtpilersonducted in parallel:

reduce kiln emissions and wood withdrawal with improved charcoal production kilns,

reduce thedemand forcharcoal with improved cooking stoves,

reduce the demand fazharcoal with alternative fuels already proven (charbrigpseand LPG),

investigate the potential of innovative fuels (ethanol locally produced and pellets) for large scale
deployment

Yvvy

Limitations in the availability of local biomass prevent a strategy basechbbiofuels from having a significant
impact onthe cooking sector in HaifThe improvement of charcoal production techniques is a key lever to
reduce the demand for wood and the emission of greenhouse gases of the Jéeocombined usef
improved cookstoveis key tareduce the demand for charcoal

In parallel, alternative fuethould be developed, starting with the most promising among those already proven:
charbriquettes and LPGPG is an attractive option but still requires consumer finance services and political
intervention to regulate thenarket.Ethanol and pellets have a high potential but should first be demonstrated

at pilot scale to prove their competitiveness and market adoptimmeover,in-depth surveys and analyses on

land use and agricultural practices in Haiti are requiredecigely assess the extent to which energy crops can

be grown and existing agricultural residues can be recovered without damage on preexisting agricultural
activities or on soil fertility
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6 COOKING FUELSHNMITI

BC:Black carbon

CRICarbon Roots International
ENPAENquéte Nationale sur la Production Agricole (National Survey on Agricultural Production)
fnre Fraction of nowenewable biomass
GHGGreenhouse Gas

GSBGreen Socidioethanol

LCALife Cycle Analysis
LCOE:evelized Cost of Energy

M&E: Monitoring and Evaluation
PaPPortau-Prince

PM: Particulate matter

SLCPshortlived climate pollutants
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1.1 Context

Haiti suffers from high levels of poverty and limited economic growth; its development hastimoegyty
impacted by the recematural disastersuch as the 20108arthquakeor HurricaneMatthewin October 2016.
Firewood and wood charcoate stillmassivéy used for cookingn the country, which has\aerydetrimental
effect onenvironment and household healt@lean cooking markets must be developed in order to offer
alternatives to traditional charcoalhe Government of Canada partnered with the Glélii@nce for Clean
Cookstovesalso called "the Allianced develop clean cooking marketgth afive-year clean cooking program
launchedin mid-2016.

The Alliance initiated this program with a preliminary market study, and decided to extend theavarkieiv
with six consultations, among which the present stwdg includedIt provides an assessment of potential
alternativecookingfuels in order to target the most relevant pathwayserms of environmenénd economic
impacts for the Alliance cle@ooking program

1.2 Objectives

The objective of the study is to identify the mpsimising fuels in terms gbtentialenvironmental and social
impacts Comparison between fuels is carried out through an evaluation of:

& Available feedstock in Haiti in orderassess the scalability of locally produced biofuels

& Environmental impacts for each fuel based on a Life Cycleskesds

& The overall cost of cooking options (cost of fuel and stbased orthe Levelized Cost of Energy
& Social impactsyith a qualitatie analysis based dhe Alliance M&Eramework

1.3 Scope and method

ENEAwas the lead consultant for the study grattnered with Quantis anldcal Haitian partneRalmis Engji
(Entrepreneur du Mondeto respectively provide the LCA model and conduct the field intervieps. data
for the analges was collected through extensive literature review and field interviews (see Appajlix §
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8 COOKING FUELSHNMITI

The study focuseon fuels and does nahalyzethe impact of improved cooking stoves. However, each fuel
had to be modeled in combination with a stewvel a given efficiency¥he fuel patitvaysassessed in the present
study are

& Firewoodused in three stone firgstove efficiencyl4.3%)
& Charcoaproduced fromtraditionalkilns(kiln energy efficiency: 22% minimum, 44% maximamd)used
in conventional charcoal stovéstove efficiency22.2%)
& Charcoaproduced fromimprovedkilns(kiln energy efficiency: 44% minimum, 59% maxinamd)used
in conventional charcoal stovéstove efficiency22.2%)
& Carbonized briquetteg from agricultural residues arfthgassegused in conventional charcoal stoves
(stove efficiency22.2%)
& Non @rbonized briquetteg from wastepaper and sawdust, used in forced draft gasifier st(stese
efficiency 40.0%)
& Pellets¢ from sugarcane and sweet sorghuased inconventional briquettestoves(stove efficiency
40.0%)
Liquefied Petroleum Gas (LR&d in conventional LPG stoystove efficiency52.5%)
Ethanol (1st generatiorg from sugarcane and sweet sorghum, used in conventional ethanol stoves
(stove efficiency52.5%)

-
B

The esource assessment onfgviewsthe potential forlocally producedbiofuels: ethanol, carbonized
briquettes, pellets and necarbonized briquettes.

Environmental impacts are evaluated with the Life Cycle Assessment methodology through six indicators:

Global climate change potential

Black carbon and short lived climatdlpt@nts
Total energy demand

Fossil fuel depletion

Water withdrawal

Particulate matte(PM2.5)ormation

Yvyvyvyvyy

The e€onomic analysis is albased on a life cycle approach including a calculation dfdtielized Cost of
Energyfor life cycle stages involviegpital costs (raw material processing and stove)

The ®cial impactsreview qualitativelyassesss the expected impacts of a switch from a traditional fuel
(firewood or charcoal) to alternativeT dzSf o6 Sad3 d O K, lbasEd Nk djqdzBtatiaBking of athD X 0
fuel for a series of categories of impacts listed in the Alliaht%Es framevork.

1.4 Description of fuels & value chains

This sectiorgivesan overview of the value chain of traditional fuels used in Haiti and the possible alternative
fuelscovered in this study

Traditional fuels are:

& Firewood mainly used by rural households. Wood is collected in nearby forests and used close to the
collection site

& Traditional harcoa] mainly used by urban households. Wood is collected in forests andhizaxdbin
poor-quality kilngearth mound kilns typicallyCharcoal is then transported to wholesalers and sold to
consumers by retailer.

« enea ENEADVISES AND SUPPORDESTRIAL AND INSITIONAL ACTORSHYE ENERGY SECTOR
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Alternative fuels are:

& Improved barcoa] similar to traditional charcoal except that wood is carbonized in impraéwsavith
higher mass yields and lower emissions of unburnt gases (kilns made of bricks and cement typically). This
value chain does not exist in Haiti currently.

& Carbonized briquettesr charbriquettes made from carbonized agricultural residues (stemasds cobs
or straws) left on the fields, or bagasse, thgplyduct of sugar cane juice extracti@ddnly one company
produces charbriquettes in Haiti currently (Carbon Roots International).

& Noncarbonized briquettesmade from a mix of sawdust andmpacted waste paper and cardboard.
Only one company produces noarbonized briquettes in Haiti currently (ElI Fuego del Sol).

& Pellets made from shredded andighpressurecompacted norcarbonized bagass&his value chain
does not exist in Haiti currdt

& Ethano] locally produced from sugarcane juice fermentation and distillation process. Sweet sorghum is
also a possible feedstock for ethanol producti®his value chain does not exist in Haiti currently,
however, a market uptake phase has been laudetith imported ¢hanolproduced in the US (Novogaz
in Haiti and POET in the US).

& LPG imported from the U.S. and sold by retailers irusablecylinders This value chaihas been
emergng in Haiti for a decade with two authorized importers (TOTAL addje&) and with several
formal retailers as well as informal retailers, mostly activeitid-Prince(PaP)

& Electricityfrom a solar based microgretjuipped with solar panels arwhtteries.A pilot of a hybrid
microgrid (solar and diesel genset) isently operated by the company EarthSpark in Haitdoes not
comprisecooking services

Bloc diagrams of the different fuel value chains are provided in Appendix8(8ed-§ure 1 presents the
feedstock needed for the production of each fuel considered in the study.

Feedstock Fuels
/ Traditional charcoal
Wood \
Crops Improved charcoal
. Waster paper and a Non-carbonized
Maize \ sawdust briquettes
Rice = | Agriculturalresidues | =——£> Charbriquettes
Sugarcane / /
Sweet sorghum i? Bagasse — Pellets
Juice — Ethanol
from importation —_f LPG
from solar microgrid =~ =——f Electricity
Figurel ¢ Fuelsandfeedstockcovered in the study
L l‘eneo ENEADVISES AND SUPPORDESTRIAL AND INSMONAL ACTORSHIE ENERGY SECTOR
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10 COOKING FUELSHMITI

This study covers the full value chain of f@séeFigure2) and thus differentiates the following value chain
segments:

& Raw material supplyraw material is collected from production sitesuch as crop fields where
agricultural residues arllected, or the distilleries where bagasse is-prbguct of alcohol production.
Feedstock is thetransported to processing sites.

& Processingthe raw materials are transformed with dedicated equipmeiith possible need for energy
input andcapitalinvestments irequipmens.

& Distribution and saleshe fuel ispackaged and transported to wholesalers, thendported and sold to
retailers with a possible second packaging steptlag sold to the endiser.

& Enduse: the fuel is consumeéd a dedicatedtoveby a househoftfor cooking purpose.

Raw material supply Processing Distribution and sales Enduse
Wood - Combustion in traditional Charcoal
Forest —_— Carbonization f charcoal stoves Charbriquettes
. i Combustion iyasifier on carbonized
Saw dust Saw mills, waste plantg =& Shr_eddln_g and v B‘rlquettes
Waste paper briquetting / stoves Pellets
izati i Packaging and transport Combustion in ethanol
Bagasse Distilleries Carponlz._altlon (opt_lonal),/v \ Ethanol
briquetting/pelleting stove
Agricultural i i / \ joni
9 reswues Crop fields —b/ Jumga)ftraf;tlon, Combustionin LPG LPG
Distillation stove
Whole crop
LPG importation Electricity produced by Consumption by electrif g0 0qiciry
solar microgrid fire

Figure2 ¢ Stages of fuels value chain

1 The market of restaurants and institutions (e.g. schools) is not the focus of this study but representsgigibten
share of cooking uses in Haiti.
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2 RE®URCE ASSESSMENT

Among the alternative fuels described ihga numberarebased on local resourcetharbriquettes are based

on agricultural residuesr byproducts pelletsand ethanol are based on sugarcane processioigsweet
sorghum and nonrcarborized briquettes on waste paper. This section aims at assessing the available resources
in Haiti to estimate the number of households that can be reached by alternative fuels if they are produced in
Haiti.

2.1 Method

2.1.1Approach

Charbriquettes, padts and ethanchre based on mag, rice, sorghum and sugarcane productidgsicultural
production figures are from thgational Survey on Agricultural ProductiBndquéte Nationale de la Production
Agricolg orENPA2014[1], a nationakurveyconducted by the Ministry of Agricultutteat records production
figures by type of croandby season anih every of the 10 Haitian departmefgseFigure3).

Crop production Seasonal repartition of 2014 crop productio
(tons)

250000

200 000

H Winter
100000

B Autumn

50000

.|

Sugar cane Rice Maize Sorghum

Figure3 ¢2014harvestof primary cropgproducingraw materials for the alternative fuels

Ideally, data from surveys conducted in other yeamild have been used for comparison with the ENPA 2014
but such data are not available.the past decaderop production fluctuatd significantly from year to year
because of weather variability, natural disasters, decreasing yields due to degrafi@idinand irrigation
infrastructure and variable access to fertiliz@k For instance, the year 2014 can be considered as a "low
production” year, with cere@production reaching half of theroduction of theyear 2013 [2]. For some

26/ SNBIFfaé¢ AyOftdzRS NAOST YIAT S FyR a2NBKdzY®

82013 achieves a high crop yields thanks to favourable climatic conditions and availability of fi@iizers
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12 COOKING FUELSHNMITI

specific crops such as sugar calamds harvestedalso decreasedince the 80'dbecause ofthe higher
competitiveness of imported products (i.e. sugar in the case of the sugar cane sector)

Waste paper resourcis calculated based on the importations of cardboard and paperitn(Ha25 Mt in
2009)[3]. This figure does not take into account the additional resource from cardboard packaging, but takes
into account the quantity dfJl LISNJ G KIF G OFyy23G 6S NBO&Of SR oG2AfSi
balance each othgB].

Theresourceassessment for locally producégklsis based ora historicalscenario andhree prospective
scenariosdesgned to explorea theoreticalevolution in crop productigntakinginto consideration the
variability of agricultural productigisee 2.1.2.

The quantity ofgricultural esiduegproduced in Haiti isalculatedwith the 2014crop production aa national
level and the mass ratlmetween crop and residu@.g. mass of maize stem, leaves and stpweduced for
one ton of maize grainlosses of feedstock durintge fuel processing stegre alsotaken into accountfor
each fuelwe calculatd the chemical energy of combustioepmass uni{Lower Heating Value) and the final
energy delivered to theookingpot (cooking energyased on thefficiency of the stow.

The average cooking energy demand by urban households is estimated based on the average charcoal
consumption in PaP (2.3 kg/household/d@j)and the urban population (1,218,242 househo[8%)Finally,

the cooking energy potentially delivered by a fgalenthe raw material produced in a yeas compared to

the annuakooking energy demand ofbanhouseholds in order to estimate the number of urban households
whose cooking energy demanduld be fully covered by the fud@lhe rural market is not considered for this
analysis.
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2.1.2Scenarios

I higtoricaf & OSy I NR @urrert Gitbiadion (oNthe(a§rigultuf® sectarsing 2014 figures based on
historically low productivityTwo scenarios calledTHeoretical potential conservative and Theoretical
potential¢ middle' aim at representing near termsituation(i.e. in 3 to 5/ears)with sameareasharvested
than the onesarvestedn 2014for all crops except sugar cane for which we assume a reasonable increase of
the area harveste@enabling the production of ethanol on top of the current production of alcoholic beyerage
and taking into account the high variability of crop production in Haiti. The third scea#iéd Theoretical
potential- aggressiveaims at representinglonger term andreryambitiousethanotbasedscenarioFor each
scenario, the results in terms pfoductionpotential must be taken asmaximum theoretical valueecause
calculations assurtbat all the raw materials produced are used for fuel produactibite this biomass is not
necessarily availab{there arecompetitive useg nor accessibléhiomass available imotelocations) Table

1 summarizethe assumptionsised in the three scenariasidthe numbers ohouseholdghat can be reached
accordingly.
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Assumptions
Maize and | Sugarcanessumption Sweet Maximum
Scenarios Rice Sorghum households
assumption (HH9 reached
2014 Same as Same as 2014 production: entirely | None
(Historically | 2014 dedicated to alcoholic production;
Low production | 100%of bagasse for solid fuel
t NB R dzO
Theoretical | Same as Twice 2014 production: 1 Provides Fuel mix 1
Potentialc 2014 1 Same as 2014 production léftr | the same (pellets) :4975
Conservative| production | alcohol beverage market00®%of amount of 09 HHs
bagasse for solid fuel grain than
1 Same as 2014 production 2014 Fuel mix 2
dedicated to ethanol cooking fuel;| conventional | (CB): 33346
37%of bagasse for solid fuel sorghum grain| HHs
Theoretical | Twice 2014 | Four times 2014 production: production Fuel mix 1
Potential- production | 1 Twice 2014 production left for | 1 2014 (pellets):
Middle alcohol beverage marketp0%of equivalent 618138 HHs
bagasse for solid fuel production
1 Twice 2014 production dedicate| dedicated to | Fuel mix 2
to ethanol cooking fueB7%of ethanol fuet | (CB)436012
bagasse for solid fuel  37% of by | HHs
Theoretical | Twice 2014 | 10.6 times 2014 production: product Fuel mix 1
Potential- production | 1 Twice 2014roduction left for bagasse (pellets):
Aggressive alcohol beverage market00%of dedicated to | 1089887 HHs
bagasse for solid fuel solid fuel
1 8.6 times 2014 production Fuel mix 2
dedicated to ethanol cooking fuel; (CB): 78339
37%of bagasse for solid fuel HHs
Common 1 Stemscobs andeavesarecollected frommaizefields
Assumptions| q Rice straws are collected from rice fields
1 Stems and leaves are collected freagarcane and sweet sorghuields
9 Ethanol is produced from dedicated sugarcane and sweet sorghum cane
1 100% of byproductbagasse is collected from sugarcane alcoholic beverage
production
1 37% of bagasse is collected from sweet sorghum and sugarcane ethanol fuel
production
Fuel Mix CB scenario: all bagasse from sugarcane and sweet sorghum isarsathiiguettes
Assumptions| Pellets sceméo: all bagasse from sugarcane and sweet sorghum is used in pellets

Tablel ¢ Assumptiondor resource assessment scenarios

4 Sweet sorghum wholerop provides simultaneously the equivalent of conventional sorghum grain and the sweet

sorghum cane that can be used to produce ethanol
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Common assumptioreerossall three senarios

& |n all scenarios, sweet sorghusmssumedo fully replaceconventionalsorghunt andis harvested in
order to provide the equivalent of 201kevels ofsorghum grain productién Thisis an optimistic
assumption regarding ethanol and bagasse resource assesdmentse sweet sorghum is stillan
experimentabilot status in Haiti and its development in the coming years is not guarahteegver,
the benefit of sveet sorghums that itproduces additional bgroducts: sweet sorghum juice that can
be transformé in ethanol or sugar similarly to sugarcane, and sweet sorghum babassan be
transformed into ethanol or charbriquetteSweet sarghum stems and leaves are des not abundant
enough to be used for charbriquettes, as it is a crop selected to mexjmain yield and minimize
residue.

& Nationalsdza I NOI yS A& Odz2NNByidf & LINEOSaaSR Ifing sugdeBnR dzO S
were used to producethanol it would compete with sugar cane ugar clairin. Eonomics and current
demandfor clairin tend to play in favor of this market compared to ethanol. Therdorthe purposes
of this modelingjt wasassumed that current production of sugar cane for the clairin mavketd
remain steady and that additional larfdssugar cane mudte harvested to give a chance for the ethanol
market to develop.

& Qugarcane processingn distilleries dedicated to alcoholic beverage productemerates surplus
bagasse after juice extraction. Even though the distilleries need fuel to operateativegt use the
surplus bagasse because of technical limitations. The totality-pfodyct bagasse from alcoholic
beverage sector is assumed®e used in pellets or charbriquettes

& Sugarcane and sweet sorghum processing in distilleries dedicated twletbal production also

generates surplus bagasse. These potential distilleries are more technologically advanced than alcoholic

beverage distilleries: they can burn a part of theplyduct bagasse to supply their energy neéds.
tons of bagasse are wsumed per ton of ethanol in distillerid, which leaves 37% of bagasse surplus
to be used in charbriquettes or pellets.

{ OS y poud(Ristodically low productivi§@ssumptions

Yields and areas harvested are thengathan those observed in 2014, for maize, rice and sugarcane.
Farmers only grow conventional sorghum; sweet sorghuril iatghe pilot project stage.

Yyvy

secbor, but bagasse bgroduct from this sector is available for alternative fuel production.

0 S vy | THdorticak PotentialConservativiéassumptions

& For maize and rice, crop productioragsumed to bélentical to 2014 productiofi]

& For sugar cane, lands harvested assumed to beloubled compared to 2014: 30,000 ha instead of
15,000 ha7], which is deemed realistic if the ethanol market is economically attractive for farmers
Sugarcane farming would then produce the same quantity of alcoholic bevssra@é4 production
levelsand would produce ethanaboking fuefrom the 15,000 additional hectares. The yieldsugar
cane harvesting considered similar to that of theare2014 (15 t/ha)7, 1]

> Sweet sorghum is very close to conventional sorghum: it provides the same type of grain. However, the cane of

sweet ®rghum is different from conventional sorghum cane as it is high in sugar and provide juice that can distillated
into ethanol fuel.

6 Sorghum production is decreasing sharply because of aphids infestation. A solotaint&dn current production
levels vould be toreplacesorghum by sweet sorghum, a crop selecteddbustness and higher grain yi¢i8]

enmemgw ENEADVISES AND SUPPORDESTRIAL AND INSITIONAL ACTORSHYE ENERGY SECTOR
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{ O S y IThedretical dPotentialMiddleé assumptions

& The yields of all crops except sweet sorghtntNBE  R2 dzo f SR OPhoidticAlBPdRentidl2 (G K S
conservative & O STyiis d$dumptivrepresentsthe variability of productiombservedn the cereal
sector[2].

& | a4 A Thedrdticdk G2 v & S Ndddnarid, Al harvested for sugarcane is doubleah2014, half
for alcohol production, half for ethanobokingfuel production.

{ OS y Thedrefical ®Potelial - Aggressiveassumptions
= AStR& FyR FNBlF& KI NS aThéoretical pdfentisl iniddiesd | & BFil N2 (KB
for areas of sugar cane harvested.
& Sugar cane iassumed to béanested on the samamount ofland areaasthe historical peak of the
sectorin the 1980's 80,000 hg7] which is an optimistic assumptiof5,000 heof that quantity is

assumed to bealedicated to ethanol in order to maintairb,000 dedicated to the current alcoholic
beverage market.

The feasibility of such scenat@mains uncertain due to competitive uses of arable ladiarge scale use of
sugar cae (65,000 ha) would represent a non negligible s(iE2&o)of the total ardle land in Hait{560,000

ha) [8]. Farming plots in Haiti represent approximatelyillion hectares and more than 95%tbhém were

used for agriculture in 2012]. No clear statement can be made on the feasibility of growing additional lands
of sugar cane in Haiti without jeopardizing other crops, with the public data currently avaitaliding the
areas of sugarcane harvested in tii@&oretical potential conservative' and "Theoretical potential middlée'
scenarios is deemed moffeasiblebut this still requires to be confirmed with-diepth analysis of the
agricultural sector and land use in Haiti

7 Sweet sorghum vyield is already optimized with adapted agricultural practices and crop selection.

//‘?—"’5«\\
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Fuel mxassumptions

Alternative fuels based on agriculturakfistock can be developed simultaneo?)shith the exception of
pellets and charbriquettes both usidmpgasse from sugarcane and sweet sorghufwo pathways are
illustrated in the calculations

& 1. The lagasseén the scenarioss entirely dedicated to pellgrroduction Charbriquettes are madeom
rice husksmaize stems;obs and leaves and sugarcane stems and leaves.

& 2. The lagasse is entirely dedicated pooducingcharbriquettes Charbriquettes are madeom rice
husks, mae stemsgobs, leaves and sugarcane stems and leaves, as well as bagasse from sugarcane and
sweet sorghumThere is no production of peket

2.2 Results

2.2.1Potential

Figure4 shows the share of the total number of urban households ititfthat canfully substitute traditional
charcoal with an alternative fydbased on 2014 annual crop productions and yillfiand the scenarios
described in 8.1.2

8 Maize, rice, sugarcarand sorghum can be harvested simultaneously in the threessimendescribed. Stems and
leaves, bagasse and ethanol from sugarcane can also be exploited simultaneously.

9If produced simultaneously, pellets and charbriquettes from bagasse will compéie feedstock supply. The
two pathways presented illustrate two extreme scenarios: bagasse is entirely used for pellets or entirely used for
charbriquettes. In practice, both could be developed simultaneously, depending on the market demand.

0 Urban hoseholds mainly cook with charcoal whereas rural households would rather use firewood. As charcoals is
more expensive than firewood, urban consumers should be the privileged target of a fuel switching campaign.
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B Waste paper briquettes Charbriquettes maize
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W Charbriquettes sugar cane bagass Charbrigquettes sweet sorghum bagass
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Figured ¢ Share of urban householadghose cooking energy demand can be fully covered by alteméuels
according tahree scenarios and twpathsof fuel mix

Inthed H nmn 61 A&l 2NR @scéntrd, 8 fo 2286 oLulEnRalz@liafedohit 1. GDADO to 150000

¢ could replace charcoal with locally produced fuels/  Gih&dgetical potential - conservativé I Yy R
dheoretical potentiat middleg & O S 37% 951% &f the urban householdbetween 333746 and 61838
householdg; could be served on a cooking energy basis if all the raw material produced in the current situation
were collected and converted into cooking fudlbeseresulis must be considered as a maximum theoretical
potential for biomas$ased fuels locally produced in Haiti. The actual potential is necessarily lower than
estimated inFigure4 when taking into consideration the actual availability and accessibitayahaterialsn

the country
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Charbriquettes is théocal biduel most exposed to the risk termsof raw materials. Agricultural residues
contribute the most potential for charbriquettes but their collectiom field is challengingomparedto
collection of centralized bagasse in distilleries

Feedstock is dispersed over several small and refaoteng sites

Transport of feedstock is costly as ncessed feedstock has little energy density

Onsite processing requires qualifiearkforce

A part of agricultural residues is already used for compost or animal feddingver the share of raw
agiculturalresidueswith competitive usesannot be estimated at this stalge

Yyvvyy

Bagasse resourséor charbriquettes or pellet productias available at processing mills and thus more easily
accessible than agricultural residues leftlomfield. Figures povided on the potential of bagasse in this study
account for the sel€onsumption of the bagasse as a fuel in ethanol distilleries. However, the surpluses of
bagasse could also be used for other energy purposes such as fuel in bakeries or industeatikithsugh

there is currently very little local production of ethanol for cooking, ke value chain of ethanol as a fuel
should not be difficult to implement, as it very similar to the value chain of alcoholic beverage production

Overal) the poential for biomassased fuels locally produced in Haitthe 2014 = 2 NJ "$héb&gtal-i K S
conservative and 'theoretical- middle' scenarioss relatively lowA combination offuels including at least
charbriquettes and ethana$ required tocovera significant share dhe cooking energy demand of urban
householdsBagasse conversion into pellets instead of charbriquettes is a possible path to {Adhease
cooking energy delivered by the overall fuel mix, thankisetbigher energy efficienayf pellets compared to
charbriquette$® on a raw biomass to final energy basis

¢ K $hedretical potential aggressive & O $ffets NIighificant increase in the share of urban households
reached thanks to the combined increase of ethanol and f@ls produced from bagae. The cooking energy
possiblydelivered by the fuel mixes in this scenario reaches the equivaledw%6fto 89% of the urban
householdsneedsg 785339 to 1089887 householdsThe development of an extensive sugar cane sector
dedcated to energy could thus enable local fuels to play a significant role in the cooking sector

2.2.2Seasonality

Figureb andFigureb display the fuel production by season for theebretical- conservativé scenaridn order
to representseasonal variatidue to agricultural seasonaliffhe national survey on agricuku(ENPA)
reports data orthree seasons of different durativautumn @ months, AugusiNovember)winter (3 months
Decembeifebruary) andpring 6 months MarchJuly)

Whatever the fuel, atut a half of the production tas place during spring and themmaining production is
relatively balanced between winter and autumn. This seasonal variahiltybe balanced with the longer
duration of thespring season anid not deemed to be a significant challenge for the steady suppigtwimers,

if is antici@ated by the value chain stakeholders with sufficient storage capacities.

11 This estimation would require a significavark of survey to observe agricultural practices in Haiti and uses of
agricultural residues.

2\ith bagasse processed into pellets instead of charbriquettes, the number of households covered is increased by
34% to 40% in the "Theoreticalonservative" ath "Theoretical middle" scenarios respectively.

¥ 1n the model used, the cooking to biomass energy ratio of bagasse pellets is 3.4 time higher than for bagasse
charbriquettes. This is the result of the energy losses during the carbonization process nekethefficiency of
the stove used for charbriquettes (charcoal stove with 22% efficiency) compared to the pellet stove (40% efficiency)

eﬂ?ﬁﬁg« ENEADVISES AND SUPPORDESTRIAL AND INSITIONAL ACTORSHYE ENERGY SECTOR




Carb. briquettes Pellets Ethanol

m Autumn

0,
510% e m Winter
0

Spring
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Figure6 - Distribution of feedstock production (on an energy delivered basigelagonand by fuel in the
dtheoretical potentiak conservativé a4 OSy I NA 2

2.2.3Geograplrcal distribution

Transport does not represent a major issuthtodevelopment of fuels from agricultural productiacordirg

to resource assessment per titm departmenis A (TKeordtical potentiad conservativé & O Jepdstudk 2
production is close to main urban areBgure7 shows that fuel production would be mainly concentrated in
the central western part of g close to the three main cities of the country, PautPrince (2.3million
inhabitants), Capaiien and Gonaivesgth between 200,000 and 350,00thabitants)[5]. Transport of fuels
locally produced would still be required to address the most paramount urban market of the countat+Port
Prince.
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Thissection compaes the environmental impasof the different fuels pativays, based on a Life Cycle Analysis
(LCA)LCA takes into account environmental impacts over the entire life cycle ofia agdition tothe fuel
combustion phasdt screensall the upstream phases such as fuel sourcing, production and distributi@n. Thu
the different fuels can be compared on an equal basis. LCA methodology is based on a framework with
worldwide shared standards, and should be undertaken by expsutsh as Quantis in the present stigdyo

ensure reliable and relevant information. Lri€#ults offer a comparison between the reviewed fuels based on

a set of indicators: it can be a tool to excludéamora fuel in order to limit a specific type of environmental
impact. It also gives insight on which life cycle stage is the most h#ontifiel environment and should be
addressed in priority to limit environmental impacts.

3.1 Method

The functional unit for the comparison of the various fuel pathways is 1MJ of heat delivered for cooking in Haiti.
The indicators used for the assessment arefdliewing:

& GlobalClimate changPotential emission factorarefrom IPCC 2013 his indicator evaluates the global
warming potential due to greenhouse gases emissions released during the life cycle of the reviewed fuel.

& Black carbon (BC) and SHaresClimate Pollutants (SLC8jtculatedrom emission factors provided by

The Gold Standard his indicator takes into accoumarticulate matter and gases with a short term

impact on climate change

Total energy demandil the energy (renewable and neenewable) required during the life cycle

Fossil fuel depletiominly the fossil energy required during the life cyallich points out if a nefossil

fuel use fossil fuel during its life cycle.

& Water consumptiondirect and indirectvater consumedexcludes sustainable water withdrawah
important indicator in regions that can be affected by drought, or have difficult access to drinking water.

& Particulate matteremissions of PM2,&ir pollutants detrimental to human health

Yy

The life cycle stageconsidered are the following:

& Land transformationmpacts from land conversion from forest to Afmnest. It takes into account the
carbon release from the soil and the roots of cut trees but not the release from the above ground part of
the trees

Soucing and processingnpacts from raw material sourcing (harvesting, fossil fuel withdrawal, materials
and manufacturing of solar panels and batteries) and impacts from raw material processing into fuel
(carbonization, fermentation and distillation).

Packging impacts from the bottles or bags used to transport and retail fuels.

Transportimpacts from transport (before processing and after processing)

Cooking devicempacts of materials and processes used to manufacture the cookstoves.
Combustionimpacts of fuel combustiobased on average stove efficienci€sr LPG, G@missions

from combustion are accounted in the "sourcing and processing" {fhase

\4

Yvyy

Data used to build the model and input parametersre collected fronminterviews in Haitiliterature, GACC
FACIT todlL0], Ecoinvent database and ENEA internal ddta.main assumptions used to build the LCA model
are described in Appendig8.8and input data are listed in Appendi&§

% In LCA methodology, fossil fuel-@missions are accounted for as soon as fuel is extracted from underground
fossl reserves.

//‘?—"’5«\\
‘i{j}e;?gg ENEADVISES AND SUPPORDESTRIAL AND INSTMIONAL ACTORSHIE ENERGY SECTOR



22 COOKING FUELSHWITI

3.2 Results

3.2.1Global climate change potential

Figure8 represents the impacts of each life cycle stagetten¥ dzSt Q& LJ2 (i Sofimiatelcliangé 2 A Y L.
potential. The indicator is given in kgG&gon a 100 year lifetime balSis

Climate change

257 Legend

Combustion
= Cooking device
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= Packaging
= Sourcing and processin
= Land transformation

=
&
.

kgCO2eq / MJ heat
5

i I I L-_-—__—l
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Firewood Charcoaltrad Charcoal trad Charcoat|mprCharcoal|mprCharbr|quettes Pellets Noncarb Ethanol Solar electricity
kiln, min kiln, max kiln, min kiln, max briquettes

Figure8 ¢ LCA results on the global climate change potential of fuels

Charcoal is the traditional fuel with the highest climate change potential blfdiacharcoal, most of the
emissions are related to the carbonization st&yetching to lesemitting carboniation kilns allowseducing

this potential by0.9to 1.25kg @»/MJgeivered SWitching to an alternative fuel entailstearperdecrease o1.3

to 1.9 kg C@MJuelvered (S€€ Figure 9), which isfifty percent more thanthe reduction potential with
improvements on kilngmproved kilns with high efficiency have about the same potential for climate change
emissions abatement than charbriquettes.

15 Greenhouse gasessuch as CHCH, NO and others; are all responsible for climate change, but they have
different global warming potentials. For example, fossili€BO0 times more harmful than CO2 in terms of global
warming over a 109ear horizon. In order to have a consistent climate change indicator, all amount of greenhouse
gases are expressed in equivalent amount of Tke conversion factors used are the ones published in the 2013
report of the Intergovernmental Panel on Clim&teange (IPCC).
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Figure9 ¢ Climate change reduction potential with two different strategieswitching to lessemitting
charcoal pathways or switching to alternative fuels

Figurel0O focuseson nontraditional fuels with low climate change potential compared to charEoalfuels

based on fully renewable biomass (charbriquettes, pellets and ethanol), emissions are significantly lower
because the CQOemitted is biogeni€. However, ther GHG gasealsohave an impacbn climate which
materialize significantly in the carbonization stage for charbriquettesin the combustion stage of non
carbonized briquettes

Emissiongrom agricultural practices (fertilizers and pesticidesgdwhengrowing sugar cane for ethanol are
low despite a conservative scenafia. PG emissiomesult fromthe combustion of a fossil fudtven though

LPG is an imported fuel, greenhouse gases emitted during importation in the country have little weight in to
LPG impact because of LPG high energy defidityate change emissions of the solar electricity path are
mostly due to the manufacturing processes of the solar panels and batteries.

16 CQ emissions are considered biogenic when emitted by combustion or decomposition of biologic material. As the
CQreleased to the atmosphere has been previously captured during plant growth, biogehas@®eutral impact

in environmental assessment. Conversely, r€l@ased from fossil sources was formed over millions of years and is
not part of a shorterm biological cycle. It thus has a negative impact on global warming.

7The LCA model for ethanobnsiders agricultural practices observed in Brazil supposed to be more intensive on
fertilizers and pesticides than in Haiti.

?”Hr!ugte? ENEADVISES AND SUPPORDESTRIAL AND INSMONAL ACTORSHIE ENERGY SECTOR

Yy




24 COOKING FUELSHWITI
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Figurel0¢ LCA results on the global chite change potential of netraditional fuels

3.2.2Black carbon and short lived climate pollutants

Figurell represents the impacts of each life cycle stage on black cdB®)yand theshortlived climate
pollutants SLCE) emitted by the different fuelsThe indicator is given in kgG@gon a 20 year lifetime basis.
Similarly to climate change potential résubkwitching frontraditional charcoalpracticesto improvedkilns
results in adecreaseof BC and SLCP emissions. The decrease is even more significant itdhémysw an
alternative fuel.Pellets and on-carbonized briquettes show reduced emissiorenits to the absence of a
carbonization stepHoweverthese two fuels differ on the combustion emissions, with very low emissions for
pellets and high emissions for roarbonized briquettes due to the difference in fuel combustion quality.

Black carbon & SLC
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Figurell¢ LCA results on the black carbon and the SLCP emissions of fuels
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3.2.3Total energy demand

Figurel2represents the impacts of each life cycle stage on total energy required by the differetd fukiks
the functional unitFuels based on primary biomass products, such as firewood, charcoal and &zl
higher demand in energy than fuels basm residues: charbriquettes, pellets and +wambonized briquettes
whose energy content is virtually reduced by the allocation fécpplied on the residuesSolar electricity
demand in energy ielatively high (equivaletd improved charcoal pathwgy due to the energy demand in
solar panel and battery manufacturing proce$ses

25 4

20 -

MJ / MJ heat

[
o

3.2.4Fossil fuel depletion

[
o
L
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Figurel2 ¢ LCA results on the total energy demand required by fuels

Figurel3represents the impacts of each life cycle stage on fossil fuel depletion entailed by the life cycles of the
different fuels.Even though most reviewed fuels are not fossil, they indirectly consume fossihfaetgh
upstream life cycle stagés.g. transport)Alternative fuels tend to require more fossil energy than conventional
fuels. Fuels based on agricultural residues ararbgucts consume fossil energy at the processing factory and
for packaging. Solatectricity ussfossil energyo manufactue solar panels and batterielsPG is responsible

for the highest fossil fuel depletion, almost entirely due to fossil fuel extraction directly transformed into LPG.

8 The harvested crop can be broken down into high addede products, such as the grain or the juice, and low
aidsSvyasz tSIH@gSasz ol 3L aa!

value byproducté >

4 dzOK

&

GKS NBaARdsSSay

cultivation should be broken down similarly. As the primary purpose of plant growing is to produce high value parts,
a higher share of the impacts should lilauted to the grain. The remaining share of the impacts is allocated to

GKS NBaARdzSad ¢KAA

t I

GaGSNI NI GAz2

between high value product and residues pricing.

A a

yIEYSR GKS &b ft20l

19 Note than the renewablsolar energygaptured by solar panel during their lifetinsenotincluded in the indicator.

O
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Figurel3 ¢ LCA reglts on the fossil fuel depletion entailed by each fuel

3.2.5Water consumption

Figureldrepresents the impacts of each life cycle stage on the water consumed by ¢hendiftiels Except

for ethanol, charbriquettes and electricity, water consumption is negligible. Charbriquettes and ethanol are
impacted by the wir requirements during farmindethanol is the et sensitive to water consumption from
farming because st economic ratio for impact allocation is higher th@arbriquettes produced from
agricultural residues or byproductd/ater consumption in the solar electricity pathdse to equipment
manufacturing.

Water consumption
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Figurel4 ¢ LCA results othe water consumed by each fuel
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3.2.6Particulate matter formation

Figurel5 represents the impacts of each life cycle stage on paateuahatter formed by the different fuels.

Except for charbriquettes, switching from charcoal to any alternative fuel decreaseslat@Etimatter
emissionssharply In Figurel5, the combustion phase is placed at the bottom of the baenable the
comparison ofhe enduser exposure to PM2.5 with the different fuel optidear solid fuels, PM2.5 emissions

are highly depending on the type of stove. The LCA model considers conventional stoves for charcoal and
charbriquettes and a forced draft gasifier stove fdighe which explains the high difference between these

two types of fuels. Data on nararbonized briquettes is not available but relatively high emissions can be
expected from this fuel known for its poor quality for combustion (i.e. comparable to chamsisaions or

even higher]11]. Ethanol, LPG and electricity emit negligible or no PM2.5 in the use phase.

Particulate matter (PM2.5)
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Figurel5 ¢ LCA results on the parti@aie matter emissionentailed by each fuel
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The present section aims at comparihg costof production and delivergf the different fueldo end-users,
including the cooking device, basedalife cycle approacfhe final cost of cooking is calculated as the sum

of the cost of each stage of the value chain (raw material, transport, processing, retail, cooking device) and used
the metric of the Levelized Cost of Energy for stages involving significant capjeb¢essing and cooking
device).This cost does not include margiand taxes along the value chain except for the retail margin used as

a proxy of the retail costData available in Haiti on the economics of fuels covered in this study are often
associatedvith significant uncertainties or even not accessible. The model used to calculatestbius
comprise assumptions and input parameters with values associated with significant uncertainties. It should
therefore be used as a preliminary analysis afdserather than an accurate and detailed analysis. Market
values of fuels currently sold in Haiti are used as a reference in the analysis, in order to be compared with the
calculatedcost Input data and calculations can be foundrigure51, Figure52 and Figure53 in Appendix

§Error! Reference source not found.

4.1 Method

4.1.1Xenarios

Market values are derived from stove and fuel market prices observe#tesr from the literature. They are
given within a range with minimum and maximum values collected from the fuel producers or
retailers[12][13][14][15][16][11]. Calculated costs are based on data collected in the field or compiled from the
literature. It builds the cost breakdown along the value chain. Market prices and costs arm Yi8®/MJ
delivered it represents the cost of useful energy a@ndludes the cost of the fuel and the stpvakinginto
account the energy efficiency of the stdgee values of stove efficiency used in the study)in §

The targetmarket is Portau-Prince and costs calculated are intended to be representative of the final
breakevercostto address the domestic markiet PaP.

There is no local production ethanol in Haiti yet. The assessment of the economics related to the processing
step is highly uncertain with no feedback available on CAPEX and load factor mainly. The cost analysis on ethanol
is thus based on two scenarios aimed at representing the m@ngest \ariabilitydue to uncertainties on the
processing step. The minimum scenario is relatively optimistic on the CAPEX and lo&dwlaiteothe

maximum scenario is pessimistion these two parameters.

4.1.2Cost breakdown

Firewood is assumed to be eafled free of chargelhe breakdown dfPG costs not availabléecause the
cost of LPG at importation is not disclosed by stakehddds. No data is available in Haiti ometcost of
electricity from microgrid. Howevgthe breakeven cost of benchmamkicrogrids in Africa can be used as a
proxy.Forthe otherfuelsthe cost breakdowns arried outon the following components of the value chain:

20 CAPEX estimates of Green Social Bioethanol (GSB): 690,000 USD for a 3,500 L/day distillery; Load factor of 240
days/year (8 months fulinhe).

21CAPEX doubled compared to GSB estimates: 1,380,000 USD for a 3,500 L/day distillery; Load factor of 120 days/year
(4 months full time).
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raw materials, binder, processing, transport, retailer mafgsna proxy of the retail cosgndfinal prce of
stove.

Raw materials cost

The purchasing cost tfe differentraw materials is based a@he following data and assumptions:

& Firewoodthe price of a woody land area initiéor charcoa[12]

& Bagasse:hk current purchasingriceof bagasse to farmers for charbriquettes producf{ibs]

& Sugarcane: Income increase observed for farmers in Haiti thanks to bagasse sales in addjiorates
[16]

& Wastepaper, rice and maize residuessumedree of charggl11]

Binder

Binder is needed for charbriquettes processinly. In Hdi, the least expensive binder is imported starch, but

its cost is still high compared to the remiaig of raw materialgl6]. Binder cost could have been included in

GKS aNI¢ YIFIGSNRFIf&AE OFGSA2NE o0dzi AdG A& aK2gy &SLI NI
of the value chain.

Processing

The Levelied Cost of Enerdl.COEKJathers the sum of discounted cash flows over the lifetime of the processing
factory: capital cost of equipents, operational costs of lahanaintenance and enerdgee definition of the
LCOE in Appendi8.9).

These costs were calculatbdsed on the information collected with

& Factories currently operateth Hati to produce carbonized briquetted16] and noncarbonized
briquettes[11]

& Techneeconomic data omood pelletproduction plants in East Afritar pellets[17]

& Cost estimates from Green Social Bioethanol on a small scale distilighanol[6]

& CAPEX ansorkforceneeded for improved carbamition kilrs for improved charcodlL8]

Transport

The low homogeneity and reliability of data available on transport of products inreeénpfrom building a

model able to calculate the cost of transport per distance traveled. Therefore, the cost model considers a cost
per kg transported based on the feedback of CRI and thus representative of &arav@hpHaitiento Port
au-Prince[16].

Cost of transport from wholesale to retail is not taken into account.
Retailer margin

Retailers buy fuel at wholesale and add an extra cost to the fuel sold to customers. It is assumed to be the same
for all alternativefuels, based on CRégperiencg16]. Retailer margin is highly variable for charcoal because

of the large and unregulated markét.our model dixed margiris usedor charcoal in and outside of Pat-

Prince based on bulnd retail differences in pricesbserved[12][13][14]. Eventually, retailer margins for
charcoal and alternative fuels are similar independédruiyn the adopted caldation method.
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Cooking device

The cooking devicanay becapital intensive and has a specific lifetinies therefore modeled with the
calculation of a levelir cost per MJ deliverebased on its lifetime and the amount of energy delivered per
year.

The lifetime and share of the household energy demand cousrdide stove vargdepending on the type of
stove and fue]19][20][15] [14]:

& Charcoal and charbriquettes: lifetime of 0.75 months, 100% of energy need of the household covered by
the fuel

& Non-carbonized briquettes and pellets: lifetime of 2 yedi®% of energy need of the household
covered by the fuel

& LPG and ethanol: lifetimd B years; 50% of energy need of the household covered by the fuel

4.2 Results

Figurel6displaythe cost breakdownf each cooking path as calculated in the cost masl@lell as the market
values observed in Haiti. Market values are shown for PaP and outBitte Blaarcoal. For the other fuels,
market values are applicable to PaP only. The calculated costs (bars breakd@applieable to PaP only, with
a fuel tranportation representative of the distance between &gitien and PaP.
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* *
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Figurel6 ¢ Overall cooking costs of fuels based on the cost of each stage of the value chain versus minimum
and maximum market values

In the results shown iRigurel6, market prices are systematically higher than calculated costs, except for LPG
for which the retail price has beetirectly used andfor pellets notyet sold in HaitiThe gap between the
calculated cost of fuel and the market valuegresents the margins on sourcing and production as well as
possible taxes along the value chaincertainties on the data collected and assumptions irs¢ide model

could also underestimate the calculated c@3bsts of transport in particular may be underestimated in the
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model. For ethanol, market prices are those of imported etawbich explains the difference with calculated
costs and also shows anonomic benefit to develop local production instead of importafibispreliminary
analysishusmust be used to define trends and key learaimgt would require further work to precisely assess
the cost of fuels.

Despite the relatively high uncertainty on the results of cost calculations, several trends or learning can be
stated. Improved charcoé&t cost isin the same rangastraditional charcoal. This is the consequence of a
balance in cost savings with lower somption of wood and additional cost expenditures due to wood
transport to the improved kifd. CRI charbriquettes seem to compete with charcoal despite a high cost of
binder (significant consumption of imported starch). If the binder issue were sohabdifbriquettes, this fuel
couldlikely outcompete charcoal. Necarbonized solid fuels (briquettes, pellets) tend to be more expensive
mostly due to the capital investments in the processing factethyanol tends to be more expensive than
charcoal but sli positiorsin the same order of magnitude with possible areas of competitiveness if the CAPEX
and load factor of the microdistillery are optim(iiin scenaria)

The cost of cooking device is negligible for charcoal and has a very low contributiototal itwst of cooking
for other fuels, even for pellets, ethanol or LPG requiring expensive sikmmstheless, the high upfront
capital cost of stove for these tar fuelsmight be an obstacle to fuel switédr endusers. This financial entry
barriermaybe one of the causes thfe low penetration oEPGn Haiti despite its affordability when considering
the total cost of cooking.

Cooking from electricity is not displayed in the graph due to dramatically higher costs (0.8-tSiévkn),
andhavetherefore be excluded of the range of fuels screened in the economic analysis.

22 Prices of imported ethanol are particularly high due to the low quantities imported currently.
Z"Improved checoal" refers to improved carbonization techniques but not to the use of improved cooking stove.

24 Estimates on the cost of wood transport to improved kilns are conservative: the same cost per mass unit has been
used for wood transport and for charcoal risport between Caplaitien and PaP while distances for wood are
expected to be much lower.
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Social impacts of a cooking fuel can materialize along the entire value chain, from raw material sourcing to final
use of the fuelThe present study does naim at measuring actual impacts of fuels already used in Haiti but

at assessing qualitatively the expected impacts of a switch from a traditional fuel (firewood or charcoal) to a
Y2RSNY FdzS5t 0 S &3 oThi®dettiohihNSpljodirfes ditiddcdl anplysiB based on facts and
figures knowra priorirather than an evaluation of impacts that have already materialized.

The Alliance developed a Monitoring & Evaluation (M&E) frame for social and economic impacts of cooking
options (stoves and fuelspvering the whole value chain with two main domains of impacts applicable to the
theoretical amlysis proposed in this repottivelihoodsand "Household social and economic wellbeing”. The
categories of impacts comprised in these domains are listaggandix (see®. The M&E of the Alliance
includes a third domain calle@dcial & Economic Empowermeéakcluded from the scope of this study.

This section elalrates a qualitative ranking of the different fuel options on Livelihoods §s8ea®d onSocial

& Economic Empowermelitee $.2), for the categories of impact that can be covered with data available
currently in HaitiA preliminary assessment of the impact of fuel switch is then assessed for the different
alternative fuéoptions.

5.1 Livelihoods along the value chain

Impacts of cooking fuels in the domain of livelihoods are related togjoibgrcomefor the stakeholders
involved in the value chain except emskrs, with a particular attention to gendsee detailed list of categories

of impact in appendix in0§. The analysis of the social impacts of livelihoods in the value chain is based on the
information cdlected from field interviews and the literature on the fuels values chains. A synthesis of this
information is provided in appendix (se®.8

Figure 17 displays thequalitative ranking of fuel value chains by segment (raw material sourcing, fuel
processingand fuelsales) fothree main categories of impacts on liveliho{des andncome). A reference is

also made to the geographic location of economic activities and to the distribution of roles between women
and men The rationale used to rank the indicators is detailethe bottom ofthe figure.
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Geographic location Gender

(jeneo Job Income

ergy committed 3 3 y y 3 3 3 3
4 Sourcing Processin ~ Sales Sourcing Processin ~ Sales Sourcing Processin  Sales Sourcing Processin  Sales

Improved charcogl High High High Low Low Medium m Urban Female
Carbonized . ) ’ ; ’ )

- Medium | Medium | High Medium | High | Medium Urban Urban Female
briguettes
Ngn carbonized Medium [ Medium | High Medium | High | Medium Urban Urban Female
briquettes
Pellets Medium | Medium | High Medium | High | Medium Urban Urban Female
Ethanol High | Medium High Medium High | Medium Urban Female
LPG Low Low High N/A N/A Medium Urban
Electricity Low Low Low N/A N/A High

Rationale for ranking

Employment - Sourcing Wage & Skills

High raw material production is a dedicated activity High the wage is higher than the national minimum wage, the

Medium: the raw material is a waste or a byproduct tasks required trained workforce and management

Low: the raw material is not produced locally Medium: incomes are increased compared to the baseline and
activity requires no particular skills but possible management

Employment - Processing Low: incomes correspond to the minimum salary or basic econc

High the processing step is job intensive (the baseline is traditional charcoal) activities (farming, charcoal making)

Medium: the processing phase requires manwork but offers higher productivity tha

traditional charocal Geographic location

Low: there is no processing phase Rurat operations are mainly located in rural areas

Urban: operations are mainly located in urban areas
Employment - Sales

High the fuel is sold in small units to consumers Gender
Medium: the fuel is sold in bulk or wholesales to consumers Female tasks generally handled by women
Low: the fuel is sold with a grid or is not sold Male: tasks generally handled by men

Mixed: no specific differentiation of gender in the tasks

Figurel7 - Qualitativerankingof the impacts of fuels value chains on livelihoods
Employment

Firewoodimpliesa very simple value chain with no economic trade and is thus not really suited to a comparison
with other fuels oremployment

Traditional charcoal is the baseline and is likely to be the most iimgpaatue chain in terms of employment
because it is the less efficient paths on a mass and energy basis, and thus requires higher workforce than the
other fuels for the sourcing amtocessingsegmens. Improved charcoal will require lower volumes of wood

and is thus likely to reduce the need of labor on the soussggnent Improvedcarbonization techniques

require labor tabuild the kilns and operate it. Even though improved kitesmore efficient, it could require

the same amount of labor than traditional kilns overall.

Ethanol production from sugar cane or sweet sorghum harvesting is the only path with a level of job intensity
equivalent to traditional charcoal because it isdedicated activity.Other biomasdased fuels (i.e.
charbriquettes, pellets) and nararbonized briquettes valorize wastes or byproduct and thus create jobs for
collection but not for its productidh Processing technologies for ethanol, briquettes peliets would be
operated locally but with a lower need for workforce compared to charcoal due to more efficient technologies
and production organization.

25 Nevertheless, these fuels can increase the incomes of farmers producing the residues even though it does not
materialize as an employment.
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LPG and electricity are not based on raw materials or equipments locally sourced or processadddbalty
have a low impact on employment on these two segments of the value chain.

Sales ofsolid, liquid and gaseousels rely on a network of small retailers with a significant impact on
employment independently from the type of fuel. Electricityld with a grid and is thus lelsdorintensive.

Income

Firewood collection does not generate incomes. For alternative fuels, local sourcing of raw materials and local
processing of the fuels are expected to generate higher incomes than for charcoaebésalorizes wastes

or byproducts for the benefit of farmers and the processing steps are operated in factories with wages up to
twice higher than the minimum salary (8. Incomes from fuel sales are expected to be equivalent from a
fuel to another, with similar retail margirfSor electricity, most of the activity lies in the distribution and sales

of electricity through a grid which could imply higher rexninom this specific segment of the value chain.

Geographic location

Alternative fuels tend to localize the processing step, and its jobs and incomes associated, in urban areas while
for charcoal it is located in rural areas. Ethanol would be thebaoflyel with a processing step in rural areas,

if based on a decentralized model with microdistilleries operated by fardemnative fuelsare most likely

to be consumed in urban markets where charcoal is prevailing

Gender

Women are involved in agritwral activities but not in raw material sourcing, except for firewood. Alternative
fuels to charcoal tend to exclude women from the processing phase but sales are achieved by women as they
systematically operate small shops.

5.2 Household social and econarmwellbeing

Impacts of cooking fuels in the domairHafuseholdsocial and economic wellbeilage related to fuel adoption,
household finances, time use, status, safety and protectiondamthery (see detailed list of categories of
impact in appendix i80). The analysis afocial and economimpactson endusersgenerallyrequires field
survey Therefore, the assessment of most of these impaatet feasible inthe frame of this theoretical
analysis:

& Adoption There is no comprehensive study available on the time of use of the different fuels in Haiti.
However, it is known that households using modern and fast cooking fuels such as ethanol, LPG and
electricity keep using solid fuels such as charcoal for certain meals (e.g. beans that require long periods
of cooking).

& Household finance§ he cost analysis provided ih$haws that uncertainties on economics of fuels are
still too high to enable a ranking of the fuels, except for electricity thakisrder of magnitude more
expensive than other fuels.

& Status The change in status within the family or community due tosiw&th cannot be anticipated
before infield observations.

& Safety and protectiorRisks related to burns is often cited by Haitians but should be more precisely
assessed on ethanol enders. Similarly, for other fuels and for the risks related to fliecton orfuel
purchasea field survey on endsers would be required

However, a preliminary assessmeah be done on the categories of time use and druddwmged on the
features of the fuels, knawa priorithanks tothe Tier classificatioshown inFigurel8.
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Ethanol, LPG

& electricity (HeneaQ

. 2 vex energy committed
Tier 4
;E Figure derived fromookstoves

classification ifPreliminary Haiti Market
Charcoal, charbriquettes and AssessmenGACC, 2016.

Tier 3 non-carbonized briquettes
Stoves considered for the different fuels:

; AFirewood; Three stone fire;
|+ Acharcoal, charbriquettes and non

PM2.5 emissions

Tier 2 carbonized briquettestraditional, low
Pl level, midlevel and higHevelimproved
f stove;
- From traditional APellets; Forced drafgasifierstove;
Tier 1 g to hightlevel AEthanol & LPG Conventional liquid &
e improved stove gaseous fuel stove.
Tier0
Tier 1 Tier 2 Tier 3 Tier 4
R .. Pictures: sites.google.com/a/elfuegodelsol.com;
H Igh power thermal eﬁlCIency novogaz.com; carbonrootsinternational.com;
Figurel8- Tier classification of cooking fuels
Time use& Drudgery

The time spent on fuel collection (or fuel purakais not expected to change for urban households who buy
their fuels in small retail shops in towgeterally calledadame Sarh LPG can be sold in larger shops and
could thus be less accessible but the energy content of an LPG bottle is higher than volumes of charcoal
generally bought by households, thus balancing the time spent on fuel purchase. Finally, wiserenduld

not likely benefit from time savings on fuel purchase if switching from charcoal to an alternativRufagl.
household may save time if switching from firewood collected to an alternative fuel purchased but such a switch
is not likely due to economic reass (i.e. ability and willingness to pay of rural-asers).

Time spent on cooking can be derived from the high thermal efficiency of the fu€ligeeel8). For slid
fuels, this feature depends strongly on the type of stove used. Charcoal, charbriquettes aadbooized
briquettes have poor performances if used in traditional stovesancavemproved performances as long
as a more sophisticated stove is dis@ fuel switch from charcoal to charbriquettes or non carbonized
briquettes is thus not expected to have an impact on the time spent on cooking.

In the context of Haiti where improved stoves are currently not a common practice, the fuels performances can
be assessed assuming that these three fuels are used in traditional stoves (Tier 1) -tevial lowmidievel
improved stoves (Tier Zyhis enables pellets (Tier 3), ethanol, LPG and electricity (Tiehajet@positive

impact on time spent on coilg compared to charcoal.

The cooking drudgery mostly lies in smoke and particulate emissions and in cooking speed. The Tier

performance can thus be used as a preliminary proxy to assess cooking drudgery, with PM2.5 emissions as an
indicator of cooking erssions and with high power thermal efficiency as an indicator of cooking speed. Finally,

a common ranking of fuels can be proposed to assess the time spent on cooking and cooking drudgery in Haiti:

& High Firewood in three stone fire (Tier 0)

& Medium Chareoal, charbriquettes or necarbonized briquettes used in traditional stove or-level
to mid-level improved stove@ier 1 to Tier 2)

& Low Pellets used in forced draft gasifier stoves, ethanol, LPG or electricity
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5.3 Impact of fuel switch

The impact of almative fuels will be the change resulting from the switom a traditional fuel.Urban
households using charcoal are the most likely to operate this $Wittierefore, the@ssessment of the impact
of fuel switch proposed belois built on a baseline with charcoal used as a traditional fuel in cities.

The assessment of the impact of fuel switch is based on the qualitative ranking (low, medium, high) for the
three main categories that can be covered in this study: employmeotné&dime spent, drudgery. The impact

is calculated as the spread of thanking level of the alternative fuel andetbaseline fuel (i.e. traditional
charcoal).

Finally, the impact is qualified as:

& "Very positiveif the ranking of the alternative fualfwo levels above the baseline (i.e. high vs low)

& "Positivé if the ranking of the alternative fuel is one level above the baseline (i.e. high vs medium or
medium vs low)

& "Null'if the ranking of the the two fuels are slani

& "Negativé if the ranking ofhe alternative fuel is one level below the baseline (i.e. medium vs high or low
vs medium)

& "Very negativeif the ranking of the alternative fuel is two levels below the baseline (i.e. low vs high)

& "N/A' if one of ranking of at least one of the fuel watfeasible

Figurel9displays the qualitative assessment of the social impacts of a fuel switch from traditional charcoal to
alternative fuel.

Income

Time spent Drudgery

@ neaQa Job

ergy committed . . . .
" Sourcing Processing  Sales Sourcing Processing  Sales End-user End-user

Improved charcod| Null Null Null Null Null Null Null
Cgrbonlzed Negative | Negative Null Positive Null Null Null
briquettes
Non carbonized . . L
. Negative | Negative Null Positive Null Null Null
briquettes
Pellets Negative | Negative Null Positive Null Positive | Positive
Ethanol Null Negative Null Positive Null Positive | Positive
LPG Very Very Null N/A N/A Null Positive | Positive
negative | negative
- Very Very Very L - e
Electricity . . . N/A N/A Positive Positive | Positive
negative | negative | negative

Figurel9 - Qualitative assessment of the impacts of a fuel switch from traditional chhto@n alternative
fuel

Switching from traditional charcoal to improved charcoal (with the same cooking stove) is not expected to
generate a sigficant change in social impacts, neither on the value chain (job, income) nor-asexadtime
spent, drudgery).

26 past experiences itontext similar to that of Haiti (se®aharan Africa3how thathouseholds cooking on free
collected firewood are reluctant to switch to a paying fuel.
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The fuel switch to an alternative solid fuel (carbonized briquettescadyonized briquettes, pellets), is likely

to have a negative impaoh jobs, due to the lower need for labor on sourcing and processing steps but should
increase the incomes of stakeholders of the value chain. Pellets are the only solid fuel able to procure a
significant change in the time spent on cooking and the codkimgery, if used in a proper stove (forced draft
gasifier) while other solid fugire used in less efficient stoves.

The impacts of ethanol on job could be slightly negative on the processing step with distilleries operated more
efficiently than currentraditional charcoal making. However, this fuel can increase incomes thanks to the
creation of a demand for a cash crop and the operation of distilleriesudemsl should also benefit from the
switch to ethanol with savings on time spent on cooking aedwiced exposure to smoke (drudgery).

Finally, the two most modern fuels, LPG and electricity, hargryanegative impact on job with no local
employment on the sourcing and processing segments of the value chain. Electricity is also likely toliestroy jo
on sales due to the low requirement for sales agents when distributing electricity with a microgrid. However,
the jobs required to manage the microgrid an electricity sales are likely to be better paid than conventional
retail jobs.On the enduser side both LPG and electricity are expected to generate a positive impact with
savings in time spent on cooking and reductions in smoke exposure.
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Biofuels locally produced in Haiti are environmentally sound for a cleatrédegy.

The Life Cycle Analysischarbriquettes, nortarbonized briquettes, pellets and ethami@monstrate their
significantCQ emission reduction potential if substitutéol traditional charcoall(3 to 1.9kgCQ@/MJqeiivereq-

Among these clean fuels, charbriquettes the most emitting (based on gBC & SLCPs and PM2.5). Along
their lifecycle, biofuels tend to consume more water and fossil energy than charcoal due to harvesting practices
and fuel processing input. Overallitching from charcoal to biofuels offer a great potential of positive impact

on the environment and on engaser exposure to PM2.5.

However local biomass resources suited to produce biofuels in Haiti are limited compared to the cooking energy
demand of he country: it couldheoreticallycoverup to 50%of the urban household demand.

The resource assessment shows a limited potential in Haiti for biomass based fuels due to the low production
of this biomas$rom agricultural activities. Moreover volumesgduced each year are highly variable and not
necessarily available (competition in uses) nor accessible (remote areas). The scenarios developed in this study
indicate that based on the current national production of biomass suited to cooking fuels (itaizerghum,

sugar cane) and with realistic efforts dedicated to the development of ethanol crops (i.e. sugar cane and sweet
sorghum)27% to 51%f the urban households demand for cooking energy couttidmreticallyserved.

The development of a bioél sector at larger scakould mean developing pellets and ethanol éndxpected
to face various challenges that must be investigated before building a more ambitious strategy on local biofuels.

In-depth surveys and analyses on land use, &ilabity and agricultural practices in Haiti are required to
precisely assess the extent to which energy crops can be grown and existing agricultural residues can be
recovered without damag® preexisting agricultural activities or on soil fertility.

A large sale development of biofuels in Haiti for cooking purpegadd imply a high penetration of ethanol

and pellets in urban markets. However, the competitiveness and the market adoption of these tigsfillels

to be proven. The preliminary analysis afdarction cost of fuels highlights higher costs for pellets and ethanol
compared to charbriquettes and charcdale to CAPEX intensive processing equipments. No experience has
yetbeen identified on pellets in Haiti (neither on wood nor bagasse pelletsgit®the high energy efficiency

of this fuel and its very low emission of smoke and particulate, market adoption of pellets is known to be
challenging in other developing countries, notably due to the high upfront cost &tthieedstove. Novogaz

is curently working on the market uptake of ethanol but social and political acceptance of ethanol is still
challenging in Haiti. Distrust on ethanol is observed at several levels of the value chain: farmers and politicians
can fear the ethanol sector as itrist related to a food market and may jeopardize the food security of the
country,while end-users and politicians are sensitive to rumors on the risks related to the use of ethanol (fire
and adulterated alcohol beverage).

Non-carbonized briquettes anecblectricity have a low potential and should be excluded from further
considerations on fuels

Local resource to produce naarbonized briquettes (saw dust, waste paper) are too limited to make it a
candidate for a fuel strategy aiming to reach more th#ndf the household urban demand. The production
cost of clean electricity is too high to make cooking on electricity an affordable option for households in Haiti.

LPG is an attractive option to develop clean fuels in Haiti but redoéetevelopmat of amnsumer finance
serviceaandpolitical intervention to regulate the market
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LPG offers good performances in terms of environmental and health impacts despite its fossil origin and is cost
competitive with charcoal on a cost of energy basis. However ikemaptake in Haiti is still limited duettee
highupfront costof LPGylindesand stovedue to a lack of regulation of LPG retail activities in. Haiti

To overcome these barriers, it is recommended on one haadftwce safety standards and theotection of
cylinder ownershias well asugpporting marketer investment in new LPG cylinders through the creation of a
organization in charge tifie management ofylinders andhe removal ofdamaged cylinders from the market.

On the second hand, dewgling consumer finance to provide credits or leasing solutions for cylinders and
stoves acquisition for endsers would help reducing the upfront cost and make LPG an affordable cooking
option for most urban households.

The development of clean fuels initiis expected to improve the social and economic wellbeing efiszrd
but may have a negative impact on jobs along the value chain.

The use of cleaner and more efficient fuels will benefit tolesets thanks to time savings in cooking and thanks

to areduced exposure to smoke and particulate. Nevertheless, charcoal making is a significant source of job an
income for farmers possibly threateahby the development of alternative fuels. Developing improved charcoal
production technigues and biofuels ltlggproduced are the best options to develop the clean fuels sector while
creating local value partly oriented towards farmers.

ENEA recommends the Alliance to build a strategy based on four pillars to be conducted in parallel:

reduce kiln emissions amebod withdrawal with improved charcoal production kilns,

reduce the consumption of charcoal with improved cooking stoves,

reduce the consumption of charchoal with alternative fuels already proven (charbriquettes and LPG),
investigate the potential of iravative fuels (ethanol locally produced and pelldéts) large scale
deployment

yvyy

Limitations in the availability of local biomass prevent a strategy basechbbiofuelsrom havinga significant

impact on the cooking sector in Haifhe improvement of charcoal production techniques is a key lever to
reduce the demand for wood and the emission of greenhouse gases of the sector. The adoption of fixed kilns
by charcoal makers may be a challenge due to the requirement for wood tramépaetthelessmprovement

margins should exist on charcoal production with mud kilns and should be identified and targeted. The
combined used of improved cooking stoves will reduce the demand for charcoal.

In parallel, alternative fuels should be develdpstarting with the most promising among those already proven:
charbriquettes and LPG. Ethanol and pellets have a high potential but should first be demonstrated at pilot
scale to prove their competitiveness and market adoption.

Figure20 illustrates the impact on climate change of a fuel strategy antlexample obbjectives deemed
realisticin Haiti and based on the pillars abewentioned
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Objective 1Doubling the
efficiency of carbonization
14 kilns for 50% of the
charcoal product|on Objective 2Deployment of improved

12 charcoal stoves (30% reduction on fuel
consumption) to 50% of urban households
Objective 3fFuel switch to an alternative
fuel (charbriquettes pellets, ethanol, LPG)
for 20% of the urban households
6.4
4 -
2 -
0 -

Figure20- Example of a multi objectives strategy on climate change (based on charcoal consumption of urban
households)vith three objectives to be achieved concurrently
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Findings that have emerged from the assessments carried that imesent study are challenged by the various
uncertainties regarding input data. Further work should refine data collected within fieldwork or in literature
through indepth field analysis and effective pilot projects. This section presents the mostaint@areas that
should be investigated in order to reduce uncertainties and provide more accurate results.

Prospective pathways

In the present study, data related to prospective pathways contains more uncertainty that existing pathways
investigated durig fieldwork. There is no pilot project in Haiti on charcoal from in improved kilns, pellets, or
ethanol fuels. Data on technical aspects, economics, social impacts and customer adoption is thus limited and
was extrapolated from literature or existing paigfrom other countries. The implementation and foHapv

of pilot projects on these new fuel pathways would produce more reliable data.

Technical data on sourcing and processing

Available resource and environmental impact assessments are based orelestdmaicollected from different
sources, such as field interviews or literature. Key parameters should be carefully assessed as they strongly
impact end results:

Residue to whole crop mass ratio

Carbonization kiln efficiency

Heating value of prospectiveels

Inputs and yield for sugarcane farming (LCA inputs only)
Black carbon and PM emissions for the reviewed fuels

Yyvvyyvyy

On-site measurements would providmproved accuray onthe assessmendf these parameters fothe
Hatian context.

The present study onlyrgsents the maximum potential feedstock that can be produced in Haiti. The estimation
of feedstock really available for collection should be carried out. It would take into account the afount
agricultural residues and bagasse dedicated to competite® tise amount that cannot be collected because

of scattered production sites or lack of transportation, and possible opportunities such as onsite carbonization
by farmersA detailed stvey on a large sample of farms would provide insights on these sspect

Prospective scenarios for the resource assessment

The resource assessment include a realistic scenario, and three prospective scenarios. A review of crop
production and harvested land data over the last decades anddepth analysis of the agricultalrsector
should estimate:

& The available land for extension of the sugarcane currently harvested land area
& The possible variations of crop yield over the next few years with minimum and maximum range

This would provide insights on whether the adopted sdesare likely to occur, and in which time frame. The

200d2NNBy OS 2F (KSasS aOSylFINanz2za Yle faz2z 0SS fAYAGSR
for large scale replacement of conventional sorghum by sweet sorghum.
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Economics

As spedied earlier, cost of nosxisting fuels in Haiti should be based on existing Haitian projects to limit
uncertainty. Cost of infrastructure and associated business plan, such as improved carbonization kilns and
briquette factories, have a major impact amal cost of fuel. Stoves dedicated to pellets and-cembonized
briquettes are not commercialized for households yet and their price is still uncertain.

Apart from high uncertainties for prospective fuels (charcoal with improved kilns, pellets, etbasiob)f
transport is difficult to estimate. It highly depends on the distance covered, on the type of transportation, and
the type of roads.

Social impacts and market assessment for customer adoption

A customer survey should be carried out on fuel-esals in order to assess their cooking practices, the
objective and the perceived qualities of each fuel. This is especially true for fuels that are not yet offered on the

Haitian market.
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8.1 List of interviewees

In person interviews conducted Bytrepreneur du Monde in Haiti

Interviewee Position Organization Date
Pierre Kenol Thys Manager- Energy BID- Haiti 05/09/16
Marie Bonnard Country Coordinator AVSF Haiti 06/10/16
Patrice Dion Professor Université de Laval 26/09/16

Faculty of Science,
Agriculture and Food

Rachéle Lexidort Project coordinator Akosaa Haiti 26/09/16

Gael Pressoir Executive Director Chibas EnergieHaiti 10/10/16

JeanFrancois Hibbert Executive Director Novogaz 29/09/16

JeanFrancois Lambert Stock UnitManager Total Haiti 07/10/16

Victor Munet Sustainable Developmen: Total Haiti 07/10/16
Manager

Andrew Tarter PhD Antropologist- Haiti 29/09/16

René Jean Jumeau Founder and Executive  Former Ministry of Energy 30/09/16

Director - Haitian Energy Institute
JeanRobert Altidor Energy Ressources Bureau des Mines et de  10/10/16
Director I'Energie
Claude Preptit Executive Director Bureau des Mines et de  10/10/16
I'Energie
Yann Francgois Monitoring and GERESCambodia 18/10/16

Evaluation Manager

Yves André Energy and Environment UNDP 07/10/16
Wainwright specialist
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Eric Sorensen

Ryan Delanay

Philipp Villedrouin

Kevin Adair

Joaneson Lacour

CEO

COO

Executive Director

ExecutiveDirector

Executive Director

Carbon Roots
International- Chabon

boul Haiti 28/09/16
Chabon Ticadaie 27/09/16
Fuego del Sol 05/10/16
Wastek 30/09/16

Haitian Energy Institute

Phone and mail interviewsntactsby Entrepreneur du Monde

Interviewee Position Organization
Jean Tisserat Technical Assistant AVSF Haiti
Carmille Joseph Pwofipann Coordinator AVSF Haiti
Wiggens Petiton ENPA Manager MARNDR

Phone and mail interviews/contacts BMEA

Interviewee Position Organization
Allison Archambault President Earth Spark
Gaston Kramer, Bruno N.C Green SocidBioethanol
Mallman
Nick Moses R&D Engineer InStove
Dan Sweeney Lead researcher for the-Dab MIT

Biomass Fuel & Cookstoves Grou

Megan Rapp Africa Team Leader USAID USAID

Luceno Brady

O

Development Credit Authority

Director, POET Clean Cooking POET
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8.2 Bloc flowdiagrams of fuels value chain

Wood —&

Wood —=

GHGemissions
abatement
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Figure23 ¢ Value chain of charcoal with imprové&ins

Sourcing Distribution Combustion
Transport Combustion
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Wood —& 9| — —_—
user stove user
Figure21 ¢ Value chain of firewood
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Figure22 ¢ Value chain of charcoal with traditional kilns
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Figure24 ¢ Value chain of LPG
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Figure25 ¢ Value chain of ethanol
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Figure26 ¢ Value chain of charbriquettes
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Sourcing Transport Processing Conditioning Distribution Combustion
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Figure27 ¢ Value chain of noicarbonized briquettes
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Figure28 ¢ Value chain of pellets
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Figure29 ¢ Value chain of electricity from solar microgrid
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8.3 Resource assessment results

Theoretical potential

Conservative Middle Aggressive
Waste paper briquettes 16 138 16 138 16 138 16 138
Charbriquettes - maize 28 343 28 343 56 686 56 686
Charbriquettes - rice 6 228 6228 12 456 12 456
Charbriquettes - sugar cane stems 30591 30591 61 181 163 150
Charbriquettes - sugar cane bagasse 20190 27785 35380 86 015
Charbriquettes - sweet sorghum bagasse 0 39948 39 948 39 948
Pellets - sugar cane bagasse 0 0 0 0
Pellets - sweet sorghum bagasse 0 0 0 0
Ethanol - sugar cane 0 29 508 59 017 255 740
Ethanol - sweet sorghum 0 155 205 155 205 155 205
Total number of households: able to 101 489 333 746 436 012 785 339
replace charcoal by alternative fuel
Total number of urban households 1218 242

Figure 30 ¢ Number of households able to replace charcoal by an alternative fuel in the four resource
assessment scenarios if bagasse is entirely used for charbriquettes production

Bagasse surpluses are used in charbriquettes

2014 Theoretical potential
(historically low| Conservative Middle Aggressive

Waste paper briquettes 16 138 16 138 16 138 16 138
Charbriquettes - maize 28 343 28 343 56 686 56 686
Charbriquettes - rice 6 228 6 228 12 456 12 456
Charbriquettes - sugar cane stems 30591 30591 61 181 163 150
Charbriquettes - sugar cane bagasse 0 0 0 0
Charbriquettes - sweet sorghum bagasse 0 0 0 0
Pellets - sugar cane bagasse 69 004 94 962 120 921 293 978
Pellets - sweet sorghum bagasse 0 136 534 136 534 136 534
Ethanol - sugar cane 0 29508 59 017 255 740
Ethanol - sweet sorghum 0 155 205 155 205 155 205
Total number of household§ able to 150 303 497 509 618 138 1089 887
replace charcoal by alternative fuel

Total number of urban households 1218 242

Figure 31 ¢Number of households able to replace charcoal by an alternative fuel in the four resource
assessment scenarios if bagasse is entirely used for pellets production

( e%nwgg ENEADVISES AND SUPPORDESTRIAL AND INS/MIONAL ACTORSHIE ENERGY SECTOR



52 COOKING FUELSHNMITI

8.4 Main assumptions in the LCA model

General assumptions

Thenominal value on th&action of norrenewable biomassykd used in models i80%, in accordance to the
results of the Stockholm Environmental Institute (&&ijlucted in parallel with the present study.

Impact from land transformation on Climate Change are the result of carbon releashdrsail and roots in
areas deforested (i.e. for applicable to thesfraction of wood only)The following assumptions were made
for the calculation of the carbon release due to land transformation:

& Carbon dioxide release due to roots degradation:
- The arbon content of roots is similar to the carbon content of abgneeind biomass ( 49% of dry
mass share)
- The mass ratio of beleground biomass to abowground biomass is 0.37 tonnedsf root/tonne
of dry shoot [R1] table 44)
& Carbon dioxide release due to soil degradation: it has to be estimated from the difference in soil organic
carbon content. The following default values are suggested:
- Soil organic carbon content before deforestation = 19.4 kg/m2 (mean value for aagcfamdst
in alfisols, inceptisols, oxisols, ultisols and vertisols that are the types of soils relevant for energy
aca@ss project areas in the woile2])
- Soil organic carbon loss due to deforestation = 36% (correspondimgdbange from secondary
forest to grass lanf22]

Transport is modeled using Ecoinvent data with vehicles compliant with the EURO3 norms which entail little
restriction on transport emissions in order to be as close as possiHaiti standards for trucks.

The threestonefire used for firewood is the only stove that is not modeled: it has no impact as it does not
require directly any processed material such as metal. All the other cooking devices are made with steel. The
ethanol stoves and the rice cooker for electric cooking are the only ones that also contain another material than
steel, respectively aluminum polypropylene PB. Seel, alumium and PP are modeled with generic world

data from the Ecoinvent database. Thedel accounts for lifetime and annual consumption of a family.

Combustion emissions, as well as black carbon (BC) andigtmbrtlimate pollutants (SLCP) are taken from
data related to similar processes in the GACC FAC[I@pdf several countries are considered, the country
the closest geographically to ikig§often Guatemala) is selected.

Firewood

The energy content corresponds to the energy contained in the wood. It does not take into account the
photosyntheticefficiency. It is hence related to the cooking efficiency.

No packaging is needed for the scenario.

No transport is considered, since the firewood is considered harvestedatbseplace of use.

Except for Che combustion emissiorserelated to thecombustion of firewood in a traditional mud stove
in Ghang[10]. The emissions of Black carbon and SLCP at combustion are Guatem§l@]d&iace no

emissions of PM2.5 were given by this sepgmissions of PM2.5 were taken from the emissions related to
the combustion of brushwood in brick stove with flue in CHifa
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Charcoal

Data for carbonization emissions is based on carbonization dateegrth moundkilns in Keny§23], while

data for BC & SLCP emissions are taken from charcoal production data in Gudi@naleey are both
combined with charcoal yield, directly related to the efficiency of the carbonization kiln. Four scenarios are
modeled to take into consideration the variability of the carbonization impact that depends on the kiln
characteristics. The pareeters listed inTable2 are the only inputs that differ between the four charcoal

scenarios.

Scenario Traditional
minimum
efficiency

Energy dficiency 22°7%

Charring CO2, Similar to

emissions PM2.5 carbonization in

(a/per kg of Kenya (earth

carbonized mound kilng23])

wood)

BC & SLF Similar to
carbonization in
Guatemallo]

CO, CH4, Charring

NMHC, emissios similar
N20 and to carbonization in
NOx Kenya (earth

mound kilng23])

kiln, Traditional

kiln, Improved

maximumefficiency minimum

4425/,

Similar to
carbonization in
Kenya (earth
mound kilng23])

Similar to
carbonization in
Guatemal§lo]

Charring missions
similar to
carbonization in
Kenya (earth
mound kilng23])

efficiency

442%

Same than
traditional kiln,
weighted by
efficiency

Same than
traditional kiln,
weighted by
efficiency

50% reduction
compared to
traditional kiln,
weighted by
efficiency

kiln, Improved kiln,

maximum
efficiency

5%%%

Same than
traditional kiln,
weighted by
efficiency

Same than
traditional kiln,
weighted by
efficiency

50% reduction
compared to
traditional kiln,
weighted by
efficiency

Table2 ¢ Variable parameters related to the environmental impacts of carbonizébiothe four scenarios on

charmal

No packaging is needed for theesario.

Transport by truck is considered for distribution, modeled with Ecoinvent data.

Except CO2 emissionketemissionsf combustion areelated to the combustion of charcoal in metal stoves
in India (and also considered valid for China, Banglacesksaatemala)10]. Thecombustionemissions of

27 garth mound kiln with 15% dry mass yialttl 50% moisture content in wood

28 Earth mound kiln with 30%ry mass yieldnd 50% moisture content in wood

29 Adam retort kiln with 30% dry mass yifld@] and 50% moisture content in wood

30 Adam retort kiln with 40% dry mass yifld@] and 50% moisture coent in wood

31 Transport, freight, lorry 7-56 metric ton, EURO3 {Rd®]}
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Black Carbon and SLCBre from Guatemala[10]. Emissions of PM2.5or charcoal combustion were
communicated by the Alliance directly.

Charbriquettes

The feedtock mixA y OKIF NDNRjdzSGiSa A& olFaSR 2y (KShelretitay G A G &
potential - conservatioh NB5 & 2 dzNDS | & &B&:82k FhGingrimengalOrSpydts it different raw
materials are modeled using Ecoinvent data. Economic allocation factors are used to scale the impacts to the
specific part of the crop that is ubé the charbriquette.

& Maize? and ricé3 input data represents world average cropping practices

& Sugarcan¥, input data represent cropping practices in Brazil. Sugarcane cropping practices in Haiti use
fewer inputs, but give a lower yield as compared taiBrall in all, since no other information could be
collected, it is considered that the same ratio of inputs per hectare is needed for sugarcane cultivation in
Haiti as compared to Brazil.

Since no specific charring emissions are available for chateisluBC, SLCP and all the other charring
emissions are the same than tbaes used for charcoal, weightedth the charring yield. The binder (corn
starchimported from the UBis modeled with world average coefficients from Ecoinvent dat&b&dectridy

F2NI ONRIdzSGGAY3T A& Y2RSESR daAAYPRAN FAGAQa St SOGNROA

Packaging is a plastic bag, considered to be made out of Low Density Polyethylene (Ecoinvent data for LDPE
world averag¢25]). The model accounts for bag capacity and number of uses. End of life in landfill is considered
(Ecoinvent data for landfilling of PE in Switzerland, the only country with available emissif2is])data

Transport by minibus (4t) is considered for distribution, modeled with Ecoinvefft data

Since no specific combustion emissions and no specific BC & SLCP emissions are available for charbriquettes,
combustion emissions and BC & SLCPsamisfor charcoalra used. 100% d£Q emissions are considered
biogenic.

Non-carbonized briquettes

Raw materials considered in the scenario are sawdust, cardboard and paper: the feedstock mix is based on
existing Fuego del Sol noarbonized briquettes businefsl].

& Sawdust is modeled using a world average Ecoinverit data
& Waste paper and cardboard are considered with no impact.

32 Maize grain {GLO}| market for | Alloc Redydyn Ecoinvent data bage]

33 Rice {GLO}| market for | Alloc Redfrtm Ecoinvent data bag8]

34 Sugarcane {BR}| market for | Alloc Redrdun Ecoinvent data bag8]

35 Maize starch {GLO}| market for | Alloc Redrdin Ecoinvent data bage]

3¢ Transport, freight, lorry 3:3.5 metric ton, EURO3 {Rofgm Ecoinvent data bag@]

87 Saw dust, wet, measured as dry mass {GLO}| market for | Alloc Rem Bcoinvent data bage]
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Assumption on the briquettes production are based on Fuego del Sol pfbtess

& Impact of heat production for briquetting is modeled using the world average Ecoinvent data é¢.petrol
& BC & SLCP emissions are similar to crop briquettes processing emissions jhdEhana

Packaging is the samefas charbriquettes
Transport by truck (10t) is considered for distribution, modeled with Ecoinvert data

The combustion emissions considered are the same than the combustion emissions of crop briquettes in India,
the only country with available emissiodata in the GACC FACIT [b0)]. Since no emissions of PM2.5 were

given by this source, and no other source could be found, PM2.5 emissions are not modeled. Hence, no result
is given for this scenario on the PM2.5 scen#®dloCQ emissions are considered biogenic. The emissions of
Black carbon and SLCP at combustion are the same than non carbonized briquettes from crop residue emissions
[10].

Pellets

Sugarcane is modeled with Ecoinvent dafesenting cropping practices in Br&zikn economic allocation

factor is applied to scale the impacts to bagasse production. Electricity for pelleting is modeled using the Haitian
electricity mix. BC & SLCP for pellets processing are modeled usingmuiedavt dustpellets processing in

India, the only country with available emissions data in the GACC FAQ0].tool

Packaging is the same as for charbriquettes
Transport by minibus (4t) is considered for distribution, memtieking Ecoinvent déta

The combustion emissions considered are average emissions related to the combustion of wodiiQjekets

no data for pellets are available. All@®issions are considered biogenic. The emissibBsack carbon and

SLCP at combustion are the same than emissions produced by biomass pellets in India, the only country with
available emissions data in the GACC FACI[L&ol

Ethanol

Ethanol from sugarcane is modeledngsihe Ecoinvent datd BC & SLPC emissions from ethanol production
are similar to the emission related to sugarcane ethanol production in Brazil, the only country with available
emissions data in the GACC FACIT[18¢! Impacts of sweet sorghum harvest cannot be quantified as little
data is available, butig not expected taliffer significatly from impacts of sugar cane

Packaging is a 1L plastic bottle, considered in PET, modeled with Ecoinvent data for RE&rageldand for

plastic blow moulding. The model accounts for bottle capacity and number of uses. End of life in landfill is
considered, based on Ecoinvent data for landfilling of PET in Swit4@8§rte only country witlavailable
emissions data.

38 Petrol, lowsulfur {RoW}| market for | Alloc Rec ftdm Ecoinvent data bage]

¥ Transport, freight, lorry 7-56 metric ton, EURO3 {Rofkm Ecoinvent data bage]
40 (Sugarcane {BR}| market foRJloc Rec, Uyom Ecoinvent data bage]
“ITransport, freight, lorry 3-8.5 metric ton, EURO3 {RofAdm Ecoinvent data bage]

42 Ethanol, without water, in 95% solution state, from fermentaf®R}| ethanol production from sugar cane | Alloc
Rec, Urom Ecoinvent data bag@]
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Transport by minibus (4t) is considered for distribution, modeled using Ecoinvefit data

The combustion emissions considered are average emissions related to the combustion of sugarcane ethanol
in alcohol stovg25]. All CQemissions are considered biogenic. The emissions of Black carbon and SLCP at
combustion are the same than emissions related to the heat from ethanol and wood (average for all countries)

[10].

LPG

LPG commercialized in Ha is conventional propan@6]. Production of LPG is modeled using the world average
data from Ecoinveftt. BC & SLCP emissions for LPG production are the same than emissions in Gliafjemala

Packaging of LPG is added to the model, using Ecoinvent data for steel and processing of steel. The model
accounts for bottle capacity and number of refills. Impacts of the bottling stage are the same than bottling of
LPG in IndifL0]. BC & SLCP emissions associated with the bottlingsstagedeled using assumptions from

LPG processing in Guatemidl@], chosen for geographic proximity.

Transport by truck (5t) is considered tbstribution, and for return trip for refill, modeled using Ecoinvent
data®

The combustion emissions considered are the emissions related to the combustion of LPG in LPG stove in India
[10], the only country with available éssions data. Since no emissions of PM2.5 were given by this source,
emissions of PM2.5 were added using GACC doltecatalog. All Cemissions are considered fossil. The
emissions of Black carbon and SLCP at combustion are the same than the tteédwgitiie heat from LPG in
Guatemald10].

Solar electricity from mirgrid

The devices for solar electricity production and +giid are estimates, and they are modeled using the best
proxies possible from the Ecoinventatzase. Solar panels and batteries are modeled using Ecoinvent data for
PVsolar rooftoppaneld® and NaCl batteri¢é Cables for the miwgrid are modeled using Ecoinvent generic
data*®. The end of life of those devices is not taken into account becalesekof data in available databases.

4 Transport, freight, lorry 3:3.5 metric ton, EURO3 {RofAdm Ecoinvent data bage]
4 Liquefied petroleum gaiRoWj}| market for | Alloc Rec, ftbm Ecoinvent data bage]
4 Transport, freight, lorry 3:3.5 metric ton, EURO3 {RofAdm Ecoinvent data bage]

46 Photovoltaic flaroof installation, 3kWp, sifgSi, on roof {GLO}| market for | Alloc Recfrém Ecoinvent data
base[9]

47 Battery, NaCl {GLO}| market for | Alloc Refrdch Ecoinvent data bage]
48 Cable, unspecified {GLO}| market for | AlRec, Urom Ecoinvent data bag@]
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8.5 Input data of the LCA model

Firewood

Element

Sourcing and production

LHV wood anhydrous

LHV wood wet (50% moisture)

Deforestation
fNRB

Packaging
N/A

Transport
Average distance (one way)

Cooking device
3 stone stove -

Combustion

Value

Unit
19 MJ/kg
8,3MJ/kg

0,66

0 km

Cooking efficiency 0,143MJ(out)/MI(LHV)
Figure32 ¢ LCA assumptions for firewood

Charcoal

Element Value Unit
Sourcing and production

LHV of charcoal 29 MU/kg
LHV of input wood wet [50% moisture] B.7 MU/kg
Moisture content of input wood 50%
Efficiency of carbonization kiln - min 22%

Charring in earth mound kilns - CO2 emissions to air
Charring in earth mound kilns - CO emissions to air
Charring in earth mound kilns - CH& emissions to air
Charring in earth mound kilns - NMHC emissions to air
Charring in earth mound kilns - N20 emissions to air
Charring in earth mound kilns - NOx emissions to air
Charring in earth mound kilns - PM2.5 emissions to air
Amount of charcoal from wood = charcoeal yield
Amount of charcoal from wood = charcoal yield
Transport between wood and carbonizaticn

distance

Deforestation
fMRE

Packaging
MA

38228 g/kgchar
&75,3 glkgehar
94,7 glkgchar
183,7 g/kgehar
0.3 gfkgchar
0.1 gfkgchar
53,9 glkgchar

0,07 kglchar)/kglwood wet)
0,13 kg(char)/kg(wood dry}

0 km

0,66

Figure33 ¢ LCA assumptions for charcoal with traditional kiln and minimum efficiency, sourcing to packaging
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From carbonization to sale point

Average distance [one way, truck 7,5t} 200 km
From sale point to consumer
Average distance [one way) 0 km

Composition
Steel 100%
Total weight 13 kg
Lifetime 0,75 vyears
Annual consumption of a family 24451 MU(LHW ) year
Cooking efficiency 0,22 MU(out)/MI[LHY)

Figure 34 ¢ LCA assumptions for charcoal with traditional kiln and minimum efficiency, transport to
combustion

Element Value Unit
LHV of charcoal 29 Miskg
LHV of input wood wet [50% moisture] 87 Mifkg
Moisture content of input wood 50%
Efficiency of carbonization kiln - max 44%
Charring in earth mound kilns - CO2 emissions to air 19114 g/kgehar
Charring in earth mound kilns - CO emissions to air 237.2 g/kgchar
Charring in earth mound kilns < CH4 emissions to air 473 g'kgchar
Charring in earth mound kilns < NMHC emissions to air 818 g/kgchar
Charring in earth mound kilns - N20 emissions to air 0.2 g/kgchar
Charring in earth mound kilns - NOx emissions to air 0.1 g/kgchar
Charring in earth mound kilns - PMZ2.5 emissions to air 26,9 gfkgchar
Amount of charcoal from wood = charcoal yield 0,13 kgfchar)/kgwood)
Amount of charcoal from wood = charcoal yield 0,28 kgfchar)l/kgwood dry)
Transport between wood and carbonization
distance 0 km
Deforestation
fNEE 0,58

Figure35¢ LCA assumptions for charcoal with traditional kiln and maximum efficiency, on emissions
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From carbenization to sale point

Average distance {one way, truck 7.5t) 200 km
From sale point to consumer
Average distance (one way) 0 km

Compaosition
Steel I100% %
Total weight 1,3 kg
Lifetime 0,75 years
Annuval consumption of a family 24451 MNLHV] vear

Cooking efficlency 0.22 Mifout)/MUNLHV])

Figure36 - LCA assumptions for charcoal with traditional kiln and maximum efficiency, from packaging to
combustion

Element Value Linit

LRV of charcoal 29 Mifkg

LRV of input wood wet [50% moisture) 87 Mifkg

Moisture content of input wood 50%

Efficiency of carbonization kiln - improved kiln = min 44%
Carbanization - CO2 emizsions to air 19114 gfkgehar
Carbanization - OO emissions to air 1186 g/kgchar
Carbanization - CHY emissions to air 23,7 glkgehar
Carbonization - NMHEC emissions to air 45,9 g'kgehar
Carbonization - N20 emissions to air 0,1 g/kgchar
Carbanization - NOx emissions to air 0.0 gfkgchar
Carbonization - PM2.5 emissions to air 26,9 gfkgchar

Emissions reduction thanks to improved kiln -
Reduction in CO2 emissions 0%
Reduction in CO emissions 505
Reduction in CHA emissions 505
Reduction in MMHC emissions 505
Reduction in N20 emissions 506
Reduction in NOx emissions 50%
Reduction in PM2.5 emissions 0%

Amount of charcoal from wood 0,13 kgfcharl/kg{wood)

Amount of charcoal from wood = charcoal yield 0,26 kgf{charl/kg(wood dry)

Transport between wood and carbonization

distance 0 km

Figure37 ¢ LCA assumptions for charcoal with improved kiln and minimum efficiency, sourcing and production
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fNRE

NA

0,66

From carbonization to sale point
Average distance {one way, truck 7.5t)
From sale point to consumer
Average distance fone way)

200 km

0 km

Compasition
Steef

Total weight

Lifetime

Annual consumption af a family

100%
1,3 kg
0,75 years

24451 MIfLHV)/year

Cooking efficiency

0,22 Miout)/MILHV)

Figure38 ¢ LCA assumptions for charcoal with improved kiln and minimum efficiency, from deforestation to

combustion

Element

Value

Unit

LRV of charcoal
LRV of input wood wet [50% maisture)
Moisture content of input wood
Efficiency of carbonization kiln - improved kiln - max
Carbonization - COZ emissions to air
Carbornization - CO emissions to air
Carbonization - CHY ermissions to air
Carbonization - NMHC emissions to air
Carbonization - N20 emissions to air
Carbornization - NOx emissions to air
Carbonization - PM2.5 emissions to air
Emissions reduction thanks to improved kiln :
Reduction in €02 emissions
Reduction in CO emissions
Reduction in CH4 emissions
Reduction in NMHC emissions
Reduction in N2O emissions
Reduction in NOx emissions
Reduction in PM2.5 emissions
Amount of charcoal from wood
Amount of charcoal from wood = charcoal yvield
Transport between wood and carbonization
distance

Figure39 ¢ LCA assumptions for charcoal with improved kiln

production

29 Mifkg
87 Mifkg
50%
559%

1425,5 g/kgchar
88,4 g'kgchar
17,7 g'kgehar
34,3 g/kgchor

0.1 g/kgchor
0.0 g/kgchor
20,1 gfkgehar

03
50%
50%
50%
S50%
50%
(1]
0,18 kgfchar}/kg{weod)
0,35 kgichar)/kg{wood dry)

0 km

and maximum efficiency on sourcing and
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Deforestation

Packaging

Transport

Cooking device

Combustion

Figure40 ¢ LCA assumptions for charcoal with improved kiln and maximum efficiency from deforestation to
combustion

Charbriguettes
Element Value Unit
Sourcing and production
LHV of carbonized briquettes 21 MJ/kg(final charbriquette)
Moisture content of input biomass 15%
Raw materials for input char
Sugar cane straws 17%for 1 kg of char
Sweet sorghum straws 0% for 1 kg of char
Maize straws & stovers 28%for 1 kg of char
Sugar cane bagasse 49%for 1 kg of char
Rice straws 9% for 1 kg of char
Allocation : annual sales revenue due to the co-product/annual sales revenue due to the whole |
Sugar cane straws 10%
Sweet sorghum straws 10%
Maize straws & stovers 10%
Sugar cane bagasse 26%
Rice straws 10%
Carbonization
Charring - CO2 emissions to air 1715,7g/kgchar
Charring - CO emissions to air 212,9g/kgchar
Charring - CH4 emissions to air 42,5g/kgchar
Charring - NMHC emissions to air 82,5g/kgchar
Charring - N20O emissions to air 0,1 g/kgchar
Charring - NOx emissions to air 0,1 g/kgchar
Charring - PM2.5 emissions to air 24,2 g/kgchar
Yield 0,25kg(char)/kg(raw materials)
Yield (dry) 0,29 kg(char)/kg(raw materials dry)
Transport of raw materials to processing
distance 0 km

Figure41 ¢ LCA assumptions for charbriquettes on sourcing and production
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Briguetting
Mass of input char 0,93 kefkglfinal charbriquette)
Binder : corn starch from US 0,02 kefkglfinal charbriquette)
Water 0,07 kgfkgifinal charbriquette)
Electricity 0,07 kwWh/kg(charbriquette)

la‘

Mass of empty bag (plastic) 0,015 kg
Bag capacity 2 kglcharbriguette)/bag
Mb of use 3

Average distance (one way, minibus 4t) 200 km

Composition
Steel 100%
Total weight 13 kg
Lifetime 0,75 years
Annual consumption of a family 24451 MU[LHV)/year

Cooking efficiency 0,222 WMU{out)/MI[LHY)

Figue 42 ¢ LCA assumptions for charbriquettes, from sourcing to combustion
Noncarbonized briquettes

Element Value Unit

LHY of non-carbonized briquettes 15 MU/kelbriquette)
Raw materials
Sugar cane straws 0%
Sweet sorghum straws 0%
Maize stovers 0%
Cardboard 34%
Waste paper 33%
Sawdust 33%
Allecation : annual sales revenue due to the co-product/annual sales revenue due to the whaole plant (for a farmer)
Sugar cane straws 103
Sweet sorghum straws 103
Maize stroves 103
Cardboard 0%
Waste paper 0%
Sawdust -
Transport ta processing
Distance 10 km
Briquetting
Mass of input biomass 1,04 kgfkgifinal briquette)
Water 0,035 kgfkglfinal briquette)
Electricity 0 kwh/kg(briquette)
Other energy - precise : gasoline 0,01 kwh LHV/kg(briquette)

Figure43 ¢ LCA assumptions for nararbonized briquettes on sourcing and production
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la‘

Mass of empty bag (plastic) 0,015 kg
Bag capacity 2 kglbriguette)/bag
Nb of use 3

Average distance (one way, truck 10t) 5 km

Composition
steel 100%
Total weight 46 kg
Lifetirme 2 years
Annual consumption of a family 13570 MU(LHW ) year

Cooking efficiency 0.4 Ml{out)/MI[LHV)

Figure44 ¢ LCA assumptions for nararbonized briquettes, from deforestation to combustion

Pellets
Element Value LUnit
‘sourdngandproduction

LMV of non-carbonized bagasse pellets 14,7 MU kglpellets)

Raw materials
Sugar cane bagasse 1,04 kegfkgifinal pellets)

Allecation : annual sales revenue due to the co-product/annual sales revenue due to the whole plant (for a farmer)
Sugar cane bagasse 26%

Transport to processing
distance 0 km

Pelleting
Electricity 0,09 kWh/kg(pellets)

la‘

Mass of empty bag (plastic) 0,015 kg
Bag capacity 2 kglbagasse)/bag
Nb of use E

Figure45 ¢ LCA assumptions for pellets, from sourcing to packaging

Average distance [one way, minibus 4t) 100 km

Composition
steel 100%
Total weight 46 kg
Lifetirme 2 years
Annual consumption of a family 13570 MU(LHV)/year

Cooking efficiency 04 MU{out)/MI(LHV)
Figure46 ¢ LCA assumptions for pellets, from transport to combustion
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Ethanol

Figure47 ¢ LCA assumptions for ethanol

LPG

Figure48 ¢ LCA assumptions for LPG
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