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Abstract

Seed-oil based biodiesel production particularlydi@sel production from the non-
edible oil seed bearing planfatrophacurcasL. - is a key strategic direction outlined
in the biofuels strategy of the Government of Eptieo The main objective
underlying the strategy include substitution of ported diesel oil used in the road
transport sector while at the same time contrilgutinthe local and global greenhouse
gasses (GHG) reduction efforts. In this study therenmental benefits and costs of
production and use afatrophabiodiesel in the road transport sector of Ethiapia
assessed using a life cycle analysis (LCA) methaiol The analysis focused on
determining the potential environmental impacts aret non-renewable energy
saving potential of biodiesel frodatrophaoil-seeds using the following metrics: (i)
Net Greenhouse Gas (GHG) reduction, and (ii) Netrgn Balance (NEB) relative to
diesel oil. The study shows that the net GHG emssireduction potential of
JatrophaMethyl Ester (JME) is highly influenced by the migde of initial carbon
loss occurring in the process of conversion of edéht land uses tdatropha
plantation, and less so on other unit processeBvili production system analysed.
The NEB of JME relative to use of diesel oil pendtional unit of one GJ is less
sensitive to impacts of land use change and isrgbyeositive. Where no land use
change impacts is considered, or whéa#&ophais grown on lands with low carbon
stock such as grasslands, substitution of dieseVith JME in Ethiopia can provide
GHG emission reduction of about 43%, and for eachdflAJME produced the non-
renewable energy requirement will be 0,38 MJ. Petidn of JME by converting
lands with high above ground, below ground andéilrgarbon stocks such as shrub
lands or well stocked forest lands will result ietHoss of carbon and require

ecological carbon payback time of 50 to hundredgeeafs.



The impact of introducing and use of JME-dieselménds by Anbassa City Bus
Services Enterprise (ACBSE) bus fleets shows ftiiaplacement of diesel oil with
JME that have positive GHG reduction potential| &iso contribute to the reduction
of air pollutants and improvement of ambient aialiy in Addis Ababa. Two key
recommendations of this research work are that msure  environmental
sustainability of biodiesel production frodatrophaseeds (i) land availability and
land suitability assessment for estimating the i€ available land fodatropha

(and other oil-seed bearing plants) shall be cotedijc and (i) minimum

requirements on GHG reduction and NEB requirementis biodiesel shall be

established.

Key words: Jatropha Biodiesel, GHG, Net energy balance, Air pollusaritand use

change.



Acknowledgment

| am grateful to my supervisors Dr. Nebiyeleul Gsss and Professor Memory

Tekere for the guidance and support they providedmthe course of this work.

With thanks, | acknowledge the financial suppo#dtthreceived from the Austrian
Development Cooperation, Coordination Office forvBlepment Cooperation, in
Addis Ababa where | am currently working. And, iarficularly | would like to

express my appreciation to the current Head ofc®ffMr. Heinz Habertheuer for his

encouragement and support.

My special gratitude goes to my family, brothersl aister for their support and

encouragement | received during the course ofbik.



Contents

R 1 4 o o ¥ Fox o ] o KPP SPPOPPPP 1
1.1 Problem statement and rational .............oooovvviiiiiiiiiiii s 5
1.1.1 Statement of the Problem.........cccooo i 5
1.1.2 The ratioNale ...........eeeuemiiiiieieieees e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeensnnmnndd
1.2 Research objectives and qUESTIONS ..........eeevveviiiiriiiiiiiiiiiiieeeeeeeeeeeend.
1.3 Study hYPOLhESIS ..o 8
2 LITEratUrI FEVIBW ..ocieieieiiiiiiiiiiiie e e e e e e e e e e e e eeesaaa e e s e e e e e e e e e aeeaeeeeeeeeeeeeaennsennes 9
2.1 Botanical description of Jatrophacurcas L...........ccccvvviviiiiiiiiiininnnnnn. 9
2.2 Jatropha cultivation and seed yield ..o 9
2.3  Water and nutrient reqUIrement ............oooovvvvviviiiiiiiiiie e 11
2.3.1 Water use effiCieNCY ..........uuuuiiiiiiiiis e 11
2.3.2  NULHENTINPULS ...eeiiiiiiiiieee et 13
2.4 Biodiesel production from Jatropha oilseeds ...........cccccvvieeierennnns 13
2.4.1 Oill extraction and Oil PrOPEILIES ............ommmmeerrrmrniiiiiiiieeeieeeeeeeeaeeeeees 14
2.4.2 Biodiesel produCtion PrOCESSES.......cciiiiarrrrarrrrrrieeeeeee e eeiirieeeeeeens 16
2.4.3 Characteristics aJatrophabiodiesel and biodiesel standards......... 9..1
2.5 Application of Jatropha biodiesel...........ooooiiiiiiiiiiii e, 21
2.6 Impacts of Jatropha biodiesel production and use.............ccc.uue.e. 22
2.7 Impacts of various biodiesel blends on heavy duty motor
(V4] 1o =P 27
3 MethOdolOgY oo 28.
70 R o X= Lo 1= 11 o V10 o [ UUUPRRSRS 28
3.2 Scope of theresearch WOork........ccccoeoeieiiiiiiiiiieeeeeee e 29
3.3 Functions and functional units to be considered............cccccvvvernn.. 29
3.4 System DOUNdaAry ....ccooooiiiiii e 29
3.5 Assumptions for the Baseling Case ........cccccvvvviiiiiiiiiiiieeeceeeeeeee, 30
3.6 Inventory analysis and impact assSesSSmMeNnt.......cccccceeeerniviiiciiirinnenn. 32

3.7 Method use in assessing GHG impacts of land use change and
land MaNageMIENT......coo e 37

3.7.1 GHG impacts of land use change.............ceeeeeeeeeeeverininiiiiiennnnn 37
3.7.2 GHG impact of land management .............ccoeeeeeiiiiiiie e 38



3.8 Data sources for LUC impact analysSisS .......ccccceeeiiiiiiiiiiiiiiiiiieeeeeeeene 40
4 Results and diSCUSSION ....ccociiiiiiiiiiiie e 41
4.1 Results of baseline analysis ...........cccoviiiiiiiiiiee s 41
4.1.1 Non-renewable energy requirement and SAVINGS..e...ccoeerrernennn. 41

4.1.2 Global Warming Potential ..................oimmee e, 43
4.1.3 Co-product credit.........ccceeeeeeeeiiiiii e A4
4.1.4  SensSitiVity ANAIYSIS ......cueiiiiiiiiiiiiiii e 5.4
4.2 Scenario development and analysis .........cccciieiiiiiiei 46
4.3 Land use effiCiENCY ... 48
4.4 Impacts of land use change on the GHG balance of JIME.............. 50
4.4.1 Emissions from land use change and ECPT - Base.case.............. 50
4.5 Effects of higher seed yield on net GHG emissions of JME......... 52
4.6 Potential demand for JME and land resource availability............. 54
4.6.1 Demand for IME.......ccoooiiiiiii s 54
4.6.2  LaNd rESOUICES ....uiiiiiiiiieieieieee e ekttt e e e e e e e e e e e s s nneanaeees 55.

5 A case study: Impacts of Running Anbassa City Bus Service

Enterprise bus fleets with biodiesel-diesel oil blends on their GHG

and air pollutant EMISSION ... 56
5.1 BaCKgroUNd........ouuviiiiiiiiiei i 56
5.2 EmMmISSIoNS from VENICIES .ccoeeiiei it 56
5.3 Public transportation services in Addis Ababa........c....ccccvvvivnnnnns 60

5.3.1 The Anbassa City Bus Service ENterprise ... .cceeeeeeeeeeeieneennnn... 60

5.3.2  Mini- and Midi-bUS taXiS.........coiiiiiiiriree e 61
5.4 APPrOaCh oo 62
5.4.1 Estimation of emissions from public transport secto....................... 62
5.4.2 GHG and air emissions performance metriCS ..ccceeeevvvvvvvvvvvivevvnnnnnns 63
5.5 DAl SOUICES ...coiiiiiieieieeeii ettt ettt et e et e e e e e e arba e e e e e eeeees 64
5.6 Assumptions and scenario development .........cccevvvvvvviviiiiiiiiiineeeeenn, 65
5.7 ResUlts and diSCUSSION ...cciiiiiiiiiiiiiiiiiiiiiieieee e 66
5.7.1 Performance Of ACBSE ..........uuuiuiiiiiiieiinss s e e e e eeees 66
5.7.2 Baseline GHGs and air pollutant emiSSioNS...cceeeeeeeeeeeeeiieeieeeeenenen.. 67
5.7.3 Results 0f SCENANO | .......ccoeiiiiiiiieeeeeee e 8.6
5.7.4 Results 0f SCENArO ll.......ccovviiiiiiiiiicceeee e 0.7

vi



5.8 Comparison of GHG and air pollutants emissions from ACBSE

WiIith Min-and Mid-DUS TAXIS «..uoeeie e 71
6 Conclusions and recommendation .....coooeeeeveroieiiieie e eees 73
ST R ©00 ) a Y1 10 K=Y Lo ] o 1T 73
6.2 RECOMMENUALION 1oueieiiiie e et e e et e et e e e e et e e e e e e eeenas 75
0.3  FULUIrE reSEaArCN NEEAS .. oeeeee e e 75
RSy (=] (=] A 10T TR 77
F AN ] 1SS 87

Vii



List of Tables

Table 1.Jatrophaoil composition and characteristics..........cccceeeiiviiiieieeeeeenn. 16
Table 2. Biodiesel production fromJatrophaoilseed of various FFA content. ....19

Table 3.Jatropha biodiesel (JME) composition and characteristics.................. 21
Table 4. Base case scenario: inputs, JME productipand major by-product
outputs in the process of production of one FU. ..........oeviiiiiiiiiiiniieeeeeeeeee, 33.
Table 5. Impact categories (see IFEU study and oth®................ceevvvvviiiiiiiinnnnn, 34
Table 6. Parameters considered and impacts assessed..........cccccceeeveriiiiinnninnn. 35

Table 7. Baseline data: material and energy input® JME production systems 36

Table 8. Summary of GHG and NRER for baseline case..........cccccccvvvvvviviiinnnnnns 42
Table 9. GHG saving resulting from application of @eergy allocation and

S0 0153 11 U1 (o] o PO U SRUPPR P 45
Table 10. Scenarios assessed and specific paramsteonsidered ........................ a7
Table 11. Land area requirement and efficiencyper B for the different

EST01 = = 10 1 48
Table 12. Land area requirement for implementing Bomandates, 2015 to 2025,
DASE CASE SCENANIO. ....cciiiiiiiiieee ettt e e e e e e e e e s sttt e e e e e e e e s sannteeeeeaeaeeeeas 54
Table 13. Public passenger transport services - hagdata............cccceeeeeeeeeeeennnn. 62
Table 14. Values of the coefficient "a" used in Eqation 5............cccccoeiiiiiiiinnnen. 64
Table 15. Key performance metrics used in assessingoan bus services
PEITOIMIBINCE. ....eiiiiieee ettt ettt e e e e e e e ettt e et e e e e e e esben e e e e eeeeaeas 64
Table 16. Performance of ACBSE, 2004/5 t0 2010/11.......ccccooviiiiiiiiiiiiiinieneenn. 66
Table 17. Total PKT, diesel oil demand and GHG andir pollution emissions

from ACBSE fleets for 2010 t0 2020 ........ccooviireiiiiiiiiiiiiieeeee e 67
Table 18. Baseline projected GHG emissions and GH@missions reduction from
the use of four different blends (toNS CQEQ ). ...cvvvvvevriiriiiiiiiiiiie e 68

Table 19. Scenarios I, baseline projection of airmeissions from ACBSE and
percentage emissions reductions resulting from us# different biodiesel blends,

Table 20. Magnitude of air pollutants emissions regdction from use of DOC and
the relative contribution of Biodiesel blends to inpacts of use of DOC on CO, HC

E= 1T Y 71
Table 21. Base case scenario: emission of air pa#duats for the three modes of
public transportation in Addis Ababa (g/vehicle-day) ..........ccccccooiiiiiiiiiiiiiiinnnnnn. 72

Table 22. Base case scenario: emission of air pa#duats for the three modes of
public transportation in Addis Ababa (Q/PKT) ...couiiiiiiiiieeeeeeeeee e 72

viii



Table of Figures

Figure 1. Schematic flow diagram oflatrophaoil production process................. 15
Figure 2. Schematic flow diagram of biodiesel prodetion process...................... 18
Figure 3. Variation in air emissions with change irbiodiesel content in biodiesel-

Lo [1=1SY =] I o1 I o] L= o o SRR 27
Figure 4. System boundary for JME (left), and the eference diesel oil production
SYSTEIM (M) ettt e e e e e e e e e e e e e 30
Figure 5. Process flow diagram used for inventory@alysis...........ccceeeveveieiieeeennnn. 32
Figure 6. NRER of the JME production system by majoprocesses.................... 43
Figure 7. GWP of the JME production system by majorsub-processes.............. 44
Figure 8. Change in GWP saving due to variation imtultivation inputs. ............. 46

Figure 9. NRER and GWP results for the scenarios emidered with base line ..49

Figure 10. Contribution of cultivation inputs to GWP under the different
SCENAINOS CONSIAEIEM .......iviiiieiiiit ettt e e e e e e e s e eeeeean 49

Figure 11. Net Cstock change from conversion of dérent land uses taJatropha
o] E=T a1 F= L1 T0] o BT UP PP RPTPI 51

Figure 12. ECPT required to compensate net changea C-stock resulting from
conversion of different land use types tdatrophaplantation in Ethiopia........... 51

Figure 13. Estimates of impact of seed yield on @t GHG emissions of JME
produced on various land use types in Ethiopia. ...........ccccoiiiiiiins 3.5

Figure 14. Sulphur content of diesel oil improted ad used in Ethiopia’s road
transport sector (the marker represents the averagannual sulphur content and
the top and botom of each vertical lines the max ahmin content of sulphur) ...59

Figure 15. Sulphur content of gasoline used in Ethpia’s road transport sector
(the marker represents the average annula sulfureontent, and the top and
botom of each vertical lines the maximum and mininmam content of sulfur) ....59

Figure 16. ACBSE bus fleet distribution by serviceg/ears. .........cccccvveeiiiiiiieeeennn. 60
Figure 17. Age distribution of mini-bus vehicles rgistered in Addis Ababa city.

Figure 18. Trend in total annual GHG emissions redation from use of different
biodieSel DIENAS. ... 69



Acronyms

ACBSE:
ASTM:

B5:

CEC:
CH4:

CML:

CN:
CO:
COz.
DEFRA:
DOC:
DPF:
EC:
ECPT:

EIA:

EN:

EPA:

Anbessa City Bus Services Enterprise
American Society for Testing and Materials

A biodiesel-diesel oil blend containing 5% bkl and 95% diesel oil

by volume.
Council for European Commission
Methane Gas

Centrum voor Milieuwetenschappen (Institufeeavironmental

Sciences)

Cetane Number

Carbon Monoxide

Carbon Dioxide

Department for Environment, Food and Rural Affairs, UK.
Diesel Oxidation Catalyst

Diesel Particulate Filter

European Commission

Ecosystem Carbon Payback Time

Energy Information Administration / Environmil Impact

Assessment
European National

Environmental Protection Authority



EU:

FAME:

FAO:

FFA:

FTAE:

FU:

GABi:

GEMIS:

GJ:

GHG:

GoE:

GWP:

HC:

HoAREC:

H2804:

IEA:

IEFU:

IPCC:

ISO:

JME:

European Union

Fatty acid methyl ester

Food and Agriculture Organization

Free Fatty Acid

Federal Transport Authority of Ethiopia

Functional Unit

Ganzheitlichen Bilanzierung (holistic balamg), LCA Software
Global Emission Model for Integrated SysteirSA software
Giga Joule

Greenhouse Gas

Government of Ethiopia

Global Worming Potential

Hydro Carbon

Horn of Africa Regional Environment Centre

Sulphuric Acid

International Energy Agency

Institut fir Energie- und Umweltforschunggtitute for Energy and

Environmental Research).
Intergovernmental Panel on Climate Change
International Standard Organization

JatrophaMethyl Ester

Xi



JRC: Joint Research Centre (of EC)

K: Potassium

LCA: Life Cycle Assessment
LHV: Lower Heating Value
LUC: Land Use Change

MELCA: Movement for Ecological Learning and CommtyrAction

MJ: Mega Joule

MME: Ministry of Mines and Energy (Ethiopia)
MWE: Ministry of Water and Energy (Ethiopia)
N: Nitrogen

NEB: Net Energy Balance

NER: Net Energy Ratio

NEV: Net Energy Value

NEY: Net Energy Yield

N2O: Nitrous Oxide

NOX: Nitrogen Oxides

NRER: Non Renewable Energy Requirement
Oeko: OKO-Institute, Institute fur angewandte Okologiestitute for

Applied Ecology)
P: Phosphorus

PISCS: Policy Innovation Systems for Clean Eneggurity

Xii



PKT: Passenger Kilometre Travelled

PMio; PM, 5 Particulate Matter of Aerodynamic Diameter ofe@l 2,5 micro

meter, respectively

SETAC: Society of Environmental Toxicology and @Gtistry
SOC: Soil Organic Carbon

SOx Sulphur Oxides

SVO: Straight Vegetable Oil

TWC: Three- Way Auto Catalyst

UNEP: United Nations Environment Protection

USD: United States (of America) Dollar

US-EPA: Environmental Protection Agency of USA

VKT: Vehicle Kilometre Travelled

Xiii



1 Introduction

Biofuels (biodiesel and ethanol) have attractedsi@rable interest and investment in
both developed and developing countries by virtueeting renewable energy sources and
having high potential as substitute to petroleuml.féror developed countries, the key
argument used in increased production and use afftidds are energy security, their
potential for reducing Greenhouse Gas (GHG) emissiand hence contribution to
climate change mitigation efforts, and support ucal development both in their own
countries and the global south (CEC, 2006). Forltgming countries that have little or
no oil production, the major drivers are the patnthat biofuels have in reducing
petroleum fuels import bill as well as the posdile$ of exporting biofuels to developed

countries.

The major target for biofuels development both éwveloped and developing countries is
the transport sector. Globally, the transport semtaounts for over 70% of the petroleum
fuel consumed and contribute to about 23% of therggnrelated C@emissions (IEA,
2008). Considering current development trends,attteal magnitude of emission from
this sector is expected to increase with the exparesf motorised transportation services
(IEA, 2008). The directives of the Council of Eueaym Commission (CEC, 2009) which
was issued to address concerns regarding possifaspvith regard to GHG reductions,
states that biofuels used to displace petroleurhdlbeuld have a net GHG reduction of
35% by 2011 and 50% beyond 2015. The implicatiothisf directive is clear — countries

that produce biofuels for export have to meet ¢hiterion.

In Ethiopia, the transport sector is also the singlost important sector that relies on

imported petroleum fuel. Within a ten-year peri@d@0 to 2010) the annual consumption



of petroleum fuels in Ethiopia has almost double@ching 2 million metric tons (NBE,
2011). The rate of increase in volumes of petroldéuels import has been considerably
more significant in the last five years and seewriset consistent with increased economic
activities (NBE, 2011). In 2005/6, Ethiopia spentr USD 856 million (equivalent to
86% of its export earning) for importing petroletdnels; by 2008 the cost had increased
to USD 1,6 billion and exceeded the correspongiay export earnings by 10% (NBE,
2009). Information on petroleum fuel prices shovmttprices escalated from 50

USD/barrel crude oil in 2005 to over 100 USD/bame2011 (EIA, 2011).

Increasing volume of petroleum fuel import couplieith increased price of petroleum
has been severely taxing the foreign currency pegsniof developing countries like
Ethiopia and is one of the major factors that hatweacted the interest of the Government
of Ethiopia to consider biofuel use in the tran$actor. In terms of product, diesel oil
accounts for over 50% of the total volume of petwoh fuels imported to Ethiopia, and
almost all of the diesel oil is used in the roahsiport sector. Interest in local production
and use of biofuels such as biodiesel is theretorgerstandably focused on at least

partial substitution of diesel oil in the road tsport sector.

The Government of Ethiopia (GoE) released its fBa&tfuels Development and Use
Strategy in September 2007 (MME, 2007). The thigeatives of the strategy are: (i) to
produce sufficient amount of plant based biofuels dubstituting imported petroleum
fuels, (i) to export biofuels to other (mainly ddeoped) countries to earn foreign
currency while contributing to the global GHG retioie efforts and (iii) to contribute to

agriculture based rural development of the country.



GoE'’s biofuels strategy underpins that in achievimgse objectives the development of
biofuels will not compete with food production oseuland suitable for crop production
(MME, 2007). It states that mainlynarginal’ and degraded lands will be used to
produce feedstock suitable for production of biedie One of the plants positively
emphasized in the documentJiatropha curcad.. (Jatrophg. As stated in the strategy
document, Jatropha requires relatively fewer inputs to establish gmdduce good
amount of seeds, and helps reclaim degraded ldmel strategy document put total land
areas suitable falatrophaplantation at 23,3 million hectares but this eaties leaves
ambiguity as to what proportion is degraded or nmalg and what proportion is already
being used by the local people for purposes othan tfood crop production. The
Ethiopian biofuels development and use strategyattaacted both international and local
investors. These investors have acquired largéstaddand that are not marginal, and this
may result in land-use change which in effect codédeat the stated environmental
objectives (MELCA, 2008) Little is known about the overall economic, eovimental

and social costs and benefits of such shifts tasedManners and policy makers.

Life Cycle Assessment (LCA), as well as other mateflow models, are being
increasingly used in various industrial sectors anhdifferent decision-making levels in
order to seek out environmentally friendly soluido industrial production involved in

the production of biodiesel and ethanol (CEC, 2ADEFRA, 2008). LCA has emerged

1However, the strategy document does not define the term “Degraded” or “Marginal” land, and this
leaves ambiguity as to what constitutes degraded or marginal lands. Citing various sources, an issue paper
on “Degraded Land and Sustainable Bioenergy Feedstock Production” (OeKo, 2008), provided the
following definitions for the term marginal land - “Marginal land is defined as an area where a cost-
effective production is not possible under given site conditions (e.g. soil productivity, cultivation
techniques, agriculture policies as well as macro-economic and legal conditions). It further describes the
term marginal land as “an economic term which may not factor in subsistence agriculture”, and noted that
such land might supply fuelwood, feed materials and medicine to the local peoples. It defines land
degradation “as a long-term loss of ecosystem function and services, caused by disturbances from which
the system cannot recover unaided and as such the term degraded land is related to the land-productivity
potential.”

ZA summary of the stus of biodiesl development in Ethiopia is presented in Annex E.



as a key approach among a set of “second gen€ratiatytical tools for understanding
the overall environmental consequences of prodadiioconsumption activities. In its
simplest form, LCA is an input-output material bada model, which follows a product
or a system during its entire life, i.e. from “clathb grave”. The cradle is the point where
a raw material is taken from its natural environtmand the grave is where the product or

its component are returned to the natural envirariras waste or recycled for further use.

As suggested by Europe’s Society of Environmentadidology and Chemistry (SETAC)
(UNEP, 2005), LCA incorporates a number of dististeps. Firstly, there is goal
definition and determination of scope, followedlidg cycle inventory. In the inventory
phase all material and energy inputs and outptfitseats and emissions produced by a
product within various system boundaries and eistadd on a case-by-case basis, are
quantified and calculated (CML, 2001; UNEP, 2008)is inventory serves as the basis
for the life cycle impact assessment in the subsegphase of the analysis. Here the
different types of environmental impacts generaa¢dlifferent points over a certain
product’s life cycle are estimated, classified ahdracterized according to different types
of environmental problems, such as acidificatioepldtion of stratospheric ozone,
eutrophication, photochemical-oxidant formationp-¢axicology, and global warming.
This phase is then followed by an improvement assest where environmental,
technical and economic improvements during thedyfele are suggested (UNEP, 2003).
The environmental damage caused by the variousamaental impacts (identified in the
first four phases described above) on human heatun-system, resources, and
biodiversity is converted into monetary value usmgighing factors to calculate

environmental load units of products.

In this study the major focus will be assessmenhefenvironmental benefits and costs of

production and use alatropha biodiesel in the road transport sector of Ethiopja

4



applying LCA methodology. In particular, focus wile made on assessment of two key
metrics - net GHG reduction and Net Energy BaldNteB) - with the objective to assess
the environmental benefits of biodiesel producfiensubstitution of transport diesel oil.
Several studies (for example; Achteihal, 2010; Prueksakoret al, 2010; Whitaker and
Heath 2010; Mortimer, 2011) employed these metiicsassessing net GHG emission
reduction and NEB ofatrophabiodiesel in developing countries. The specifidhmds
used and findings of these studies are includeeutiek literature review section of this
proposal. The choice of net GHG emission reductioth NEB will allow identification of
major parameters with significant influence on #revironmental viability ofJatropha
biodiesel production in Ethiopia and help to infothe biofuels development policy

making and review processes.

1.1 Problem statement and rational

1.1.1 Statement of the Problem

Proponents characteriSatrophaas a resilient plant which grows well on and inve®
degraded and marginal lands with potential seeldl yp)é up to 12 tons per hectare per
year. However, several studies caution againstfisertion thafatropharequires very
little or no inputs to grow and yields good amoah&nd quality seeds (Jongschadal,
2007; FAO, 2008; FAO and PISCS, 2009). Likewiseht&n et al. (2010) and
Jongschaapet al. (2007), argue thadatrophayield from marginal or degraded land,
unless supplemented with irrigation water and lieeti, at best will also be marginal and
may not be economical. The literature also indedhat the GHG balance (or net GHG
emission reduction) and the net energy balancerdggnaf biofuels produced less the
fossil energy input used) — the two major factawvidg biofuels development - differ

significantly and are not necessarily always pesitDifferences may arise from location



of production site and end-uses of the plant ail,doe to difference in agricultural

practices employed (Jongschadal, 2007).

The actual environmental and economic benefiflatfopha based oil production will

depend on several local (e.g., land productivityy anternational factors (price of
petroleum fuels) and cannot be presumed to be alwasgitive. Factors affecting the
degree of the environmental and economic sustdityalmf production and use of
Jatrophaoil will be determined by a number of factors imihg seed yield per hectare,
and agricultural input requirements (irrigation @mtfertilizer, chemicals, etc.). Where
Jatrophaplantations are established on lands with sigaificabove ground and below
ground carbon stock as well as land with high saibon content, a significant carbon

debt is expected to occur (Fargiaeteal, 2008; Mortimer, 2011).

Difference in agricultural practices and land-ukarge, as well as production inputs in
the downstream production chain datropha oil (transportation of seed and oll,
extraction of oil and biodiesel production) infleenwhether the whole production system
could provide significant environmental benefitémms of GHG reduction and reduction

in petroleum fuel consumption.

It is, therefore, necessary to assess and unddrdtarmajor local factors influencing the
environmental benefits and the potential for sastiaie production and use datropha
biodiesel in Ethiopia. In particular, it is necegst address net GHG emission reduction
and NEB resulting from substitution of diesel oitlwJatrophabiodiesel over its entire
lifecycle. It is also important to investigate theplication on the extent of land area
requirements for producing the volume of biodieggjuired for blending with projected

diesel oil demand.



1.1.2 The rationale

The promotion ofJatrophaas having high potential to improve the countrgisergy
security while at the same time providing environtaé and rural economic benefits is
still based on claims but field level data are lagko substantiate or refute these claims.
Large-scale development based on claims could Iséeading and should be assessed
using available knowledge and research outputsrodugtion and use afatrophaoil.

To help avoid possible negative environmental ingpand other pitfalls, it is important
to conduct realistic assessment on the energy isee@nd environmental advantages of
local development and use datrophabiodiesel in Ethiopia. To the knowledge of the
researcher, though similar studies have been disesvieere (e.g. Achtest al, 2010;

Mortimer, 2011), no such studies have been condunt&thiopia.

1.2 Research objectives and questions

The objective of this research work was to evaltlaeGHG emission reduction potential
and NEB ofJatrophabiodiesel thus contributing towards better underding of major
factors that influence the life cycle environmentaipacts of Jatropha biodiesel

production and use in Ethiopia.
The specific objectives of the research work were t

(i) examine the environmental and economic benefitssifgJatrophabiodiesel for
partial substitution of diesel oil used in the sport sector using the commonly
used indicators - the net energy balance, andethéwe GHG emission reduction

of biodiesel over the fossil energy input usedrmdpice it (Jackson, 1993), and by



estimating the carbon debt (or credit) resultingnfrland use changes (LUC)

occurring due to cultivation dfatrophd, and

(i) based on results of the research work (includingGGEmission reduction
potential and net energy balance Jaftrophabiodiesel production in Ethiopia),
propose specific sustainability criteria to be ¢dased by GoE to help avoid
and/or minimise impact of land use change and, awgrpetroleum fuels

displacement potential dfatrophabiodiesel.
The use of biodiesel in the Addis Ababa public $fmortation systems will be considered
as a specific case study.

1.3 Study hypothesis

The hypothesis of the research is that local priddiniof Jatrophabiodiesel provides a
significant potential for substitution of diesel and for reducing GHG emissions in the

transport sectors of Ethiopia.

*Reductions in GHG emissions and NEB are the two major environmental and resource use parameters to
be analysed. GHGs emission reduction is estimated as the net reduction of emissions (in CO, equivalent)
resulting from substitution of Jatropha biodiesel for diesel oil, and NEB is computed as the difference of
the net biodiesel energy produced less net energy of fossil fuels (or non-renewable energy) used for its
production while delivering the same level of service or useful energy.



2 Literature review

The literature review work mainly focuses on theocagmy of Jatrophaand seed yield
potentials, processes involved in biodiesel pradadior Jatrophaseed and the potential
uses, and assessing metrics that are appropridteviaely employed for comparative

assessment of use of biodiesel as a substitutegeldil.

2.1 Botanical description of Jatropha curcas L.

Jatropha curcad.. (Jatrophg is described as a plant that is well adaptedoils svith
poor nutrients or lands that are categorised ad taat aremarginal or degraded.
Generally this is defined as land not suitablecfop production (OeKo, 2008a)atropha

is a small tree that grows to about 5 meters, shedsaves during dry season, and adapts
well to arid and semi-arid conditions (Heller, 199échten (2010) reported that in
marginal or degraded lands, plantidgtropha will help to restore soil fertility and
increase both soil and above ground carbon. Heigedvan estimate of carbon
sequestration rate of 2,25 ton &i@-yr in the standing biomass ddtrophaplantation —

a figure which is estimated to be higher than th&e rof carbon sequestration in

marginal/wet lands, but significantly lower thary florests.

2.2 Jatropha cultivation and seed yield

Reported seed yield frodatropha(plantations) vary from as low as 0,2 to 0,8 tanyn
in Cape Verde, to 8 ton/ha-yr in Mali (Heller, 19961eller (1996) also indicated that in

most of the reports providing yield figures, infation on the age of trees and methods



of plant propagation are not available renderirgséhfigures less useful for further policy
analysis and investment decisions. He estimateésatiaast 2-3 ton of seeds/ha-yr can be
achieved in semi-arid areas, and that reportedecfaticontent of the seed ranges from
28,4 to 42,3%. In India reported yield figures &r experimentalatrophaplantation on
marginal soils ranges from 0,6 to 1,4 ton seedfifatya 2,5 year old plantation, and for a
rain fedJatrophaplantation on a marginal land reported yield wgst8 4,1 ton seed/ha-

yr. (Jongschaaet al.,2007).

Early proponents, as way of promotidgtropha have used a combination of good
characteristics - notably high adaptability of thee to degraded lands and dry climate
with high seed and oil yield figures (Euler and @r2004§. This however is hardly
backed with evidence, or supported with sciensfiedies (Jongschaagt al., 2007). The
International Fund for Agricultural Development AB, 2010) states that many
investments (or investment proposals), and goventsnand company policy decisions,
promoting the development adatropha are not backed with sufficient scientific
knowledge and argues that identifying the actuakmal of the plant from what is
claimed is an essential first step. Seed yieldhgetare cannot be the same for degraded
lands and for land with adequate nutrients and tmes or from degraded lands that are
irrigated and soil nutrient is supplemented by mgagion of chemical or biological

fertilisers.

Analysing the locations of herbarium specimens plaahtations ofJatropha curcas L.
Maeset al (2009) observed thdaatrophais mostly found in temperate climates that have
hot summer but no dry season. Only few were foundémi-arid and none in arid

climates, and that ninety-five present of the gpecis analysed grew in areas with a

* Euler and Gorriz, (2004, p 3) states that “Results of past Jatropha projects in Nicaragua, Belize and India
in terms of actual economic, social and environmental effects have been mostly not noticeable, poor and
disastrous. They were more projection than reality driven.”
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mean annual rainfall above 944 mm per year and raeanal temperature of 19,3-27,2
°C. They argued that the observed precipitationgpegfces shows thdatrophais not

common in arid and semi-arid climates and seedlyiildm plantations established in
these areas would be generally low. Framtisal. (2005) reported that to get higher

yields (up to 5 ton seed per ha) 900 to 1200 mmatér is needed.

Based on the comprehensive information they cabbend analysed, Jongschasml.
(2007) reported seed vyield figures from differemtimtries and institutions. Jongschasp
al. (2007) argue that the high yield figures couldydm¢ attained in good soils with good
moisture level or in marginal land that is irrightand supplemented with fertilizers
(chemical, biological or a combination). In marditends with poor soil nutrient and
inadequate moisture availability, potential yielle expected to fall in the lower range
and the upper range will be most applicable to lait good soil moisture content and

soil nutrients.
2.3 Water and nutrient requirement

2.3.1 Water use efficiency

A study by Kheira and Atta (2009) in Egypt showethation water requirement of 6 |
per tree per week for a growing period 30 weeksyear (development, flowering, and

harvesting). This is equivalent to irrigation watemand of 450 (45 mm) per ha-yr.

Achten (2010) referring to an Indian case, estaatdditional irrigation requirement of
1,5 mm or 15 rper ha-yr fodatrophaplantation providing 1,7 ton seed per ha-yr a tre
density of 2599 tree/ha. IFEU (2008) based on stidionducted in India estimated
irrigation water requirement of 333°mer ha per year (33 mm) for a plantation with tree

density of 1677 for potential seed yield rangingnir1,42 to 2,38 to 4,4 ton per ha per
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year, and suggest that this irrigation water shallprovided at least for the first three

years.

Gerbens-Leenest al (2009) estimated that water requirement (watet farint) for
Jatropha biodiesel, on the average, is 20/Imof Jatropha Methyl Ester (JME) (the
corresponding figure for soy bean or rape seedidsetlis 14 r’?‘/l). However Jongschaap
et al (2009) argued that, if actual water use with alcyield is compared, the water use
of JME would be much lower than estimated by GesHezenest al. (2009), and using
data from a study conducted in South Africa (G@JQ7) the water use was put at 8,28

m*/l IME.

Eversonet al (2012) investigating the water use dynamicslatfropha curcasplant
established in Ukulinga, an area with warm andsotmer and mild winter having mean
annual temperature of 18%€ and receiving an average of 680 mm over 106 dais.
Their findings show that the average daily totatevaise by two year oldatrophaplants
during a clear hot days in summer (December tougely was 3-4 mm/day while during
winter (May to August when the plant shades it ¢y the water use was quite
negligible, less than 1 mm/day. However the seettlywas also low with best seed yield
reported being 348,8 kg/ha. It appears that basethis datd the annual max water
demand was about 26 mm (or 26@/m-yr) and giving a water use efficiency of about

800 nt/ton seed.

*In Water Use Aassessment of Jatropha curcas. Jatropha curcas in South Africa: An Assessment of Its
Water Use and bio-physical potential, eds. Holl M, Gush MB, Hallowes J, Versfeld DB.

® Estimated by assuming 1 mm per day water demand for the four months (May-August) and an average
of 3 mm per day for the rest of the year.
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2.3.2 Nutrient inputs

Considering thatlatropha plantations will be established on land that avesaered
marginal or of low productivity, continuous nutrtereplenishment of the soil from
decomposition of organic material or mineralizatajrthe soil is expected to be minimal
(Jongschaapt al,, 2007).Where biomass from pruning J#trophatrees will remain on
the field but the whole fruit is removed and noqass residue is returned back, the
annual loss of major nutrient per ton of fruit wasnd to be 17,3 kg N, 7,9 kg P and 14,8
kg K, Table B.10, Annex B (Jongschaeipal, 2007; IFEU, 2008). Sincéatrophais not

a nitrogen fixing plant, maintaining the soil fétyi will demand application of adequate

amounts of synthetic (or readily available orgafécjilizers’.

2.4 Biodiesel production from Jatropha oilseeds

The major processes in the production of biodiggetuction from seed oils include
extraction of the oil from the seeds, filtrationdgourification of the crude oil to produce
pure or refined oil. Most vegetable oils includseed oil oflatrophahave properties that
area not suitable for direct use in and substitutibdiesel oil in internal combustion (IC)
engine used in transpordatrophaoil has lower ignition temperature (flash poirttjah
diesel oil and therefore can easily be ignited badome a fire risk. It also has lower
heating (calorific) value (8-10% less than diesB| and these properties makes the oil of
lower standard than diesel oil. Jatropha seeis tilerefore further processed to improve

its properties using commercially available biodiggoduction technologies.

7 This assumption is based on a general argument that if feedstock shall be grown on marginal or
degraded land to maintain or achieve acceptable seed yield level, nutrients up-take for plant growth and
removed due to seed removal shall be replenished (Jongschaap et al., 2007).
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2.4.1 Oil extraction and oil properties

Extraction of oil fromJatropha seeds can be done either by mechanical or solvent
extraction methods The most common methods employed is extractionildfy means

of mechanical pressing (extrusion) of oil seedthayg are generally economical for small
to medium scale oil pressing units. Oil presseh watpacity ranging from tens of kg seed
per hour to over a ton of seed per hour are comaigravailable (FACT, 2009). A

schematic flow diagram dfatrophaoil production process is shown in Figure 1.

Henning (2000) as cited by Achten (2010, p 20)skdlhat the efficiency of oil extraction
from engine driven mechanical pressing are in #rge of 75 to 80% and generally the
higher efficiency is achieved with two to three gms Cooking the seed before
mechanical extraction increases the efficiency@®gsingle pass) and to 91% with two
passes (Beerens, 2007). Improvement in extracéifficiency however could be
improved when the oil seeds are treated with stbafare being pressed. Mechanically
pressed seed produce oil with fines and this arydosimer impurities shall be removed
before the oil can be used as feedstock in theugtaxh of biodiesel. Oil refining is
commonly done using close filters. The whole precefpureJatrophaoil production
(mechanical oil extraction and filtration) consum@&$ kWh/kg of pure oil produced
(IFEU, 2008). On average pudatrophaoil production would be in the range of 300-320

tons per ton of seed pressed (Achten, 2010).

Achtenet al (2010) indicated that the composition and pyishemical characteristics of

oil from oil seeds are influenced by environmeitadl genetic factors. The suitability and

® The solvent extraction process has oil extraction efficiency of over 95% and use hexane as a solvent to
extract the oil from the seed. Solvent extraction process requires that the seed is initially crushed to pieces
so that the oil in the seed is better exposed and dissolves into the solvent. The mixture containing
dissolved oil and the hexane soaked crushed seed is passed first through an extractor that separates the
crushed seed from the Hexane-oil mixture. Following this step the solvent-oil mixture passes through a
steam heated stripper which separates the oil from the solvent. This process is not commonly used,
particularly, in small to medium scale biodiesel units as the energy requirement and processes involved
are more sophisticated.
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cost of production of biodiesel is influenced bydstock quality of which Free Fatty

Acid (FFA), moisture and chemical that reducesaheality and yield of biodiesel.

Studies has reported FFA values ranging from 3@%atues as low as 1,96% reported in
as study conducted on seeds collected from 24itmsatvithin India and a sample from
Mozambique (Parthibaet al, 2011). Kinfu (2008) analysed the content of FFA ather
characteristics of seed oil extracted frdatropha curcas Lseeds collected in Ethiopia
and reported a value of 1,97% wt. Rlatrophathey reported FFA content of 0,18 to
3,40% wt. FFA and other pysico-chemical charadiessof Jatropha seed oil with

significant bearing on the production of biodiesed shown in Table 1.

Dried Jatropha fruit PureJatropha
oil

Decortification Seed Oil pressing Crude oil Oil filtering

Husk Cake Sludge

Figure 1. Schematic flow diagram oflatrophaoil production process.
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Table 1.Jatrophaoil composition and characteristics

Unit Kinfu (2008) Achten(2010)  Sanford et al. Parthiban et al
(mean) (2009) (2011)
Specific gravity/relative (g/cm?3) 0,900 0,860 - 0,933 0,9105
density (0,914)
Cetane number 38,0-51,0 48,79
(46,3)
Calorific value (MJ/kg) 37,83 -42,07
(39,63)
Kinematic viscosity 30°C (cSt) 19,74 37,00 — 54,82 33,90
(40°C)* (46,82) (30°C) (40°C)
Free fatty acids % wt 0,178 0,18 -3,40 1,17 2,43
(2,18)
lodine number 95,24 92-114 111,82
(gl,/100g) check (101)
(mg iodine/g)
Acid number (mg 0,92-6,18 4,83
KOH/g) (3,71)
Sulphur content 0-0,13 3,5
(% wt) (ppm)

Source: Kinfu (2008); Achten (2010); Sanfatal (2009); Parthibaet al (2011).

2.4.2 Biodiesel production processes

The most common methods used for conversion ot piigsinvolve the reaction of plant

oil with alcohols in the presence of a catalyste T¢hoice and appropriateness of a

particular process used for production of biodieselinfluenced by the quality of

feedstock. Most important qualities of the plarttbat influence the choice of biodiesel
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production process is the level of FFA, water amsbiuble matters contents (Mosser,
2009). While the moisture and insoluble contamineohtents of feedstock can be
lowered by filtration and purification processesiv@lving chemical treatment) the

reduction of FFA content through such procesxjeasive as compared to esterification
(or pre-transesterification process discussed Be{bajor et al, 2009). Figure 2 presents
a schematic flow diagram of biodiesel productioogeiss and Table 2 yield of biodiesel

from Jatropha oil with different FFA.

Plant oil with FFA less than 3% (w/w) and low maist (<0,1 %w/w) and contaminates
such as phosphides (<15 ppm) can generally be dealvto biodiesel production using
alkyl-based transesterification reaction (MoserD®0 In this process a base catalyst
(sodium or potassium hydroxide) and methanol (tiaeol) are used to convert pure
Jatrophaoil to either Methyl alkyl esters (or Ethyl alkgster$) or biodiesel, as it is

commonly known.

Direct transesterification of plant oils containihggh FFA (>3% w/w) with commonly
used base-catalyst and methanol will result inftimation of soaps (sodium salts) and
water which effectively retard the reaction andutessin very low yield and poor quality
biodiesel (Majoret al, 2009). Reduction in FFA content and other umdbke
substances can be achieved with filtration andtexi@il chemical inputs but this process
usually further increases the cost of feedstock atlices the financial variability of

biodiesel fuels (Mosser, 2009).

® The uses of ethanol in transesterification process generally increases the renewability of the biodiesel in
as much as the ethanol is produced with low amount of non-renewable (fossil fuel) inputs, as compared
to use of methanol which is commercially produced using fossil fuels (notably natural gas). However, the
reaction process of ethnaolysis which use ethanol fuel with base catalysts such as sodium or potassium
hydroxides, is slower than is achieved using methnolysis, and the emulsion (products of reaction) is more
stable making it difficult to separate the Fatty Acid Alkyl Ester (FAEE) and glycerol. In the case of
methanolyis the emulsion due to phase difference is separated into an upper layer reach in Fatty Acid
Methyl Ester (FAME) and a lower part rich in glycerol, and therefore these two co-products are easily
separated (Moser, 2009).
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Currently, to increase both yield and quality obdiesel produced from high FFA
feedstock, most commercial processes include ati@ual step called esterification. In
this step the oil is esterified using acid catay§gtommonly HSO,, or HCI) in the
presence of excess amount of methanol. This psoetsctively converts the FFA to
fatty acid methyl ester (FAME) and lowers the resid=FA to below 1% w/w, rendering
the oil suitable for production of biodiesel usingnsesterification, and such process can
achieve an overall biodiesel production efficierdyover 95% from pureatrophaoil
having FFA content of >3%. By-products of thesecpsses include glycerine (5% of

Jatrophaoil input) and other by-products such agi.

[ = = = = = =
Pure Jatropha | Pure Jatropha Oil |
0il<1.5% FFA
| >1.5% FFA |
N |
1
1
:
1 e em e o= -
Methanol KoH ! | H,SO,, |
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! I -
\Z |
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other by-
products

Figure 2. Schematic flow diagram of biodiesel production pcess.
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Table 2. Biodiesel production fromJatrophaoilseed of various FFA content.

FFA- Processes / temp Catalyst (%) Alcohol (%) YieldRef.
content
15% w/w | Transesterificatiol NaOH (1% wt Methanol (28%w/w 55% wi (1)
(65°C)
15 % w/w | Esterification (6%&) H,SO, (1% wiw Methanol (6%w/w) 90% wt
Transesterification NaOH (1.4 Methanol (24 %w/w)
(65°C) %wW/w)

5.23% Transesterificatiol NaOH (1% wt Methanol (6:1 molar ratic 92% w (2)

wiw (65°C)

8.8% w/w | Transesterification ~ NaOH (1% wt) Methanol (6:1 molar ratio) 76% wt

(65°C)

8.8% w/w | Transesterification KOH (1% wit) Ethanol (8:1 molar ratio) 76% wt

(70°C)

'Berchmans and Hirata (2008Kywe and Oo (2009).

2.4.3 Characteristics of Jatrophabiodiesel and biodiesel standards

Studies by Kyweand 0o (2009), and Berchmans and Hirata (2008) have dstraied
that employing a two-step process, that is estatibn followed by transesterification —
Jatrophaoil with high FFA content (>3%) could be effectiyeconverted to biodiesel
with physical and chemical properties that are lsimjand in some areas superior) to

diesel oil.

The positive physical and chemical properties afdi@sel are mainly attributed to the
higher Cetane Number (CN) and lubricity exhibited rhost biodiesel fuels including
JME. The physico-chemical properties of JME Jatropha biodiesel in general, and

ASTM and EU standards for diesel oil are shownahbl& 3.
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The CN is an important property of fuels used isdi engines and indicates the speed at
which the fuel injected into a diesel engine wilk@ ignite; hence requires short ignition
delay. In USA, ASTM standard for conventional digsel is set at minimum CN of 40
(ASTM D6751). For biodiesel ASTM D6751 sets a minimof CN of 47, and in Europe
the corresponding minimum CN for biodiesel is 5N{#214) and detailed specifications
are presented in the Biodiesel Handbook by Gerleardl. (2005). The CN of most
biofuels is higher than diesel, and for JIME repb@N values range from 50 to 56, with
mean CN of 52,3 (Atchen, 2010). Generally high&r & reported to have a positive
influence and help reduce NOx emissions, and thogegrty improves in reduction of

NOx for older engines (vehicles) by reducing thatign delay time.

Using the mean calorific (heating) value of datavided in Achten (2010), 39,65 MJ/kg
(Table 3, below), it could be shown that the loweating values (LHV) of JME is only
about 7% lower than diesel oil (42,6 MJ/kg). Duehe higher relative density of JME
(mean value of 0,875) compared to diesel oil (0)88% volumetric energy content of
JME (MJ/1) will be about 3% lower. Since in opecatithe same volume of fuel will be
injected, expected power loss will be 3%. Howewetual engine test conducted using

JME showed no loss in power (Gerhatdal 2005).

Lubricity of fuel is important as it reduces engimear. The introduction of low sulphur
diesel oil has helped reduce tail pipe emissiosufphur compounds; low sulphur diesel
has very low lubricity. Addition of 1 to 2% biodswill improve the lubricity of low-

lubricity fuels to an acceptable level (Moser, 20B@rhardet al.,2005)

Viscosity figures provide a measure of the degreeesistance to flow of a liquid and
have bearing on the atomization of a fuel whenctai@. Higher viscosity fuel will be
difficult to inject and are also causes of engirepasits (Gerhareet al, 2005).The

viscosity of J-biodiesel, 4,84 - 5,65 mis) is generally higher than viscosity ranges of
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diesel oil (1,9-4,1 mffs) ASTM, and 2,0—4,5 mffs in the European diesel standard.
However, with blends up to 20% JME, the viscosityhe blend will fall within ranges of

both ATME and EN fuel standards.

Table 3.Jatropha biodiesel (JME) composition and characteristics

Parameters Unit Atchen (2010) Kinfu (2008) ASTM! EN!
(mean) D6751 14214
Specific gravity (g/cm3) 0,864 - 0,880 0,8779 NS 0,860-0,900
(0,870)
Calorific value (MJ/kg) 38,45 -41, 00 38,71# NS NS
(39,65)+
Cetane number 50,0 - 56,1 53,41 47 51
(52,3)
Viscosity (cSt= mmz/s) 4,84 -5,65 3,7* 1,6-6,0 3,5-5,0
(30°C) (40°C) (400C)
lodine number (g 1,/100g) 93 -106 95,24 NS 120
Acid number (mg KOH/g) 0,06-0,5 0,338 0,8 max 0,5
(0,27)
Sulphur content % wt 0,0036 NA 0,0015 0,001

'Source:Gerhardet al (2005).

NS: not specified in standards; NA: data not available.

2.5 Application of Jatropha biodiesel

Biodiesel that meets set standards can be usddédling compression ignition engines
currently used in road transport (ASTM D6751, UEN 14214, Europe). The ASTM
standard covers 100% or neat biodiesel (B100),lemds of 20% biodiesel with 80%
diesel oil by volume (B20). Presently most comrbtends used are B2 and B5, although
most engines can run on B20 without requiring eagin fuel system modifications or

with negligible loss of power or efficiency, whiteucks and vehicles with the necessary
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adaptation (fuel systems, and engine adjustmentyuwaon neat biodiesel (Gerhartal.

2005).

2.6 Impacts of Jatropha biodiesel production and use

Sustainability issues are better addressed udmgycle assessment (LCA) methodology
(EC, 2010). LCA is used by several authors to nakaparative assessment of biofuels
with petroleum fuel (IEFU, 2007; Achtest al, 2010; Whitaker and Heath, 2010). The
International Standard Organization (ISO - 1404@fjnes LCA as the “compilation and

evaluation of the inputs, outputs and the potergratlironmental impacts of a product
system throughout its life cycle”. One of the mosinmon and important applications of
LCA is its use for environmental comparison of prod as proposed in this study.
However, within the frame work of LCA, different tnes can be used to compare

biofuels and other conventional fuels.

Two important and commonly used indicators of thevi®nmental and economic
benefits of biofuels are the net energy balanceato, and the relative GHG emission
reduction of a renewable fuel product over the ifassergy input used to produce it

(Jackson, 1993; Whitaker and Heath, 2010).

In its simplest form the NEB is the difference imetamount of energy of biofuels
produced less the amount of primary energy usethenproduction process. The net
energy ratio (NER) is described as the ratio ofrgneoutput to energy input. Both
metrics may consider only energy of the primarydoici of the systems (e.g. biofuels) to
direct energy inputs used in the process (fossiksju A more comprehensive assessment
of NEB and NER involve accounting for both direcidaindirect energy input into the

systems, as well as accounting for the energyettiproducts.
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Where the objective of producing biofuels is totiadly or fully displace petroleum fuels,

NER is defined as the ratio of energy in biofuelsdoiced to petroleum fuels input in the
process, and would be an indicator of how besbtbkiels produced have leveraged the
petroleum fuel input. An NER value of less than aneans that the system does not
support energy security efforts and direct usehef getroleum fuels would have been a
better option, whereas NER with a value higher tbae means that the systems in
consideration have a positive energy balance (M&adi®78; Mulder and Hagens, 2008;
Prueksakorn and Gheewala, 2008). The added adeanfaEB or NER is that they

provide information for quick analysis of the GH@ission balance of energy systems
(Mulder and Hagens, 2008). In cases where, for gel@nand is a limiting factor, instead

of NEB, net energy yield (NEY) could be computedptesent biofuel energy produced

per hectare of cultivated land.

The GHG emission comparisons of two fuels will shaivether the alternative fuel
generates less GHG per unit of energy than theemdée fuel on delivering the same
services. The most important GHGs considered fompawison of biofuels with
petroleum fuels are GO N,O and CH. These gases have different relative global
warming potential (GWP) and their effects on thevimmment vary based on the
reference time considered. The common method wséal convert all GHGs into their

CO;, equivalent by using their respective GWP for el period.

The NEB and relative GHGs emissions are assesssstllmm a pre-defined functional
unit or service to be delivered. Data to be colldcto assess NEB also provide the
necessary basis for computing GHG emissions —duitave a better understanding of
GHG emissions, consideration is also given to lasel-changes. A case in point will be
the establishment oflatropha plantation by clearing land which previously had

significant above ground and below ground carbatlkstas well as significant soil
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carbon. Plantindatrophaon such lands could result in a negative GHG lealdar some

years until net GHG reduction is attained.

Several studies have estimated NEB, NER and GHGcteeh potential of biofuels
including Jatrophabiodiesel (e.g. Achteat al, 2010; Prueksakoret al, 2010; Whitaker
and Heath, 2010; Mortimer, 2011). Whitaker and Hg@&010) conducted an LCA on
local production and use datrophabiodiesel for use in the Indian road and rail $gzort
sector. Considering a base case scenario with \@etetlof 3,75 ton/ha-yr, and seed oil
content of 35%, they computed the lifecycle GHG aekel oil saving from use of
different blends of biodiesel and diesel oil (B3,08B20 and B100) normalised per 1000
gross-ton-km. Their findings show that B5 will résn a net GHG saving of 3,4% and
B100 72%. Their result also shows a higher netgnealue (NEV° for all blends. For
B100 the NEV was positive for all modes of transaton, for other blends the NEV is
negative but is still higher than for diesel oilhél NEV of blends improves nearly
proportionally with increasing biodiesel contenttioé blend. Whitaker and Heath (2010)
reported an NER of 2,3 for B100 meaning that for every MJ of erjecgnsumed in the
process biodiesel production 2,3 MJ of energy @lpced. In terms of net petroleum fuel
demand reduction, B5 contributes to a reductiopetfoleum fuels demand by 4,2% and

B100 by 88%.

Prueksakorret al. (2010) also reported a positive net energy balamcehigher than one
net energy ratio for JME produced locally and usedhe road transport sector of

Thailand. Considering the energy of biodiesel angbmducts (seed husk and seed cake

"Whitaker and Heath (2010) used the term Net Energy Value (NEV) instead of NEB, and defined it as the
biodiesel energy produced less net energy demand of the Jatropha biodiesel production systems. And, Net
Energy Demand is defined as all sources of energy consumed by the system (e.g. oil, nuclear, renewable)
minus energy saved or produced because of system off-set such as co-products or biomass combustion.

"Net Energy Ratio (NER) is defined as the ratio of biodiesel energy output (MJ) to Net Energy Demand
(MJ), and net energy demand is computed as the total energy supplied to the systems from all sources
(Whitaker and Heath, 2010).
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and crude glycerine) they estimated a NEB 236 Ghag/r. They reported an NER of 6
by considering full utilisation of the co-produ@ad an NER of 1,4 units when only the
biodiesel energy is considered. This study useigla $eed yield per hectare (8.4 ton) but
assumed lower seed oil content (23%) than used biyaWker and Heath (2010). But still
these assumptions imply that the crude oil prodactier hectare is higher by over 45%
than was used by Whitaker and Heath (2010), or dgng et al. (2009) as discussed

below.

Ndonget al (2009) using relatively similar assumption regagdatrophaseed yield and
oil content to Whitaker and Heath (2010) reportateaGHG emission reduction of 72%
for Jatrophabiodiesel produced and used in Ivory Cost relativéransport diesel oil.
They also reported a Net Energy Yi€ldNEY) of 4,7 units%. Unlike Whitaker and
Heath (2010), the NEY is computed as the ratioiafiiesel energy produced to energy of
petroleum fuels used in the process. The definidisnused by Ndongt al. (2009) is
meant to show the amount of petroleum fuel thatliccqotentially be saved by the

systems being analysed.

In the studies discussed above (Ndehgl, 2009; Prueksakoret al, 2010; Prueksakorn

and Gheewala, 2008; Whitaker and Heath, 2010) #eeline case presented by the
authors did not include the impacts of land usenghaon net GHG emissions - either by
making assumption thalatropha will be planted in degraded lands or abandoned

agricultural lands in the 20 years of analysisge(pr project life) they considered.

Mortimer (2011) estimated the impact of direct larsg@ change resulting from a proposed
investment forJatropha plantation in the Dakatacha woodlands of Kenyae althor

considered an average seed yield of 2,83 ton/lemgrseed oil content of 35%, with the

2 In the Ndong et al. (2009) study, Net Energy Yield is defined as the ratio of energy of biodiesel produced
(MJ biodiesel) over petroleum fuels energy used in the process (MJ petroleum fuels).
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Jatrophaplanted on an existing or abandoned agricultanad] and the JME used locally
to displace transport diesel oil, he estimated dha¢t GHG emission reduction of 44% is

achievable.

However, Mortimer (2011) argue that if the proposedestment is implemented at
Dakatacha woodlands and uses lands that are neintlyrcultivated, the GHG emission
reduction potential will depend on the size ané @itremoval of carbon sequestered in
the land to be cleared. Based on available datardomation, the author argued that the
Dakatacha woodland cover could be characterisestiag land, or as forest lands with

different canopy cover.

Mortimer (2011) considering scrub lands (with abgveund and soil carbon stock of 84
ton/ha-yr) converted fodatropha plantation, estimated that the net GHG emission
reduction will be -233%, and for land with a 30%nepy cover (carbon stock of 101
ton/ha-yr), the net GHG emission will be -402%. RianG2010) makes similar analysis
taking the African Miombo woodlands and followiniget methodology employed by
Fargioneet al (2008}, His findings show thafatrophabiofuels produced from large
scaleJatrophaplantations in these woodlands, which in natiageshave 20-60% canopy
cover, would result in carbon debt of more thany8@rs. The implication is that carbon
debt resulting from conversion of land with higlitiad carbon stock requires decades to

be offset by the GHG savings accruing from usé&atfophabiodiesel.

13Fargione et al. (2008) defined the term “carbon debt” as the amount of CO, released during the first 50
years of the process of land conversion (loss of organic carbon stored in plant biomass and soils as a result
of burning or microbial decomposition). The time to repay the carbon debt of biofuels from converted
land is function of the life cycle GHG emissions reduction of biofuels relative to the petroleum (fossil) fuel
they substitute.
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2.7 Impacts of various biodiesel blends on heavy duty motor

vehicles

A study by US- EPA (2002) showed that the relativegnitude of emissions resulting
from combustion of biodiesel blends in heavy dushicles (buses and trucks) is
significantly lower for, HC, CO and P)M while small increase in emissions of N3

observed with increasing percentage of biodies¢heénblend . The change in emissions
resulting from use of different biodiesel-diesdldends is shown in Figure 3 (US-EPA

2002; Gerharet al, 2005).
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Figure 3. Variation in air emissions with change in biodies content in biodiesel-diesel oil blends.
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3 Methodology

The study uses a life cycle assessment methodassasses the GHG emission reduction
potential and net energy balance Jatrophabiodiesel, in particulate JME, produced and
used in the road transport sector in Ethiopia. Btendard life cycle assessment
framework consists of four major steps: Goal Défim; Scope Definition; Inventory

Analysis, and Impact Assessment.

Both quantitative data and qualitative informatiae collected and analysed. Data for
systematic analysis and interpretation of resuitsJatropha seed production and
processing, research studies and papers publishgéerr reviewed journal publications,

and data from databases of LCA software (GEMIS@aze).

Accordingly the researcher has adopt the abovexdweork to this proposal and the
specific goal and scope of the study, the methodsldéta acquisition and data analysis,

and the specific impact assessment as specifiedvbel

3.1 Goal definition

As the study attempts to make a comparative assegsof the environmental impacts
associated with JME and diesel oil use in dieskfuglled trucks in Ethiopia, it will
assess and present LCA results on the GHG emigsiduction and petroleum fuels
demand reduction potential of locally produced JMBe result is expected to provide
evidence and hence better insight on the potetigalefits and limitation of local

production and use of JME in Ethiopia.
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3.2 Scope of the research work

The study will focus on comparison of environmemalformance of JME using two
metrics: (i) net energy ratio (MJ biodiesel prodiigeer MJ petroleum fuels input), and
(i) GHG emissions reduction per functional unithel study will assess emissions
associated with elemental flow (resource consumptiand use change, emissions into
air) and those that are associated with produaitsffor seed production, seed and oll
processing and transportation). Different cultiwatscenarios for production datropha
seeds will be considered. This includes considamatof medium to large-scale
plantations, irrigated or rain-fed, application ohemical fertilizer and/or organic
fertilizers. The end-use option fadatropha based oil considered in this study is the
production and use qfatrophabiodiesel, and particularly, use of JME in thengigort

sector of Ethiopia.

3.3 Functions and functional units to be considered

The function will be use of biodiesel blend, B5,tire road transport sector to partially
displace diesel oil. The functional unit (FU) chiese one GJ of energy supplied to a
diesel engine. The reference flow is 27,88 litredadsel oil. Delivering one FU will

require 30,20 litre of JIME.

3.4 System boundary

The systems analysed is the whole production cimawived in production of JIME and
include cultivation, oil production, transesterfica and biodiesel transport to a blending
centre. The JME production system is then compuesigd diesel oil production systems

that include crude oil extraction, processing amdngportation of diesel oil to
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consumption centres. The analysis is limited tdyaig of impacts of these fuels in the

road transport sector of Ethiopia as shown in FEgur

Jatropha cultivation Crude oil
production
A 4
Decorticating
A 4 . L
Oil pressing and refining Diesel oil
production
A 4
Biodiesel production
A 4
A
4 N End-uses
End-uses (road transport)
(road transport)

Figure 4. System boundary for JME (left), and the referene diesel oil production system (right)

3.5 Assumptions for the Baseline case

« Cultivation: for the baseline casdatropha plantations is considered to be
developed on degraded land - land with very lowun@ of above and below
ground biomass. Land is lightly and partially plbed with tractor to remove
above ground biomass but causing minimum soil distoce. Irrigation water is
assumed to be necessary and the amount is deteriased on recommended
irrigation water requirement (IFEU, 2008). Soil memt is supplemented and
replenished with (i) addition of synthetic fertéizs (for the first three year), (ii)

by returning all process residues (husk and seejdakthe plantation, and (iii)
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biomass from pruning of trees is left on the fi'ddmprove soil fertility, structure
and texture.

Seed yield:2.38 t/ha-yr and tree density 2500 trees per ha @iby 2 meter
spacing. This vyield level is assumed to be the ahraverage achievable
throughout the 20 years life time of the plantation

Location of Jatropha plantation: A private Jatrophaplantation developed about
135 km from Addis Ababa was used for estimatind aured emissions resulting
from transport and use of imported material andelieil.

Oil extraction and biodiesel production: the seed is transported from the
plantation to the nearest electrified town (35 kmnf plantation) using small
trucks where the seed is pressed, cleaned anes$tansed. The biodiesel is then
transported using small oil tankers (20000 litrpazaties) to a blending unit in
Addis Ababa (100 km).

Imported materials and fuel: Synthetic fertilizers are imported from Germany,
the Netherlands and Russia and transported bytshie port of Djibouti. Diesel
oil and other refined petroleum products importecEthiopia are supplied from
Saudi Arabia (60% of volume) and United Arab Eng@sa(25%). These products
are first transported by sea to the port of Djihoamd then to Addis Ababa and
the major cities using 40 ton oil trucks.

Electric power supply: The national electric grid of Ethiopia is suppliedinly
from hydropower electric generation stations (088%) and the remaining from
diesel powered generators, and has a grid emissiod,006 t CO2eq/MWh

(Energy Changes, 2008).
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3.6 Inventory analysis and impact assessment

Data and information on inputs and outputs fromt gmocesses shown in Figure 5 is
accessed from databases of LCA models, peer regliesgearch papers (journal articles),
similar previous LCA studies, reference materiald hooks, and equipment and process

manufacturers’ specifications.

Table 4 below shows raw materials input and outntts and out of the unit-processes
considered (flows along the horizontal line). Thaterials flow is computed on the basis
of one FU of JME. In this study direct GHG emissioffom land management

(application of fertilizers) and indirect ;®-N emissions from N volatilisations is

considered.
Cultivation Decertification Oil production Trans-es terification Biodiesel
(land = 0,045 ha) (M) (Mieea) (Ma) and
co-products
A4 i |
Vo | 1
R b e cmccccmmm e —— = |
1 1
L By-products

Figure 5. Process flow diagram used for inventory analys
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Table 4. Base case scenario: inputs, JME production, drmajor by-product outputs in the process of

production of one FU.

Inputs to Qty Outputs from Qty
(kg) (kg)
Decertification unit
Fruit (dry) 172,0 Seed 107,5
Seed coat 64,5
Oil pressing unit
Seed 107.,5 Crude Jatropha oil 31,4
Seedcake 76,1
Oil refining unit
Crude Jatropha oil 31,4 Pure Jatropha oil (PJO) 28,3
Sludge 3,1
Transesterification unit
Pure Jatropha oll 28,3 JME 26,88
Chemicals # 6,6 Glycerine (5%PJO) 2,52
345,9 340,4

Source: Own computations based on IFEU (2008). # the difference between input and outputs are

other process by-products and wastes (IFEU, 2008).
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Table 5. Impact categories (see IFEU study and others)

Impact categories

Parameter assessed Values computed

Global warming potentia

Resource depletion
(Non-renewable energy source

Health impacts of air pollutants

Total GHG emissions (C,, N0, g CO.eq. per Fl
CH,) in COseq.
g CQeq. per ha-yr

MJ of non-renewable energy (fossil MJ per FU

s{uels)

Total air pollusemissionsHC, g (air pollutants) per vehicle
CO, NG, PM;q) and /or passenger-km

travelled

The specific impacts cate

gories considered, pammeissessed and values computed in

this study are shown in Table 6. GHGs consideredC®, N,O and CH, and GWP in

COyeq is computed by using IPCC 100 year radiativeifigr equivalence of 298 for,N

and 25 for CH (IPCC, 2

included.

007). Under the base case scenario no Usedimpact is
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Table 6. Parameters considered and impacts assessed

Energy inputs

GWP
(CO2,N20,CH,) [CO2eq]

Air emissions
(HC, CO, N PM)

Cultivation
Cultivation - tractor
Irrigation pumped
Chemical fertilizers
Oganic fertilizers
Pesticide/insecticide
Production of Jatropha oil
Dehusking

Oil pressing

Oil filtering

Biodiesel production

Transesterification unit

Methanol

KOH

H2SO4
4. Transportation
Final uses (road transportaion)
5. Use of biodiesel

6. Production and use of diesel oil

Indirect Direct Indirect Direct
MJdiesel oifha 0/MJdiesel oil
MJdiesel oiha 0/MJdiesel oi
MJ/kg MJ/ton-km g/kgfertilizer g/kgfertilizer
g/kgfertilizer
MJ/kg MJ/tOﬂ-km g/kgpes[icide g/kgpesticide
MJdiesel oil/tONfruit
kW he/tonseed
MJ/KGchemical kWhe/toncio
MJ/toNpiodiesel g/kg product
MJ/kg g/kg product
MJ/kg a/kg product
MJ/kg g/kg product
MJ/ton-km 9/MJdiesel ol
MJ/kg MJ/kg 9/MJpiodiesel 9/MJbiodiesel
MJ/kg 9/MJdiesel oi

Direct

g/MJbiodiesel combust

g/MJdieseI oil combusted

Source: Adapted from Achten (2010).
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Table 7. Baseline data: material and energy input® JME production systems

Processes Parameters unit Input
data

Jatropha cultivation Seed yield ton/ha-yr. 2,38
Tractor use I-diesel/ha-yr. 55
Pump- Irrigation wate I-diesel/ta-yr. 56
Urea as Nitrogen eq. (° kg/he-yr. 81
DAP as P205eq. kg/ha-yr. 31
Potassium phosphate (K20) kg/ha-yr. 89
Pesticidé kg/ha-yr. 0,156

Dehusking of seeds Mechanical dehusking MJ-diesel/ton-capsule 92,6

Oil production

Oil pressitg Mechanical pre: kWh/kg-seet 0,1t
Filtering Mechanical filter kWh/kg-CJO 0,014

Biodiesel

production(transesterification
PJO kg/kg-biodiesel 1,05
Electricity (hydropowel kWh/kg-biodiesel 0,4z
Steam/process heat MJ/kg - biodiesel 0,1
Methanol kg/kg-biodiesel 0,2
KOH kg/kg-biodiesel 0,026
H,SO, kg/kg-biodiesel 0,02
Glycerine purification kWh/kg-biodiesel 0,2¢

Transportation biodiesel Truck (2000(litre capacity® I-diesel/to-km 0,017¢

Biodiesel/diesel blending Electric powe® kWh/t-biodiesel 8,7

2 Fertilizer is assumed to be supplied only for the flisee years.

Data from IFEU (2008), except fdr® Paz and Visser (2011) anfiBioGrace (2012).
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3.7 Method use in assessing GHG impacts of land use change

and land management

3.7.1 GHG impacts of land use change

The GHG impact of production and use of JME fromvarsion of different categories of
land which potentially could be convertedJatrophaplantation is estimated following
Tier 1 IPCC methodology (IPCC, 2006). In generalaifid is cleared and repeatedly
ploughed the total carbon loss due to LUC is commbiy assuming (i) that above ground
biomass (AGB) stock as well as below ground biom@&s3SB) are fully removed and
burnt on site (or are used as fuel wood or afteweding to used charcoal) and (ii) the
change in soil organic carbon (SOC) will be comgutensidering land management
practice before and after the conversion (if, fearaple, non-crop land after conversions
to crop land is repeated ploughed without SOC ammemt, such conversion and
management will result in significant loss of SO8pwever, while converting land to
perennial crops such datropharequires removal of above and below ground biomass
loss of SOC is expected to be minimal. This assianps based on the fact that use of
machinery for intensive land ploughing is not neeeg when planting perennial trees

such aslatropha(Mortimer, 2011).

First the net Cstock change from conversion of $atodatrophaplantation is computed.
The net GHG emission reduction of JME is then usedstimate the number of years
required to repay the net GHG emissions resultiognfLUC. The following relations are

used to compute change in Cstock and the paybawidpe
(1) ACsiock— Net change in &ckdue to land conversion ffatrophaplantation, and
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(ii) ECPT - Ecosystem Carbon Payback Time as defige@ilbset al (2008), and
shows the number of years it takes for the lifdeygHG reduction achieved by
substitution of JME for diesel oil to compensate &HG emission resulting from
LUC.

Where:

ACstockluc (t C/ ha) = c'stock before™ cstock after
ECPT = (44/12)*Acstockluc/C02eq saved-biodiesel [Equation 1]
And,

ACstockiucis carbon stock change as a result of conversion ffeneric land-use category
to crop land ifACyc is negative there is a decrease in C-stock iftefacompared to
“before” land use, and indicate emission of L0 the atmosphere. The factor 44/12

(molecular weight of C@over C) is used to convert C to €0

Castock before@Nd Cstock after € respectively the carbon stock per ha of laefdre and after
conversion to biofuel plantation, and include bathove ground and below ground

biomass and soil carbon (t C/ha),
ECPT is the ecological carbon payback time in years and
CO2¢q saved-biodieselS the magnitude of C@q saved from displacement of diesel oil by

biodiesel (t C@ha-yr).

3.7.2 GHG impact of land management

In this study NO, the most significant and a potent emission, @ated with application

of synthetic and organic fertilizers is considetédFollowing IPCC guidelines (IPCC,

“Other non-C@ emissions may be associated with different typed lamnagement
employed and this mayclude CH, , and NOx emissions from burning of biomass on land converted
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2006) and based on the assumptions made and caigide described below both direct
and indirect NO emissions associated with use of fertilisersestamated.

In estimating direct p0 emissions the study considers use of synthetidizers (UREA
and DAP) in the first three years of tha&rophaplanation development, and assumes that
all pruned biomass from standingptropha trees and process residues (husk and
seedcake) will be returned to thmatropha planation. Accordingly, the direct .8
emissions is estimated using the following rela{i®?CC, 2006)

N,O = (Fsn + Fon + Fcr)*EF1%44/28) [g N.O/ha-yr] [Equation 2]
Where;

Fsn is theannual amount of synthetic fertilizer N appliedstls (kg N per ha-yr),

Fon @annual amount of organic fertilizer as seedcakeametd (kg N per ha-yr),

Fcrannual amount of N in pruned biomass returnedite 8a N per ha-yr), and

EF1is emissions factor for N (kg2—N per kg N)

The indirect NO emissions associated with application of bothtstic and organic
fertilizer use is estimated based on the relatiB&C, 2006).

N>O = [(Fsy*Fract- gasp)+(FontFcr)*Frac- gasm)*EF4*44/28] [kg N,O/ha-yr] [Equation 3]
Where;

Fsnis theannual amount of synthetic fertilizer N appliecstols (kg N per ha-yr),

Fon annual amount of organic fertilizer as seedcakemed (kg N per ha-yr],

Fcr: annual amount of N in pruned biomass returnesbits (kg N per ha-yr) and
Fract_case: fraction of synthetic N fertilizer that volaties as NH and NOx (kg N
volatilized per kg Applied)

Frac-gaswm: fraction of organic N fertilizer that volatilizess NH and NOx (kg N

volatilized per kg Applied)

to other crop land (IPCC, 2006) Since the study assumes no on site open (field) burning to these particular
emissions are not factored-in in these estimation of non-C0, emissions from land management.
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A summary of the assumptions and factors consideregistimation of direct and indirect

N>O emissions from land management are presentathiexeB, Tables B.12 and B.13.
3.8 Data sources for LUC impact analysis

Change in total carbon loss for the different l@ategories considered to be potentially
available for conversion tdatrophaplantation is computed using data provided in the
Background Guidelines for the Calculation of Landriidn Stocks in the Biofuels
Sustainability Scheme (JRC, 2010)The land types (categories) considered in assgssi
Cstock loss due to LUC includes woodlands, shrutidaand grass lantfsand forest
lands (Table B.14 and B.15, Annex B). The lastgag is included since forest lands in
Ethiopia are converted (or were planned to be) eded to Jatropha plantation

(MELCA, 2008) and these are shown in Table A.3, &nA.

BThis guideline is produced by the European Commission Joint Research Centre (JRC) and draws on IPCC
2006 National Greenhouse Gasses Inventories but improves the IPCC (2006) carbon stock data by factoring
in regional climate, soil type of previous land use category.

*The Biofuel Development and Use Strategy of Ethiopia (MME, 2007, page 14) states that lands for
biofuels feedstock development will be allocated in areas that are moisture stressed (low rainfall) and
degraded arid and (semi-) arid areas. The strategy document estimated that 23 million ha of land could be
made available for biodiesel production.
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4 Results and discussion

4.1 Results of baseline analysis

4.1.1 Non-renewable energy requirement and savings

Under the baseline case total estimated non-rerievealergy requirement (NRER) is 353
MJ per FU with a corresponding NEB of 647 MJ of JMEhe NER computed for
comparison with other studies is 2.61 and implaseach MJ of JME produced 0,38 MJ
of non-renewable energy is consumed. The NEY wisctihe difference between total
energy of JME produced less total input (384 MJalhincludes 31 MJ of energy from
hydropower) is about 616 MJ. The major contributorg€onsumption of energy are the
cultivation sub-process (61%) and transesterifica{B3%) and are shown in Table 8 and

Figure 6.
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Table 8. Summary of GHG and NRER for baseline case.

Electric energy

inputs
GHG emissions NRER (hydro based)
Sub-processes (g CO,eq/FU) (MJ/FU) (MJ/FU)
Agricultural
Cultivation inputs 18890 216,8
Diesel tractor 7467,0 89,1
Diesel fuel (irrigation) 7534,8 89,9
Urea as Nitrogen (N) 3248,1 26,9
DAP (P,0s) 212,9 3,2
Potassium phosphate 349,3 5,8
Pesticides 77,7 1,9
Land management 21663 -
Oil pressing 1335 15,9 16,6
Mechanical dehusking 1334,6 15,9
Screw press 0,1 16,1
Refining 0,00 0,5
Transesterification 3961 115,9 14,1
Electricity 0,1 11,3
Steam/process heat 0,0 2,8
Methanol 1632,6 107,0
KoH 1824,5 6,8
H,SO, 503,9 2,1
Transport 1657 4,39
Sub-total 47506 353 31

Source: Own Computation.
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Transport 4
Transesterification 116
QOil pressing 16

Land management | 0

Cultivation inputs 217

50,0 100,0 150,0 200,0 250,0
NRER (MJ/FU)

Figure 6. NRER of the JME production system by majoprocesses

4.1.2 Global Warming Potential

The result of the base case analysis shows tharuhdse specific considerations JME
will provide 43,3% GHG reduction as compared to abeliesel oil per FU (GJ). The
JME production system produced a total GWP of 48,0, per FU of which 85,2% is
from agricultural activities (cultivation 39,6%, dnland management 45,6%). The
significant amount of GHG emission from land mamaget is due to direct and indirect
emissions of BO resulting from use of fertilizers and particwaffom oxidation and
volatilization of Nitrogen contained in both synticeand organic fertilizers. GHG
emissions from use of diesel oil for tractors aratex pumping are shared almost equally
and accounts for 80% of the GHG emissions undecuttezation sub-process. Emissions

from use of synthetic fertilizer are mainly attribd to urea (7% of cultivation).

The transesterification process accounts for 8%otd#l GHG. Transportation of seed,

JME fertilizer and diesel oil account for 3,5% dfettotal GWP. The minimum

7 Compared to diesel oil emissions of 83,8g CO,eq per MJ (CEC, 2009)
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contribution comes from oil processing (2,3%). Fegu7 below shows specific
contribution of the major sub-process to the GHGssmn of the JME production

process.

Transport

Transesterification

Qil pressing

Land management 21,7

Cultivation inputs

5,0 10,0 15,0 20,0 25,0
GWP (kg CO,eq/FU)

Figure 7. GWP of the JME production system by majorsub-processes

4.1.3 Co-product credit

Under the base case scenario systems to accourtgofdribution of co-products, in
particular glycerine, systems expansion is usedckeléhe JME is credited by deducting
and GHG emissions and energy inputs which otherwiseld have resulted for

production of glycerine using current technologies.

For the purpose of comparison with other methodsediting co-products, the study also
employed allocation by (i) energy and hence appoirig both GHG emissions and
energy consumption in JME production system betwhdk (demand product) and (ii)
Glycerine (co-product), and by using system exmansvhere glycerine from the JME
production process is credited with reducing enexpenditure and GHG emissions per

unit mass of petroleum based glycerine producfi@ble 9).
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Compared to the baseline GHG emissions, the impfacb-product credit using energy
allocation is reduction of about 2% in total GHGission per FU and the corresponding
value for substitution method is a reduction by &%ocation using substitution also
shows that glycerine as co-produce reduced NREm=gant by 100 MJ per FU (based
on net replacement of 40 MJ per kg of glycerine pratiuction of 2,52 kg glycerine per
FU, base case, no-allocation of 47,5g.€@ per FU corresponding to GHG saving of

43,3%).

Table 9. GHG saving resulting from application of eergy allocation and substitution.

GHG allocated Net GHG saving

Method of crediting (g CO,eq per FU) (%)
Energy allocation

Biodiesel 45,3 46%

Glycerine 2,2
Substitution

Biodiesel 43,0 49%

Glycerine 4,5

Source: own computation.

4.1.4 Sensitivity Analysis

The base line result had indicated that GHG emssiaf the whole JME production
process are due to cultivation input and therefloeevariation in these inputs is expected
to influence the final result of both the net GH&viag and NRER. The impact of
individually varying diesel oil consumption for tt@r and irrigation water pumping and
varying the amount of urea used is shown in Fig@uréhe impact of varying these inputs
independently by -20% and 20% results in changetaf GWP per FU by -1,5% to 1,8%

relative to the base line GWP value and are srsdkdilizers are applied only in the first
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three years of plantation developnt&ntThe variation of results as function of the above
variables is expected due to the generally linekationship between the inputs and final

result of the model output.

GWP saving

Baseline
46%

Urea N (+20%) Tractor (-20%)

Urea N (-20%) & 7 Tractor (+20%)

Irrigation (+20%) Irrigation (-20%)

Figure 8. Change in GWP saving due to variation ircultivation inputs.

4.2 Scenario development and analysis

Based on the above contribution analysis, cultbrats the major contributor to both the
total GWP and NRER and this is mainly due to the ofsagricultural inputs particular
synthetic fertilizer and consumption of diesel @k irrigation and tractor services.
Although land management is also an important dmutior to GWP, this biogenic

emission is difficult to control. The transestaxdiion sub-process is important in terms of

¥ For example considering that all three types of fertilizers are used annually, under the base case, GWP
would have been 69 g CO, per MJ of JME and the corresponding GWP saving would have been only 17,5%,
with a NER of 1,8.
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its contribution to total NRER but less so withpest to GWP due to use of hydropower
energy that has very low emission factor. Sincd, ardy agricultural inputs, but the

combination of all inputs, soil fertility and localimate are major factors that influence
crop yield level, four scenarios for which corresgimg parametric values shown in
Table 10 are analysed and compared with the resfilthe base case scenario (input
application regime is similar for all scenariosattis synthetic fertilizer use is only in the

first three years and all other input are applieduzlly).

The NRER and GWP results of the different scenartrsidered above are presented in
Figure 10 and 11. As could be inferred from Figditbe highest NRER is for scenario

B1 due to the higher input but relatively lower yi¢héin scenario B

The GWP contribution of cultivation input (both aggated and by type of inputs) and
the aggregated GWP the whole seed production \atithh inputs as well as application

of fertilizers) is shown in Figure 10.

Table 10. Scenarios assessed and specific paramsteonsidered

Parameters Unit Scenario’ Scenario Base case Scenario  Scenario
A A, B, B,
Yield level t seed/ha 1,0 1,42 2,38 4,44 7,8
Tractor | diesel/ha-yr. 27,5 55 55 141 141
Irrigation water m3/ha-yr. 27,8 55,5 56 55,5 55,5
N-fertilizer® kg/ha-yr. 0 48 81 141 141
P,Os-fertilizer kg/ha-yr. 0 19 31 56 56
KoO-fertilizer kg/ha-yr. 0 53 89 139 139
Pesticide kg/ha-yr. 0,156 0,156 0,156 0,156 0,156
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Scenarios Al: low yield minimum input; A2: low yielow input; B1: high yield low

input, B2: max yield high input. Scenarios Al, AaB1 and the base case are based on
IFEU 2008. Scenario B2 considers maximum potegtedtl estimated by Jongschagip

al. (2007) with same inputs as BAll synthetic fertilizer input are applied only the

first three years of plantation development.

4.3 Land use efficiency

The land use efficiency is a function of seed yipéd hectare and volume and type of
cultivation inputs. For the four scenarios consdeScenario B2 has the lowest land area
requirement, 0,014 ha per annum per FU and theebtgbaving in GWP. Scenario Al,
having the lowest yield has highest land requiren®h08 ha per annum per FU, but in
terms of saving GWP is relatively better (359 kg.@®@r ha-yr) than A2 which shows net
saving of 327 kg Ce&per ha-yr, which is expected to be mainly the cqusace of use of
synthetic fertilizers that appears not to be corsptad by the relatively higher yield that

is assumed.

Table 11. Land area requirement and efficiencyper B for the different scenarios

Parameters Al A2 Base case Bl B2
Land area (ha/FU) 0,108 0,076 0,045 0,024 0,014
GWP saving (kg CO,/FU) 38,6 24,8 36,3 38,3 48,1
GWP saving (kg COx/ha-yr) 359 327 803 1583 3491
GWP (kg CO,/ha-yr.)* 420 780 1052 1877 2588

"These values are later used in the land use chiapget section to estimate the ECPT

of each scenario.
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Figure 10. Contribution of cultivation inputs to GWP under the different scenarios considered
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4.4 Impacts of land use change on the GHG balance of JME

Losses of Cstock from conversion of land under n@twegetation to agricultural lands
for production of biofuels feedstock are major @muf net C® emissions. The
magnitude of Cstock losses as C@eleased in to the atmosphere) is generally lsighe
when land under well stocked natural forests isveded for biofuels feedstock
production. Conversion of degraded or marginal $atadperennial crops such stropha
can potentially increase both SOC and abovegrourd keelowground Csock (IPCC,

2006).

In this section, the net GHG emission reductioneptal of JME produced using
Jatropha oil seed produced by conversion of different categ of land: forest land,

woodland, shrub lands, and grassland and crop l&daalysed.

4.4.1 Emissions from land use change and ECPT - Base case

The total carbon debt per ha of land resulting fmnversion of various land categories
to Jatrophaplantation is shown in Figure 11. The result showet the highest Cstock
loss and hence CGCemission occurs when converting shrub land andstolands. In
contrasts converting grass land, degraded foredtdauld have a net positive impact due

to increase in above and below ground biomass.

For JME to provide short to medium benefits (20rgeperiod) the saving from the
lifecycle GHG emissions of JME over diesel oil $ludi-set the GHG emissions resulting
from LUC annualised over 20 years, as recommeimdRICC (2006) and required in by
EC (CEC, 2009). Considering the baseline annual dfjcle GHG saving of 47,5 kg
CO,/FU), the ECPT required for offsetting the GHG asatd with conversion of

different forest and shrub lands latrophaplantation would range from 50 to over 600
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years (Figure 12), with highest ECPT correspondmdorests lands with high canopy

cover. This analysis does not consider allocatfoBlG between JME and glycerine.
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Figure 11. Net Cstock change from conversion of dérent land uses taJatrophaplantation
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4.5 Effects of higher seed yield on net GHG emissions of JME

The GoE has no set standard or minimum GHG sawqggirement for local production

and use of JME or any biofuels and hence it malkiety that IME production and uses
may be largely determined by cost rather than Geldaiction benefits. However, as was
already indicated (MME, 2007), the country also @ito export biofuels and one very
likely market expected to be targeted will be thé lBember states. The EU directives,
(directives 2009/28/EC page 57) state that GHG &ons saving from use of biofuels

use in the road transport sector (displacing diedgl shall be at least 35%, and with
effect from 1 January 2017 the saving shall be 5886 the requirement increases to
60% beginning 1 January 2018 for biofuels produoemstallations where production

begins on or after 1 January 2017. The abovetrgholws that only JME produced on

land converted from grass shows net life cycle GHa@ng.

With all other factors remaining the same (thawith little or no change in agricultural
inputs such as synthetic fertilizers and irrigatieater) the impact of higher seed vyield
will be the reduction of GHG emissions associat&th wonversion of lands with high C-

stock.

The impact of seed yield ranging from 2 to 12 yhaen the net GHG benefits of JME
produced on converted shrub lands and tropicakfdemnds is shown in Figure 13. For
tropical shrub land the net GHG emission of JME fpdrwould be lower than diesel oil
displaced only if seed yields exceeding 4 t/hargr a@ttained, and for tropical forests the
net GHG remains negative even for a maximum yiéltizot/ha-yr, while tropical forest
with 10-30% canopy cover with low Cstock (14 t Q/ha&ould provide a positive GHG
benefit even at lower seed yield of 2 t/ha-yr duéhe relatively higher Cstock considered

to be achieved per hectareJaitrophaplantations.
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It appears that onlyatropha plantations established on grass lands, crop lamds
degraded forest would provide net GHG benefits eatdower seed yield rates of 2 t/ha-
yr, and provide net GHG benefits by displacing eli@sl used in local transport sector, or
provide an opportunity for export of JME. Fdatropha plantations established on
previously shrub lands meeting the 50% GHG reduactiould require that seed yield
should reach 10 to 12 t/ha-yr, and for forest lawith high Cstock no short-term GHG

gain is expected even at the maximum attainabld giel2 t/ha-yr.
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Figure 13. Estimates of impact of seed yield on tat GHG emissions of JME produced on various
land use types in Ethiopia.
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4.6 Potential demand for JME and land resource availability

4.6.1 Demand for IME

Potential demand for JME at the national leveldmputed assuming a minimum blend
of 5% JME or use of B5 in the road transport seftind 0 years beginning 2015. In 2010
Ethiopia imported 1,31 million ton (1,57 million®rof diesel (NBE, 2011) of which over
80% was used in the road transport sector (MWE1RMt an annual growth rate of 7%
(MoFED, 2010) the total diesel oil demand for tbhead transport sector will reach 1,76

million m®by 2015 and rises to 2,47 million*y 2020.

Table 12 shows that for the annual seed yield38 2ha(and basic assumptions made
under the base case) displacing 5% of transpasebal, that is use of B5, would imply
that by 2015 a total of 132 thousand ha of landishbe under maturgatropha

plantations, and should be continuously expandem atverage rate of 12,000 hectares

per year to meet the JME demand by 2020 and 2025.

Table 12. Land area requirement for implementing BSmandates, 2015 to 2025, base case scenario.

Unit 2015 2020 2025
Total projected diesel consumption thousand m® 2.205 3.093 4.338
Projected diesel oil demand road transport thousand m® 1.764 2.474 3.470
JME demand (B5) thousand m* 88 124 174
Land area requirement thousand ha 132 185 260

"Computed based on estimated percentage of road transatt ab@sumption min 80% of total national

import, and 0,67 thof JME per ha-yr (base line).
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4.6.2 Land resources

Considering that biofuels plantation developmenli wiainly be concentrated on the
drier, low rainfall, areas of part of the counttMNIE, 2007), and using land cover data
from MoA (2004), the most likely categories of latyges that could be considered as
potential available land falatrophaplantation in Ethiopia will include: land classifi@s
woodlands, shrub lands and grass lands. The taalaf land under these categories (as
sown in Annex, Table A.1) is about 70 million heeta(woodland 29,5, shrub land 26,3
and grass lands 14,5 million ha) and account fer 0% of the total land of the country
(MoA, 2004). If these lands are considered to bailable and suitable fodatropha
plantation the land area required to produce JMEaf®@5 blend would be very small;

0,13% of the total and still less than 1% of thasgrlands.

However, it would be unlikely thaiatrophaplantations would be developed in areas with
very low moisture as these areas would not proememercially viable yields. Taking
woodlands, shrub lands and grass lands in regitvesemelatively higher annual rainfall
is received, 500 mm and above, and where landaditot for biofuels development is
reported (MELCA, 2008), the total land area undher above categories would be 33.8

million ha, and of this land area requirementB&rwill be about 3%.
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5 A case study: Impacts of Running Anbassa City Bus
Service Enterprise bus fleets with biodiesel-diesel oil

blends on their GHG and air pollutant emission

5.1 Background

The analysis and discussion presented under tlugsoseis intended to assess the
magnitude of GHG and air pollution emissions resgltfrom introducing biodiesel
blends for running Anbassa City Bus Services Emiggp(ACBSE) fleets. ACBSE is a
public enterprise providing passenger transportagirvices in and around Addis Ababa
city. To provide a basis for comparison, the iotpaf introducing biodiesel blends (B2,
B5, B10 and B20) on emissions of GHG and air palita from ACBSE fleets is
compared with the two other major public transpasta services provided by private

operators; mini-bus and midi-bus taxis.

ACBSE was selected as a potential candidate whedéelsel blends could be used based
on the premise that, if use of blends makes econsemse to ACBSE, then the use of
biodiesel blends in this company could also prowdeironmental benefits in terms of
GHG reduction, while also contributing to the imypement of the local air quality in

Addis Ababa city.

5.2 Emissions from vehicles

The type and magnitude of emission from vehiclesdapendent on a number of factors
including vehicle’s engine-exhaust system desigye af vehicle, operating conditions,
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maintenance, and the quality of fuel used (UNEM920 b). The type and magnitude of
vehicle emissions are higher for older vehicledjisles that do not receive adequate
maintenance, and those that do not already havareomot retrofitted with emission

reduction technologies.

Emissions from vehicles include both GHGs ¢C®,0 and CH) and air pollutants with
significant adverse effects on human health. Thgomair pollutants include nitrogen
oxides (NOx), particulate matter (PM) unburned lop@rbons (HC) and volatile organic
compounds (VOC) (WHO, 2004). Vehicles meeting siniss standards set by EU and
other developed countries such as USA, are equipitecexhaust treatment technologies
— a three way auto catalysts (TWC) for light duasagline vehicles, and diesel oxidation
catalysts (DOC) and diesel particulate filter (PR&r vehicles running on diesel oil

(UNEP, 2009a).

The vehicle fleets in Addis Ababa (and generallyEthiopia) is characterized by high
proportion of older and poorly maintained vehicle®st of the vehicles are second hand
Japanese and European manufacturer and recently ety vehicles (trucks and buses)
from China. Most of the vehicles imported to Ethéopoth second hand and new comes
fitted with exhaust treatment technologies. Howewdere to the high sulphur content of
both gasoline and diesel oil used in the countiiyexhaust treatment technologies fitted

on vehicles operated in Ethiopia are believed t@hzeen destroyed or ineffectiVe

Vehicles running on high sulphur diesel oil genetfagh level of sulphur compounds that

reduce engine life, corrode vehicle parts, and eeride exhaust treatment technology

0 Ethiopia phased out use of leaded gasoline as of January 2004, and therefore the exhaust treatment
technologies such as TWC on older gasoline cars has also been negatively affected or are already non-
functional.
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ineffective. Air pollutants from combustion of peteum fuel with high sulphur factor
generates more air pollutants than new and wellhtamied vehicles running on low
sulphur (500 ppm or less). In countries such aspih where diesel oil sulphur content
is high, emissions of and exposure to air pollgantiuding oxides of sulphur from
vehicles operating in urban areas is consideredodoa major contributor to the

deterioration of urban air quality (UNEP 2009a;dthezian 2005).

Figure 14 and 15 show the sulphur content of diesednd gasoline used in Ethiopia
(FTAE, 2012). Although in the last two to three sgethe sulphur content of both diesel
oil and gasoline has decreased. Current level 60 5pm (0.5%wt) for diesel oil is still
ten times more than the maximum sulphur level o® ®pm required for efficient
operation of exhaust treatment technologies suctD@€. Similarly, for gasoline
vehicles, for the TWC to efficiently operate, thapdur content of gasoline used shall not
exceed 300 ppm (MECM, 1998). The Ethiopian standarddiesel oil is maximum
sulphur content of 5000 ppm and a minimum of 50 pand for gasoline the maximum

sulphur content is limited to 1000 ppm (ES 2004,2888).

The Environment Protection Authority of Ethiopia RE), following WHO (2004)
outdoor air pollution guidelines has, in 2004 proeld air emission guidelines “Guideline
Ambient Environmental Standards for Ethiopia” (EP2004). The air emissions
guideline provide “guideline values” for major pg#nts including S& NO,, Ozone Q

and PM s and PMo, but at present is not enforced.
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Figure 14. Sulphur content of diesel oil improted ad used in Ethiopia’s road transport sector (the
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5.3 Public transportation services in Addis Ababa

From the total motorised person-trips made in Addigaba the share of public transport
accounted for about of 80% of total person-tripglenan 2007, with ACBSE accounting
for 28% and mini-buses taxis for 52% (COWI, 200&Anhd since 2006/7 the public
transportation service has expanded by introduséw midi-buses imported from China,
and older intercity midi-buses that, on a rotatidyesis, are permitted to provide services

within Addis Ababa.

5.3.1 The Anbassa City Bus Service Enterprise

ACBSE provides public transportation services indf8erent routes that connect the
major parts of Addis Ababa City (ACBSE, 2012). U20010, all buses used by ACBSE
were rigid single-decker buses with a total passengpacity of 102 (seating capacity 30
people). In 2010/11, the enterprise had dispat@@s buses and provided transport
services to 98.3 million passengers (Annex C, T&dle The number of buses owned by

ACBSE in 2012 by service years is shown in Figuge 1
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Figure 16. ACBSE bus fleet distribution by service/ears.
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5.3.2 Mini- and midi-bus taxis

Mini-bus and midi-busesaxis are the other two major public passenger transfamta
service providers in Addis Ababa. The total numbiemini-bus taxi operating in Addis
Ababa is estimated at 12 500, and most of thesebmses have been in operation for the
last 15-20 years (COWI, 2007) and include a varadtyroyota mini-bus models with a
total of 12 seats. Figure 17 presents the agahdisin of mini-bus vehicles registered in

Addis Ababa city.

COWI (2007) reported that min-bus taxis operatd @5 routes, make 6-8 round trips per
day with an average trip length of 5,4 km. On ageraach min-bus is estimated to have
transported 132 persons per day and with fleetawéity of 75% a total of 1,2 million
passengers per day. The midi-buses include dedicaidi-buses that are relatively
recently introduced (2006 onwards). Other midi-busodels providing public
transportation services in Addis Ababa are mailyZU light duty trucks converted to
buses in local workshops, these midi-buses arada to provide intercity transport but
some are currently allowed to provide transportatiervices within Addis Ababa. Both

types of midi-buses have 22-25 seat capacity acdnamodate 15-20 standees when full.
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Figure 17. Age distribution of mini-bus vehicles rgistered in Addis Ababa city.
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Table 13. Public passenger transport services - hiaglata

Average passenger Average trip length Daily trips
Vehicle category (passltrip) (km/vehicle) (trips/vehicle)
City Bus (ACBSE)" 96,0 11,0 15,7 (13,6)#
Min-bus * 9,2 5,4 16
Midi-bus® 25,0 7,0 16

Source:* IBIS (2005). Study of urban public transport cdimtis in Addis Ababa,
Ethiopia. IBIS Transport Consultants Ltd, March 2q@ased on data from ACBSE, on
Anbassa route analysis of January 2008)OWI (2007) National Transport Master Plan
Study, Working Draft Master Plan, APPENDIX 1.8, drbTransport, Ethiopid Own
estimates, # value in parenthesis is average dailp per bus estimated based on
2010/2011 total distance covered by ACBSE fleatgpkthe average trip length at 11 km

per vehicle
5.4 Approach

5.4.1 Estimation of emissions from public transport secto

The type and magnitude of emissions generated fh@public transportation sector is
influenced by the level of activity (A), the modstucture (S); the fuel intensity (I) and
the emission factor (F) by fuel type. Equatiom@nerally known as the “ASIF” equation
provides a concise representation of the relatietwben emissions from a particular

public transportation mode (Schippetral, 2007).

E=A*S*I* F [Equation 4]
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Where for each modeA is average vehicle kilometre travelled (VKT per iodd); Sis
the number of vehiclesl is the fuel intensity (I/VKT), andr- is the emission factors by

fuel type (gram of pollutant per litre of fuel camsed).

5.4.2 GHG and air emissions performance metrics

In this study, the GHG and air pollutants emissitmosn ACBSE fleets is analysed by

adopting the following two key performance metrics:

(i) Annual emissions per vehicle km travelled (VKT)dan

(i) Emission per passenger-km travelled (PKT).

The emission per VKT provides an operational efficly and indicates the overall energy
efficiency and the GHG intensity of fuel used, amlission per PKT provides a measure
of the efficiency of the service provided, and #ogiven type of vehicle decreases with

increasing passengers occupancy rate (Climate tRed?910; Vuchic, 1981).

The emissions reduction potential of using différéevels of biodiesel blends is
computed and compared with a base case (use ofdedel oil). The change in the
quantity of combustion products from heavy dutysdleengines run on various levels of
biodiesel blends is estimated by using the follguialation developed by US-EPA (US-

EPA, 2002).
%A emission, x = (eXp[aX*VOIB|0d|ese|]'l)*100% [Equatlon 5]

Where %\ emission, x is the percentage change in quaotiair emission “x,” “exp” is
the natural logarithm, & is a constant corresponding to each type of aitupant
assessed, and \Vdliesel IS the percentage volume of biodiesel in the l@seli-diesel oil
blend. The values of the coefficient “a” for théfelient air pollutants are shown in Table

14.
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Table 14. Values of the coefficient "

a" used in Eqation 5.

Pollutants Coefficient "a"
(6{0) -0,006561
HC -0,011195
NOx 0,0009794
PMy -0,006384

Source: US-EPA (2002).

In addition to the GHG performance indicators iadécl above, other performance

indicators shown in Table 15 were computed to luapture other fleet efficiency and

productivity measures following Vuchic (1981).

Table 15. Key performance metrics used in assessingoan bus services performance

Vehicle-km/vehicle

Annual Passenger—km/vehicle

Vehicle-km/I

Passenger-km/I|

The total vehicle km reported divided by the flsie in operation, and shows the

efficiency of vehicle use.

Total passenger-km divided by total number of vielsioperated. This indicator

show how much work is done by one vehicle.

The total vehicle-km performance divided by totalcaint of diesel fuel consumed.

This indicator shows the technical fuel efficierafya vehicle.

The total passenger-km performance divided by taetalount of diesel fuel

consumed. This indicator shows the energy effigyesf actually utilized services.

Source: Vuchic (1981).

5.5 Data sources

A time series data, 2004/5 to 2011/12, on totatfze, number of operational vehicles,

total distance covered by all vehicles, and totammber of passengers carried was
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collected from ACBSE. Data for min- and midi bwsitare from previous studies

(COWI, 2007).

5.6 Assumptions and scenario development

Although, the fleet is categorized using the EURfllssions standard classification and
the service years as proxy to date of manufactutleirwthe Euro Emission Standard
classes, the emissions factor corresponding to EBach class is applicable if the fuel
quality standard is also respected. Hence, givahttie sulphur content of diesel oil in
Ethiopia still very high 5000 ppm, the emissiorani operation of all buses is assumed

to be equivalent to a Euro | standard buses.

The following two scenarios, S1 and S2, are asdeasd compared with a base case
which assumes that ACBSE will continue to runfieets on diesel oil, and that the
service level provided by a single operational emains unchanged when using

biodiesel blended fuel.

S1: Introduction of biodiesel blends:Beginning 2015ACBSE bus fleet will run on
various levels of biodiesel-diesel oil blends (B5, B10 and B20). Specification of
imported diesel oil to the country including theegent sulphur content of 5000 ppm

(0.5% mass) remains unchanged.

S2: Introduction of biodiesel blends B2, B5, B10 ahB20: by 2015 ACBSE fleet
continues to run on diesel oil with biodiesel bldedels ranging from B2 to B20, while
imported diesel oil specification remains unchandaat the content of sulphur in the

diesel oil is reduced to less than 500 ppm.

65



5.7 Results and discussion

5.7.1 Performance of ACBSE

Over the last eight years, 2004/5 to 2010/11, terall performance of the ACBSE in
terms of annual passengers transported per busldsasvthe average fuel efficiency is
shown in Table 16. In this period, average anmaassenger transported per bus has
declined by half. The fuel efficiency, km travellpdr litter of diesel oil, computed using
total diesel oil consumption to total distance &éad by total number of bus dispatched

in 2010/11was lower by 30% compared to 2004/5.

Table 16. Performance of ACBSE, 2004/5 to 2010/11

Fiscal Annual average Annual average Passenger/vehicle  Average fuel efficiency

Year Vehicle-km/vehicle (thousand) (km/1)
2004/2005 62 682 606 2,86
2005/2006 64 135 550 2,89
2006/2007 53013 479 2,44
2007/2008 44 962 432 1,88
2008/2009 53 398 338 1,84
2009/2010 52 748 342 1,89
2010/2011 54 737 333 2,00

Source: Own computation based on data from ACBSEZR

The decline in annual passenger per bus and alsb, Y&uld be partly attributed to the
introduction of the midi-busses that provide tramsgervice on a relatively longer routes

(8-10 km)20 and therefore possibly compete with ACBSE fleefhe decline in fuel

*° Midi-buses provide longer distance services (8-10 km) at a relatively higher price per passenger than
ACBSE buses for the same distance, but availability of mini-bus service is high and hence passengers
waiting time is considerably lower. Compared to cost of traveling the same distance with mini-bus taxis,
midi-bus fare is much cheaper. These two factors appear to be major factors for introducing midi-bus taxi
by the city administration.
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efficiency could possibly be attributed to low effincy of not well maintained and

serviced aging fleets.

5.7.2 Baseline GHGs and air pollutant emissions

For the baseline case 2010/11 PKT and corresporideigconsumption data of ACBSE
are projected to 2015 and 2020 assuming that gréevtipublic transportation services
will increase at an annual rate of 9% (MoFED, 20Te projection further assumes
that the baseline average fuel efficiency of ACBREts (km per litre) and PKT per bus

remains unchanged.

The annual total emissions and specific emissi@ns/phicle and per PKT for 2010 and
projections for 2015 and 2010 are shown in Table Tie base line GHG emissions in
CO; equivalent are computed using life cycle GHG einrs$actor for diesel oil (83.8g

CO./l), and for the air pollutants the baseline airissions factor are adopted from the

international vehicle emission model (UNEP, 2009b).

Table 17. Total PKT, diesel oil demand and GHG anair pollution emissions from ACBSE fleets for

2010 to 2020

2010 2015 2020

Total pass-km (million pass-km) 1550 2 385 3670
Total diesel oil consumption (000 litres) 8 089 12 446 19 150
GHG (ton) CO2eq 24 307,5 37 400,0 7544,6
Air pollutants (ton) CO 190,5 293,2 451,1
HC 40,9 62,9 96,7

NOx 329,4 506,8 779,8

PMy, 21,6 33,3 51,2

SOx 15,7 24,1 37,1

Source: own computation
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5.7.3 Results of Scenario |

Under scenario |, thannual saving of GHGs from use of different levelsbiodiesel-
diesel oil blends is shown in Table 18 and FigBeThe net GHG saving from one litre
of diesel displaced by one litre of biodiesel (gsiasults of the base case results, with no

land use change impact and no co-product credgidered) is 1300 g GO

The result shows that introducing B5 in 2015 witbyide a net GHG reduction of about
320 tons C@eq. And increasing the blend to B20 by 2020 wittrease the potential

saving to almost 5000 tons of @a/yr.

Table 18. Baseline projected GHG emissions and GH@missions reduction from the use of four

different blends (tons CO,eq).

Reduction in GHG emissions

Base case B2 B5 B10 B20
2015 37400 3239 809,7 1619,4 3238,8
2020 57545 498,3 1245,8 24917 4983,4
% change -0,9% -2,2% -4,3% -8,7%

Source: Own computation.

21 The net emission reduction per litre of biodiesel is = [43.3% emission reduction gained from substitution
of one unit of diesel oil energy with equal amount of biodiesel energy]*[83.8 gCO2 /MJ diesel oil] *[35.86
MJ/I diesel ail].
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Figure 18. Trend in total annual GHG emissions redation from use of different biodiesel blends.

The relative change in emissions of air pollutdrasn use of different biodiesel blends is
presented in Table 19. The relative change estsratebased on the relation, Equation 5,
developed by US-EPA (US-EPA 2002), while changesufphur oxides emission is

assumed to be proportional to the volume of didisglaced.

The result show that emission of NOx increases Ingaoportionally to increase in
biodiesel content of the blends, while the actualgnitude of change appears to be
relatively small, higher biodiesel blend level iengral results in reduction of all other air
pollutants ranging from:1,3% reduction for CO an@ With B2, rising to 13% with use
of B20. Highest benefit appears to be the rednctiiototal HC emissions which is

directly proportional to the volume of the biodiesethe blend.
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Table 19. Scenarios |, baseline projection of airmissions from ACBSE and percentage emissions

reductions resulting from use of different biodieskblends, 2015.

Change in emissions

Air pollutants B2 B5 B10 B20

CO -1,30% -3,23% -6,35% -12,30%
HC -2,21% -5,44% -10,59% -20,06%
NOx 0,20% 0,49% 0,98% 1,98%
PMy, -1,27% -3,14% -6,18% -11,99%
SOx -2.00% -5.00% -10.00% -20.00%

Source: Own computation

5.7.4 Results of Scenario Il

The results of implementation of Scenario Il, shakat reducing the sulphur content of
diesel oil from 5000 ppm to 500 ppm will providgsificant emission reduction in terms
of SOx emissions, and when combined with the impéet well-functioning DOC fitted
buses, the total emissions of all major pollutaaxsept NOx, compared to theojected
baseline emissions, could be reduced by 60 to @%® and HC, and 20-30%6r PM;o
(UNEP 2009a). Table 20 shows the potential redociio CO, HC and PM andox
achieved by importing diesel oil with lower sulphoontent,(500 ppm), retrofitting
vehicles with DOC, and the relative percentage ectdn of CO, HC and PM andgox

achieved through introduction of different biodiesiend relative to DOG?

The reductions of most of the air pollutants wilgwever, incur additional capital and

operating costs. UNEP (2009c) estimates that tliitiadal cost of importing a litter of

*? Reduction NOx is possible with DPF but effective performance of PDF requires availability of ultra-low,
less than 50 ppm sulphur in diesel oil, which is not expected to happen soon in Ethiopia.
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diesel oil with sulphur content of 500 ppm wouldvéanodest increase in cost of fuel
and, since DOC:s fitted in older buses are consilaréhave already been destroyed, or
become ineffective, achieving these emission reoiclevels will require additional

capital expenditures of USD 600 to 2000 per DOC BPIN2009c).

Table 20. Magnitude of air pollutants emissions redction from use of DOC and the relative

contribution of Biodiesel blends to impacts of usef DOC on CO, HC and PMy

2015 Reduction Emissions reduction of blends relative to DOC
Air emissions base case DOC B2 B5 B10 B20
CO 293,2 175,9 2% 5% 11% 20%
HC 62,9 37,7 4% 9% 18% 33%
PMyq 33,3 6,7 6% 16% 31% 60%
SOx 24,1 21,7 2% 6% 11% 22%

Source: Own computation.

5.8 Comparison of GHG and air pollutants emissions from

ACBSE with min- and mid-bus taxis

The base case emissions from ACBSE are comparenhigsions generated by mini-bus
and midi-bus taxis operated in Addis Ababa. Thaltahnual air pollutant emissions per
vehicle and per PKT for the three public transpgmitaservices are shown in Table 21

and Table 22.

On a per vehicle basis, the estimated for the geedaily emissions of SOx and PM

from ACBSE bus are higher than the corresponding&ons from a mini-bus and midi-
bus; HC from ACBSE is also twice as much highentiram midi-bus. This appears to
be mainly due to the higher daily activity (distehacovered by single ACBS bus

compared to either mini-bus or midi-bus taxi.
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CO and HC emissions are highest for mini-buses. figle CO and HC emissions from
min-buses is mainly attributed to the high emissfastor (Table C.5, Annex C)
associated with gasoline engines use in most ofinebuses, and their age (15-20 years
of service), making mini-bus taxis the major cdnitors to CO and HC, but less so for
SOx and PM10 which respectively is associated witmbustion of high sulphur fuels
and diesel engine operations. However, when cospais made on the basis of service
delivered — emissions per PKT - the ACBSE bus shsigsificantly better emission
performance than both the mini-bus or midi-bus saf@xcept on particulate matter
emissions when compared to min-buses). Furthernesin@ent in emissions performance

for ACBSE could be achieved when use of biodiekids is considered.

Table 21. Base case scenario: emission of air pdafats for the three modes of public transportation
in Addis Ababa (g/vehicle-day)

CO HC NOXx SOx PMy,
City bus (ACBSE) 1770 379 3059 145 201
Min-bus (private) 4579 764 218 4 1
Midi-bus (private) 962 185 1681 77 75

Source: Own computation

Table 22. Base case scenario: emission of air pdfats for the three modes of public transportation
in Addis Ababa (g/PKT)

Cco HC NOXx SOx PMy,
City bus (ACBSE) 0,12 0,03 0,21 0,01 0,01
Min-bus (private) 5,76 0,96 0,27 0,01 0,00
Midi-bus (private) 0,34 0,07 0,60 0,03 0,03

Source: Own computation
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6 Conclusions and recommendation

6.1 Conclusions

GHG emission impacts of IME

For the base case, where no land use change imspamtsidered, the substitution
of diesel oil with IME will provide about 43% GH@ession reduction relative to
diesel oil used in the transport sector.

For the analysis period considered (20 years), esmn of lands such shrub
lands and forest lands with canopy cover of ov@o3will produce more GHG
emission per annum than can be saved by substitotidME for diesel oil.

Using the GHG saving potential computed under teelrase scenario, the ECPT
required to off-set the total GHG emissions dutatml use change range from 50
to 600 year, with the higher ECPT correspondinghub lands and forest lands

with above 30% canopy cover.

Net energy balance

In most of the cases considered and analysed pocdlction and use of JIME
compared to diesel oil use in transportation shpegtive impact in reducing
non-renewable (fossil fuel) energy demand and dwrigs to resource
conservation, and at a country level it will contrie in reducing the total volume

of diesel oil import.
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Land requirement for implementing B5 mandate and laad use efficiency

Total land area required for meeting B5 mandateEthiopia, compared to
available agricultural land, is relatively smadis§ than 1% of grass land, or 3% of
what is claimed to be available and indicated e@oE biofuels strategy.
However, the actual land area required will berecfion of the land use efficiency
which in turn is influenced by actual and or achiste seed yield per ha at
optimal land management practices.

Estimating land area availability using very cruii@icators such as land cover
data will not be adequate and may lead to grossestimation of actual land that

is available and suitable for developmenfafrophaplantations.

The ACBSE case study shows that:

The positive GHG impact of use of IME-diesel odrad increases with increasing
level of biodiesel in the blend but increasing #E content of the blends also
contributes to increase in emission of NOx, alttioaga relatively lower rate than
the emission reductions achieved for CO, HC /vid SOx.

Introducing low sulphur diesel (500 ppm or lessd amse of DOC on all
operational buses of ACBS will have significant aap in reducing CO, HC
PMio. The net impact of introducing low sulphur diesigéland DOC, compared to
relative reduction achieved with B5 will be; CO esions will be lower by a
factor of 12, HC and PM by a factor of 7 and 25, respectively, and SOxaby
factor of 2.

Use of biodiesel blends in Addis Ababa could havsignificant impact on
reduction of air pollutants emission and contribiat¢he improvement of local air

quality.
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6.2 Recommendation

Land availability and suitability assessment ussafficiently adequate methodology
need to be developed and used for estimating ttenpal land that could be used for
development ofatrophaor other oilseed bearing plants in Ethiopia.

Set minimum GHG reduction and NEB requirements @fubls including JME:
standards specifying minimum net life cycle basddiGGreduction requirement and
NEB (or NEY) of biodiesel fuels relative to dies®l shall be introduced to ensure
sustainability of biodiesel production and use @&l &ws contribution of biodiesel to
energy security.

Adopt standard computational procedures for esimgad&HG and NEB: consistency
in estimation of relative net GHG emission reductnd NEB, and making fair
comparison of biodiesel with diesel oil need toldal standard procedure. This
requires employing LCA methodology that incorposalt&)C impacts as presented in
this study, and the establishment and regular upglat LCA-database,

Adopt standard computational procedures for condgctinancial and economic
viability of biofuels. The procedure should be desid to address and show how the
benefits accruing from JME/biofuels developmentguts (programs) are shared with

local communities.

6.3 Future research needs

* Land suitability and availability assessmentis a key issue that should be
addressed with due consideration, and an impoirtaot for informing the policy
making process and improving the GoE’s biodiesekimment strategy.

» Environmental and Financial / economic feasibilityof:

75



o JME production under different production scalgigrge-scale plantation
with central oil processing and JME production ur{it) small-scale
Jatropha seed production by small holder farmers as segplisu to

decentralised oil processing unit with central JM&duction unit.

o Biodiesel production from alternative oil-seed péanndicated in the
biofuels strategy of Ethiopia CastdRi€¢inus commun)s Palm oil Elaeis
guineensisas well as other multipurpose trees such as Mariloringa
oleifera), Neem Azadirachta indicathat are well adapted to low rainfall
lowland areas of the Country.

0 Use of straight OilJatrophaand others) for industrial furnaces/boilers.

* Application of a comparative multi-criteria decision making tools for
providing a more comprehensive analysis which i@ty environmental
sustainability and economic viability of biodiegebduction from a set of oilseed

plants (atropha Neem, PongamiaJilletia pinnatg and Moringa) in Ethiopia.
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Annexes

Annex A

Table A.1. Areas under woodlands, shrub lands and grasslands in Ethiopia (thousand ha)

Region Woodlands Shrub land Grass lands Total

Oromiya 9823 7750 4294 21868
SNNPR 1388 2435 1715 5538
Gambella 1167 149 970 2286
Beneshangul-Gumz 2473 1422 162 4057
Amhara 1040 4353 2696 8089
Tigray 294 1841 1159 3294
Afar 164 3025 1403 4591
Somali 13200 5384 2168 20751
Total 29549 26359 14567 70475

Source:MOA 2004. Woody Biomass Inventory and StrategimBRiag Project (WBISPP),

Final Report, Addis Ababa
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Table A.2. Woodland and shrub lands of Ethiopia, vegetation, climatic conditions and

current uses.

Woodland and Shrub land Elevation Rainfall(mm) Current use
(masl)
Broadleaved Deciduous Woodlands: These 300-1700 800-1400 They are not heavily used
woodlands dominate the woodlands and shrub economically mainly due to
lands of the western and southern lowlands in the malaria and tsetse fly. The
Tekeze, Abay and Omo-Gibe valleys. presence of Oxytenanthera
Characteristic species of this woodland type are abyssinica makes them
Combretum collinum, Combretum molle, Acacia susceptible to frequent fires
polyacantha, Acacia seyal and Terminalia brownii.
Acacia Woodlands: They are the climax 1500-2000 800 to1000
vegetation for the higher rainfall areas of the rift
valley in Amhara and Tigray Regions. They are
dominated by Acacia species such as A. tortilis, A.
seyal, A. etbaica, A. mellifera and A. Nilotica
Lower Semi-arid Boswellia-Commiphora-Acacia 700 to 500 They have been depleted in
recent years in order to suppl
woodland-shrub land: They are found in areas y PRy
) . . . wood for charcoal. Much of the
with lower annual rainfall ranging from. This
. . . vegetation has also been
together with overgrazing has left much of the soil
o . . cleared for agriculture
bare which is susceptible to both wind and water
articularly in the rift valle
erosion. P Y 4
Lower Semi-Arid to Arid Acacia-Commiphora 900-1900 500 to 350 They have been depleted in
order to supply wood for
woodland-shrub land: They occur mainly in the PRy
charcoal. They are also
southern, eastern and central parts of the country.
. . . . cleared for agriculture mainly
It has Acacia tortolis, Acacia seyal, Acacia senegal,
. . in the rift valley.
Acacia etbaica.
Arid Sparse Shrubland: The vegetation consists <1400 <350

of deciduous shrubs mostly Acacia species. The
vegetation consists of shrubs of Acacia tortilis,

Salvadora persica and Zizyphus spp.

Source: MoA 2004. Woody Biomass Inventory and Strategic Plamriojgct (WBISPP), Final Report,

Addis Ababa
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Table. A.3. Land allocated and promised to biodie$énvestors

Land
allocated
or under
negotiation Region
Biodiesel company (ha) Location Present land use Remark
Horizon PLC 53 000 Gambela Natural forest
East African Holdings 40 000 Gambela Dense forest
Jatrophabiofuels 80 000 Benshangul Gumz#orest area
agro-industry
IDC 15 000 Benshangul GumMultipurpose
Sun Biofuesl / NBC 80000 Benshangul Gunfzorest, woodland, range land
AmbaselatrophaProject 20 000 Benshangul Gumi¥atural forest Applied 80,000 ha
Floral Eco Power Ethiopial5 000 Missing data Forest, bush land, cultivéded Required 200,000
Global Energy Ethiopia 2500 SNNPR Agriculturaldan Planned 7,500 ha,
contract with 25,000 out growers
Vatic international 50 000 ANRS Farm land
Total 355 500

Source: MELCA 2008.
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Annex B

Table B.1 Heating values and density of diesel oil and JME

Unit Value Ref.
LHV diesel MJ/kg 43,10 Calculated

MJ/l 35,86 Biograce
Density of diesel oil kg/lt 0,832 BioGrace
LHV FAME (JME) MJ/kg average 37,20 BioGrace

MJ/ 33,11 BioGrace
Density of IME kg/l average 0,890 Calculated
JME equivalent to FU kg 26,88  to provide 1 FU of IME

Source: BioGrace 2012. Biofuel GHG calculation tool, version 4B Public.

Table B.2 Embedded energy of materials input and associated emissions in the production and use

of chemical input (cultivation and biodiesel production processes)..

Inputs GHG emission coefficient Fossil energy
gCO./kg gCH./kg gN2O/kg gCO2.cq/kg MJsossillkg
Cultivation
N-fertilizer (kg N) 2827,0 8,68 9,6418 5917,2 48,99
P,Os-fertilizer (kg P20s) 964,9 1,33 0,0515 1013,5 15,23
K2O-fertilizer (kg K20) 536,3 1,57 0,0123 579,2 9,68
CaO-fertilizer (kg CaO) 119,1 0,22 0,0183 130,0 1,97
Pesticides 9886,5 25,53 1,6814 11025,7 268,40

Biodiesel production

Sulphuric acid (H2SO4) 193,9 0,55 0,0045 208,8 3,90

Source BioGrace 2012. Biofuel GHG calculation tool, version 4B Public.
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Table B.3. Cultivation process:

inputs and associated fossil fuel energy consumption and GHG emissions

fossil fuel
energy Fossil fuel
(MJ/l or kg- energy
Input Unit Qty input) (MJ/ha-yr.) GHG Emissions (per ha-yr.) GWP
(g CO2eq
g Co2 g CH4 gN20 g CO2equ per FU)
Diesel tractor I-diesel/ha-yr. 55,0 35,9 1972,3 165275,1 0,0 0,0 165275,1 7.467,0
Diesel fuel (irrigation)1 I-diesel/ha-yr. 55,5 35,9 1990,2 166777,6 0,0 0,0 166777,6 7.534,8
Urea as Nitrogen (N) kg/ha-yr. 12,2 49,0 595,2 34348,1 1055 117,1 71894,7 3.248,1
DAP (P205)* kg/ha-yr. 4,7 15,2 70,8 4486,8 6,2 0,2 4712,8 212,9
Potassium phosphate (K20) kg/ha-yr. 13,4 9,7 129,2 7159,6 21,0 0,2 77325 349,3
Pesticides kg/ha-yr. 0,156 268,4 41,9 1542,3 4,0 0,3 1720,0 71,7
Total 4800 379589 137 118 418113 18890

Source: own computations based on baseline data provided in table 7.

Note: Assumed that ifor the first three years - fertilizer input will be granted - then after returned coat and seed cake will be used,

Hectare of land per FU = 0,0452
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Table B.4 QOil extraction process: inputs and outputs for per FU (1000 MJ of JME)

Energy per
Input Unit Quantity FU GHG Emissions Per FU
g

(MJ) g Co2 g CH4 g N20 CO2equ
Mechanical dehusking MJ-diesel/ton-capsule 92,57 15,93 1334,61 1334,61
Screw press kWh/kg-seed 0,15 16,13 0,10 0,10
Refining kWh/kg-CJO 0,014 0,52 0,00 0,00
Total 32,57 1334,71 0,00 0,00 1334,71

Source: own computations based on baseline data provided in Table 7.

Ethiopia's gird emission factor = 0,006 kg CO2 eq. / kWh (Source: Energy Changes, 2008. Calculation of the emission factor of Ethiopia’s electric power

system according to UNFCCC methodological tool "tool to calculate the emission factor for an electric system)

"
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Table B.5. Biodiesel production process:

inputs and outputs per FU (1000 MJ of JME)

Biodiesel production Unit Quantity Energy per FU GHG Emissions per FU

(MJ)* g CO, g CHy g N2O g COzeq
Electricity kWh/kg-biodiesel 0,42 11,29 0,07 0,07
Steam/process heat MJ/kg - biodiesel 0,10 2,76 0,02 0,02
Methanol kg/kg-biodiesel 0,20 106,99 498,91 38,98 0,53 1632,61
KoH kg/kg-biodiesel 0,03 6,76 374,84 27,45 2,56 1824,48
H2SO4 kag/kg-biodiesel 0,02 2,10 104,25 7,39 0,72 503,91
Total 129,90 978,08 73,82 3,82 3961,09

Source: own computations based on baseline data provided in Table 7.

* Except for Electricity which is in kWh

93



Table B.6. Emission from transportation of process inputs

Emission
Unit (g CO2/ton Load Emission
(ton load) of load)* (ton/FU) (g CO2/FU)

Seed to oil processing unit

Truck small (3,5 ton capacity) ton seed 3681 0,1075 395,8
Biodiesel to Addis Ababa ton IME

Truck (20000 litter capacity) 13673 0,0269 367,5
Fertilizer import ton fertilizer 227777 0,00225 513,2
Diesel oil import ton diesel oil 91578 0,00415 380,4
Total 1657,0

Source: Own computation
Computed based data shown in Table B7. below ;

Land area requirement ha-yr./FU = 0,0452
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Table B.7.Emissions associated with see freight and inland transport of diesel oil (g CO2 eq./ton)

EF
Distance Fuel efficiency # EF* (g CO2eq/ton-
Sea freight (Km) (MJ/ton-km) (g CO2eq/ton-km) diesel oil)
Saudi Arabia, Jeddah to Djibouti# 1224 0,124 11 13219,6
In land road transport
Djibouti to Addis Ababa 887 1,008 88,34 78358,6
Total transport emissions 91578,2

Source: BioGrace 2012. Biofuel GHG calculation tool, version 4B Public.
# Fuel efficiency of ship, bulk tanker (using fuel oil), 0,124 MJ/ton-km; Emission factor heavy fuel oil (HFO) for maritime

transport 87,200 g CO2 eq./MJ
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Table B.8. Emissions associated with sea freight and in land transport of fertilizer (g CO2 eq./ton)

EF
Distance Fuel efficiency # EF* (g CO2eq/ton-
(km) (MJ/ton-km) (g CO2eq/ton-km) fertilizer)

See freight

Amsterdam, NL to Djibouti# 8732 0,204 18 155015
In land

Djibouti to Addis Ababa 887 0,936 82,03 72762

Total 99,78 227777

Source: Own computation.
* Data source: Source: BioGrace biofuel GHG calculation tool, version 4B Public.
# Fuel efficiency Ship / product tanker 50kt (Fuel oil) 0,204 MJ/ton-km; Energy content HFO for maritime transport 87,20 g CO2 eq./MJ

Emission factor for Diesel oil 87,64 g CO2 eq./MJ

Table B.9. Emissions associated with local Jatropha seed and JME transport (g CO2 eq./ton)

Quantity Distance MJ diesel/ ton load g CO2/ton load®

(km)
Truck 3,5 ton dry cargo |-diesel/ton-km 0,0175 70 43,92752 3681
Truck (20000 litter capacity) I-diesel/ton-km 0,0175 260 163,15936 13673

Source: ' Own computation. (based on data from BioGrace biofuel GHG calculation tool, version 4B Public

Energy content diesel oil, MJ/I = 35,86, Emission factor for Diesel oil 83,80 g CO2 eq./MJ
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Table B.10. NPK composition of Jatropha tree and fruits*

Composition
N P K (% of fruit)®
(% wt.) (% wt.) (% wt.)
Coat /Husk 0,109 0,041 2,350 35,50
Seed cake 3,820 1,750 1,440 44,80
Wood/stem 3,340 0,090 2,870

' Jongschaap et al. 2007. Claims and facts on Jatropha curcas L. — Global Jatropha curcas evaluation, breeding and propagation

programme. Plant Research International, Wageningen, UR. http://www.fact-fuels.org/media_en/Claims_and_Facts_on_Jatropha_-

WUR. Accessed 1 February 2011

®IFEU (2008), basic data for Jatropha production and use, Updated version, June 2008.
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Table B.11 Fertilizer values of residues per ton Jatropha fruit, ha and FU

N P K
(kg) (kg) (kg)
Per ton of Fruits
Coat 0,387 0,146 8,343
Seed cake 16,89 7,74 6,37
Per ha-yr. of land 72,28 30,20 61,58
Coat 1,47 0,55 31,77
Seed cake 64,33 29,47 24,25
Pruning residues 6,47 0,17 5,56
Per FU*
Coat 0,0666 0,0250 1,4353
Seed cake 2,9065 1,3315 1,0956

Source: Own calculations based on IFEU (2008)

*Plantation area required 0,0452 ha per FU
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Table B.12. Annual estimated emissions related to the production and use of synthetic fertilizer applied in cultivation of Jatropha.

Per ha Uncertainty range
Sources Variables Sub-variables Unit Amount | Lower | Upper
DIRECT kg CO2e / yr. 405 127 12090
PEN20,soil,y kg CO2e / yr. 403 121 12088
GWPN20 kg CO2e / N20 298
PEN20-N,dir,y kg N20 1,35 0,41 40,56
kg N20-N / yr. 0,86 0,26 25,81
FSN,y kg N / ha*yr. 13,77 13,77 13,77
FON,y kg N / ha*yr. 65,8 65,81 65,81
FCR,y kg N / ha*yr. 6,47 6,47 6,47
EFN20-N,dir kg N2O-N/tN 0,010 0,003 0,3
PEurea,y kg CO2 / yr. 2,43 6,075 2,43
Murea,y kg Urea/ ha*yr. 12,15 12,15 12,15
EFCO2,urea kg CO2eq / kg Urea 0,20 0,5 0,20
INDIRECT
PEN20,soil,y kg CO2e / yr. 74 3 846
PEN20-N,indir,y kg N20/ yr. 0,25 0,01 2,84
FSN,y kg N / ha*yr. 13,77 13,77 13,77
Fract -GASF kg N volatised per t N applied 0,10
FON,y kg N / ha*yr. 65,8 65,8 65,8
FCR,y kg N / ha*yr. 6,47 6,5 6,5
Frac-GASM kg N volatised per t N applied 0,20 0,05 0,5
EF4 kg N-N20-N / (kg NH-N + Nx-N Volatized) 0,01 0,002 0,05
Total 480 130 12937

Source: Own calculation based on data from IPCCC 2006. PECO2,s0il,y = Project emissions of CO2 in year y resulting from changes in soil carbon stocks following a land use change or a
change in the land management ; PEN20O,soil,y = Project emissions of N20 from land management at the plantation in year y; PEurea,y = Project emissions from urea application at the

plantation in yeary.
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Table B. 13. Direct and indirect emission of Nitros oxides from application of fertilizer containingNitrogen

Direct emissions of NO Activity data Equation Emission factors Uncertainty
(adjusted to input values in per ha-yr) used Range
Synthetic fertilizers considered Amount of synthetic fertilizers N,O =(FSN + FPon + FCR)*EF1*44/28 [kg MO/ha-yr] EF1=0.01 0.003 - 0.03
¢ UREA (NPK: 46:0:0) applied/returned to plantation soil per year,
* DAP (NPK: 18:46:0) (and adjusted per hectare basis) Where;
FSN = annual amount of synthetic fertilizer N appltedsoils, kg N per ha-
Organic fertilizers Amount of organic fertilizers yr ) -
+  Biomass from annual applied/returned to plantation soil per year|(Fon =annual amount of organic fertilizer as seedcakemed [kg N per ha-
pruning and adjusted per hectare basis) yr]
+  Jatrophafruit coat FCR = annual amount of N in pruned biomass returnesbiis [kg N per ha-|
+  Seedcake vl
EFlfor N [kg NeO-N per kg N]
Direct emissions of CQfrom Amount of UREA applied per year per CO, =M « EF * 44/12 [kg Co2/ha-yr] EF =0.20 A default -50%

UREA application

hectare basis

Where:
M = annual amount of urea fertilizatidrg urea per ha-yr
EF = emission factqrkg of C per kg of urea

uncertainty may be
applied

Indirect N,0O emissions

Synthetic fertilizers considered
*« UREA (NPK: 46:0:0)
* DAP (NPK: 18:46:0)

Organic fertilizers
« Biomass from annual

pruning
¢ Jatrophafruit coat
Seedcake

Amount of synthetic fertilizers
applied/returned to plantation soil per year,
(and adjusted per hectare basis)

N2O =[(FSN *Fract -GASF) + (FON +FCR)* Frac-GASM) *EF4*44/28
[kg N.O/ha-yr]

Where;

FSN = annual amount of synthetic fertilizer N appltedsoils, kg N per ha-
yrFon =annual amount of N idatropha husk and seedcake returned [kg
per ha-yr]

FCR = annual amount of N in prunddtrophabiomass returned to soils
[kg N per ha-yr]

Fract -GASF =fraction of synthetic N fertilizer that volatilizes NH and
NOXx [kg N volatilized per kg Applied]

Frac-GASM = fraction of organic fertilizer N fertilizer thablatilizes as
NH; and NOx [kg N volatilized per kg N applied].

EF4 emission factor for N2O from atmospheric emissieposition N on

soils and water surface [N -N20-N per (kg NH-N+Nxatilized)]

Fract -GASF =0.1

Frac-GASM = 0.2

EF4 =0.01
N

0.03-0.3

0.05-0.5

0.002 - 0.05

SourcelPCC 2006. Guidelines for National Greenhouse @uasritories. Chapter 11,8 Emissions from Managed Soils, and CO2 from Lime drea Application.
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Table B.14. Carbon (C) pool of potential by land categories for conversions to Jatropha plantations (t C/ha)

Carbon Stock in reference land use

ABG SOC Total

Grass land (non degraded)

Tropical dry grassland 4.4 38,0 42,4

Tropical moist savannah 8,1 65,0 73,1
Shrub lands

Tropical - Africa 46,0 38,0 84,0
Forest land degraded

Tropical dry - Africa 14,0 38,0 52,0

Tropical moist deciduous - Africa 30,0 65,0 95,0
Forest more than 30% cover

Tropical dry -Africa 77,0 38,0 115,0

Tropical moist-deciduous 156,0 65,0 221,0

Source: JRC 2010, Background Guidelines for the calculation of land carbon stock in biofuels sustainability scheme

ABG: above and below ground biomass; SOC: soil organic carbon
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Table B.15. Carbon stock change coefficients for SOC

Land
Climatic zone Management use Management Input Dc*Flu*Fmg*FI Ref
Fiu Fmg Fi (Dc default Soil carbon stock) (EC, 2010)*
Grass land
Tropical dry grassland Non degraded 1 1 1 Dc
Moderately degraded 1 0,97 1 Dc*0,97 Table 5, page 31
Tropical moist savannah Non degraded 1 1,00 1 Dc
Moderately degraded 1 0,97 1 Dc*0,99
Forest land
Shifting
cultivation/shortened
fallow, cleared 3 yrs Table 13, page
Tropical moist/dry and natural regrowth n/a n/a 0,64 Dc*0,64 86
Shifting
cultivation/mature
fallow, cleared 3-5
yrs and natural
regrowth n/a n/a 0,8 Dc*0,8
Forest (and wooded
savannah)
Shifting
cultivation/shortened
fallow, cleared 3 yrs Table 11, page
Tropical moist/dry and natural regrowth n/a n/a 0,64 Dc*0,64 82
Shifting
cultivation/mature
fallow, cleared 3-5
yrs and natural
regrowth n/a n/a 0,8 Dc*0,8

Source: JRC 2010, Background Guidelines for the calculation of land carbon stock in biofuels sustainability scheme.
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Annex C

Table C.1. ACBSE fleet size and performance data 2005-2011

Year Fleet size Dispatched Total Total Total diesel
(number of
(number of busses) distance passengers consumption
busses covered transported (000 1)
(000 km) (000 people)
2005 674 381 23881,8 230 826,8 8 352
2006 669 365 23 409,2 200 680,9 8 088
2007 669 386 20 463,1 184 920,5 8 376
2008 669 355 15961,5 153.396,0 8472
2009 669 301 16 510,1 101 601,7 8749
2010 554 313 16 510,1 107 045,7 8734
2011 554 295 16 147,5 98 335,0 8 089
Source: Data from ACBSE , 2012.
Table C.2. ACBSE bus fleets categorised by Euro Emissions standard class 2011.
EURO
Emissions
Bus manufacture / Number of buses Year of service Year of standard
Model of this model (range)*** Production class
1 Mercedes 15 29 1983 Pre-Euro
2 DAF 198 16 1996 Euro 1l
4  DAF-Holland 146 9 2003 Euro Il
3 DAF-Belgium 44 8 2004 Euro 11l
5 Bishoftu 280 1 2011 Euro 11l
6 Articulated (Bishoftu) 33 1 2011 Euro 1l
Total 716

Source: Data from ACBSE , 2012.

Note: The fleet size for 2012 was 820 buses of which 460 were dispatched. In 2012 of the total flees 320 were new,

Bishoftu, buses. (Personal communication, ACBSE planning division)
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Table C.3. Public passenger transport services - basic data

Vehicle category Specific Average  Average Daily trips Daily average
Fuel passenger trip length  (trips/vehicle) performance
consumption (pass/trip) (km/vehicle) (PKM/vehicle)
(I/km)

City bus (ACBSE)-diesel* 0,50 96,0 11,0 13,6 14.397

Min-bus (private)-gasoline1 0,15 9,2 54 16,0 795

Midi-bus (private)-diesel2 0,25 25,0 7,0 16,0 2.800

Source: * IBIS (2005), COWI (200), ABSE (2012); >MoFED (2012) and own estimates.

Table C.4. Euro Emissions standard

Emission

Standard Year of introduction, EU Fuel requirements

Pre Euro <1992

Euro | 1992 - 1995, Unleaded petrol

Euro Il 1996 — 1999, 2005 in China 500 ppm diesel & petrol

Euro 1l 2000 — 2004, 2007 in China 350 ppm diesel, 150 ppm petrol
Euro IV 2005 - 2008 50 ppm diesel & petrol

Euro V 2009 - 2013

Euro VI 2014 -

Source: UNEP (2009a)
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Table C.5. Specific emission factors

Vehicle category

CO VOC

NOx

SOx

PM10

(9/km) (g/km) (g/km) (g/km) (g/km)

Petrol - without catalyst (1) 53,00 8,84 2,52 0,05 0,01

Passenger Petrol - with 3-way catalyst 18,00 0,78 1,17 0,05 0,01

cars: Diesel - without Particulate Matter filter 3,61 1,88 1,67 0,22 0,22

Diesel - with PM filter 361 0,30 0,89 0,16 0,08

Light duty Light duty - pre Euro 361 1,88 1,67 0,29 0,27
trucks &

buses Light duty - Euro I+l 3,60 0,19 1,64 0,26 0,13
(2,2-4,5

tonnes):  Light duty - llI+IV 360 0,19 164 0,25 0,13

Light duty - HEV 3,60 0,13 0,87 0,26 0,06

Medium duty Medium duty - pre Euro 859 165 1533 0,69 0,67
trucks &

buses Medium duty - Euro I+l (2) 859 165 1501 0,69 0,67
(4,5-15

tonnes):  Medium duty - Euro [lI+IV 53 1,15 9,20 0,69 0,29

Medium duty - Euro V 245 089 441 0,69 0,07

Heavy duty Heavy duty - pre-Euro 13,29 2,53 23,80 0,98 2,15
trucks &

buses Heavy duty - Euro I+11 (3) 11,80 2,53 20,40 0,97 1,34
(15-22

tonnes):  Heavy duty - Euro llI+IV 579 159 10,00 0,97 0,66

Heavy duty - Euro V 405 1,43 7,00 0,97 0,46

Source: UNEP (2009b)

Values adopted (1) min-bus. (2) midi-bus, (3) ACBSE buses
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Annex D

Table D.1. Biodiesel standard EN 14214 (Europe)

Biodiesel Standard EN 14214 (Europe)

Limits
Property Test method min max Unit
Ester content EN 14103 96.5 Y (m/m)
Density; 15°C EN 1SO 3675 860 900 kg/m’
EN 150 12185
Viscosity; 40°C ENISO 3104 1SO 3105 35 5.0 mm?/s
Flash point EN 1SO 3679 120 °C
Sulfur content EN 1SO 20846 10.0 mg/kg
EN 150 20884

Carbon residue (10% dist. EN 1SO 10370 0.30 % (m/m)

residue)
Cetane number EN 150 5165 51
Sulfated ash 150 3987 0.02 % (m/m)
Water content EN 15O 12937 500 mg/kg
Total contamination EN 12662 24 mg/kg
Copper strip corrosion EN IS0 2160 1

(3 hr, 50°C)
Oxidative stability, 110°C EN 14112 6.0 hr
Acid value EN 14104 0.50 mg KOH/g
lodine value EN 14111 120 g iodine/100 g
Linolenic acid content EN 14103 12 Y (m/m)
Content of FAME with =4 1 % (m/m})

double bonds
Methanol content EN 14170 0.20 Y% (m/m)
Monoglyceride content EN 14105 0.80 Y% (m/m)
Diglyceride content EN 14105 0.20 % (m/m)
Triglyceride content EN 14105 0.20 % (m/m)
Free glycerine EN 14105, EN 14106 0.02 Y (m/m)
Total glycerine EN 14105 0.25 % (m/m)
Alkali metals (Na + K) EN 14108, EN 14109 5.0 mg/kg
Earth alkali metals (Ca+ Mg)  prEN 14538 5.0 mg/ke
Phosphorus content EN 14107 10.0 mg/kg

Source: Gerhardt al (2005). The Biodiesel Handbook.
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Annex E

Biofuels development in Ethiopia

The GoE’s Biofuels Development and Use Strategyeidsin September 2007 (MME,
2007) had effectively provided ground for the mibn of a national biofuels
development program in the Country. The main objestof the strategy include local
production and use of biofuels for substituting aripd petroleum fuels, export of
biofuels to other (mainly developed) countries whibntributing to the global effort in
reducing GHG, and contribute to the national adfira based rural development. In the
case of plant oil based biodiesel development, bitwduels strategy underlines the

possibility and importance of using degraded laodshe development afatropha

At the initial period the ease at which large arebtand were leased out (including the
absence of enforcement on EIA), the low cost attviend was made available and the
investment promotion incentives provided has atdécmany prospective investors.
According to (MELCA, 2008)in 2008 about 50 international and local prospecti

investors have shown interest to engage in biofdelelopment in Ethiopia, and ten
foreign and local companies had leased 350 thoubanthres of land in the different

parts of the country.

However, since there is no publicly available larsé the type of land allocated to these
investors included land under natural and densestsy wood lands, bush lands,
cultivated lands and farm lands (MELCA, 2008; R2B12), and was not consistent with

the aim and objectives of the strategy .

At present it appears that the initial high inteéiesnoderated. Reasons include high cost

of biodiesel feed stocks production (e.g. signifiba lower actual seed yield than
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expected fromJatrophg, lack of necessary infrastructures that suppaddibsel
development, and unavailability of clear directiwasl regulation on the use of biodiesel
(e.g., Biodiesel standards). The negative envirgriaiempacts associated with clearing
of forest and other lands with significant vegetatcover had created opposition from
environmentalist (both local and international) eTéwverall impact was that most of the
prospective investors had to evaluate and refoousabandon, their initial biodiesel

development plan in Ethiopia.

Currently five companies and one or two NGOs argagad in biodiesels production
either fromJatrophaor other oil-seeds bearing crops such as castopalm oil (RSB,
2012; Nadew, 2012). The companies or NGOs deveajogmropha planation (or
supportingJatrophatree planting program) appears to be focused ngtammproduction
of biofuels feedstock but also on rehabilitationd are-vegetation of degraded lands

(Nadew, 2012).
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