CHAPTER 1

1 INTRODUCTION

Currently there is much interest in biofuel prodoctdriven by increasing
awareness of the need to reduce,@missions and incentives to achieve this as
formulated in the Kyoto Protocol (Caniéls & Romjja008). The Global Warming and
the issue of dependence on fossil fuels, leadsntpertance of this study in order to
explore sustainable fuel options, contribute wité fight against Climate Change and
study the challenges of using current mechanisnrs dieveloping countries to

implement production and use of biofuels.

The aim of this study is to identify the potent@ jatropha in the Clean
Development Mechanism through the evaluation ofempidl activities that reduce
GHG gases through jatropha plantation and the figatmpha biofuel. The Clean
Development Mechanism (CDM) is a mechanism estaddisinder the Kyoto Protocol
to promote projects that can reduce greenhouseemg@ssions. It aims at promoting
cooperative measures between the industrializedtlaadleveloping countries. Thus,
this dissertation explores opportunities and chgis of the CDM for the jatropha

industry in Malaysia and Chile.

It was conducted considering an optimistic/consirgascenario analysis based
in the yield of the jatropha’s oil production (di&/year). For each of those scenarios
was calculated the amount of GHG reductions andesspd in CERs. The greenhouse
gas reductions achieved by CDM projects can be tesetket the developed countries’
targets. In this case study New Zealand was coreside be the developed country. In

addition, it was identified the suitable conditiofts CDM projects in the countries



studied (Malaysia, Chile and New Zealand).

Biodiesel is a clean burning alternative fuel, proed from domestic renewable
resources. It contains no petroleum but it canlbaded at any level with fossil diesel
to create a biodiesel blend. It can be used inetiemngines with little or no
modifications. Biodiesel is simple to use, biodelgtale, non-toxic, and essentially free

of sulphur and aromatics (Reynauld, 2009).

Jatropha curcass emerging as the new crop of renewable energygments. It
is a more viable and sustainable feedstock foriesall compared to other food related
crops such as palm oil. Jatropaes not threaten food supplies because is not an
edible crop, furthermore, it can be planted in nraiglands so does not compete for

water and land with food crops.

Jatropha is not only capable of growing on margiaall, but can also help to
reclaim problematic lands and restore eroded aresag.is not a food or forage crop, it
plays an important role in deterring cattle, aneréiby protects other valuable food or

cash crops.

The main product of jatropha is biofuel, obtainednf the oil extracted by
pressing the plant’s fruit. This product has beseduin different countries as a fuel in
the transport industry. Furthermore, the biofuel ba used to generate electricity thus

replacing the use of fossil fuels and avoiding gherise emissions.

Jatropha seeds can be pressed into bio-oil thabearsed to run diesel engines

and can also be the basis for soap making. Thesgute®sidue of the seeds is a good



fertilizer and can also be used for biogas producti

The use of biofuel and biogas can reduce the amaoiugteenhouse gases by
replacing fossil fuel. On the other hand, forestatand afforestation activities can also

help to reduce the amount of greenhouse gases mttmosphere.

Forest plantation species also make as good cadsenvoirs as natural forests;
therefore potential planters must seize every dppday to play a more prominent role
in the mission of reducing the country’s carbon ssans using the Clean

Development Mechanism (CDM).

The Clean Development Mechanism (CDM) promotesegtsjthat can reduce
greenhouse gas emissions and was established Artade 12 of the Kyoto Protocol.
It aims at promoting cooperative measures betwden ihdustrialized and the

developing countries.

The greenhouse gas reductions achieved by each QDjdct can be used to
meet the industrialized countries’ targets. In metfor the reduction, there will be a
transfer of money to the project that actually wtuthe greenhouse gases. The
production and use of jatropha biofuel qualify a€@M project because the project
will reduce greenhouse gases replacing fossil fo@hsumption. The emission
reductions achieved by the CDM project are calleERC(Certified Emission

Reduction). The emissions can be traded on thenartarket.

The purpose of the CDM shall be to assist devetpgiountries in achieving

sustainable development and in contributing to thiemate objective of the



Convention, and to assist developed countries meatg compliance with their

guantified emission limitation and reduction comments.

Malaysia and Chile are eligible as developing coastthat have ratified the
protocol. They have no obligations to constrainirtf@HG emissions based on
commitments to the Protocol of Kyoto, so the redurctfrom the CDM project in
Malaysia or Chile can be traded in the carbon ntaakea CER. New Zealand is a
developed country that ratified the Kyoto Protaco2002. Its commitment is to reduce
emissions, using emission credits from its forask,sbuying emissions credits on the

international market, or some combination of thegggroaches (OECD, 2007).

The scope of work of this research is Malaysia @hde as the host countries
and New Zealand as the developed country that tnalhsfer the knowledge and

equipment to produce biofuel from jatropha.

The few measures implemented in the energy cornsanvand climate change
programmes in New Zealand are likely to be insidficto meet the Kyoto target (ME,
2007). Therefore, a CDM in Jatropha biodiesel \lp New Zealand to meet its

reduction targets.

The Organization for Economic Cooperation and Dewalent (2007) suggests
that to ensure that the most cost-effective domestnission control measures are

implemented, sector targets should be clearlyfeegxample in the transport sector.

The extensive use of vehicles and fossil fuel udtipg pressure on the

environment and human health. The use of diesateseexhaust emissions that affect



air quality and greenhouse gas emissions from timabastion of transport fuels
contribute to climate change. Hence, the use abpat biodiesel as a replacement for

fossil fuel will reduce GHG emissions

The reduction in the GHG emissions through reptea# of fossil fuel can be
guantified. However, project activity emissionscashould be taken into account. The

final unit of reduction is the CER.

The purpose of conducting this work is to identhg potential of jatropha as a

CDM project hosted by Malaysia and Chile as theetiging countries. CDM
contributes to technology transfer by funding pctgethat use technologies previously
unavailable in host countries. In Addition, comalits of each country are identified to
comply with the requirements of a CDM project. General objective of this research
is to evaluate the potential of jatropha, in thentemt of the Clean Development
Mechanism. Some of the limitations of the studyratated with the market and prices
for biofuel which depend of current oil prices, ipes and regulations, likewise prices
for CERs are driven by the current market and suppd demand for carbon credits.
There is also limitation in the data provided as dtiata collected is an expectation of
what the company anticipates in terms of yieldadbfgpha oil and an estimation on the
data supplied for the fossil fuel and electricipnsumption. More of the numerical
values are yet to be implemented nor quantifiethateal time, which is common in a

CDM project.



Specific objectives are:

1. To identify and evaluate potential activities tletn reduce greenhouse

gases through the use of jatropha biofuel and safugots.

2. To evaluate the option of jatropha plantation as phan afforestation or

reforestation project activity under CDM.

3. To identify those conditions that make a CDM projeuitable for

developed and developing countries.

4. To estimate the amount of reduction emission otrtifeE emission

reduction (CERS).



CHAPTER 2

2 LITERATURE REVIEW

2.1 Biofuels

The feedstocks used for producing biofuels can tmeiged into two basic
categories: first generation, which are harvestedHeir sugar, starch and oil content
and can be converted into liquid fuels using cotieeal technology, and second
generation feedstocks, which are harvested for tioéal biomass and can only be

converted into liquid biofuels by advanced techhjzacesses (Institute, 2007).

Institute (2007) and Pahl & Watson (2008) mentiodétkrent feedstocks that

are currently used or can be potentially used afudlis. They can be classified as

follows:
€ Sugar crops
= Sugar cane
" Sugar beets
. Sweet sorghum

€ Starch crops

. Corn/maize

. Wheat

" Cassava or tapioca
" Sorghum grain



€ Oilseed crops

" Rapeseed/Canola
" Soybeans
. Palm oil

" Jatropha

€ Others
. Sunflower
. Safflower
. Cotton seed
. Peanut
" Mustard seed
. Camelina
. Coconut
. Castor oil or momona
. Hemp
. Algae/Micro-algae
= Animal fats (cattle, pigs, fish or chicken)
. Used cooking oil

Institute (2007) declares that from the sugar aadck crops, it is possible to
produce bio-ethanol, while bio-diesel can be predufrom the oils from seeds and
animal fats. According to Pahl & Watson (2008) lesel can be blended with petro-
diesel in any percentage from B1 (1% of blendedueilowith diesel) to B99 (99% of
blended biofuel with diesel). That makes it a fldgifuel that can meet a wide variety

of different needs.



According to Foundation (2006), to produce a gdhetsable biofuel for any
diesel engine, the Pure Plant Oil (PPO) can be eed to biodiesel by a

transesterification process.

Transesterification is the process whereby theueios converted to biodiesel.
Vegetable oil, normally composed of three fattydacand glycerol, is referred to as a
triglyceride. Transesterification involves breakiengry oil (triglyceride) molecule into
three fatty acid chains, resulting in the removélgb/cerin molecules from the
vegetable oil, to make the oil thinner. During tideohol process catalyst are added,
and each of the fatty acid chains attaches to dnéh@® new alcohol molecules

(Foundation , 2006)

The products of the reaction are alkyl esters (me) and glycerin. Once
separated from the glycerin, the alkyl ester chainesr become a biodiesel (Pahl &

Watson , 2008)

Foundation (2006) states that generally the diessgine is well suited to run on
pure plant oil and in fact, Rudolf Diesel desigrmesl first engine to run on plant oil as
well. Many types of diesel engines have indiregeation (IDI) with pre-chambers so
PPO can be used freely in these engines, whiclstdkeommonplace in developing
countries. Direct Injection diesels can also rurP®tO, but some modifications have to
be made to the engines. According to Pahl & Waf2e08), biodiesel can be used in
any modern diesel engine without any modificatibmshe engine. It has excellent
lubricating properties and will lubricate many myiparts in the engine, increasing

the engine life.



The resulting biodiesel can be used in any diesglne without adaptations,
however Foundation (2006) states that there isxaepion for pure rubber hoses

which deteriorate after longer contact with puredmesel.

Biofuels contribute significantly to climate changgtigation by reducing C9O
emissions (Gonsalves, 2006). Figure 2.1 shows gpanoson of the C@emitted by

different combustibles during the life cycle anadys
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Figure 2.1: Carbon dioxide emission, life cycle lgsia

Source: Planning Commission (2003)

Biodiesel has the lowest impact in terms of carBmxide emissions, as Figure
2.1 shows. Therefore, biofuels are a real optiormraenergy alternative in order to

reduce green house gas emissions.

Biofuel can be an especially important alternategergy in oil-importing
developing countries where landed petroleum casthigh due to a poor distribution
infrastructure. Investing in a domestic biofuelustty could not only provide increased
employment opportunities in rural areas, but it ldoallow developing nations to

internalize a share of the economic value of ticallg produced fuels (Institute, 2007).
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Biodiesel is produced commercially in Europe and thSA to reduce air
pollution and the net emission of greenhouse gapl$s edible oils, such as rapeseed
oil and soybean olil, are used as raw materialbifmtiesel. However, using edible oils
to produce biodiesel is not encouraged becauseleediils have to satisfy the
consumption needs. Non-edible oil suchJagopha curcass attractive and the trees
can grow in arid, semiarid and waste lands. Itédnbgyh-seed yield and high oil content

(Houfang et al. , 2008).

2.2 Jatropha

Jatropha, the species employed for plantation arbefjuent production of
biodiesel is a plant that grows to between 3 met(Esundation, 2006),
(BioFuelsRevolution, 2009) and 8 metres in heighian Eijck & Romijn, 2008).
Jatropha produces seeds that contain an inedilgletalale oil that is used to produce

biofuel. It can live up to 50 years and can prodseeds up to three times per annum.

Figure 2.2: Jatropha seeds
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According to Institute (2007)Jatropha curcasis an oilseed crop that grows
well on marginal and semi-arid lands. The bushesbeaharvested twice annually, are
rarely browsed by livestock and remain productive decades. Jatropha has been
identified as one of the most promising feedstdokdarge-scale biodiesel production
in India, where nearly 64 million hectares of laate classified as wasteland or
uncultivated land. It is also particularly well sd for fuel use at the small-scale or

village level.

When the nuts are pressed for oil the percentagéhefoil obtained by
extraction is about 20% to 35% of the nuts as maetl in Foundation (2006) and
Van Eijck & Romijn (2008) respectively. The restr@ns as press cake which is the

rest of the fruit and seed left over after ext@tof the oil.

Amoah (2006) suggests that the yield of crude pdteooil per hectare per
annum is about 3.5 tonnes. Enthusiastic promofgegropha often claim that the yield
can be as high as 8.0-10 tons per ha per year Wieetrees mature in 3-4 years.
BioFuelsRevolution (2009) claims that 2500 pladtséctare) will produce around 10
tons of seeds which at 35% yield will produce uB o tonnes of biodiesel. The state-
owned Philippine National Oil Company Alternativeidts Corporation PNOC-AFC
(2007) believes that a hectare of jatropha plasmatan yield a minimum of 15 tonnes
per year in the fifth year with a modified jatropteehnology, crop improvement and

scientific crop management.

Given these differences in the yield of jatrophd, @wo scenarios are
considered; the first is a conservative scenarid &iproduction of 2.5 tonnes of oll

ha/year; the second one is an optimistic scendrtotonnes of oil per ha/year which is
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an average of the yield cited by the literature.

According to Pavitt & Bester (2007) jatropha hashgnhenefits for farmers. It
has a long life, is drought resistant and can bevgrin a range of soil types including
marginal soils with low nutrient content, sandylireg or otherwise infertile soil. It
does not exhaust the nutrients in the land anaeéscot require fertilizers. It grows
well on marginal land with more than 600 mm of fallhper year, and it can withstand

long drought periods.

Jatropha is considered a perennial crop and acaptdi studies carried out by
Institute (2007) these trees tend to deposit marban in the soil as roots, and the

absence of tillage slows decomposition of soil eratt

The economic viability of biodiesel from jatrophepe&nds largely upon the seed
yields. To date, there has been a substantialti@arian yield data for the plant, which
can be attributed to differences in germplasm ¢yablantation practices and climatic
conditions. Several companies aiming to cultivatediesel in the developing world,
have chosen jatropha as their primary feedstockg@wo the plant’s high oil content,
its ability to tolerate a wide range of climatesdats productive lifespan of as long as

30 years (Institute, 2007).

In India, non-edible oil is the main choice for guzing biodiesel, according to
Indian government policy. Some development work Ieesn carried out by Institutes
and Universities in India with regard to the proulue of transesterfied non edible oll

and its use in biodiesel. Generally a blend of 6%(% is used in India.
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Several agencies promoting jatropha are projecsigificantly improved
yields as the crop is developed. In India, reseaashestimated that by 2012, as many
as 15 billion litres of biodiesel could be produdsdcultivating the crop on 11 million

hectares of wasteland (Institute, 2007).

2.2.1 Uses of Jatropha

According to Foundation (2006) and Pahl & WatsodO@) the plant has many
uses. It is capable of stabilizing sand dunesngctis a windbreak or combating
desertification. It can be grown as a hedge fosierocontrol, property boundaries and
animal fencing. It naturally repels insects andvais. Jatropha is used to make lamp
oil, soap, candles, poisons, and a wide rangelbfréamedies and the waste plant mass

after oil extraction, “press cake” can be used fstdizer.

The plant also helps to stop local soil erosioeatas additional income for the
rural poor, and provides a major source of enewgi bbcally and internationally (Van

Eijck & Romijn , 2008).

One of the advantages of using jatropha is thatrapnto other biofuels made

from oil seeds, jatropha does not displace foopg<xitmecause the seeds and oil are non-

edible and because it grows on land where foodscvalb not grow.
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2.2.2 Jatropha and Greenhouse Warming

Amoah (2006) mentioned that the physic nut treesfead all the conditions set
down under the UN Kyoto Convention as a positivek dree that can be used for
afforestation/reforestation projects to accomphtisibon sequestration (increasing the

carbon stored by trees in a forest).

According to Hall, Woods, & House (1992) it is maHicient to use land to
grow biomass for energy, offsetting fossil fuel ud&an to simply sequester @
forests. Biomass energy strategies are preferablthey play much wider roles in

coping with greenhouse warming.

The interest in usindgatropha curcasas a feedstock for the production of bio-
diesel is rapidly growing. The properties of thepcand soil have persuaded investors,
policy makers and clean development mechanism (Cpkbject developers to
consider this plant as a substitute for fossil uel reduce greenhouse gas emissions

and to tackle the challenges of energy supply (Aclet al. , 2008).

Institute (2007) mentioned that jatropha biofues liae potential to be carbon
neutral over the life cycle, emitting only as muahthe feedstock absorbs. The plant

itself recycles 100% of the G@missions produced by burning the biodiesel.

Errdzuriz (2008), mentioned in a seminar on jateopbnducted in Chile that
with 12,000 hectares of jatropha, the amount oluahemissions reductions would be

80,000 tonnes of CHconsidering an annual biodiesel production 0036,tonnes.
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2.3 Clean Development Mechanism

To fight the global phenomenon that is climate gertwo major agreements
have been adopted by the international commurhty,United Nations Framework on
Climate Change (UNFCC), adopted in 1992 in Rio, amafe recently, the Kyoto

Protocol, adopted in 1997.

In contrast to the UNFCC, the Kyoto Protocol setmrgified and binding
commitments for limiting or reducing GHG emissioak anthropogenic origin for
developed countries, or in the transition procesgatds a market economy, for the
2008-2012 commitment period. These countries @@ r@ferred to as Annex | parties.

New Zealand is an Annex | country that has targetomply with.

The developing countries do not have any legallydinig targets under the
Kyoto Protocol. The countries without any targete &eferred to as non-Annex |

parties. Malaysia and Chile are non-Annex | parties

The Clean Development Mechanism is an economicums&nt by which both
countries, Annex | (or developed countries) and-Aanex | (or developing countries)
can play a role in avoiding greenhouse emissiotis thie creation of new projects. The

mechanism works as shown in Figure 2.3:

16



Total Emissions —

Own Project based
Emission emission reductions
Reductions
Generate CER
Kyoto target — N
o Income o
Emission ($5%) Emission
in a country levels in Chile or
with target Malaysia
(Annex 1) (Non-Annex 1)

Figure 2.3: Clean Development Mechanism

Source : (PTM, NRE, & KTAK, 2005)

In Figure 2.3, the first bar represents the emissfoom a developed country or
(Annex I). Among the total emissions there are eiaiss that will be reduced in the
same country and other emissions that can be rddnageveloping countries helping
to achieve the Kyoto target. The second bar coomdp to emissions from a
developing country or (Non-Annex I). Among the to&missions, there are CDM
project based emission reductions that will hetfeaeloped country to comply with the
Kyoto target. The developed country will transfecame to the developing country. In
response, the developing country will sell the {fleste of Emission Reduction (CER)

to the developed country in order to comply witd Kyoto target.

The Kyoto Protocol states that developed countrées either meet their target

through their own reductions, or by purchasing smiss credits from countries/firms

that reduce their own greenhouse gases beyonddangeét level.
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2.3.1 Project Cycle

The project cycle is usually initiated with the lebaation of a preliminary
Project Idea Note (PIN) that summarizes a firstcegh and project structure. Figure
2.4 illustrates the project cycle. The next ones @fficially required steps: Project
design, Host country approval, Validation of projdesign, Registration, Monitoring,
Verification, Certification and CER Issuance; thteay boxes correspond to common,
but not mandatory activities such as: Initial Pcbj&ea, Preliminary Host Country

Approval, Letter of Intention and Emission Redustiurchase Agreement.

Figure 2.4: Overview of the CDM project cycle.

Source: (Neeff & Henders , 2007)
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Figure 2.4 shows that the project cycle starts wWithelaboration of the Project
Design Document (PDD) which includes a descriptadnthe project activity, an
estimation of the GHG reduction and a monitoring aerification plan of the GHG
emissions. The project activity must be approvedheyDesignated National Authority
(DNA) in terms of environmentally sustainable aigie After that, the project must be
validated by a Designated Operational Entity (DOH).this stage, the project is
registered under a CDM project category. The ptojlawveloper in the host country
should monitor the emissions reductions that valMerified by the DOE, together with
the implementation of the PDD. The statement ofcessful verification brings the

project to the certification step with the CER msce.

Carbon trading has become the key response ohtemational community to
the climate crisis, both in the forms of emissidrading and of trading in carbon

credits (Bond Patrick, Dada, & Erion , 2006)

2.3.2 Afforestation and Reforestation (A/R)

The Kyoto Protocol establishes under Article 3.8t threenhouse gas removals
and emissions through certain activities, namefgrastation and reforestation since
1990 meet the Kyoto Protocol's emission targetsnuecsely, emissions from
deforestation activities will be subtracted fromre limount of emissions that an Annex |

party may emit over its commitment period.

Under Article 3.4 of the Kyoto Protocol, partiesutsbchoose additional human-
induced activities related to LULUCF, specificalfprest management, cropland
management, grazing land management and re-vemetdtd be included in their
accounting for the first commitment period (UNFCT298).
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An A/R CDM project activity is an afforestation oeforestation measure,
operation or action that aims at achieving net raptbgenic GHG removals by sinks.
An A/R CDM project activity could, therefore, beeittical with, or a component or

aspect of a project undertaken or planned (UNFE@8).

2.4 New Zealand and Climate Change

New Zealand ratified the Kyoto Protocol in 2002meoitting to return its net
annual GHG emissions to 1990 levels during theé fiesnmitment period (2008-2012)
by reducing emissions, using emission credits fraforest sink, buying emissions
credits on the international market, or some cotion of these approaches (OECD ,

2007).

While New Zealand contributes only a tiny propantaf the world’s emissions,
per capita emissions are high by internationaldsteds. So reducing the emissions will
not, by itself, make a major contribution to thelzdl problem of climate change (ETS,

2007).

A report carried out by the OECD (2007) mentioneak the GHG intensity in
the New Zealand economy is the fourth highest en@&CD, after Canada, the US and
Australia. The report declares that New Zealandptetb as a target “to return net
emissions of C@to no more than the 1990 level by 2000 and mainganissions at
that level thereafter. Unfortunately, this domegdiget, concerning a reduction of £0

emissions, was not met.
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There are four main climate change challenges éw Kealand:

= To control its own greenhouse gas emissions antcecthem relative to the current
growth trend

= To support international initiatives for multilagéraction on greenhouse gas
emissions, principally through maintaining momentom the implementation of
the Kyoto Protocol and ensuring this momentum isie@a through into whatever
agreements emerge for the period after 2012

= To prepare for, and adapt to, the impacts of chamgthe physical environment, by
responding to the risks and taking advantage obgpertunities they present

= To realize the above objectives at the lowest aelile long-term cost.

A climate change policy package adopted in late226} out policies designed
to make significant and permanent reductions in GefGissions and enable New
Zealand to meet its Kyoto target or take respolisibfor any exceedance by

purchasing emission reduction credits on intermationarkets (OECD , 2007).

The Climate Change Response Act 2002 put in pldegad framework to allow
New Zealand to ratify the Kyoto Protocol and to meeobligations under the UNFCC
and the Kyoto Protocol. The Act enables New Zealanmade emissions units (carbon
credits) on the international market, and estab#isa registry to record holdings and
transfers of units. The Act also establishes aonatiinventory agency to record and
report information relating to greenhouse gas edpmss in accordance with

international requirements (ME , 2007).
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The policy package set a national target of putgraggs emissions of GHG on a
downward path by 2012; it builds on laws, policessd strategies covering energy
efficiency, transport, waste, growth and innovati@nd sustainable energy. The Energy
Efficiency and Conservation Act (2000) and Strat€g901) in New Zealand, set
economy-wide, non binding targets for 2012 to inmerenergy efficiency and develop
renewable energy supplies, aiming to reduce NevieBdas CQ emissions by between

4.5 Mt and 20 Mt annually (OECD , 2007).

ME (2007) declares that global measures to redueengouse gas emissions
from transport, a major contributor to New Zealanedmissions, and one of the fastest
growing emissions sectors, are likely to give addedmentum on initiatives to
improve fuel efficiency and increase the use offugts and alternative means of

powering vehicles.

ME (2007) also declares that a number of sectaciBpénitiatives and policies
are underway to reduce New Zealand’'s greenhouseegessions. In addition, an
economy-wide emissions trading scheme (ETS) has aeeounced to put a value on

emissions.

The Government has decided in principle that Nevalaled will use an
emissions trading scheme as its core price-basesure for reducing greenhouse gas
emissions and enhancing forest carbon sinks. The Realand Emissions Trading
Scheme (NZ ETS) will operate alongside other pedicand measures to reduce

domestic emissions and achieve New Zealand’s bresadgainability objectives.
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As a developed country, New Zealand must reduc&H& emissions during
the first commitment period (2008-2012). The resirctommitment for New Zealand
mentioned in Annex B of the Protocol of Kyoto isOl(percentage of base year or
period). That means, it will have to return the saamount of GHG emissions that it
had in 1990, in other words, New Zealand is meanghow no increase from 1990

levels between 2008-2012.

2.5 New Zealand and Biofuel

Since 1996, the most significant increase in GHGssions has come from the
energy sector, mainly because of growth in,@&missions from motor vehicles and

power plants (OECD , 2007).

The motor vehicle fleet has expanded rapidly, pattirough imports of
secondhand cars. The vehicle ownership rate is amang the highest in the OECD
(54 vehicles per hundred inhabitants), and, @®issions from road transport have

increased by nearly 60% since 1990 (OECD , 2007).

In 2003, oil represented about 48 percent of Newalatel's total energy
consumption. With dwindling reserves, the counmpaorts more than five times the

amount of oil it is able to produce domesticallgliP& Watson , 2008).

The New Zealand Transport Strategy is the stratEgimework for achieving

the vision that by 2010 New Zealand will have arorafable, integrated, safe,

responsive and sustainable transport system (MB7)2
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The New Zealand Transport Strategy (NZTS) makesreete to the NEECS
transport objectives, including increasing the w$elow energy transport options,
within the context of environmental sustainabilityhe strategy also recognized the

importance of transport biofuels (MOT , 2008).

The Renewable Energy Target in the NEECS includethdicative target of 2
petajoules (PJ) by 2012 for the transport sectooruher to signal the longer-term
pathway required. The target is equivalent to albuyiercent of current transport
energy use. It was set at this low level becaustheflack of an established biofuels

industry.

Consequently, the New Zealand Government has beekin at ways to
encourage the greater production of biofuels eraging voluntary uptake and
promoting biofuels and a biofuel industry by apptyiconsistent tax incentives”

(MED, 2009).

Despite an indicative target under the National rgneEfficiency and
Conservation Strategy for the uptake of transpmfulels since 2002 and a number of
government initiatives to encourage voluntary upiakere are no transport biofuels
being used in commercial quantities in New ZealaNd. biodiesel is produced
commercially at present, but feedstocks are availabsufficient quantities to exceed

the NEECS target (Ministry of Transport, 2008).
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2.5.1 Use of Biofuel in New Zealand

In a recent newspaper article, Dye (2008) commeaotedir New Zealand and
the use of oil from jatropha nuts to fuel a tegfhft which was the first of its kind using
a sustainable biofuel with commercial potential. B}13 the fuel will provide it with
one million barrels a year. Jatropha biofuel isagfer than traditional jet fuel, emits
less carbon dioxide and is socially responsiblés 4rown on land unsuitable for food

crops and which has not been forest land for st [2@ years.

Other cases mentioned in New Zealand newspapersVaigin Atlantic
powering a jumbo jet partly using coconut oil irbRgary, and the Dutch airline KLM

which plans a test flight this year with a biofughde from algae.

2.5.2 Barriers to the Introduction of Biofuels

MOT (2008) identified the following barriers toetintroduction of biofuels:

» Risk of vehicle damage: Some vehicle manufactureepresentatives are
reluctant to accept more than 3% ethanol in sedwarttd vehicles imported
from Japan, on the basis that this is the regulkteel in Japan. On the other
hand, fuel companies are not interested in ethhtesids below 5% because
they are not seen as economic. They are waiting tbear signal from Japanese

manufacturers that 5% ethanol is acceptable.

25



= The variation in the real price of oil. Fluctuatiog prices make it difficult to
justify long term investment in biofuels. Althoughe high price of oil at
present makes biofuels competitive, investment silmas for new
facilities/expansions will also need to take int@@unt possible future oil price

decreases — so investment is unlikely.

= The externalities of mineral diesel are not accedrior. In the existing system,
some environmental and social costs associatedmiitbral fuels are not fully
accounted for in their pricing, and as a resuk, phice of biodiesel (and to a
lesser extent ethanol) appears high relative toptiee of diesel (and petrol).
There is no feasible way to reflect the environrakbénefits (other than via the

carbon charge) from using biofuels, especially lasel.

The energy intensity of the industrial sector ighhiand the carbon intensity of
the electricity supply although still low, is inasng. Low taxation of motor vehicle
fuels (or non existent in the case of diesel) fetrs into relatively low prices at the

pump, giving little incentive to replace fossil fusy biodiesel.

New Zealand's Environment Minister, Mr. Brownleectiged: "To meet the
biofuels obligation of the old law oil companiesreeequired to blend 10 million litres
of biofuel into petrol and diesel sold in New Zealan a year.” This would mean much
of the biofuel would have been imported before emmental sustainability standards
had been put in place (MED ,2009). This declarati@s done after the biofuel law
was repealed, therefore removes the obligation ibrcampanies to sell a small

percentage of their fuel blended with biofuels.
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2.6 New Zealand and Forest

Carbon sequestration in forest is the amount of €apturedy the biomass and
sinks in carbon pools such as above-ground, belowrgl, dead wood, litter and soil
organic carbon. This key factor in New Zealand’s@&é&tcounting since 1990 is likely
to diminish over time as planted forests reach nitgfuand government retention of
forestry carbon sink credits may have contributedhte weakening of incentives to

expand plantations (OECD, 2007).

In 2004 New Zealand’'s GHG emissions totalled 75iBian tonnes of CQ
equivalent (Mt CQ@e), 21.3 % above the 1990 baseline level (62 M} Ol'he latest
Government projections suggest that net emissiamsgl 2008-2012 are likely to
exceed 1990 levels by about 30%, although sequestrifaom forestry may offset 10-

15% of these emissions (Ministerial Group on Clien@ahange, 2005; Mfe, 2006a).

The largest growth in emissions since 1990 has bed¢hne energy sector (an
increase of 9.9 million tonnes of G®as declared by ME (2007). This growth has been
offset by a concurrent increase in removals todiosiks (5 million tonnes of CCe,

or 29 per cent since 1990).

Carbon sequestration from forest plantations wiicréase towards 2020,

however, as forests reach maturity and are haeatel incentives to plant for carbon

sinks may have contributed to the slowdown in tla@ng rate (OECD , 2007).
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Plantation forests play a pivotal role in New Zedla GHG accounting in the
first Kyoto commitment period, during which protedt indigenous forests are
considered a neutral carbon reservoir that do antribute to CQ@ removal. Removal
of CQO, is calculated from the growth of planted foresied emissions from the

harvesting of planted and privately owned indigenfawests (OECD , 2007).

According to MAF (2006) about 6,600 knof plantation forest have been
established since 1990. These plantations are krasvKyoto forest” and count as
carbon sinks. Carbon sequestration in plantatisestois the main domestic measure
New Zealand uses to reduce net GHG emissions. 39@@, new forest planting has
added 423 kfmper year, on average, but the annual net plaméteydeclined from a

peak in 1994 (980 kfnto a net loss of 10 kiin 2004 NZCCO (2005).

Annual CQ uptake byPinus radiatais estimated at 26 tonnes per hectare
(Trotter et al, 2004). Recognition of forests asfukcarbon sinks has led to a range of
policies favouring the plantation of forests (Rh@dend Novis, 2002). As the Kyoto
forests near commercial maturity, however, it isr@asingly realized in New Zealand

that their sequestration of carbon is not a permias@ution.

In conclusion the New Zealand government recognikesimportance of the
forests as carbon sinks and the role that they iplakie Kyoto Protocol. However to
combat climate change and meet the Kyoto targejuestration of carbon is not
enough. New Zealand has to diversify its environtaleprojects that reduce GHG in

order to preserve forest and reduce its emissions.
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2.7 Chile and Climate Change

Chile ratified the United Nations Framework Conventon Climate Change in

1994 and established a National Climate Change sddyi Committee in 1996. In

2001, a year after Chilean ratification of the Ky®trotocol, the National Commission

on the Environment was appointed as DesignatechdtiAuthority. In January 2006

the CONAMA Governing Board approved a National GltenChange Strategy with a

primary focus on mitigation of GHG (PROCHILE , 2007

The general guidelines and priorities of the Cml€&overnment as defined by

PROCHILE (2007) are as follows:

The adaptation to climate change impact, whereggtdwernment will determine
the impacts and adaptation measures and formulatatianal program and
plans for adaptation.

Mitigation of emissions where the government waotsipdate an emissions
inventory, evaluate the country’s potential for GH@Gitigation, generate
domestic mitigation scenarios, formulate a NatioRabgram and Plans for
GHG emission mitigation and to create and buildiomal climate change
capacities.

To create and build national climate change cajgscitipdating the emissions
inventory, formulate a National Climate Change Ediomn and Awareness
Program and create a National Biodiversity and @lenChange Research

Fund.
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These guidelines establish a policy in Chile tol aath climate change and to
arrange plans for potential GHG mitigation, linkleg the participation of education

and awareness programs.

Chile has established, as a strategic priorityediNication of the energy pool to
promote renewable sources of energy replacing Ifdgsl. This will allow future

development of the country (Ministry of Energy @hiTokman, 2008).

Chile is the ninth most vulnerable country to climahange among the world.
Some of the environmental concerns are: glacialt;nghlifts in rainfall patterns;
expanding deserts; greater frequency of El Nificaictpg on the water supply; food
production, tourism industry and migration. Allthiese potential problems will impact

on Chile’s socio-economic development and natisealrity (UK , 2009).

While the prospect of becoming one of the worl@gést victims to climate
change approaches, Chile must find viable solutitm&an ongoing energy crisis.
Reality dictates that current coal based energgymtion and future affordable energy
production projects are contradictory to the adopwof low carbon emission policies.
Alternatively, Chile’s native energy resources utd# renewable possibilities such as

wind, solar or maritime (UK , 2009).
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2.8 Chile and Biofuel

Chile imports most of the fuel it consumes. The l&n Government has
recently signed a pact with Brazil to help it idgntareas of potential biofuel
development and cooperation. In March 2007, theeguowent announced the
elimination of taxes on bioethanol and biodieseaihid to increase demand and help

jump-start the industry (Pahl & Watson , 2008).

Chile needs to diversify the energy matrix both éavironmental and strategy
reasons and to achieve this, the agricultural seststudying the best way to produce
jatropha on a commercial scale. The productiorattbpha biodiesel is considered to

be one of the new energy alternatives to fosslsfue

In the northern part of the country, the Governmentworking with the
University of Tarapaca and the University of Chidedevelop and validate plantations
of jatropha to produce biofuel. The seeds were mepofrom Guatemala and currently

the first plantations are growing well.

Chile appears to be making careful progress towgrelater biodiesel use in its
future energy. However, it is at a very initial ggaas the studies are concerned just
with the identification of suitable cultivation eg and the genetic improvement of the

jatropha plant in Chile’s soil conditions.

31



2.9 Chile and Forest

The Afforestation/Reforestation CDM Project Actigg in Chile are usually
divided into three categories: First, afforestatinnrsmall owner lands or indigenous
communities through CONAF, NGO and/or other orgamans; second, associative
afforestation by share-partnership agreements legtforest enterprises and small land
owners, and the third is afforestation in erodedemraded soils to recover productivity

in any kind of land tenure and surfaces size (Nsclewander , 2003).

Neuenschwander (2003) estimated that, betweenetiis Y003 and 2012, about
200,000 hectares could be afforestated though @édfation/Reforestation CDM

project activities.

To establish the additionality of an AfforestatiBeforestation CDM project
activity, it is preferable to do it through socicemomics impacts. The preliminary
criteria for the Afforestation/Reforestation CDM opect activities in Chile are

classified under social, economic and environmeuiatities.
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Table 2.1: Classification of priorities for an Afesstation/ReforestatioBDM project

Social Priorities

Economic Priorities

Environmental Priorities

-Increase employment
through implementing
economic activities.
-Improvement of life
conditions of land owners
and indigenous
communities associated

with land.

- Establish forest plantatio
with high economic value.
-Increment value of
property through forest
activities and additional
incomes by CER.
-Access to governmental
incentive programs for
plantations.

-To minimize
organizational costs and

project administration.

n-Recuperation of erode

and degraded soil with no
cover vegetation.

-Water supply sources
protection, hydrographic
basins, sloped lands and
erosion risk.

-Forest species adapted to
local ecosystems.
-Avoid natural forest

replacement.

Source: (Neuenschwander .2003)

From Table 2.1 it can be concluded that jatrophantation meets social,

economic and environmental priorities in Chile.reasing the employment levels in

the north part of Chile will help poor communities improve living conditions; in

addition, the Chilean Government is supporting uigto investigation grants the

development of jatropha plantations in degradedsato help the environment.

Chile’s forest has lost 4.5 million acres of natfeeest from 1985 to 1995 and,

besides the forest, there is a loss of biologioatrdity. These forests were destroyed

largely to make way for industrial tree farms al@d®of all wood exported from Chile
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comes from its non-native tree farms. Native faresill face increasing danger over
the next 15 years as Chile’s wood products induptiysues its plans to double
plantation acreage from more than 5 million acosly to more than 10 million acres

by the year 2020 (Forestethics 2009).

2.10 Malaysia and Climate Change

Malaysia is a party to the United Nations FramewonkClimate Change and
ratified the Kyoto Protocol on 4 September 2002e Kyoto Protocol entered into

force on 16 February 2005.

At the national level, Malaysia has set up a NatidBteering Committee on
Climate Change to oversee and address all issdatedeto climate change, the
Convention, and the Protocol. The Conservation Bndironmental Management
Division at the Ministry of Natural Resources andviEonment is the Designated

National Authority (DNA) for CDM projects in Malaigs (Norini et al, 2007).

Malaysia has been following the negotiations andebigpment of climate
change issues very closely owing to the numeroynications that can and will arise
from the agreements achieved. As a developing cpultalaysia has no quantitative

commitments under the Kyoto Protocol at present.
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However, through the Clean Development Mechanis®M{; Malaysia could
benefit from investments in the GHG emission reidunctprojects, which will also
contribute to the country's sustainable developngeats, the overall improvement of

the environment and result in additional finanfiavs.

CDM projects result in certified emission reducti@ERS) that can be traded
on the international market. These CERs will previdutually shared benefits between

developing and developed countries (PTM, NRE, & KTA2005)

According to (PTM, NRE, & KTAK , 2005) the CDM carovide a financial
contribution to projects in reducing GHG emissidAgojects that have the potential to

reduce GHG in Malaysia include amongst others:

= Renewable energy projects, including PV, hydro laiodhass;

= Industrial energy efficiency;

= Supply and demand side energy efficiency in doroestd commercial sectors;

= Landfill management (flaring or landfill gas to egy);

= Combined heat and power projects;

= Fuel switch to less carbon intensive fuels (e@nficoal to gas or biomass);

= Biogas to energy (from POME or other sources);

= Reduced flaring and venting in the oil and gasmect

= Land-use, land-use change and forestry (LULUCF)jepte (afforestation,
reforestation, forest management, cropland managgemgrazing land

management and re-vegetation)
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Assuming an annual potential of 18 million CERs pear in 2010, there is a
substantial CDM potential in Malaysia of up to 1®@lion tonnes of CQ equivalent
for the period 2006 to 2012. At market prices afdmen US$ 3 and 10 per tonne, this
corresponds to a total capital inflow to Malaysianf sales of CDM credits (CERS) in
the range of RM 1.14 to 3.8 billion. Bilateral antultilateral CDM projects might
typically leverage projects financing 3 to 4 timémss amount, hence contributing

substantially to foreign direct investment and textbgy transfer.

From the perspective of Malaysia, the success ef GibM rests upon the
contribution it may make to national sustainablalgoWhether this will actually be
achieved can be largely directed by the Governnmdause only projects that receive
national host country approval can be officiallygistered as CDM projects and
generate CERs. Without such an approval, no CERdeagenerated. In the case that
the Government does not want to support a ceryaia of project or technology, it can
withhold national approval and thus prevent CERsnfibeing generated and traded

(PTM, NRE, & KTAK .2005)

2.11 Malaysia and Biofuel

The Malaysian National Biofuel government policystes a goal to reduce the
consumption of imported petroleum. In order to aplish that, the policy has
promoted greater production and use of blended jodltmiodiesel in 5% (B5). Those
supports have not been needed recently, sinceettmant for palm oil has soared and
its price has doubled between 2006 and 2007, cqpsoblems for biodiesel producers

(Pahl & Watson, 2008)
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Table 2.2 shows the biodiesel projects currentlyoperation. Another four
plants with a combined capacity of 190,000 tonnes expected to commence

commercial production by the end of 2009.

According to USDA (2009), the Malaysian Governmieas started to look at a
promising alternative feedstock jatropha. The Gowent has allocated funds to
facilitate research and development of the crop taedMalaysian Palm Oil Board is
tasked with carrying out performance tests on pdtesbased biodiesel. The Malaysian
Rubber Board is to engage in seed breeding andN&t®nal Tobacco Board is to
gauge the suitability of cultivating jatropha irethorthern part of the country. A few
private companies are planning to invest in jateophltivation but the impact on the

biofuel sector will not be significant in the newto years.
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Table 2.2: Biodiesel Plants in Operation in Malaysi

Name Location
1 | Carotino Sdn.Bhd. Pasir Gudang, Johor
2 | Malaysia Vegetable Oil Refinery Sdn. Bhd. Pasidéng, Johor
3 | PGEO Bioproducts Sdn. Bhd. Pasir Gudang, Johor
4 | Vance Bioenergy Sdn. Bhd. Pasir Gudang, Johor
5 | Mission Biotechnologies Sdn. Bhd. Petaling J&gangor
6 | Carotech Bio-Fuel Sdn. Bhd. Ipoh, Perak
7 | Lereno Sdn. Bhd. Setiawan, Perak

8 | Golden Hope Biodiesel Sdn. Bhd.-Carey Island lPdlarey, Selangor

Golden Hope Biodiesel Sdn. Bhd.-Panglima | Teluk Panglima Garang,

’ Garang Selangor

10 | Zoop Sdn. Bhd. Shah Alam, Selangor
11 | Global Bio-Diesel Sdn. Bhd. Lahad Datu, Sabah
12 | SPC Bio-diesel Sdn. Bhd. Lahad Datu, Sabah

Source: USDA (2009)

2.12 Malaysia and Forest

Forest Research Institute Malaysia (FRIM) indicatbdt selected species
planted under forest plantation programmes are tabdequester carbon. The ranges of
sequestration are from 3.5 t/ha/year fipterocarpusspecies to 14.6 t/halyr for

Eugenia urophyllgNorini, et al. , 2007)
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Following the 1Y Session of the Conference of Parties (COP), Miays
submitted its stand on the issue of deforestatiodeveloping countries. Malaysia is
aware of the importance of forest resources in iding environmental protection,
especially with regard to climate change. Malaydso is committed to managing its
forests in a sustainable manner and will suppatal efforts to curtail deforestation.
With regard to negotiation processes on deforestatvalaysia would like very much
to do this under the Kyoto Protocol and be consdarmder the second commitment

period, i.e., after 2012 (Norini et al. , 2007)

The CDM mechanism mentioned earlier in the tex¢neto afforestation and
reforestation projects on deforested land befo@1®Vith the Government’s intention
to increase the area under forest plantation, titenpial of both reforestation and

afforestation projects to be new sources of timbéighly likely.

Preliminary assessments carried out by researeth&iRIM indicated that forest
plantation species also are good sequesters obrtaHAor instanceAcacia mangium
and Acacia hybridhave the capacity to absorb 6.39t/ha/yr and éagtf of carbon,
respectively. In fact, almost all of the speciesoremended for forest plantation are

capable of sequestering carbon.
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Table 2.3: Total carbon uptake increments of défifieiplantation forests according to

species.

Classification Category Carbon Uptake
(t/halyear)
Plantation Forest Acacia mangium 6.39
Pinus spp. 5.65
Eucalypthus deglupta 11.68
Dipterocarpus spp. 3.45
Plantation Industry Elaeis guineensis 6.95
Hevea brasiliensis 6.31

Source: (Norini et al. , 2007)

Table 2.4: LULUCF potentials of considered Non-Axn& countries — first

commitment period (in tC£)

Malaysia Chile
Project type
low high low High
Plantations 55,000 82,500 275,000 550,000
Avoided deforestation 0 0 0 0
Agro-forestry 9,167 21,083 1,833 4,217
Regeneration 550,000 1,100,000 18,333 55,00
Total carbon 614,167 1,203,583 295,167 609,21

Source: (Jung , 2003)
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According to Norini, et al. (2007) there are chadles in implementing the

CDM in Malaysia. These can be classified as:

Methodologies, criteria and definitions need talbgeloped.
National CDM criteria for forestry projects, pattiarly concerning the transfer
of technology.
Definition of forest and the calculations for abay®und carbon sequestration
rates using local values.

Methodologies for forestry CDM suited to Malays@onditions.

Stakeholders, Institutions & Regulations.
The awareness and understanding among stakeholders
To enhance the effectiveness of the process afiphicand the proper advice to
potential clients.

Legal and institutional issues related to land temeed to be addressed.

Future actions
Identification of suitable lands that are eligidte afforestation/reforestation
CDM in Malaysia.
Forestry CDM should be viewed as an incentive tmmte the establishment
of forest plantation where it might not be profiabtherwise
Rules and modalities for forestry CDM projects dddue less strict in the next
commitment period (2012).
Avoiding deforestation and forest rehabilitationdeveloping countries should

be considered for credits in future negotiationsomable mechanisms.
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2.13 Case Studies on Jatropha Biodiesel

There are various biofuel projects currently besngmitted under the CDM, where
the main reduction is caused by the replacemembssil fuels. Some of these CDM
projects that utilize biodiesel are as follows:

= Palm Methyl Ester — Biodiesel Fuel (PME-BDF) protgoie and use for

transportation in Thailand

= AGRENCO biodiesel project in Alta Araguaia, Brazil

= Sunflower methyl ester biodiesel fuel productiom arse for transportation in

Thailand

= Biodiesel production and switching from fossil fsig@letro-diesel to biodiesel in

the transport sector, Andhra Pradesh, India

= Manufacturing of biodiesel from crude palm oil ajadropha oil Kakinada,

Andhra Pradesh.
= Jatropha biodiesel from degraded land in Madagascar

= Jatropha curcagultivation in the Democratic Republic of Congo

Among the biofuel projects submitted to IPCC, tlastlthree mentioned are

jatropha projects. The rest have used other cpsoduce biofuels.

The following are brief descriptions of jatrophaojects submitted in IPCC that

have claimed carbon credits from jatropha, either @ biofuel or as a

reforestation/afforestation project.
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2.13.1 Manufacture of Biodiesel from Crude Palm Oil and Jaropha Oil in

Kakinada, Andhra Pradesh.

Natural Bio-Energy Limited (NBEL) is setting up & tonnes per day biodiesel
manufacturing facility at Kakinada, Andhra Prade$he plant is proposing to use
Crude Palm Oil as a raw material during its inibgkeration and in due course jatropha
oil will also be included along with the palm dNBEL is planning to import the raw
material from Malaysia and the refining of raw mietleand manufacturing of biodiesel
will take place at Kakinada. NBEL is proposing seunethanol for trans-esterification
and sodium methaoxide as a catalyst. During theufaaturing process, the pharma

grade glycerine will be produced as a by-produtia|@sani, 2007).

It is assumed that the bio-diesel generated froenpiloject activity will replace
liquid fossil fuel that would otherwise be useda in mobile combustion engines for
road and rail transport as well as in stationarynloostions. The project activity
proposes reductions in GHG emissions in both tleymstion stage (transesterification
as compared to pre-combustion emissions of basklale and the consumption stage
(biodiesel consumption as compared to emission fcombustion of baseline fuel)

(Chalasani , 2007).

The project activity will contribute to the sustaible development of India in the
following ways with respect to social, economicyieonmental and technological
well- being: the project promotes use of biodiesdijch is a renewable fuel and is
clean, safe and biodegradable. Combustion of setlieeduces serious air pollutants
such as soot, particulates, carbon monoxide, hgdbons and air toxics (Chalasani
2007).
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Efficient and effective production of biodiesel Wausignificantly enhance the
prospects of employment of native people, involwechnical, semi-technical and non-
technical human resources. Optimal deployment bexiraction and crushing units
would help in the sustainable business developmksitnall scale industries. Usage of
bio-diesel fuel would also help in improving thd sector productivity, growth and
linkages leading to a higher contribution to GDReBnnual average over the crediting

period of estimated reductions is 60,012 tonngS@fe (Chalasani, 2007).

The project activity reduces greenhouse gas emis$ig reducing the consumption
of fossil energy in combustion engines in the tpamssector or stationary electricity
generation. As part of the project activity, agatna plantation will be established on
3,000 ha of wasteland. Oil presses and a biodpsduction plant will be set up on the

site and biodiesel will be marketed domesticallgfasani , 2007).

2.13.2 Jatropha Biodiesel from Degraded Land in Madagascar

The purposes of the project activity are the eshblent of the oil seed producing
plantjatropha curcason extremely eroded, unused areas in Madagabkeaproduction
of biodiesel (jatropha oil methyl ester) as a sitlnsdn for fossil diesel in Madagascar,
the prevention of ongoing erosion, re-cultivatidntiee land for past project use and

local employment benefits (Germain , 2008).

The proposed project activity is carried out asn@alk scale activity which is
classified by the IPCC as a type of renewable gnprgject activity with an output
capacity lower than an appropriate equivalent tonEgawatts. The annual average of
the estimated reductions for this project over d¢retliting period is 3828.3 tonnes of

COe.
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The project also reduces greenhouse gas emissyoregibcing the consumption of
fossil energy in combustion engines in the transgector or stationary electricity
generation. As part of the project activity, agatna plantation will be established on
3,000 ha of wasteland. Oil presses and a biodpséduction plant will be set up on the

site and biodiesel will be marketed domesticallgii@Gain, 2008).

The production of biodiesel from jatropha oil prodd on degraded land will

contribute to sustainable development in Madagatcaugh multiple effects:

= Land degradation, particularly erosion on long teteforested areas, is a serious
threat to global food security. After completingetlproject land fertility and
productivity will be significantly higher for furtr use.

= The enhancement of renewable energies is of higloitance, particularly in the
rapidly growing transport sector of many developinguntries, to counter
increasing greenhouse gas emissions and shortdgesdfoil resources.

= Socio-economic benefits will arise from the transtg know-how and the
promotion of project experience for sustainable dsinc production of biofuels,
enabling Madagascar to reduce its dependence eit éoergy imports by using its
vast but currently largely infertile land resourc8hlort-term effects in the course of
the project activity will occur through direct eropiment opportunities and income
generation for the local project partners and pagpoh as well as demand for
commodities and services at local suppliers.

= From an ecological point of view, the establishma&d jatropha plantation and the
corresponding supply of organic matter to the smbsystem will entail a
diversification as compared to the predominant oetice of severely eroded soil

and one or a few low-grade grass species.

45



2.13.3 Jatropha curcas Cultivation in the Democratic Republic of Congo

The project entitled Jatropha Cultivation in theniaeratic Republic of Congo
will allow the establishment of 18jatropha curcasplantations covering an area of
14,000 hectares of mostly degraded soils. The da&@robjectives of this project are:
sequestration of COby the cultivation ofiatropha curcas regeneration of degraded
soils and protection against erosion; and empowearnef local communities

(Carbon2green, 2008).

The planting schedule will be phased in over foearg to sow the 14,000 ha

and gradually include the 187 villages involvedha project.

The net sequestration of greenhouse gases by sisksciated with the
implementation of this CDM afforestation projectluides 35 million plants spread
over 14,000 hectares and is estimated at 3,219@88fs of CQ equivalent over a 30

year period.

The benefits of the jatropha plantation project aresion control through
plantings, improved soil fertility through the lifeycle of jatropha, creation of new
habitats for bees, birds and small animals, minichialuption of existing natural

habitats, restoration of biodiversity and improvthg beauty of the landscape.
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2.14 Summary of Chapter 2

Biodiesel can be produced from the oils from semu$ can be blended with

petro-diesel to be used in any diesel engine.

Biodiesel has the lowest impact in terms of carltboxide emissions in
comparison with different combustibles such a gaeol diesel, ethanol and
compressed natural gas (CNG), therefore biofuelgribmite significantly to climate

change mitigation by reducing G@missions.

Jatropha produces seeds that contain an inedilgletage oil that is used to
produce biofuel. It can grow well on marginal amang-arid lands, has a long life, is

drought resistant and can be grown in a rangeibfyges.

One of the advantages of using jatropha is thatraonto other biofuels made
from oil seeds, it does not displace food cropsabse the seeds and oil are non-edible

and because it grows on land where food cropsnetligrow.

The properties of the crop and soil have persuadesbtors, policy makers and
clean development mechanism (CDM) project devekbperconsider this plant as a
substitute for fossil fuels to reduce greenhouseeagnissions. The Clean Development
Mechanism is an economic instrument by which botluntries (developed and
developing) can play a role in avoiding greenhaerséssions with the creation of new

projects.
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New Zealand ratified the Kyoto Protocol, committitayreturn its net annual
GHG emissions to 1990 levels during the first cotnment period (2008-2012) by
reducing emissions, using emission credits fromfatest sink or buying emissions
credits on the international market. Consequerlig, New Zealand Government has
been looking at ways to encourage the greater ptmatuof biofuels encouraging

voluntary uptake and promoting biofuels and a @bfadustry

Chile is a developing country that ratified the t8oml of Kyoto. It has
established, as a strategic priority, diversificatiof the energy pool to promote
renewable sources of energy replacing fossil flileé production of jatropha biodiesel

is considered to be one of the new energy alteresito fossil fuels.

Malaysia ratified the Kyoto Protocol on 2002 whemttered into force on 2005.
As a developing country, Malaysia has no quaniatommitments under the Kyoto
Protocol at present. Through the Clean DevelopnMathanism Malaysia could
benefit from investments in the GHG emission reidunctprojects, which will also

contribute to the country's sustainable developrgeats.

The Malaysian National Biofuel government policystes a goal to reduce the
consumption of imported petroleum. In order to aeplbsh that, the policy has

promoted greater production and use of blended+odlivodiesel in 5%

An A/R CDM project activity is an afforestation oeforestation measure,
operation or action that aims at achieving net raptbgenic GHG removals by sinks.
In Chile has been estimated that, between the y2@08 and 2012, about 200,000

hectares could be afforestated though AfforestéReforestation CDM project
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activities. In the case of Malaysia, the countryaware of the importance of forest
resources in providing environmental protectionpeesally with regard to climate
change. Malaysia also is committed to managinfprssts in a sustainable manner and

will support global efforts to curtail deforestatio

There are various biofuel projects currently besupmitted under the CDM,

where the main reduction is caused by the replastmiefossil fuels. Projects that

have used jatropha as the main biofuel are logatédlia and Congo.
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CHAPTER 3

3 METHODOLOGY

The methodology to develop this research work ctef a literature review,
observation, site visit, interviews and analysighed data provided by the case study

(project activity).

The research used data from a New Zealand biodss®ipany which is
planning to plant jatropha and produce biofuel. Thee of the company is omitted as
a part of a non-disclosed agreement in order tbeptdhe confidentiality of the data

provided.

The company studied expects to carry out a farmpnogect onjatropha curcas
in a developing country (project activity). It exgbe to grow up to 20,000 ha, gradually

over a period of 10 years.

In order to achieve the objective of the studymany and secondary data was
required. Data was collected from the company ideorto calculate the GHG
emissions from the activity and also the GHG reidnst The data supplied by the
company is: number of hectares, yield of jatrophaxpected, consumption of fossil
fuel for machinery, consumption of electricity, amno of nitrogen fertilizers, amount
of methanol used in the production of biodiesehédtdata such as the distance for ship

voyages and the price of CERs was estimated.
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The calculation of the GHG emissions from the atgtignd from the reduction
was done using the equations provided by the IPC@&IgBnes and similar CDM
projects related to biofuel production/consumptibne equations include data supplied
by the company and parameters that were sourced FRRCC Guidelines, DEFRA

(Department for Environment, Food and Rural Affau&) and NZ Guidelines.

The equations are used to calculate: the quanfitgadbon capture by the
plantation, baseline emissions, project emissietated to consumption of fossil fuel,
project emissions related to other sources of GH@Erogen and methanol

consumption).

In this work, Chile and Malaysia were selectednesdase study and named as a
“CDM host country”, which means the country in whithe reduction project will take

place.

The reason for choosing Chile and Malaysia was uss®oth are developing
countries that can host CDM projects. New Zealandn industrialized country that
can transfer the technology and act as the buy@Edts. The NZ company expects to

plant jatropha biofuel in a developing country @mdduce biofuel.
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Figure 3.1 represents the relationship of the aeesstudied in this worl

CHILE

Developing comtry

MALAYSIA

Devdoping comtry
CDM Jatropha biodiesel project

By,
*

Og

Income (355)
Transfer technology

o Sell GER.

Sell CER, -
} NEW.ZEALAND

Income {355} 4 | Davaopad country

Transfer technology

Fossil fuel (diesel)

Jatropha

Figure 3.1: Relatioshig between Chile, Malaysia and New Zealand in the C

As Figure 3.1 showChile and Malaysia are developing couni in which the
jatropha plantationvill be carried outAs a developed country, New Zealand acta
provider of technology toproduce jatropha biofuelThe reduction project ar
replacement ofdssil fuelare placed in either Malaysia or Chile. As a result,w\
Zealand can either buy trcarbon credits{CERS) generated for that reduction

participateas an investcat the very beginning of the project.

For each objectivthe methodology will e:

1. To identify and evaluatpotential activitieshat can reduce greenhouse g
through the use of feopha biofuel and si-products.
In order to identifypotential activities for CDM projects, #lis stage the literature

researchwill be considere. It will include relevant informationand similar cases
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overseas, through library research and interneewesvon the UNFCC website. It will
include an assessment of the registered, rejectéciagoing CDM projects regarding

biofuel.

. To evaluate the option of a jatropha plantation past of an afforestation or
reforestation project under CDM.

The conditions necessary for a jatropha plantatocomply with the requirements for
becoming a CDM project in terms of a greenhousd& &m an afforestation and
reforestation scenario will be evaluated. Theré el field trips to jatropha plantations
as well as a literature review. The informationlwg obtained from a literature review
of theses, dissertations, project proposals, prajesign documents under registration
by the UNFCC and secondary information availabhe]Juding articles, website and

internet sources.

. To identify conditions that make a CDM project abie for developed and developing

countries.

It will identify the conditions necessary to mak€BM project successful in terms of
the volume of CQ@ reduced, the number of hectares planted, agreebstween the
owner of the plantation and the biofuel manufaatusastainability of the project and

the final consumer of the biofuel.

. To estimate the amount of reduction emission difes emission reduction (CERS).

In this study, the amount of CERs to be earned béllestimated, either by increasing
the activities that can reduce greenhouse gasasks by the jatropha plantation itself.
The most suitable methodology for the data coltbatell be used, using the data

available and parameters from the Country studied.
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CHAPTER 4

4 RESULTS AND DISCUSSION FOR QUALITATIVE FINDINGS

4.1 Identification and Evaluation of Potential Activities that Reduce Greenhouse

Gases through the Use of Jatropha Biofuel and Subrqducts.

The most common uses of jatropha are mentionedyuré-4.1:

[ Jatropha Curcas ]

v

Whole Plant:

- Erosion control

- Hedge plant
- Medicinal use
- Plant protector

v - Firewood

uit Fruit hulls KGreen manure j

-I-I
=
\ 4
( )
. J/

A 4
( ) ’ Combustibles, green manure ]
Seeds Seed shells 'y
(. J/
Seed oil \ /Press/seed cake \
- Biodiesel - Manure, Fertilizer
- Soap production - Briquettes
- Fuel (Oil lamps, others) - Input for biogas production
- Medicinal uses -Input for combustion or charcoal

kCookinq stoves / Qroduction /

Figure 4.1: Different uses of Jatropha

Source: Van Eijck & Romijn (2008) , Heller (1996)

54



Figure 4.1 shows that the jatropha plant has mas®s un erosion control,
hedges and medicine. The products generated frempldint are firewood, green
manure, fruit and seeds. During the pressing pspdesit hulls and seeds shells are

generated and they can also be used as a combustithigreen manure.

At the end of the process, seeds generate oil anorganic waste product is
obtained as a residue of pressing the nuts cafleess cake” or “seed cake”. The by-
products from the seed oil are biofuel and soaps. @y-products from the press cake

are fertilizer, briquettes and biogas.

Among all these jatropha sub-products, the onesa@ldirectly to the reduction
of GHG are the seed oil and press cake. The reduofiGHG from seed oil is because
the oil generated can replace fossil fuels. Indhse of the press cake, it contains a
considerable amount of energy owing to the oil enhtvhich can be recovered either
by digesting it and producing biogas or convertihgnto briquettes for fuel as

conducted in a study by Achten, et al. (2008).

Figure 4.2 shows inputs and outputs in the cycleysproducts and how they
can be used either as a fertilizer or digestedréalyce biogas (CH. The inputs are
CO,, H,O and sunlight in order to grow the crop and thet.fiThere are two outputs:
the first one is the biodiesel as a product ofsed oil; the second output is the biogas

generated by the fermentation of the seedcake.
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Figure 4.2: By products unit process

Source: Henning, 2003

The cycle that Figure 4.2 shows represents diffeq@mcesses such as

extraction of oil from seeds, transesterificatioonfi the seed oil in order to produce

biodiesel and fermentation of the seedcake to géméiogas (CkJ.

4.1.1 Press/Seed cake

In order to fully use the energy characteristicstiogé press cake, the New

Zealand Company studied should utilize the preke generated in order to replace a

fossil fuel and reduce greenhouse gases. The anaiubiomass from seedcake is

estimated to be around 65,000 tonnes, from a plantaf 20,000 ha over a period of

10 years and a yield of seeds of 5 tonnes/ha/yaar@ding with the production plan of

the Company. This estimation was according to sesidicarried out

BioFuelsRevolution (2009), where 10 tonnes of seatiproduce 6,500 kg of biomass

from the oiled seedcake.



The following are ways to use the waste plant neagzress/seed cake after oil

extraction. With all these options there is a réiducin greenhouse gases as explained

as follows:

Using it as organic manure (fertilizefhe press cake retains all of its minerals and

nutrients, so it can be used as an organic fetilizhe nitrogen content is similar to
other manures and ranges from 3.2 to 3.8 % as sigpby Heller (1996). The
reduction of GHG is carried out through the reptaest of chemical fertilizer that

emits NO which is considered a GHG under the Protocol yiitK.

Converting it into biogasThe seed cake still contains oil; hence it stdhtains

energy that can be used for biogas production. ddlee can be converted into
biogas by digestion in biogas tanks, together witier input materials such as
dung, leaves etc. When the biogas is used for ogpHKighting, or to produce
energy/electricity there is a replacement of fofsdls that is considered to be a
reduction in GHG. Furthermore, if these activitegs implemented in a rural area,
it can help to combat the poverty and improve thieag conditions of low income

families in remote areas.

Using it directly as a fuelSeed cake can be processed into pellets, btaguet be

converted into charcoal. They can be used for ltembustion as a fuel in wood
stoves or ovens. The replacement of fossil fuel tfos fuel produces a GHG
reduction, in addition, using this fuel avoids de&iation problems and preserves

carbon sinks (forest).
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These options above for using seedcake are supparseveral studies carried

out by Foundation (2006), Foundation (2008) and Egek & Romijn (2008).

4.1.2 Seed Ol

A potentially major use is the fuel obtained frohe toil after it is chemically
treated by the transesterification process. Themtuced by this crop can be easily
converted to liquid biofuel, which meets the Amaricand European standards as
commented by Achten et al. (2008). When Jatrophasotonverted into biodiesel,
vehicles require almost no modification (only theslf hose needs to be resistant to

biodiesel).

The sectors where jatropha biofuel can replacdlffusd and reduce GHG are:
energy industries, manufacturing and constructiod &ansport industries. The vast
majority of the world’s heavy transport sectors ailesel-powered including
automobiles, fleets, mass transit, trucks and heauypment, farm equipment, boats,
trains, electrical generators and aircraft. Jateopiodiesel can be used for diesel-

powered vehicles and therefore reduce GHG emis$ipmsplacing fossil fuels.

Therefore the transport sector is where fuel istntikely to be replaced by
jatropha biofuel since the engines are fed withselieAs mentioned before, diesel
engines do not need to be modified to use biodidsélopha oil could also be blended
with normal diesel fuel and sold at petrol statidois private vehicles, or be used to

feed airplanes or marine transport.
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One environmental advantage of using biofuel irtkte& diesel in marine
transport is to avoid the pollution from a potehtigesel spill into the sea. Diesel
engines can cause considerable environmental damesgecially in the case of a
petro-diesel fuel spill. This is supported by testsried out by Pahl & Watson (2008),
who concluded that biodiesel is not harmful to fishd that when spilled in water,
biodiesel will be 95 percent degraded after 28 deysompared with only 40 percent

for petro-diesel in the same time period.

4.1.3 Examples of Transport using Jatropha Biofuel

In the case of Chile and Malaysia there is no itrthlsproduction of jatropha
biodiesel. Nevertheless in New Zealand, its airteenpany Air New Zealand, orf"5
January 2009, successfully completed the worlds fest flight running on jatropha-
based biofuel engines. The jatropha oil was refundsing a technology to produce jet
fuel from renewable sources that can serve as ectdreplacement for traditional

petroleum-based fuel.

Another example of transport fed by jatropha bibfaghe Indian Railways in
both northern and southern India. This move is pad long term policy decision to
reduce dependence on fossil fuels and move tcelgssnsive alternatives. Among the
developing countries, India is leading the productiof jatropha and it is being

promoted by the Indian government (Brink, 2008).
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4.1.4 Conclusion of Objective 1: Identification and Evalation of potential
activities that reduce GHG through the use of jatrpha biofuel and sub-

products

In conclusion, jatropha has the potential to helmloat the greenhouse effect
through different products generated, but mainlgnfr seed oil (biodiesel) and

press/seed cake.

The jatropha biofuel process generates a remaibioignass that can be used
either as a fertilizer, or is combustible (firewpddaves, branches, fruit hulls, seed

shells etc.)

The seed/press cake obtained from the pressinggsaman be used either as a
fertilizer, as a fuel or in a bio-digestion procésgproduce methane. In the first case,
the reduction of GHG is through the avoidance gDNrom synthetic fertilizer. The

reduction in GHG from the rest of the options tpkece when fossil fuels are replaced.

The seed oil can be used as a biodiesel in diegghes, oil lamps and cooking

stoves. In all these ways the reduction in GHG dagkace when fossil fuels are

replaced by biofuel.
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4.2 To Evaluate the Option of Jatropha Planting as Parbf an Afforestation (A) or

Reforestation (R) Project under CDM

The Clean Development Mechanism includes projectsnk GHG in a forest
through afforestation or reforestation increasimg temoval of greenhouse gases from
the atmosphere. Owing to the characteristics of j#tmpha tree and the climate
conditions where the tree is planted, there istarj@l option of becoming an (A)/(R)

project under CDM.

Photosynthetic processes provide environmentalffasnable mechanisms for
the removal of C@ Biological systems produce biomass which caraaca reservoir
of carbon or as a direct substitute for fossil $ueis is supported by studies carried out

by Hall et al. (1992).

The definition of “Forest” is part of the glossaof CDM terms given by
UNFCC (2008). A forest is a minimum area of land0o®5-1.0 hectares with tree
crown cover (or equivalent stocking level) of mdnan 10-30 per cent with trees with

the potential to reach a minimum height of 2-5 et maturityn situ.

A forest may consist either of closed forest foioreg where trees of various
heights and undergrowth cover a high proportiothef ground or open forest. Young
natural stands and all plantations which have yeeach a crown density of 10-30 per
cent or tree height of 2-5 metres are included urideest, as are areas normally
forming part of the forest area which are tempbrarmstocked as a result of human
intervention, such as harvesting or natural causaswhich are expected to revert to
forest.
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From the definition given, it can be concluded thalaysia and Chile, as they
are not Annex | countries, may host an A/R CDM ecbjactivity if the plantation of
jatropha complies with the next eligibility critari

a) A minimum land area value between 0.05 and 1 hexcsand

b) A minimum tree crown cover value between 10 an&3@&nd

C) A minimum tree height value between 2 and 5 metres.

d) Is either an open or a closed forest

The initial land area of the project activity thae New Zealand company is
expecting to carry out is 2,000 hectares. The temetgplan of the company is to
gradually expand to 20,000 hectares in a periatDofears that will warrant setting up

a modern oil extraction mill close to the plantatsite.

A comparison between the requirement to qualifyaa®/R CDM project

activity and the current features of jatropha gilgnthe New Zealand company are

shown in Table 4.1

Table 4.1: Features of Jatropha

Feature Requirement to qualify as a Project studied

A/R CDM project activity

Land area Between 0.05 and 1 hectare 20,000 ha
Tree crown cover Between 10 and 30 % over 30%
Height value Between 2 and 5 metres 3-6 metres

Source: Adapted from UNFCC (2008)
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The data provided by the New Zealand company od@sciwith the
bibliography data collected from different authasch as Foundation (2006) and
Heller (1996) who describe the feature of jatroghaerms of height, crown cover and

land the jatropha CDM project reaches the requirgrteebe considered as a forest.

Activities in the Land Use, Land Use-Change ForgsilL UCF) sector are
scoped for afforestation and reforestation projeGisese activities are defined by
UNFCC (2009) in the Report of the Conference of Beties 16/CMP.1, Annex,

paragraph 1 as follows:

» Afforestation is the direct human-induced conversed land that has not been
forested for a period of at least 50 years to tedkdand through planting,

seeding and/or the human-induced promotion of ab@ed sources.

* Reforestation is the direct human-induced convarsib non-forested land to
forested land through planting, seeding and/ottlnm@an-induced promotion of
natural seed sources, on land that was forestédhhtihas been converted to
non-forested land. For the first commitment peri@lorestation activities will
be limited to reforestation occurring on those ktitht did not contain forest on

31st December 1989.

From the definition given above, it can be conctutleat the afforestation and

reforestation projects for jatropha either in Malayor Chile, depend on the land

converted in order to establish the plantation.
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It will qualify as an afforestation project if itao be demonstrated that for at
least 50 years vegetation on the land has beewlbithresholds adopted by the host
country for the definition of forest; otherwisewill be classified as a reforestation

project if the land was not forest beforé'Tlecember 1989.

Plantations could be established in degraded aorestied lands in Chile or
Malaysia. With good land management and with aasusble production, a jatropha
plantation can be an environmental sustainableo@nd therefore be used for CDM

afforestation and/ or a reforestation project.

The project proponent will be represented by th#e@h or Malaysian company
who own the land and plantation. The project pr@mrshould be able to demonstrate
that the land is an “eligible land” that meets thquirements of the “eligible project”
activity mentioned in the previous paragraph. s purpose, the Executive Board of
the IPCC has developed procedures to demonstratelidibility of lands for A/R

CDM project activities as mentioned by UNFCC (2007)

In order to demonstrate that the land is 'eligibled’ in Chile or Malaysia, the
project proponent must demonstrate at the timetbgct starts that the land does not

contain forest, by providing transparent informatibat:

a) Vegetation on the land is below the forest thred$ol

The project proponent in Malaysia or Chile hase@mdnstrate that the land used to
plant jatropha was not a forest before. In ordepriwve this statement, the owner
can provide evidence such as aerial photograpbkatelite imagery complemented

by ground reference data.
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b) All young natural stands and all plantations on llned are not expected to
reach the minimum crown cover and minimum height
The land used to plant jatropha cannot reach thee salues of crown cover
and height chosen by the host country (Malaysi@hole). Evidence of the land
use or land cover information from maps or digisgatial datasets are
acceptable as proof of this requirement, for examphd cover information can

be retrieved from government agencies related haitt use.

c) The land is not temporarily unstocked, as a resfutiuman intervention such as
harvesting or natural causes
The condition of the land cannot be conditionedhibynan intervention. The
project proponent has to demonstrate the stattiseoprevious land presenting
land use or land cover information from permitsang, or information from

local registers such as cadastre, owners’ regjsiersther land registers.

If it is not possible to obtain these, project mapants may submit written
statements attesting to the eligibility of the lan¢f options (a), (b), and (c) are not
available/applicable, project participants shalbrait a written testimony which was
produced by following a Participatory Rural Appedisnethodology or a standard as

practised in the host country.
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4.2.1 Risk of Reversibility:

The longevity of the jatropha tree is about 50 gedém the context of a sink

project, the carbon credits can be projected albisgperiod of time.

There are forestry risks that can reverse the casiock; the risks can be
classified as biotic risks (pests, etc.), abiots&s (wind, fire, etc.) and anthropogenic
risks (illegal encroachment of plantations by logadpulation, illegal fuel-wood

collection, etc.).

In the case of pests, there is a high chance lieatrée will die; therefore there
will be a loss of biomass and the forest will reglits capacity to capture GAn the
event of a fire, loss of biomass can be massivéhéumore, the combustion of biomass
will release huge amounts of GAAmong the biotic risk, wind and storms can destro
branches from the trees and lose biomass that blast@ sink CQ. Anthropogenic
risks threaten the amount of biomass capable &frggrCO,, due to either illegal wood

collection to be used as fuel or encroachmentanitglions.

Actions to reduce or eliminate the reversibility®@HG reductions as a result of
these risks must be taken by the owner of the ai@mt either in Chile or Malaysia.
The area subjected to biomass burn from the naturahthropogenic influences shall
be assessed. The ex-ante estimation of fire riskbeaassessed from the historic data

on fire occurrence in the region.

The owner of the Afforestation/Reforestation CDMojpct should list any
actions taken to reduce the risk of reversibilitgl dow they were incorporated into the
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estimates of a project's GHG reduction and statetkdr these actions will fully or

only partially avoid the reversal of carbon storage

Performing good practices in designing and opegatite forestry project are
usually the best mechanisms to ensure the sinkalylEament practices such as planting
or seeding, thinning, fertilization, harvestingdameplanting cycles must be part of a
Management Forest Plan in order to address thetfopgeration and to control water
quality and quantity, soil quality, pesticide andgtrrent use, wildlife habitat, forestry

and waste management.

4.2.2 Commercialization of Carbon Sink Credits

In the carbon trading systems there are differesgsao off-set for activities
that contribute to climate change. A company ttest to reduce its own emission will
buy carbon credits in the market. Those carbonitsrecthn come either from a
reduction in emissions due to an efficient energygpam, from renewable sources of
energies such as wind, solar, wave, tidal or geotiteprojects, collecting methane

from landfills, use of biomass or for storing cambo

Carbon sink credits generated from stored carbojatiopha trees are being
traded in the voluntary carbon market. Deforestatian be avoided either by paying
directly for forest preservation, or by using off$ands to provide substitutes for

forest-based products with social and economicfiisne

Examples can be seen in the CarbonCatalog, (200@rewthere are two
providers offering carbon offset from jatropha peig. The first project is a fuel
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substitution project in the Philippines. The projeans to plant Jatropha trees and
produce biofuel. The company involved in the prbjecGroPower which sells the oil
harvested from the trees to biofuel refineries. Beeond project is a Forestation
project in Kota Kinabalu, Sabah, Malaysia, consgtbf a nursery for jatropha with a
total plant capacity of 139,000 trees per monthe Tdperator of the project is
Trees4Good Sdn Bhd which works with biofuel feedssathat will actively enrich the
degraded soil with the long term view of the s@irny able to support the regeneration

of the indigenous plant life.

4.2.3 Conclusion of Objective 2: Option of Jatropha planing as a part of an

Afforestation/Reforestation project under CDM.

In conclusion, the jatropha tree satisfies all ¢baditions set down under the
UN Kyoto Convention as a positive sink tree thatn cde used for

afforestation/reforestation CDM projects to accasiptarbon sequestration.

The land used to plant jatropha should be degriaetliin order to comply with

land requirements.

However, A/R CDM projects are unlikely to be acegpby IPCC owing to the
uncertainties of the methodology to calculate carbmrage and the risk of reversing
the carbon stock in the forest projects. Neversglemission reductions of non CDM

projects can be traded in the voluntary market ldf3Gs a way to offset the emissions.

68



4.3 To Identify those Conditions that Make a CDM Projed¢ Suitable for Developed

and Developing Countries.

For this objective the suitable condition of Newalamd as an industrialized and
developed country was analyzed. In the context®iCGlean Development Mechanism,
New Zealand may transfer technology to producepdia biodiesel to countries such
as Malaysia and Chile as explained in Figure 3leré&fore, Chile and Malaysia were
considered to be the developing countries that luast the production and use of
jatropha. Conditions which make a CDM project salgain both countries were

analyzed.

According to the 19 article in the Kyoto Protocol, emission reductions
resulting from each project activity shall be deetl by operational entities to be
designated by the Conference of the Parties seasrthe meeting of the Parties to this
Protocol, on the basis of:

(a) Voluntary participation approved by each Partyplved;

(b) Real, measurable, and long-term benefits reladghe mitigation of climate
change; and

(c) Reductions in emissions that are additionahry that would occur in the

absence of the certified project activity.
This situation means the investors should focusdeweloping projects in

developing countries to receive carbon credits ftbem and meet the targets of the

Kyoto Protocol.
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Identified in this objective were: the sustainapilof the project, additionality
criteria, the monitoring process, and ownershighef credit. Furthermore, there is a
discussion about some opinions from detractorfi®fGDM project that can make the

certifications of emission reduction from jatroghiafuel difficult.

4.3.1 Additionality:

The Kyoto Protocol declares that the purpose of thean development
mechanism shall be to assist Parties not includeinnex | in achieving sustainable
development. Furthermore, one of the requiremeinas@DM project is to demonstrate
the additionality of the project. It must be clgagxplained and indicated why

registration of the project as a CDM is requiredniake the project feasible.

Emissions reductions are additional if they occacaduse of the presence of
incentives (carbon credits or CER). This criteri@tates to whether the project has
resulted in emission reductions or removals in @oldio what would have happened in

the absence of the project.

If the project reduction is used as an offset,ghantification procedure should
address additionality and demonstrate that theeptdfself is not the baseline and that
project emissions are less than baseline emisdiomgans showing that the emissions

reductions are not “business as usual” or emissioaseline”.

Additionality can be demonstrated using a tool cosmpg five steps given by
UNFCC (2008). The methodology has five steps tatiiewhether the project activity
meets the requirement and was carried out takiagsittuation of Chile and Malaysia
into consideration.
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4.3.1.1 Current Laws, Policy and Regulations

In Chile and Malaysia currently, petrol diesel ised in transport. At the
moment there is no enforcement of applicable lawsegulations about the use of

biofuels, so it is not compulsory to use blenderfugls.

Policies supporting production and use of biofuelMalaysia are at present on
hold. The policy mentions a mandatory blend of bceet of palm methyl esters in
diesel in the domestic market. The Government ofayia wants to address several
impediments first in order to ensure its succesajoMissues to be addressed include

logistics, infrastructure cost and blending faiebt

In Chile, since 2006 there has been a renewablggmelicy that encourages
the usage of new sources of energy in order to ke nmdependent in terms of fuel
importation. However, since May 2008, the use ofltesel in percentages of 2% and

5% blended with petrol has been approved. The Ligesobiofuel is voluntary.

4.3.1.2 Barrier analysis

In this stage, barriers that would prevent the enp@ntation of the proposed
project activity will be identified. These exist the implementation of the project
activity in both developing countries and include:

. Investment and Technological barriers

There are investment barriers as the project igonaitable in itself. Although
commercial production of biodiesel is becoming gaputhe potential producers are

still not convinced to take the risk.
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In Chile, biodiesel related researches have beecessfully carried out by the
University of Chile, but investors are not yet suiéintly convinced to take the market

risks in this sector.

In Malaysia, the low cost of diesel makes any bessn with biofuel
unprofitable, and currently, palm oil has a betteld than jatropha. However some
companies such as Sime Darby, Platinum Energy Suth @&d Nandan Biomatrix

Limited have carried out some research.

The production of biofuels is a relatively new teclogy in Malaysia and Chile,
with which more experience is necessary to creaisfidence among project
developers and investors. Based on financial imvest analysis biofuels will be cost-

effective only in rare cases.

On the other hand, the transesterification process (chemical conversion of
jatropha oil into biodiesel) increases the priceth@ jatropha oil in comparison with
fossil diesel oil. In areas where fossil dieselidely and easily available the blending
option is not yet financially attractive. Jatropbkended biodiesel can be 30-50%

higher in price than conventional diesel.

In conclusion, the biggest barrier presently iditgh cost; the cost of producing
biofuel, which includes the cost of the transefitaiion process and the cost of the
technology required, is an economic barrier thastnine taken into account. Therefore,
for this new technology to produce jatropha biofitetan be assumed that use of CDM

is required to make the project financially viabled feasible for investors.
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Economic/financial barriers

The price of fossil fuel is a very important factat the moment when
discussing renewable technologies and especiatifudls. The variation in the real
price of oil or fluctuating oil prices make it diffilt to justify long term investment in
biofuels. Although the high price of oil at someripds makes biofuels competitive,
investment decisions for new facilities will alseed to take into account possible

future oil price decreases, so investment is ulylike

In this case of study, it is expected that theogita biofuel can be used either in
Malaysia or Chile replacing fossil fuels. The price the biofuel requires a more
detailed economic evaluation, but it is certairdiated to the prices of fossil fuel in the

markets. Table 4.4 shows the price of diesel ircthentries studied:

Table 4.2: Prices of Diesel in Chile, Malaysia &w®lv Zealand (US$/

Country 2006 2007 2008 2009
Chile* 521.82 603.15 844.46 411.21
Malaysia** 437.49 496.64 646.50 300.12
New Zealand*** 717.26 673.56 955.07

* Source: ENAP (2009)
** Source: Petronas (2009)

*** Source: MED (2009)

The price of diesel in Malaysia represents the imgraverage calculated based
on the weekly pricing submitted to the Asian Pewoh Price Index. This data was

supplied by Petronas (2009).
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In Chile, the data supplied by ENAP (2009) alsareepnt a monthly average
calculated based on the weekly pricing accordingh® price on the international
market. The value is the price given to the suppland does not include the cost of
logistic, transport and storage nor the tax andsthilization grant supplied by the

Government.

The data supplied by Ministry of Economic Developitni@ New Zealand were
weighted daily averages in nominal New Zealand <euer litre. The data was
converted to US$/ i The prices do not reflect all the variations daeregional

pricing differences and discounts available to laisel customers.

From Table 4.2, it can be concluded that Malaysia the cheapest price of

diesel because the country has its own sourcesseii ffuel.

In the other hand, New Zealand has the highese mfigpetrol among the other
countries. This price of fossil fuel would be close the potential price of the jatropha
biodiesel, however to be able to claim carbon tsedr the replacement of fossil fuels,

the host country must be a developing country.

The data on the price in Chile do not include tbstof logistic, transport,
storage; tax and the stabilization grant that {gpsad by the government. If the final
consumer price is considered, then the price carease around 50% of the price as

shows in Figure 4.3.
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Figure 4.3: Prices of Diesel in Chile, Malaysia &felv Zealand (US$/ H

From Figure 4.3 it can be seen that there is apmbetween the prices and the

final price that the consumer will pay in Malayaiad Chile.

An ideal price for producing biodiesel would bedwelthe price of petroleum
diesel, however some environmental and social cassociated with fossil fuels
(environmental externalities) are not fully accaehffor in their pricing in Malaysia
and Chile, and as a consequence, the price ofdseldcan appear high relative to the

price of diesel.

When a country does not have fossil fuel reservéts @wn, such as Chile, the
production and use of jatropha biofuel would créass dependence on imported fossil
fuels. In the case of Malaysia, the promotion arse wf jatropha, will create a

sustainable option for Malaysia’s source of energy.
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Figure 4.4 shows the market conditions and how thegy affect the

development of the biofuel market.

Figure 4.4: Factors that affect biodiesel developinre Chilean and Malaysian

Market Conditions
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As Figure 4.4 shows, when the price of the pesdiigh, then biofuel appears
to be an economically attractive option. Kyle (2D@&imed that if oil prices decline,
renewable projects will not be competitive and toenpanies working with green
energy can easily break down. Even a temporaryedserin petroleum prices would

undermine the long-term development of the altéraairojects.

The low price of Malaysian diesel makes any biofuglduct unprofitable that
may be used as a replacement for petrol. As thaydaln Government sets retail fuel
prices below the market price and compensatedeetdhrough subsidies, the possible
realistic and credible alternative to the projestivaty is the continuation of the current
practice of petroleum diesel consumption with neestment in bio-diesel production

capacity.

In conclusion, the price of petrol in the host doas plus the cost of producing
jatropha biofuel create conditions that togethahwiher factors such as law, policies,
and taxes make the developing of biofuel withoutemonomic incentive from the
Government, or without the economic benefit of thelling of carbon credits,

unprofitable.

CER revenues may contribute significantly to thieaativeness of the biofuel
project. In general, financial support either frtime Government, or CERs sale, or the
voluntary market will be required to make produetiand utilization of biofuels

financially attractive.
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Cultural barriers

There are cultural barriers associated with traddl uses of jatropha; on the
consumers’ side, there is a concern about what dvénappen to their vehicular
efficiency and to the engine performance if theytgwto such fuel. Some vehicle
manufacturers’ representatives do not offer a vmyréor cars that use biofuel, hence
the consumers do not want to take the risk of ubinfuel in their vehicle in case it

damages the engine.

There are also some psychological obstacles emgnfaim known poisonous

qualities of the crop, so workers can refuse tac@ss the plant because of the toxic

condition of jatropha.

Land and supplier availability barriers

The second barrier to the introduction of biodiesela large scale is its present
availability. The number of hectares in the projedll largely depend on the
availability of marginal land and farmers. Both ligdia and Chile have lands that
match the requirement for jatropha plantations, druta commercial scale, it can be

difficult to find the quantity of available land.

The barriers in Chile and Malaysia against thiscagpural regime may include

structural, infrastructural and logistical probleassprobably the available land will be

in remote areas. Technical skill and knowledge gaag be also barriers.
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4.3.1.3 Common practice analysis

There is no company selling the carbon credit ftbmjatropha project. Many
other CDM activities have been proposed under IREEE€pnly a few regarding biofuel
from jatropha and none of them has completed th&@Bbcess. The project activity
will be one of the first of its kind in the hostwdry in terms of magnitude and
commercial production. Nevertheless there are ptojm Chile and Malaysia that are

exploring jatropha plantation.

The Malaysian company Sime Darby is interestedegearch on biofuel from
jatropha fruit, exploring the possibility gatropha curcasoil as the solution to the
ongoing debate about converting food sources imtuél. The company has planted
40 ha of jatropha which are ready for harvest. Géomward, the company will have its
own jatropha extraction plant. However, to get oarbredit from the jatropha project,
the company needs to use/produce a large amotnmfokl. Currently, the company is
focusing more on composting and biogas projectsyénpalm oil process which are

given more carbon credit values.

Platinum Energy Sdn Bhd and Nandan Biomatrix Lichitge other Malaysian
companies that have demonstrated interest witl@rbtbfuels’ industry, specifically in

the sustainable cultivation of jatropha as a concrakenergy crop.

In the case of Chile, the University of Chile haeb doing some research in
jatropha plantation in order to evaluate the bestdiions for the crop to grow and

provide the highest yield.
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If the proposed project activity is undertaken ny &f the studied countries, it
should lead to multilateral benefits, both tangiale intangible including a reduction
in anthropogenic greenhouse gas emission from tweufacture of biodiesel and its
use in transport, replacing fossil fuel. Furthendfés are discussed in the next chapter

on the sustainability of the project.

4.3.2 Sustainability of the Project

In addition to GHG reduction, projects contributgn#icantly to sustainable
development. It may result in other benefits inchgdfewer greenhouse effects, less
local air pollution, less contamination of watedasoil, fewer health risks, reduction of
air pollutants, enhanced energy security of sufgyyeducing dependency on fossil

fuels, promotion of employment, and transfer of neehnologies.

The emissions of engines, lamps and stoves thabioskesel are much less
harmful to public health than emissions from pe&tuoh-based fossil fuels. Both indoor
air pollution in rural houses and outdoor air potla in big cities could be greatly

reduced as the studies carried out by Asselbergls @006) and Bakker (2006).

One of the strongest argument in favour of jatropicaiesel is the opportunity
to utilise land, which otherwise would be set asidean unexploited resource. The use
of a renewable energy and the fact that jatroples shmt compete with food crops are

also arguments to use this biodiesel.
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Jatropha can grow on nearly any kind of land; it ba cultivated on land that is
now useless. It can play a major role in the prawarof runoff and erosion, restoration
of degraded soils; decrease evaporation, and isengdiltration. There are numerous
cases of study in the literature where jatrophased for control of erosion and to

improve degraded lands as follows:

Asselbergs et al. (2006) cited the "Tempate" ptpjebich refers to a program
in Nicaragua financed by the Austrian governmeritergjatropha curcaswas to be
grown by farmers mostly on degraded lands. Woo@%2@nentioned two projects, the
first in the Philippines, where the planting ofrgagha to reclaim land degraded by mine
workings was investigated. The second project weatéd in Saudi Arabia and expects
to reclaim desert land by cultivating jatrophagated with waste water that, for
religious reasons, can not be recycled for humanoudor the irrigation of food crops.
Heller (1996) mentioned two projects, the firstigroject of reforestation for erosion
control in Cape Verde and second project is in Mdlich is to control erosion with

hedges and oil production on 10,000 ha in margineds of India.

In terms of socio-economic benefits, the producbbbiodiesel will create new
jobs in the developing country and will work againsral poverty. The workers can
make vegetable oil and soap frgatropha curcaswhich can be carried out by most
people without the need for long-term training. tRarmore, these products can
provide the people in a rural area with a highezome. If the biodiesel is sold

internationally it can place a country in a stranggonomic position
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One of the common judgments against biofuels isldrge plantations destroy
ecosystems by the planting of crops used for agtefiexamples given by NGOs such
as Biofuelwatch et al. (2007) include sugarcane sogh in Argentina, Paraguay,
Bolivia and Brazil. At the same time there are aetiors of biofuel projects in countries
such as Indonesia, Malaysia, Cameroon, Colombia Ecubdor because they are

experiencing accelerating biodiversity loss du@itgalm plantations, often preceded

by logging.

However, the case study of the jatropha projecthis work does not need
productive land to grow jatropha, therefore it does compete with food crops as it is

expected to use unused land.

The biodiesel company studied is not expectingeeittonflict over the use of
land or disagreements with NGOs or internationajanizations about forest
destruction, or lost of biodiversity. Furthermotiee local provincial government from
the developing country is working closely with t@mpany on this project to prevent

any social and environmental inconsistency.

In terms of social benefits, the biodiesel comp&nglanning to sign a contract
with farmers and create many jobs within this agtiwVith this contract, the company
can demonstrate that the suppliers will provide la@ material to produce biofuel,
ensuring that the activity will run for a long terand therefore the reduction of GHG

will be long term too.
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4.3.3 Ownership of Claimed Emission Reductions

The ownership of the carbon credits is a very irtggdr matter that must be
considered in order to avoid double counting ofsmmoins, and also in order to claim

the income earned from the selling of carbon csedit

In terms of claiming credits for the substitutiohfassil fuel, jatropha planting
can be carried out either in a developed countrgw(NZealand) or in a developing
country (Malaysia or Chile); even the productiorbaffuel can be carried out in any of
those countries. What is important is where théulelois used and where the jatropha

biofuel will replace fossil fuel consumption.

According to IPCC (2006a) in the “Guidance on deutdunting in CDM
project activities using blended biofuel for energe”, there are two possible project
activities that seek to claim certified emissiorant the substitution of fossil fuels by
biofuels:

1. The producers of biofuels claim CERs for the bibfa®duction provided. In this
case, the consumers, to whom the biofuel is sald, iacluded in the project
boundary.

2. The consumers (end-users) of biofuels claim CERsnfreplacing fossil fuel
consumption with biofuel. An example is a transpooimpany that expects to

replace fossil fuel with biofuel.

On top of that, the owner of the land would beiedtblaimant to the ownership of
the carbon credits. In the case study, the priagemtcontract farming project and hence
the company will provide the farmers with a buydogciarantee on an agreed pricing
mechanism that will be related to the crude oit@rbut with a capped minimum price
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to ensure a reasonable income for the farmers.

Therefore, in this case, the NZ Company does nat thw land where jatropha will
be planted, so the owners of the jatropha plamtatan claim the carbon credits either
for sink, or for the fact that the oil produced Iwiéplace fossil fuels in the end.
However, it is difficult to prove straightaway thahese projects are reducing
greenhouses gases from the substitution of fogsisfand it is quite complicated to

avoid double counting.

An easy way to recognize a direct replacement s$ifduels and a clear activity
that avoids greenhouse gases is through the pioduahd consumption of biodiesel.
In this case, the company studied has two options:

a) The biodiesel is used as a replacement for fosgisfin New Zealand: The
reduction will be part of the commitment to redaatin the country and it will
not qualify as a CDM project.

b) The biodiesel is used in Chilean or Malaysian camg®s The reduction will

generate CERs and can be traded in the carbon tmarke

The second option is the most suitable to foll@eduse in that way CERs are
generated. However as it is necessary to includeswuers in the biodiesel
methodologies based on the IPCC, the project drfgte and include the consumer in
the project boundary. The company shall definerljieae conditions and provisions

that would prevent the end users from claimingcteelits.
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4.3.4 Monitoring

In all the cases mentioned above, the project h®ldeust have a monitoring
methodology in order to claim the carbon creditesibf the comments on the rejected
projects in biofuel under CDM are about double ¢mgnand the complexity in

monitoring parameters.

In the years that the project generates emissiduct®mns, the variables that
determine the emission reduction have to be mat@ccurately, in order to ensure
real climate benefits. The company should definelear methodology of how the
actual quantity of biodiesel consumed by the fleehers or independent consumers
would be used and tracked/monitored. VerificatignalDesignated Operational Entity

increases transparency and provides robust evidgimeal benefits.

The emission reductions from the use of biofueluthde estimated based on
monitored consumption by the consumers includetiwihe project activity. It can be
carried out if the party who wants to claim thebcar credits arranges contracts with

suppliers and customers and ensures that the emisdll not be double counted.

As the case study uses raw material from a devajopountry for biodiesel
production in New Zealand, the company should suth# biofuel to:
a) Consumers (end-users) that are under the same ogmpfaed in a developing
country (tracks, fleet or process activities), or
b) External consumers that actually are using fosgil &nd can provide consistent
parameters for the monitoring. In this case, thesamer and the producer of

the biodiesel are bound by a contract that alldvesgroducer to monitor the
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consumption of biodiesel and states that the coeswghall not claim CERs

resulting from its consumption.

4.3.5 Detractors of Biofuel Plantations

Some authors and NGOs such as Biofuelwatch e@07) and Asselbergs et
al. (2006) claim there are potentially negative eatp connected to increased

cultivation ofjatropha curcasand large-scale production of biodiesel.

Most of these negative aspects are related to akscreased socio-economic
inequality, pressure on natural lands with a higales of production, and dependence
on unstable world market prices for income. Othegative aspects are associated with
intensified agricultural practices and mono culsurBhey may cause increased pressure

on the environment and an increased vulnerabdifylagues and pests.

There are some organizations that assert that eaggayy monocultures are
linked to accelerated climate change, deforestatidre impoverishment and
dispossession of local communities, bio-diversagses, human rights abuses, water

and soil degradation, loss of food sovereignty faod security.

4.3.5.1 Ecosystem Destruction

Recently, environmental groups accused Air New asdlof using a source of
energy not sustainable, causing deforestation bodeaof Third World countries such
as Africa. Other NGOs are warned that promotiojattbpha for biodiesel is likely to
lead to the destruction of primary and secondamests in India, with serious
consequences for biodiversity.
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Biofuelwatch et al. (2007) shows some evidence mfssion savings from
reduced fossil fuel combustion being cancelled byt greater emissions from
deforestation, peat drainage and burning, othet lese change, soil carbon losses and
nitrous oxide emissions when the jatropha plantati® not carried out from a

sustainable approach.

4.3.5.2 Fertilizer, Water and Soil Requirements

Another concern is that the production of agrofugquires large inputs of
fossil fuels in fertilizer production, refinerienc agricultural machinery and for

transport, something which is rarely consideredaltulating emissions savings.

Jatropha is widely promoted as a crop that can grodry regions; however
some research in different climate conditions shtivas regular and sufficient rainfall
is needed to sustain high yields. Most of the e projects are developed with the
aim of obtaining a highest yield, and thereforeewahay be required to achieve it,

causing depletion of ground water and water soutwssupply food crops.

In arid and semi-arid areas, fertilisers and iitgamay be needed for the first
three years as most of the practical research shiatt®pha can grow in any soil, but
because it is an industrial process, the betterstilecondition, the higher the seed
yield. Although it can survive or grow on low n@nit or low moisture soils, the fruit

yield will be very low and there will be very few no seeds to harvest.

If the goal is to produce seed on a commercialeséaput application has to

match the crop requirements. This is supportedilnyiess carried out by Daniel (2008)
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who declared that such requirements are usuallyhnhigher for trees grown for the

purpose of production than those serving the fonadif live fencing

4.3.5.3 Threat to Food Supplies

The Trade and Agricultural Directorate for the Qmgation for Economic
Cooperation and Development (OECD) has stateddabatentional biofuels such as
rapeseed oil and ethanol are ecologically problenaatd threaten food supplies. First
generation biofuels "don't hold as much potentiaVi®nmental benefit as people

thought when they embarked on these policies".

Some of the jatropha projects have taken placandd that are suitable for food
crops. This condition can threaten the future oficalture over large areas and

increase the bad perception of the biofuels.

4.3.5.4 Land use

There are also questions as to whether the unusedelands targeted for
cultivation of jatropha crops are really unused.many developing countries, even
degraded wastelands that can no longer be cultiviate mainstream agriculture are
often inhabited and used by small livestock keepserarginal farmers or landless

people.

A concern of some groups is that the cultivatioriofuel crops on such lands
can therefore lead to displacement of people wireently still depend on them. As
with other intensive crops, biofuel production chsplace other activities to new areas,
whether they are small scale agriculture or laiggdescattle ranching.
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4.3.5.5 Conclusion of Detractors of Biofuel Plantations

The belief that jatropha grows with little or n@ut applies mainly to areas that
are not producing it on a large scale and is gdlgela local production. In order to
produce biodiesel or to grow it on low potentiahds, fertilisers and/or irrigation

systems will probably have to be used and accountad the estimation of GHG.

In conclusion, jatropha is a plant that certairdy grow in conditions where no
other plant could, however in order to produce eseptable fruit yield for commercial
cultivation, jatropha curcasneeds sufficient light, water, fertilizer and gogdil
conditions. Since jatropha is drought resistamctit potentially be used to produce oil

from marginal semi-arid lands, without competinghAfood production.

4.3.6 Detractors of CDM projects

One of the principles of CDM is to help developimguntries to set
environmental projects that reduce GHG emissioramRhis, developed countries can
buy carbon credits and comply with their Kyoto coitments.

This simple action can be seen from different vieints:

a) The industrialized country can pay for someone é¢tseéeduce their
carbon emissions without any real effort to cutirthewn carbon
emissions or;

b) The industrialized country use this “help” as Sbdresponsibility
marketing and get free publicity and promotion.

c) The industrialized country is transferring a neshtelogy to a country
that is still in a developing stage and it does nwttter where the

reduction occurs, as climate change is an internatiissue.
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There are many detractors of carbon markets thesiterdoubts about the
reliability of the off-sets or reduction generatedCDM projects. Companies have the
chance to offset their emissions by purchasingaradyedits from projects developed
in other countries. However, some authors and N®@&igve that some of the projects
do not have environmentally sustainable practicas,do not comply with the

additionality criteria, and accuse them of Greerhwas

4.3.6.1 Greenwashing

Some NGOs believe some of the companies are cgrryut “greenwash”
business. This term is used to describe the peoficompanies that untruthfully spin
their products and policies as environmentallyridlg, such as by presenting cost cuts

as reductions in the use of resources.

An example of this is a UK Airport being declare@drbon neutral” after
offsetting its GHG emissions by investing in renbleaenergy projects in developing
countries. The scheme has been accused of “grebimgasthe airport's rapid
expansion after it was revealed that the emisdiams take-offs and landings were not

included in the carbon count.

On the other hand, some companies are proud to rodrate their
commitments to climate change adopting practiceseti®al to the environment or
offsetting their carbon emissions. Most of the camps use this as a marketing
strategy in order to be seen as a “green compdogibon neutral company”, “carbon
zero” or many other marketing names which are woiscered serious and effective
for the reduction of GHG, because they focus moreftsetting the emissions rather

than in the reduction.
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4.3.6.2 Conclusion of Detractors of CDM projects.

In the case of replacing fossil fuel with biodiedékre is a direct reduction in
GHG with the replacement of fossil fuel. This cdrmh makes the biodiesel offsets

more reliable in the carbon market than other CDbjquts.
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CHAPTER 5

5 RESULTS AND DISCUSSION FOR QUANTITATIVE FINDINGS

The calculations of emission reduction describe8.thwere carried out taking
two scenarios into account. Scenario 1 consideredomservative yield of 2.5
tonnes/ha/year of biodiesel and Scenario 2 coreidem optimistic yield of 5

tonnes/ha/year. A period of 10 years was allowed.

5.1 CO, Captured for Jatropha forest

The methodology for verifying the capturing of esiss has not yet been
approved for other sink projects with jatropha b tIPCC. However, in the
bibliography there are methodologies to estimageatinount of C@captured by forest.
According to IPCC values, the GO@aptured by exotic species differs according & th

years.

An estimation of C@ captured (tonnes) was carried out according to\iee
Zealand methodology given by the Ministry of Agiicwe & Forestry (Table 5.1) that

relates the amount of sink with the type of treed their ages.

This approach is in terms of carbon stock valueghvimclude all carbon in all
components of a forest: that is, in the stems, dires, leaves and roots, and in the
coarse woody debris and fine litter on the fortsart The look-up tables also allow for
the decay over time of the coarse woody debrisng$y roots and other woody

residues that remain after thinning or harvest.
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Table 5.1 shows the carbon stock per hectare foiffdrent species along 20

years.

Table 5.1 : Carbon stock per hectare for Douglgséxotic softwoods, exotic

hardwoods and indigenous forest (expressed assafrearbon dioxide per hectare)

1 0.1 0.2 0.1 3
2 0.1 1 3 6
3 0.4 3 13 9
4 1 12 34 12
5 2 26 63 15
6 4 45 98 18
7 7 63 137 21
8 20 77 176 24
9 33 87 214 27
10 50 95 251 30
11 69 106 286 33
12 90 118 320 36
13 113 132 351 39
14 138 147 381 42
15 165 163 409 45
16 193 180 435 48
17 222 197 459 51
18 253 214 483 54
19 268 232 505 57
20 286 249 526 60

Source: (MAF, 2009)
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Jatropha is considered to be a poor quality fueddvsince the soft wood burns
too rapidly; hence it was considered under thearadiock estimation for exotic soft
woods given by the Table 5.1. The calculation wasied out multiplying a factor of

carbon stock by the number of hectares of thepatgroject.

No hectares * Factor (Carbon Stock) Equation 1

Source: (MAF, 2009),

The project activity studied involves 20,000 heesaim a period of 10 years.
Each year the plantation area increases by 2,000r-egching the total area planned, as
is shown in Table 5.2. The planting schedule maeetib(increasing the plantation area
every year) is achievable as other jatropha plemadrojects have used the same plan
of gradually increasing the land involved in theojpct. In the Project Design
Document of jatropha curcas cultivation in the Democratic Republic of Congo
(Carbon2green, 2008) it is mentioned that durirgy fthur years of the plan, the total
areas to be planted are: 1,200 ha (year 1), 4,65ydar 2), 4,655 (Year 3) and 3,490
ha (year 4). This means an average of 3,500 hectsee year. Table 5.2 shows an

estimation of the C@captured along the period of 10 years using Eqndfi)
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Table 5.2: Carbon stock per year g@onnes)

Carbon stock per
Carbon stock per
Year No hectares | hectare CG, (Tonnes)
Year CO, (Tonnes)
*Source: (MAF, 2009)

1 2,000 0.1 200

2 4,000 0.1 400

3 6,000 0.4 2,400

4 8,000 1 8,000

5 10,000 2 20,000

6 12,000 4 48,000

7 14,000 7 98,000

8 16,000 20 320,000

9 18,000 33 594,000

10 20,000 50 1,000,000
Total 2,091,000

From Table 5.2 it can be concluded that in a peabdlO years, the maximum

carbon stock from the plantation will be 2,901,@600nes of CQ

Other studies carried out by Gropower (2007) egt@ohahat the jatropha tree
stores 0.002983 tons of carbon per year. If itssuaned that 1 ha has around 2,000
trees, therefore the amount of carbon capturedh@ear would be around 6 tonnes of

CO.. In a 10 year period it will be 2,102,738 tonn€€ 0,
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According to Henning (undated) 1 ha of jatropha lafter 7 years about 200 kg
of biomass, including roots with a dry matter comtef about 25 %. This gives a
biomass of 80 tons of dry matter per ha. About tiet weight is carbon dioxide, i.e.
40 tons. Hence, assuming the same number of tB&30), the amount of carbon

captured in 10 years will be 5,500,000 tonnes 0. CO

The net sequestration of greenhouse gases by sisggsciated with the
implementation of the CDM afforestation project‘ditropha curcas Cultivation in the
Democratic Republic of Congo” estimates 3,219,89thés of CQ equivalent over a
credit period of 30 years in 14,000 hectares, dmmsig 2500 trees per hectare
(Carbon2green, 2008). This means 1,533,285 tonh€Dg equivalent over a credit

period of 10 years in 20,000 hectares.

Comparing the sources of different methodologiesstimate carbon sink such
as the methodology done by Gropower (2007), thenoaetiogy proposed by MAF
(2009) and the methodology of jatropha in CongorlfGa2green, 2008) have similar

results, which are around 2 millions of €Onnes.

However the results obtained by using Henning'slgted) data are almost 40%
higher in comparison with the previous estimatio@s/en the fact that jatropha is a
very light wood, with a density ranging from 0.238Q.37, this figure given by Henning

(undated) seems extremely high.

Having high amounts of COin a forest includes a large potential storage
volume in the jatropha plant and significant quidedi of organic matter in the soil and

peat. The environmental advantages of having lpl@etations of jatropha in degraded
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soils are among others (GGstorage, increasing biodiversity, soil stabilitgnd
improved watershed structures). Jatropha transi€¥s from the atmosphere to new

biomass, therefore Gs captured in the trunk and leaves of the trees.

In terms of economic perspective, the value of @arbequestration is being
traded in international markets; support from tlewegnment and carbon sink credits
are the economic incentives used to encouragetforasagement in order to stabilize

the CQ emissions.

5.2 Estimation of the Amount of Reduction Emissions orCertified Emission

Reduction (CERS)

The biofuel company studied expects to plant 2 J8@&ares of jatropha in the
first year and increase this gradually to 20,000tdres in a period of 10 years. The
seeds that the company will use are expected upeabout 2-2.5 tonnes of oil per
hectare per year. However, there is much literataragtaining estimates of jatropha

yield which are considerably more optimistic.

Amoah (2006) suggests that the yield of crude pdteooil per hectare per
annum is about 3.5 tonnes. Enthusiastic promofgegropha often claim that the yield
can be as high as 8.0-10 tons per ha per year Wieetrees mature in 3-4 years.
BioFuelsRevolution (2009) claims that 2500 pladtséctare) will produce around 10
tons of seeds which at 35% yield will produce u@ o tonnes of biodiesel. The state-
owned Philippine National Oil Company Alternativeidts Corporation PNOC-AFC
(2007) believes that a hectare of jatropha plasmatan yield a minimum of 15 tonnes

per year in the fifth year with a modified jatropteehnology, crop improvement and
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scientific crop management.

These are highly optimistic projections and thelatan in the yields can be

explained by the difference between regions arf@réifit cultivation methods.

In order to calculate the estimation of reductionission two scenarios are
considered; the first is a conservative scenariovimch the New Zealand company
studied is expecting to get 2.5 tonnes of oil haryéhe second one is an optimistic
scenario of 5 tonnes of oil per ha/year which isasarage of the yield cited by the

literature.

5.2.1 Estimate of Jatropha’s Biofuel Production

The typical management of a jatropha plantaticasi§able 5.3 shows:

Table 5.3: Management of Jatropha

Years Planting
1% year Planting and cutting back, no seed produ&iqgected
2" year Maintenance, protection % pruning, no seedymtion expected
3% year Period allowed for establishment and growthplants, no seed

production expected

4" year Plants expected to be ready to produce bedhecause the priority
for the first three to four years of establishmehta commercial
plantation is to develop the tree structure no éstimg of seeds is

expected as the study of Daniel (2008).

5" year | The seed production starts increasing ardises from the ¥ year
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‘ onwards ‘ onwards as is supported by Foundation 2006

The biofuel company expects to start the plantabpr?2010. According to the
management of jatropha, in the fifth ye&is estimated there will be enough yield to
produce biofuel. Hence the estimation was carrigduging 2015 as year number one,
when the jatropha plantation will be able to pragla yield. Table 5.4 shows the

estimation of biofuel production in 10 years.

Table 5.4: Jatropha oil expected to be produced/yea

Tonnes/Year Tonnes/Year
Year No hectares (2.5 tonnes/halyear) (5 tonnes/halyear)
Scenario 1 Scenario 2
1 2,000 5,000 10,000
2 4,000 10,000 20,000
3 6,000 15,000 30,000
4 8,000 20,000 40,000
5 10,000 25,000 50,000
6 12,000 30,000 60,000
7 14,000 35,000 70,000
8 16,000 40,000 80,000
9 18,000 45,000 90,000
10 20,000 50,000 100,000
Total 275,000 550,000
Figure 5.1 shows the jatropha oil estimation ohbstenarios during the period
studied.
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Figure 5.1: Jatropha oil (tonnes/year/hectare)

Considering the data provided by the company, ddeT&.4 and Figure 5.1
show, in the conservative scenario, 1 hectaretadpaa will produce 2.5 tonnes of fuel
per year. Therefore 20,000 hectares will produc@@Dtonnes of fuel. In the second
very optimistic scenario, that 1 hectare of jatpnoduces 5 tonnes of fuel per year,
the result will be 100,000 tonnes of fuel in thensanumber of hectares (20,000). As
mentioned before, the life of the jatropha is betwd0 and 50 years, so the period that
the company will claim the reductions (10 yeard) i@ during 20% of the whole life
of the plantation. The remaining years will notdmeinted as part of this project, given
the uncertainties in the future regulations andslamggarding biofuels and the
additionality criteria. This approach gives a comagve margin of error for the

calculations of reduction and sequestration of gneese gases.

The jatropha oil obtained will require further dovatream processing for
degumming the oil and filtration of sediments beftre oil is ready to be converted to
biodiesel. Some studies by Kumar Tiwari et al. (208hd Amoah (2006) claimed that
the conversion of raw jatropha oil into biodiesein the proportion of 1:1 if the correct
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process is used. Hence, the amount of raw jatropheer hectare will be considered to

be of same quantity as the jatropha biodiesel.

5.2.2 Estimation of the Baseline Emissions

The baseline for a CDM project activity is the smem that reasonably
represents the anthropogenic emissions by soufc&HG that would occur in the
absence of the proposed project activity. A baseshall cover emissions from all
gases (baseline emissions), sectors and sourcgodate listed in Annex A of the

Kyoto Protocol within the project boundary (UNFCE008).

The baseline scenario considered was the consummiothe fossil fuel
(biodiesel) that would have been used in the aleseifche project activity times an

emission coefficient for the fossil fuel displaced

The calculation of baseline emissions was carrigdaking petrodiesel fuel, as
the fuel to be replaced, into consideration. Basedimissions from displaced fossil fuel
were determined using Equation (2) and the oil/yessil fuel consumption provided

by the company.

BEy = EFCOZ’FD* (FCBF,y *NCV BF) * 1) BF/FF Equation 2

Source: (UNFCC, 2007).

101



BEy : Baseline emissions in year y (t £&p

EFco2, ro:Emission factor of fossil fuel substituted (petes®l) (t CQe/TJ)
FCsr,y : Fuel consumption of biofuel for substitutionfogsil fuel (petrodiesel)
in yeary (t)

NCVge : Net calorific value of biofuel (TJ/t)

nerrr -ENgine efficiency ratio biofuel/fossil fuel

In determining the carbon dioxide emission factonf petrodiesel (Efoz, rp
in this methodology, guidance from the IPCC (200643 been followed. The value is

74.1 (tCQ/TJ).

The amount of fossil fuel displaced by the amounbiofuel consumed was
calculated on an energy (net-calorific-value) hasisdetermining the net calorific
value of jatropha biofuel (NC34) in this methodology, the average of the value
established by the results of Achten et al. (20@8ich is 0.03963 TJ/tonne has been

used.

The total baseline emissions during the yeay )Ewere estimated in both

conservative and optimistic scenarios. The resutisn Table 5.5 and Table 5.6:
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Table 5.5: Baseline Emissions Scenario 1 (consgevatenario)

1 2,000 5,000 14,683
2 4,000 10,000 29,366
3 6,000 15,000 44,049
4 8,000 20,000 58,732
5 10,000 25,000 73,415
6 12,000 30,000 88,097
7 14,000 35,000 102,780
8 16,000 40,000 117,463
9 18,000 45,000 132,146
10 20,000 50,000 146,829
Total 275,000 807,560
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Table 5.6: Baseline Emissions Scenario 2 (optimstenario)

Year No ha Oil/Year EsLy
(5 tonnes/halyear)
1 2,000 10,000 29,366
2 4,000 20,000 58,732
3 6,000 30,000 88,097
4 8,000 40,000 117,463
5 10,000 50,000 146,829
6 12,000 60,000 176,195
7 14,000 70,000 205,561
8 16,000 80,000 234,927
9 18,000 90,000 264,292
10 20,000 100,000 293,658
Total 550,000 1,615,121

The methodology selected comprises project a@witihat substitute fossil fuel
(petrodiesel) in internal combustion engines (mairdnsport) with biodiesel. Jatropha
can be included in that selection. The methodoklgy includes the restriction that the
biomass feedstock should be produced on degradwtl tla avoid environmental
problems such as forest destruction, lost of hebdacompetition for food land among

others.
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5.2.3 Jatropha’s Biodiesel Process Emissions

In the context of a Clean Development Mechanisng ancording to the
Marrakech Accords UNFCC (2002) all the anthropogeBHG emissions that are
under the control of the project’s proponent ardairthe scope of the project. They are

significant and they can be added to the activithhe CDM project.

Jatropha biofuel is considered to be carbon neutined means that the GO
balance remains equal. When these fuels are butimedtmosphere is not polluted by
carbon dioxide, since this has already been assmilduring the growth of these
crops. Biofuels are produced from biomass and gx#élce same amount of carbon
dioxide (CQ) that is absorbed from the atmosphere by the plenset free through
combustion, unlike fossil fuels, which contain aantstored for millennia underground.

This theory has been supported by Heller (1996)lastitute (2007).

According to Bakker (2006), the GHG sources thatust be considered in a

biofuel production are shown in the next table:

Table 5.7: GHG sources in well-to-wheel analysis

Source GHG Explanation
Biomass cultivation Co May be positive
CH, Anaerobic digestion
N2O From fertiliser production
Biomass transportation ‘ GO ‘ From plantation to plant
Fuel CQ Biofuel processing plant
Power CQ Biofuel processing plant
Biofuel transportation Co From plant to distribution station
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Different sustainability evaluation tools and epwmental impact assessment
tools are available to investigate the environmleimgacts of jatropha production.
Life-cycle assessment (LCA) is such an instrument das already shown its
usefulness in evaluating the environmental balafdeofuel from other vegetable oils.
Institute (2007) highlighted that in the life cycmalysis of a biofuel, the following

emissions from the processes mentioned in the &g must be considered:

Planting and crop Processing
management the feedstock

into biofuel

_ ) Transporting the
feedstock and the

final fuel

Distributing and [ Storing
retailing biofuel

Fuelling a
vehicle

Figure 5.2: Life Cycle of Biofuel Production

Figure 5.2 shows different processes of produatidsiodiesel. In each process

there are GHG emissions that must be considerextder to calculate the life cycle

assessment of the biodiesel.
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In order to estimate GHG emissions for jatrophaligisel production, emissions
beyond the boundaries of the CDM project were rwtswered. The following are

different GHG taken into account as part of thgemactivity.

5.2.3.1 Planting and Crop Management

The GHG emissions considered in planting and crepagement of jatropha
were classified as below:

a. Land conversion
b. Consumption of fossil fuel for land management picas

c. Use of fertilizers

The electricity emissions in this step were noetakito account, because the

emissions are expected to be smaller than 10% sseons reduction.

The GHG impact depends upon what the jatropha qiant is replacing; if
jatropha crops replace natural grass or forest, @Hhidsion will probably increase. If,
on the other hand, jatropha crops are planted acteplof annual crops, or on
unproductive or arid land where conventional craasnot grow, they have the

potential to significantly reduce associated eroissi

Jatropha has the capacity to restore soil carbotents over time and could
help to improve the quality of degraded lands. lkenore, organic matter in soils
contains more than twice the carbon in atmospl&dgand additional carbon is stored
in biomass. Therefore, for the case studied, assumed that jatropha will grow on
marginal soils with low nutrient content. Hencegrhwas no consideration of possible

changes in carbon stocks.
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The other GHG considered comes from land manageprastices which are
among others: irrigation and treatment of the saibjl cultivation, plantation

management, harvest and agricultural post harvesepsing.

For all these previous practices, GHG emissionslikedy to occur as in this
project studied fossil fuel consumption from thenfamachinery was assumed. One
bulldozer/tractor for land clearing and motorcycles transporting the harvested

fruits/seeds to the factory were considered.

Project emissions related to consumption of folsl for land management
practices were calculated with the formula belowateDsupplied for the company was

fossil fuel consumption of the machinery and vedsalised by the activity:

PErr,,y= FCiy* NCV* EFco,e; Equation 3

Source: (UNFCC, 2007).

Where:
FCiy : Fossil fuel consumption of type i within the prof boundary in year y
NCV; : Net calorific value of fuel type i

EF co,e; : Carbon dioxide equivalent emission factor adlftype i, IPCC default

values will be used according to fuel type

The net calorific value of petrodiesel (NG)) was estimated at 0.04333

TJ/tonne considering IPCC default values.
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In determining the carbon dioxide emission factont petrodiesel (EEo,, )
in this methodology, guidance from the IPCC (2006&3 been followed. The value is
74.1 (tCQJ/TJ). The total fossil fuel consumption in the\esting process is shown in

Tables 5.8 and 5.9.

In order to estimate the GHG emission for the mtojstudied of land
management practices, it was assumed:

* One motorcycle will be required per 5 hectarestfansporting harvested
fruits/seeds.

* The frequency of harvesting was assumed to be &stper year

* Fuel consumption per motorcycle is 0.3 tons pehdaarvesting event in
scenario 1 and 0.6 tons in scenario 2 per eactebting event.

* One bulldozer per 2,000 hectares with a fossil fo@hsumption of 6
tonnes/year in both scenarios, as the number ¢alescis the same.

* Fuel consumption for thermopac 0.005 tonnes per d¢if biodiesel which is

used to generate heat using thermal fluids.

In order to estimate the fossil fuel consumptiontlod farm machinery, an
average age of the equipment was used. This assumetalso related to the engine
efficiency and therefore the fuel consumed. Talllés and 5.9 show the projected

emissions in the 10 year period.
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Table 5.8: Project emissions for fossil fuel conption (Scenario 1)

|

2 720 6.0 50 2,492 ‘
3 1,080 6.0 75 3,728 ‘
4 1,440 6.0 100 4,964 ‘
5 1,800 6.0 125 6,200 ‘
6 2,160 6.0 150 7,436 ‘
7 2,520 6.0 175 8,672 ‘
8 2,880 6.0 200 9,908 ‘
9 3,240 6.0 225 11,145 ‘
10 3,600 6.0 250 12,381 ‘
Total 19,800 60 1,375 68,180 ‘
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Table 5.9: GHG Project Emissions for Fossil Fuehsionmption (Scenario 2)

Tonnes of Tonnes of Project
Tonnes of
fossil fuel fossil fuel emissions
fossil fuel used
Year used by used by related to
in Thermopac
motorcycle bulldozer consumption
(tonneslyear)
(ton/year) | (tonneslyear) of fossil fuel
1 720 6.0 50 | 2,492
2 1,440 6.0 100 | 4,964
3 2,160 6.0 150 | 7,436
4 2,880 6.0 200 | 9,908
5 3,600 6.0 250 | 12,381
6 4,320 6.0 300 | 14,853
7 5,040 6.0 350 | 17,325
8 5,760 6.0 400 | 19,798
9 6,480 6.0 450 | 22,270
10 7,200 6.0 500 | 24,742
Total 39,600 60 2,750 | 136,168

Emissions can be neglected in cases where fuebwelpis from renewable
energy sources, therefore, if the company can cepiae fossil fuels used in the farm

machinery with the biofuel produced, these emissisauld not be considered.
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Figure 5.3: Project emissions related to consumptidossil fuel (tonnes C£)

The residual biomass of jatropha oil or “press-tatan be used to produce
energy and generate electricity or steam, reduaingj/iminating the need for external
energy inputs coming from fossil fuels. If the canp can verifiably demonstrate that
carbon input is derived from a renewable sourcg. (@ethanol from biogas from the
press cake digestion) that does not claim CERsdbstituting for fossil sources, no

emissions have to be considered.

In the plantations, usually there are emission®aated with the energy
required for the production and use of fertilizersd pesticides. Institute (2007)
declares that the most significant factor in terofsclimate impact is chemical
fertilizers, which require large amounts of fogsiergy input. Typically, fertilizers and
pesticides are manufactured using a natural gas agput, and nitrogen (N) fertilizer,

in particular, can require vast amounts of natges to produce. Some of the nitrogen
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fertilizer used on fields is eventually emittedrasous oxide (MO), which is released
directly from the soil or through run-off water. ddieides are generally fossil fuel

based, increasing energy inputs and, thereforemsed GHG emissions.

In the project activity studied the amount of st and organic fertilizers
estimated is 0.1 tonne/ha per year. It is assummadetvery year 0.1 tonne/ha per year

will be added for the new hectares and the sameianior the previous land.

The NO emissions were estimated according to IPCC guelelaccording to

the formula below and the amount of fertilizer siggbby the company:

PE nriy = NF i, j, * (EF NO _direct, 1 * (44/28) ) GWPN,0 Equation 4

Source: (UNFCC, 2007).

Where:
PENFi,j, : Amount of nitrogen in fertilizer type i appliea year y
EFN.0 direct, 1 : Emission factor for BD-N from nitrogen fertilizer type i

GWPnN,0 - Global warming potential of }D

The emission factor for #D-N from the nitrogen fertilizer type was assumed i

0.01 (t NO-N/t N) (IPCC, 2006¢). The GWP ob8 is 310 (t CGe/t N.O).

The projected emissions resulting from the appbcaof nitrogen fertilizer

including crop residues, type i, in year y are shawTable 5.10:
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Table 5.10: Projected emissions resulting fromatyglication of nitrogen fertilizer

9,000
8,000
7,000
6,000

5,000

Ton CO2

4,000
3,000
2,000

1,000

T N
1 2,000 974
2 4,000 1,949
3 6,000 2,923
4 8,000 3,897
5 10,000 4,871
6 12,000 5,846
7 14,000 6,820
8 16,000 7,794
9 18,000 8,769
10 20,000 9,743
Total 53,586
10,000

12

Figure 5.4: Projected emissions resulting fromapplication of nitrogen fertilizer
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The 20,000 ha of jatropha will produce 65,000 t@noé biomass from the
seedcake or press cake. This estimation is sumpdie studies carried out by
BiofuelsRevolution (2009), where it found out tH#& tonnes of seeds will produce

6,500 kg biomass from oiled seedcake.

If the crops utilize the biomass of press cake fstdizer, the amount of GHG
emissions from nitrogen fertilizer can be avoidéde seedcake should be given back
to the farmers for use as fertiliser and it woulsbamean a reduction in greenhouse
emissions. In this work, the emissions from feréilis were taken into account in the

project activity’s emissions.
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5.2.3.2 Processing the Feedstock into Biofuel

The GHG emissions considered in processing biofeet classified as below:

a. Electricity consumption: Significant amounts of emg in the form of
process heat, mechanical energy and electricity reeded for the

refining process.
b. Emissions related to the fossil carbon content efthanol input to

biodiesel production

To calculate the electricity consumption emissiaingas assumed that:

» Significant emissions from the consumption of eleityy are only caused by
machinery in the oil press and transesterificatioi.

* The production of biofuel will be carried out in WeZealand and the

supplier of electricity will be Meridian Energy.

In the case studied, the electricity estimatedetadnsumed is 8kW per tonne of
biodiesel produced. As the supplier of electrigitythe South Island of New Zealand
provides electricity from renewable wind and hydresources, no GHG were
considered in this case. Meridian Energy is ontheflargest electricity suppliers in the

South Island and the electricity is sourced frordrbyand wind farm projects.

To calculate the emissions related to,Gf@m the combustion of fossil carbon
contained in methanol that is chemically boundhm biodiesel during the esterification
process and released upon combustion it was assinaied

» The project utilizes 90 kilos of methanol to proeudctonne of biodiesel.

* The weight fraction of fossil carbon in methano0i875 (IPCC, 2006c)
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The project emissions related to the fossil carbamtent of methanol input to
biodiesel production in a year have been calculaweth the equation below
considering the data supplied by the company wisiche amount of methanol used to

biodiesel production. The results are shown inRigeire 5.5

PE cc, MeoHy = MI meon, y * Weicarbon, Meon X (44/12) Equation 5

Source: (UNFCC, 2007).

Where:
WecarbonMeoH - Weight fraction of fossil carbon in methanol

MI meoH, y : Amount of methanol input to biodiesel productigaar y

4,000

3,500

3,000 /A//A
2,500

2,000 - /
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Figure 5.5: Project emissions related to fossiboarcontent of methanol input to
biodiesel production
As Figure 5.5 shows, both scenarios increase thmuatrof emissions as the
number of hectares increases. Table 5.11 and balifeshow in detail the emissions in

the period studied.
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Table 5.11: Project emissions related to fossthearcontent of methanol input to

biodiesel production (Scenario 1).

Biofuel Project Emissions
Year No ha
Production (Tonnes CQy/year)
1 2,000 5,000 169
2 4,000 10,000 338
3 6,000 15,000 506
4 8,000 20,000 675
5 10,000 25,000 844
6 12,000 30,000 1,013
7 14,000 35,000 1,181
8 16,000 40,000 1,350
9 18,000 45,000 1,519
10 20,000 50,000 1,688
Total 275,000 9,281
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Table 5.12: Project emissions related to fosstbearcontent of methanol input to

biodiesel production each year (Scenario 2).

Biofuel Project Emissions
Year No ha
Production (Tonnes CQy/year)
1 2,000 10,000 338
2 4,000 20,000 675
3 6,000 30,000 1,013
4 8,000 40,000 1,350
5 10,000 50,000 1,688
6 12,000 60,000 2,025
7 14,000 70,000 2,363
8 16,000 80,000 2,700
9 18,000 90,000 3,038
10 20,000 100,000 3,375
Total 550,000 18,563

5.2.3.3 Transporting the Feedstock and the Final Fuel

Emissions from fossil fuel consumption in the tgaorsation of raw materials
and biomass between plantation and technologis#liations are likely to be smaller
than 10% of emissions reduction, while transpod drstribution of biofuel to the

consumer may cause significant emissions deperairige transport distance.
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In the case studied, the biofuel will be exporedew Zealand as feedstock for
the production of biodiesel. The transport usethis case will be a ship that will travel

from Malaysia/Chile to New Zealand.

To calculate the emissions related to the trangpprhip the following factors
were considered:

» CO; factors for marine freight transport.

 That the distance of the voyage is 8,078 kilometoes5020 miles
approximately, between Malaysia (Port Klang) and wNe&ealand
(Auckland) Portworld (2009).

» That the distance of the voyage is 8,502 kilometre§,283 miles between
Chile (Port Valparaiso) and New Zealand (AucklaRdjtworld (2009).

* One large container vessel and just one trip from mort to another port.

* The value of 0.000013 tonne of €@er tonne km was obtained from

DEFRA (2008).

The results for both scenarios are shown in FiguBe The emissions in the period of

time are considered in Tables 5.13 and 5.14:
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Figure 5.6: Project emissions resulting from tramsaion (fuel consumption).
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Table 5.13: Project emissions resulting from trantgtion (fuel consumption)

Scenario 1.
OillYear
tCO2-e tCO2-e
Year Weight (metric tonnes)
Malaysia-NZ Chile-Nz
(Scenario 1)

1 5,000 525.07 552.63
2 10,000 1050.14 1105.26
3 15,000 1575.21 1657.89
4 20,000 2100.28 2210.52
5 25,000 2625.35 2763.15
6 30,000 3150.42 3315.78
7 35,000 3675.49 3868.41
8 40,000 4200.56 4421.04
9 45,000 4725.63 4973.67
10 50,000 5250.70 5526.30

Total 275,000 28,879 30,395

The total amount of emissions in Scenario 1 arerat®0,000 (Cee) taking
both countries (Malaysia and Chile) as supplierthefraw material to produce jatropha

biofuel.
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Table 5.14: Project emissions resulting from trantgtion (fuel consumption)

Scenario 2.
OillYear
Year Weight (metric tonnes) tCO-e tCOz-e
(Scenario 2) Malaysia-NZ Chile-NZ
1 10,000 1050.14 1105.26
2 20,000 2100.28 2210.52
3 30,000 3150.42 3315.78
4 40,000 4200.56 4421.04
5 50,000 5250.70 5526.30
6 60,000 6300.84 6631.56
7 70,000 7350.98 7736.82
8 80,000 8401.12 8842.08
9 90,000 9451.26 9947.34
10 100,000 10501.40 11052.60
Total 550,000 57,758 60,789

The value in Scenario 2 is nearly double 60,000£€E) s the amount of biofuel

to be produced is also double.

5.2.3.4 Other Emissions

The last steps that would produce GHG emissionstamng, distributing and
retailing biofuel, and also fuelling a vehicle ahe evaporative and exhaust emissions
resulting from combustion. These steps were nosidened in the calculation as they
are beyond the boundaries of the CDM project.
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5.2.3.5 Total Emissions from the Project Activity
Each of these steps in the process to producefarbiofuel is a source of GHG
emission. To calculate the emissions from the ptagetivity, the following equation

was used

PE, = (PErr,,y + PEgpp ,*+ PE\ iy + PEcc, Meony + PEuv-nz, My-cH ) Equation 6

Source: (UNFCC, 2007).

Where,

PErr),y = Emissions from project emissions related to corgion of fossil fuel
PEsop, y = Emissions from electricity consumption activity

PENF,iy = Emissions resulting from the application of ngea fertilizer

PEcc, meony = Emissions related to the fossil carbon contemhethanol input to
biodiesel production in a year

PBuy-nz, my-ch= Emissions from the ship voyages

The electricity consumption is 0, as the planta@ord management crop was
considered not significant and at the Biofuel Blahie supplier of electricity is

considered to be carbon neutral owing to the usersdwable sources in New Zealand.

In the case of the ship voyage, the emissions fktaaysia to New Zealand

were considered, as the values were close to thtandie between Chile and New

Zealand.
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Table 5.15: Project Activity Emissions (Scenario 1)

Project Activity Emissions

Year | Fossil fuel | Nitrogen Methanol Ship Total
Fertilizer Voyage
1 1,255 974 338 525 863
2 2,492 1,949 675 1,050 1,725
3 3,728 2,923 1,013 1,575 2,588
4 4,964 3,897 1,350 2,100 3,450
5 6,200 4,871 1,688 2,625 4,313
6 7,436 5,846 2,025 3,150 5,175
7 8,672 6,820 2,363 3,675 6,038
8 9,908 7,794 2,700 4,201 6,901
9 11,145 8,769 3,038 4,726 7,763
10 12,381 9,743 3,375 5,251 8,626
Total 68,180 53,586 18,563 28,879 47,441
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Project Activity Emissions Scenario 1

Ship Voyage
18%

Fossil fuel
42%
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34%
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Figure 5.7: Classification of project activity esisns during the period studied

(Scenario 1)

In Scenario 1 the largest sector of GHG emissionsthe fossil fuel

consumption, followed by the nitrogen fertilizerpdipation to the land. The smallest

emission is the one related to the methanol usedoiuce biofuel.
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Table 5.16: Project Activity Emissions (Scenario 2)

Year Project Activity Emissions
Fossil fuel Nitrogen Methanol Ship Total
Fertilizer Voyage
1 2,492 974 338 1,050 1,388
2 4,964 1,949 675 2,100 2,775
3 7,436 2,923 1,013 3,150 4,163
4 9,908 3,897 1,350 4,201 5,551
5 12,381 4,871 1,688 5,251 6,938
6 14,853 5,846 2,025 6,301 8,326
7 17,325 6,820 2,363 7,351 9,713
8 19,798 7,794 2,700 8,401 11,101
9 22,270 8,769 3,038 9,451 12,489
10 24,742 9,743 3,375 10,501 13,876
Total 136,168 53,586 18,563 57,758 76,320

emission and the emissions produced by the ship}@ge are larger because the

In Scenario 2 the fossil fuel consumption accofimtshe largest sector of GHG

amount of biofuel is double
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Project Activity Emissions Scenario 2

Ship Voyage
22%

Fossil fuel
51%
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‘l Fossil fuel @ Nitrogen Fertilizer O Methanol @ Ship Voyage ‘

Figure 5.8: Classification of project activity esisns during the period studied

(Scenario 2)
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Figure 5.9: Capture and emissions of @@atropha.

Figure 5.9 summarize the different activities thadduce emissions of GGuch as
Nitrogen fertilizer, Fossil fuel consumption, Pration of biofuel and Ship Voyage.
These emissions will be produced either in Chil&afaysia depending which one will
host the project. Capturing emissions of @€ also represented in the diagram.
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5.2.4 Estimation of Emission Reductions

The emission reductions of the project activity evezalculated with the
difference between the estimated emissions fromnceswf GHG of the baseline and

the project activity emissions.

Table 5.17: Emissions Reduction- Scenario 1 £

Estimated
emissions by Project Activity Emissions Reduction
Yest sources of GHG Emissions (Tonnes CQ.dyear)
of the baseline
1 14,683 863 13,820
2 29,366 1,725 27,641
3 44,049 2,588 41,461
4 58,732 3,450 55,282
5 73,415 4,313 69,102
6 88,097 5,175 82,922
7 102,780 6,038 96,742
8 117,463 6,901 110,562
9 132,146 7,763 124,383
10 146,829 8,626 138,203
Total 807,560 47,441 760,119
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The total emissions reductions are 760,000,.€0n Scenario 1. Because
Scenario 2 considered a double amount of biofuetlyced, the emission reductions

are nearly double as can be seen in the next Table:

Table 5.18: Emissions Reduction- Scenario 2 480

Estimated
emissions by Project Activity Emissions Reduction
Yest sources of GHG Emissions (Tonnes CQ.dyear)
of the baseline
1 29,366 1,388 27,978
2 58,732 2,775 55,956
3 88,097 4,163 83,935
4 117,463 5,551 111,913
5 146,829 6,938 139,891
6 176,195 8,326 167,869
7 205,561 9,713 195,847
8 234,927 11,101 223,826
9 264,292 12,489 251,804
10 293,658 13,876 279,782
Total 1,615,121 76,320 1,538,800
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Figure 5.10: Comparison between the emission rezhgtn both scenarios.

In conclusion, the total emission reductions ofjteopha project in a period of
10 years are 760,119 tonnes of L@ Scenario 1. In Scenario 2 the emission

reductions are 1,538,800 tonnes of @the same period.

This amount is quite significant and it is assurtieat the biodiesel generated
from the project activity will replace fossil futdat would otherwise be used as fuel in
mobile combustion engines for road, rail or aimgport as well as in stationary
combustions. The project activity would avoid GH@igsions that would otherwise be
generated from the burning of diesel. With the amoof emission reduction, the
project activity will cut GHG emissions in the tsgort sector either in Malaysia or

Chile, depending on which country hosts the project

The amount reduced by tonne of jatropha biofueldpeced is quite
conservative. Studies by BioFuelsRevolution (200@)cluded that 1 hectare (2500
plants) will produce up to 3.5 tons of biodieseliethwill result in 9.2 tons of CO
offset every year. According to Errazuriz (2008peximately 0.44 tons of biodiesel

used in a developing country are equivalent tonhéoof reduced CO
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5.2.5 Estimation of Carbon Credit Profit

According to the tendency, the price per tonne GkeCfrom a CDM project
varies from NZ $30 to NZ $40. However, voluntaryrkeds in the same project can
have prices that fluctuate between NZ $10 and NZ &&ording to CarbonCatalog
(2009). This difference is explained because CDMguats consider a verification and
validation step which is quite costly and thosediteehave more credibility in terms of

being used as an offsetting.

Estimates of the profits earned by selling carbadits have been carried out
with New Zealand, Malaysia and Chile currency cosmms. An average amount of

$NZ 15 was used. The results are in Table 5.19Taite 5.20:
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Table 5.19: Profit from the selling of CERs (Scendy)

Millions
Millions NZ$ | Millions RM * Millions US$®
Year Chilean Peso$
(Scenario 1) (Scenario 1) (Scenario 1)
(Scenario 1)
1 0.21 0.09 72.56 0.15
2 0.41 0.19 145.11 0.29
3 0.62 0.28 217.67 0.44
4 0.83 0.37 290.23 0.59
5 1.04 0.46 362.79 0.74
6 1.24 0.56 435.34 0.88
7 1.45 0.65 507.90 1.03
8 1.66 0.74 580.45 1.18
9 1.87 0.84 653.01 1.32
10 2.07 0.93 725.57 1.47
Total 11.40 5.11 3,990.62 8.10

11 NZ$: 2.23 RM
21 Nz$: $350 Chilean pesos
$1 NZ$: 0.71 US$
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Table 5.20: Profit from the selling of CERs (Scena)

Millions Millions
Millions NZ$ | Millions RM *
Year Chilean Peso3 US$
(Scenario 2) (Scenario 2)
(Scenario 2) (Scenario 2)
1 0.42 0.19 146.89 0.30
2 0.84 0.38 293.77 0.60
3 1.26 0.56 440.66 0.89
4 1.68 0.75 587.54 1.19
5 2.10 0.94 734.43 1.49
6 2.52 1.13 881.31 1.79
7 2.94 1.32 1,028.20 2.09
8 3.36 1.51 1,175.08 2.38
9 3.78 1.69 1,321.97 2.68
10 4.20 1.88 1,468.85 2.98
Total 23.08 0.19 8,078.70 16.39

41 NZ$: 2.23 RM

®1 NZ$: $350 Chilean pesos

61 NZ$: 0.71 US$
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Figure 5.11: Profit from the selling of CERs. B&benarios.
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5.2.6  Summary

Table 5.21 shows a summary of the calculations:

Table 5.21: Results Summary

Results Scenario 1 | Scenario 2
Yield (tonnes of biofuel/ha) 2.5 5
Yield (tonnes of biofuel/ 10years) 275,000 550,000
Carbon stock (C@Tonnes) 2,091,000
Baseline emissions (GO onnes) 807,560 1,615,12%
Emissions from Fossil Fuel Consumpti@®o, Tonnes) 68,180 136,168
Emission from Transportation (GOonnes) 28,879 57,758
Emission from Methanol input (GO onnes) 9,281 18,563
Emission from Nitrogen fertilizer (COronnes) 53,586
Total Project activity emissions (GOonnes) 47,441 76,320
Emission Reduction (COronnes) 760,119 1,538,800
Economical benefits (millions RM) 5.11 10.35
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6 CONCLUSIONS AND IMPLICATIONS

The aim of this study was achieved successfully &as evaluated the potential
of jatropha in the Clean Development Mechanism. hEapecific objective was

addressed in order to achieve the main objectihisfstudy.

There were identified and evaluated potential & that reduce GHG gases
through jatropha plantation and the use of jatrdplbéuel. It was found that biodiesel
can be used in most diesel engines; thereforeas$sl ffuel used in diesel engines can
be replaced by biodiesel thus avoiding GHG. Thetrnosimon activity that currently
uses fossil fuel in diesel engines is the transpector, including airplanes and aquatic
transport. This sector is the one most likely te bsodiesel and replace fossil fuel.
Potential by-products of jatropha that may redueeghouse gases are press cake that
can be used to produce methane through the bistthgeprocess, or as a fertilizer
avoiding the emissions from nitrogen fertilizerstHe methane produced is used to
replace fossil fuel there is a reduction in GHG tten be discounted from the project’s

emissions.

The project activity studied complies with the regments for a forestation or
afforestation project by UNFCC as the land is ahgitde land” and meets the
requirements of an “eligible project”. The followinfindings achieve the second
objective of this research: The definition of “fetegiven by UNFCC accords with the
characteristics of the jatropha tree, so it willdmeeligible project. The project qualifies
as an afforestation project as long as can be dsinaded that, for at least 50 years,
vegetation on the land has been below the threslamdpted by the host country for a

definition of a forest (Chile or Malaysia); othessi it will be classified as a
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reforestation project if the land was not foredobe 3 December 1989.

Qualitative analysis on the suitability of CDM f@tropha biodiesel according
to local laws, policy and regulation has been dddew Zealand as a developed

country can transfer technology to Chile and Makags a developing countries

For the rest of the specific objectives, it hasrnbased a quantitative analysis,
calculating the reduction/capture of GHG, quantifyin terms of CERs and estimating
the economic benefits for the sale of those cradithe market. The capture of GHG
through the planting of biofuel crops may creatdaoa sinks that can earn through the
sale of sink carbon credits. If CDM credits do bmeoavailable for planting trees, it
could add a further inducement to plant jatrophadbas an energy-producing carbon

sink.

As the calculations of emission reduction wereiedrout taking two scenarios
into account, the findings are different in eaclerszio calculated. The scenario 1
considered a conservative yield of 2.5 tonnes/lza/y# biodiesel and Scenario 2

considered an optimistic yield of 5 tonnes/ha/year.

For each scenario the following calculations weomed Baseline emissions,
jatropha’s production emission (project emissiogrjission reduction and potential

profit in CER'’s.

The emissions at the baseline in Scenario 1 wereb80 tonnes CPlikewise
in Scenario 2 the emissions at the baseline waubldat 1,615, 121 tonnes €8s the

calculation considered the amount of biofuel praalc
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The emissions from jatropha’s biodiesel processveategorized according to
fossil fuel consumption, use of nitrogen fertilizelectricity consumption and methanol
used in the process. Each of these categories megzad and calculated through the

different steps of the jatropha’s biodiesel process

The total fossil fuel consumption in the harvestimgcess was 68,180 tonnes of
CO, in Scenario 1, meanwhile in Scenario 2 the fossl tonsumption was double,
caused by the double yield in the harvesting poeesl therefore double consumption

of fossil fuel by the machinery.

The project activity emissions resulting from thpplication of nitrogen
fertilizer were estimated to be 53,586 tonnes of @@ing the period studied. As the
scenarios do not vary in the number of hectares,wlue was considered equal for

both scenarios.

The project activity emissions related to the fosarbon content of methanol
input to biodiesel production were 9,281 of fi®Scenario 1 and 18,563 in Scenario 2,
during the period studied. This is because the amethused in the process is directly

proportional to the amount of biodiesel to be pistl

Project activity emissions resulting from the tqamsation of raw material from
Chile or Malaysia to New Zealand were estimatedratind 30,000 tonnes of G
Scenario 1 and double in Scenario 2, owing to tle¢hodology used, considering an

emission factor per tonne transported.
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The total project activity emission is 47,441 of f@Scenario 1 and 76,320 in
Scenario 2. In both scenarios the biggest percerdhgmissions are produced by fossil

fuel consumption, followed by the nitrogen useddsrtilizer.

The emission reductions in Scenario 1 are 760,bh8es of CQ which is an
estimated profit of RM 5.11 million during the pmti of 10 years, considering an

average price of NZ$ 15 per tonne of fg@duced.

The emission reductions in Scenario 2 are 1,538{000es of C@which is an

estimated profit of RM 10.35 million during the et of 10 years.

The importance on the achievement of the objeciivéisis study leads the fight
against Climate Change and studies the challeng€®M projects. Jatropha biofuel
made on degraded and abandoned land with envirdatlyesustainable practices will
reduce GHG by displacing fossil fuels. Biofuels aaffer immediate and sustained

GHG advantages if the production is carried on snistainable way.
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