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ABSTRACT
One of the key issues of sustainable industriakbigment is the migration from

fossil to renewable feedstocks in various sectoich sas energy production, fuel
production, chemical and related industries. Zanamd the rest of Africa is in the
process of embracing utilisation of biofuels foe tnansport and industrial sectors.
The drive to utilisation of biofuels is mainly prpted by energy security and high

world oil prices affecting economic growth and e&sed poverty levels.

Development and assessment of various technologipabns and scenarios of
biomass conversion to bio-fuels is quite complekisTis due to challenges of
handling and interpretation of the amount and cexipl of information on

economic, environment and social issues relatebidtuel production and use. In
view of these challenges, a decision support toobfofuels was conceptualised to
attempt to address the problem. Consequently, dheept of decision support tool
(DST) for biofuels formed the basis for this reseaihe principle behind DST is to
provide the interested party, with relative eadiethe necessary information needed
to assist in the decision making process amongowsrifeedstock types,

technological options, and other scenarios reggridiofuels development.

Decision support tool (DST) has been designedsastevare package built on visual
basic language environment and is based on theiplenof Well-to-Tank (biomass
production through to biofuels uses). The tool tsissof a number of modules
namely; biomass production, biofuels productioncie@@conomic, environmental
and multi criteria analysis. The scope of the ®wlfar is limited to biodiesel from

soy bean and jatropha.

Application of DST revealed that jatropha feedsttmrkproduction of 2 million litres
of biodiesel per annum requires 1,575 hectaresrud. | Investment and operations,
and maintenance cost for a 2 million jatropha hedl production plant is U$3
million and US$ 0.17million, respectively. Finaricenalysis revealed, return on
investment of 9.8% and unit production cost of US#ire at the biodiesel selling
price of US$ 1.2/litre.



Mid-point environmental impacts analysis revealednbn toxicity of 3054 kg 1,4-
dichlorobenzene equivalent, climate change 880ianiltonnes C@ equivalent
including initial carbon loss from land use changefotoxidant of 320 kg of
ethylene equivalent, acidification of 0.04 kg Sé@nitted in Switzerland equivalent,
eutrophication of 0.01 kg P® equivalent, land competition of 315 million’yn
The total normalized value was calculated at OFa8.the same plant size, results of
environmental analysis show negligible impact ommhbo toxicity, photoxidant
formation, acidification, and eutrophication sinteir respective contribution to
overall normalized value is negligible. It therefamplies that the environmental
burden of biodiesel production is more on climatearge than other category

indicators.

On the other hand, a 2 million soy been based ésatlirequire 11,815 hectares of
land. Financial analysis revealed a unit productiost of US$1.2/litre with return on
investment of 8.3%. Mid-point environmental immae@nalysis revealed human
toxicity of 2,315 kg 1,4-dichlorobenzene equivajeritmate change 6,600 million
tonnes CQ@ equivalent(including initial carbon loss from langse change),
photoxidant of 402 kg of ethylene equivalent, dwdtion of 0.02 kg S@emitted in
Switzerland equivalent, and land competition of6B,3million nfyr. The total

normalized value was calculated at 0.456.

Multi Criteria Analysis of 2 million biodiesel plarfrom jatropha and soy bean
provided an overall score of 53% and 49%, respelstivi he higher the score, the
better the overall perfomance of particular scentaking care of economic, social,
and envirnomental considerations. These resulisateljatropha based biodiesel has
better performance on an overall balance of ecocommvironment and social

aspects as opposed to soy bean based biodiesel.
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CHAPTER 1.0 INTRODUCTION

1.1 Background

One of the key issues of sustainable industriaketigment is the migration from
fossil feedstocks to renewable feedstocks in vari@ectors such as energy
production, fuel production, chemical and relataduistries. Such a departure is
driven by several factors which include; depletifagsil feedstock, need of
diversification of feedstocks, abundance of rendevadssources in many countries of
the world, CQ “neutrality” of renewable feedstocks, concerted tepaal

development of both industry and agriculture, nga@rongs for green chemistry and

related industries development, etc (Rutz and &an2008).

Zambia and like the rest of Africa is in the praced embracing utilisation of
biofuels for the transport and industrial sectditse drive to utilisation of biofuels is
prompted by several reasons which include; (i) mecevents related to global
uncertainties in fossil fuels supplies, (ii) enegpcurity, (iii) high world oil prices
affecting economic growth and increased povertelgv (iv) growing interest by
small scale and large farmers to grow energy cifops different sources, (v)
realisation that biofuels can be used for heafogyer generation, transport purposes
and related economic spin offs (CEEEZ, 2007).

There are several challenges that need to be addres the development of the
biofuels sector. For example, there is a needfddher development of suitable
technologies including first and nexgeneration of bio-fuels, availability of
feedstocks, uncertainty of bio-feedstocks supplyd atheir prices, risk of

misconception in designing of bio-fuels strategiestc. Therefore, further
development and assessment of various technologptadns of various scenarios
for bio-fuels exploitation is highly needed, coresidg the challenges of handling
and interpretation of the amount and complexityirdbrmation related to biofuel

production and use (Arumugam et.al 2007).

Development and assessment of various technologipabns and scenarios of
biomass conversion to bio-fuels is quite complexu@Augam et.al 2007). This is

owing to the challenges of handling and interpretabf the amount and complexity
1



of information on economic, environment and sodsdues related to biofuel
production and use. In view of these challengete@sion support tool for biofuels
was conceptualised to attempt to address the prmol®nsequently, the concept of

decision support tool (DST) for biofuels formed theesis for this research.

The principle behind a DST is to provide the inséed party with all the necessary
information with relative ease in order to assighwdecision making process among
various feedstock type, technological options, atier scenarios regarding biofuels
development. The target beneficiary group includecision-makers like the
government, NGOs, research institutions, projegeltgers and other stake-holders
in developing countries, who are considering adhgptiew policies or projects in

bioenergy sector.

Decision support tool (DST) is designed as a soltvpackage built on programming
language environments such as visual basic, asddsed on the principle of Well-
to-Tank (biomass production through to biofuelssiis&he tool consist of a number
of modules namely, biomass production, biofuelsdpobion, socio-economic,

environmental and multi criteria analysis. The sop the tool so far is limited to

biodiesel from soy bean and jatropha.

Conceptually, the Decision Support Tools (DSTsgréd analysis, comparison, and
selection of possible options (technologies or pobs) according to their
characteristics. Such characteristics should beepted as the quantified data that
can describe a variety of aspects of decision nmketerest. These aspects often
refer to the process performance, environmentaias@conomic, and risk aspects
(Arumugam et.al 2007). Decision support tool isdaasn data collection, modelling

and analysis of information according to defineitecia.

1.2 Problem Statement

The biofuels development process currentlgckls an integrated approach in planning
scenarios of biofuels production which takes actadrtechnical, socio-economic,
and environment factors. For this reason, detertoimaof an appropriate biofuels
production pathway which is cost effective, suigahproduction technology,

contributes to social well being and environmegtakenign in a given situation is

2



still a challenge in the biofuels industry. Thisearch therefore presents a potential
solution in the biofuels industry on how best tdiaue optimal and sustainable

production conditions.

1.3 Objectives

The main objective of this research is to devedop integrated well-to-wheel
biofuels decision support tool that provides an arpmity to compare among

various biofuel production pathways/options to éeaelection of optimal scenario.
The specific objectives of a DST include are

() To develop of a software package aimed at ihglpdecision-makers in
assessment and adoption of the most environmentakydly, efficient and
economic technological approaches,

(i) To create awareness towards environmentalsaistainability issues,

(i) To understand implications of choice of feemsk on standards on social

economic and environmental issues,

(iv) To undertake financial analysis through evéiluaof net present value, annual
production costs, annual expected profit, , prbfitey, static payback period and

specific production cost,

(v) To suggest the appropriate treatment/prongssptions in order to obtain

higher yields and quality of products, lower castsl environmental impacts

(vi) To make easy handling and interpretation lid amount and complexity of

information related to biofuel production and use

1.3 Scope

The principle adopted for developing the DST iseosn Well-to-Tank of biofuels

production. Here, all upstream and downstream peEsethat are somehow involved
or affect the strictly defined biofuel pathway a&a&en into consideration. It implies
therefore that, if a certain auxiliary materialgiechemical fertilizer) is used during

the cultivation of a feedstock material, then dike texpenditures (energy and

3



material) and subsequent emissions for the proaluaf this chemical are included
in the calculations of the final expenditures amghacts of the biofuel pathway. This
procedure is followed for all expenditures stepvasd backwards until the original

primary resource is reached.

Otherwise mentioned as “Cradle-to-Grave” approdciipllows the path of every
material throughout its lifespan, from the primargsource consumed for its
production until its final use. It is therefore, @flow (resource)-outflow (emission)
approach that also reflects the environmental irtgpaica certain process or scenario.
The proper evaluation of related production proegsshould be based on their
sustainability analysis, which implies the assesgnté associated economic and

environmental indicators.

The DST is focused on biodiesel from first generatpoint of view and the
bioenergy feedstock considered included jatropht soy bean for biodiesel. The
tool is a modular software based tool built on @isbasic environment, and it

consists of several modules which include;
() Biomass production( energy crop production), agtice input assessment,

(i) Biofuels production(crude oil production and refigj-assessment of

production technologies and recipes of biofuels),
(i) Environmental (Life Cycle Analysis)-using ISO 1404fd 14043,

(iv) Financial analysis); -financial analysis of enexygp production, crude oll

production and biofuels production,
(v) Socio-economic issues ( e.g direct job creatioj etc

(vi) Multi Criteria Analysis



CHAPTER 2.0 METHODOLOGY

The methodology employed in this research invollieztature review, analysis,
software development and application of decisionppsut tool. Detailed
methodology for this research is provided in tH®#ing sections.

2.1  Approach for Literature Review

Literature review focused on energy crop cultivatiechniques, biofuels production
technologies, life cycle analysis, transport Idgsst financial analysis, and multi
criteria analysis. Additionally, a review of a wideray of existing decision support
tools for various applications was undertaken sotasdraw lessons on their
development. The decision support tools consider@dde; (i) decision support tool
to evaluate alternative policies in regulating wimdegration into autonomous
energy systems, (ii) decision support system fqlating local renewable energy
sources: A case study of the Chigu area of sousteme Taiwan, and (iii)

development of decision support systems for biaggnapplications.

2.2  Approach for Analysis

Analysis in this research was carried out througteehination of main modules of
DST, formulation of flow chart and algorithms, swdire development and
application of DST by considering three plant Szenarios of biodiesel production.

Detailed methodology for analysis is provided dbes:

2.2.1 Approach for Determination of Main Modules ofDST.

This process involves determination of main comptsmef DST and grouping them
into modules (i.e. biomass production, biofuelsdouiciion, environment, economic,

and multi-criteria analysis modules).

2.2.2 Approach for Formulation of Flow Chart

Flow chart is a key element in DST design as itictepgraphical presentation of
module interrelationships, characteristics, andrimiation flow from Well-to-Tank.
The flow chart also presents several steps requiredder to reach the final result in

a DST. Formulation of flow chart involved conneatiof different modules



according to their respective inter-relationshipsfarm one unit. The flow chart
provides a basis for development of algorithms.

2.2.3 Approach for Development of Algorithms

Algorithmspresents mathematical presentation of componentshair relationships
within and across modules which serves as basisvfiting computer codes in a
computer programming language. These modules iaglimlomass production
module, biofuels production module, biofuels tramgpand life cycle analysis. The
algorithms (mathematical equations) were developaded on the flow chart.
Numerous, unique mathematical equations were dpegdlofor each module
representing biomass production processes, biofwrelduction processes, financial
analysis, job creation, environmental flows(lifecleyanalysis). A particular module
may receive a set of data computed from eithéab@dase or another module or may
receive direct inputs from the user. A module miap anake use of results computed
by its components, inputs. Similary a module caso gbrovide outputs to other

modules or to the user.

2.2.4 Approach for Software Development

Software development involved writing software c®@deomputer programming)
based on the algorithms and making provision foaphrcal user interface.
Essentially this process is a translation of flomart and algorithms into software
package through programming. This DST for biofweés designed in Visual Basic
2008 Programming language environment and the waleployed as desk top

application.

Software development consists of two main stagasehadatabase development and
programming. Database development was built optemise of the requirements of
the algorithms and functions governing the modulé® choice of biofuel type and
production technology employed is associated widayaof data characteristics
which is stored in a database. The additional tatmmplete analysis is provided by
the user. The tool is equipped with provisions‘téser Defined’ parameters (related

to consumables, waste and by products) so as torawodate user’s preferences.



2.2.5 Approach for Application of DST.
This process involves application of decision suppool using three scenarios.
These scenarios are plant sizes of 2, 20 and 3@miitre biodiesel production per

annum for both jatropha and soy bean based feddstoc



CHAPTER 3 LITERATURE REVIEW

3.1 Biofuels

Depending on the conversion of biomass, in priecthree main pathways come
into consideration in bioenergy production and ¢hieslude; (i) the thermo-chemical
pathway, (ii) the physical-chemical conversion patl, (iii) the bio-chemical
conversion pathway (Arumugam et.al 2007). Thesecg®ses provide biofuels in the
form of solids (mainly charcoal), liquids (mainlyodiesel and alcohols), or gases
(mainly mixtures with methane or carbon monoxideh)jch can be used for a wide
range of applications, including transport and Higimperature industrial processes
(VDI, 1996). These pathways are provided in figBire

BIOMASS ENERGY SOURCES
Energy crops ) C Ey-products & Residues ) ( Organic waste )

| | |
I Y +
| Harvesting / Collecting / Provision |

:

| Pre-lreatment )-—-l Transporl )-—-I Storage |

"l

I I | [ [ |
THERMO-CHEMICAL CONVERSION | PHYSICAL-CHEMW. CONVERSION BIO-CHEMICAL CONVERSION
I | | ] | | |
i i Pressing / Extraction Aleohalic || Anaerob.
Carboni- ff Gasili- Pyrolysis I | Fermen- || Fermen- || COm-
salion calion tation tation posting
Transestarification
J
[
3 l-- E ¥
Solid biofuel Gaseous biofuel Liquid biofuel
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Figure 3.1 Basic pathways for the provisioninéf energy derived from biomass

Biofuel is any fuel that is derived from biomasscently living organisms or their
metabolic by products, such as manure from cows. dt renewable energy source,
unlike other natural resources such as petroleoal,and nuclear fuels. Biofuels can

be grouped in 'generations’, according to the tfgechnology they rely on and the
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biomass feedstocks they convert into fuel (Arumugetnal 2007). First (1st)-
generation biofuels are biofuels which are produitedch food crops (sugar or oil

crops) and other food based feedstock (e.g. foade)a

These biofuels are on the market in considerableuats today and their production
technologies are well established. The most impotéfuels of the 1st-generation
are bioethanol, biodiesel, and biogas. Bioethasngiroduced by fermenting sugars
from starch and sugar biomass (e.g. cereal croph s$ corn or maize and
sugarcane). It can be used in pure form in spgcbpted vehicles or blended with
gasoline in any proportion up to 10% as is the agagbe USA, provided that fuel
specifications are met (Arumugam et.al 2007). Biedl blends became mandatory
in early 2008 in Brazil, followed by a raise in btklevels from 2 to 3 percent in the
same year and from 3 to 4 percent in 2009. Theeas® to 5 percent was effected in
2010.

Second (2nd) or ‘next’ generation of future biofueln be produced from wider
range of feedstocks, which are represented mawlgdm-food crops. For example,
the whole plant biomass can be used or waste strélaat are rich in lignin and

cellulose, such as wheat straw, grass, or woodrder to breakdown this biomass,
two main conversion pathways come into considanatl) hydrolysis (can be done
via chemical and biochemical pathways) of ligndwdeke into sugars, which can
then be fermented into alcohol -this technologybisst known as ‘cellulosic

bioethanol' and is still in development; 2) therfmamical processes (use of high
temperatures to pyrolyse or gasify biomass) ofdaghluloses to a raw gas or oil
(Arumugam et.al 2007).

The resulting gas is then treated and conditiongd synthesis gas (syngas),
consisting mainly of carbon monoxide and hydrog@&his gas can further be
processed into different types of liquid and gasdoels via different fuel syntheses.
Fuels from this route are then called 'synthetiofugls’. Most promising liquid

synthetic biofuels, also called BtL biomass-to-ldg) are biomethanol and Fischer-
Tropsch fuels. Gaseous synthetic biofuels are @girgethylether (DME) and Bio-

SNG, which is also a form of biomethane and can be anhyilused as natural gas



substitute like biogas. Alternatively, the clearsedl conditioned product gas can be
converted into hydrogen. Bio-oil obtained from bess via pyrolysis or
hydrothermal treatment can also be converted ingh lguality liquid fuels by

deoxygenation (Arumugam et.al 2007).

Biofuels can have positive or negative impacts anous issues. In order to assess
benefits from the utilization of biofuels comparedfossil fuels, life cycles have to
be determined. Life cycles largely depend on typé&edstock, choice of location,
production of by-products, process technology amchow the fuel is used. Within
this variety, the basic components of life cyclediofuel processing are always the
same (Rutz and Janssen, 2008).

In each process step of biofuel production, difier@ctors are involved. Biomass is
produced and transported by farmers. It is someatialso transported by logistic
services or by the biomass conversion industryfit¥ée conversion of biomass to
biofuels can be either made by farmers or by inglusthich is more common.
Finally, biofuels are distributed by logistic sex$ or fuel stations and consumed by
private or industrial consumers. The life cycleaiso influenced by horizontal
attributes which have to be carefully assessedderao allow comparisons among
different biofuels: energy balance, emissions, mjneese gas emissions, other
environmental impacts, biofuel costs, and sociceodc impacts (Rutz and
Janssen, 2008).

For example, total costs of biofuels at the fillisation include costs for biomass
production, biomass transportation, biomass coimersnd distribution. Also taxes
and profit margins of distributors have to be cdastd. External costs, like costs for
environmental damages, are also important, but Hreyoften neglected. Finally,
biofuels have the potential to create socio-econdyanefits. During the life cycle of
biofuels, new jobs can be created and agriculim@me can be increased. On the
other side, labour standards have to be respented.g. child labour and slavery has
to be avoided (Rutz and Janssen, 2008).
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3.1.1 Biodiesel

Depending on the biomass feedstock and the typeabinology employed in the
production, biodiesel can be named either firstegation or second generation
biodiesel. Biodiesel produced from food crops (@ibps) and other food based
feedstock (e.g. waste oil, animal waste) is ofteferred to as first generation
biodiesel. First generation biodiesel today ha®masiderable market share and its
production technologies are well established. Sécgeneration biodiesel is
produced form lingo-cellulosic biomass. In relattorthe conversion technology, the
bio-chemical conversion pathway is referred to first generation and thermo-

chemical pathway to the second generation production process

Chemically, first generation biodiesel is equivalém fatty acid methyl esters or
ethyl esters, produced from triacylglycerols viang-esterification or fatty acids via
esterification. Fatty acid methyl esters (FAME) dgdare the most commonly used
biodiesel type, whereas fatty acid ethyl esters HEA so far have been only
produced at laboratory or pilot scale (Bacovskgle2007). There are many options
to use different biomass feedstock types for puemtpoil (PPO) and biodiesel
production. Besides dedicated oilseed crops suchrageseed and soybean,
microalgae, animal fats and waste oil provide \edeledstock opportunities for fuel
production. However, these last three feedstockdygre not yet used on a large-

scale (Rutz and Janssen, 2008).

The most common bioenergy crop for biodiesel pridnan Sub-Saharan Africa is
jatropha, mainly because it is non edible, drodglerant and suitable for cultivation
in almost all countries. Other potential feedstoékslude coconut, oil palm,
sunflower, soybean, animal fat, and castor oil.o8dcgeneration biodiesel can be
produced from a wider range of feedstocks, whiah rapresented mainly by non-
food crops such as lignocellulosic materials. Maitllermo-chemical processes are
employed in converting such biomass feedstock bitmliesel (Arumugam et al.
2007).
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3.1.1.1 Biodiesel production technologies

There are different possibilities to classify diffet biodiesel production
technologies, namely according to the type of gatal(homogenously or
heterogeneously catalyzed processes), accordirgattion conditions (low and high
temperature and pressure reactions), or betweeimaons or batch operation. On
the other hand, it is also possible to classifyoading to the type of feedstock. The
so-called single feedstock technologies use hafully refined vegetable oils like
rapeseed, soybean, sunflower, etc. With these témtpies the content of free fatty
acids should be very low, resulting in low formatiof soaps. Normally alkaline
catalysts like sodium methoxide or potassium hydi®xare used, and the soaps
formed as by-products during the reaction are eitemoved by water washing or
recycled by esterification with acid catalysts. MVihis technology also a small
amount of other feedstock like recycled frying ol higher acidic palm oil can be
blended to the refined vegetable oils (Bacovskyle2007). The so-called multi-
feedstock technologies are capable of processigsteck with higher amounts of
free fatty acids. Here, pre-esterification of thesef fatty acids is necessary.
Alternatively, all fatty material is directly consted to FAME in one step during a
high pressure and temperature process. These pescase capable to process any
type of feedstock, including acid oils, animal faigh acidic palm oil or even fatty

acids, and they can easily be adapted to chanfged$tock (Bacovsky et al. 2007).

Apart from single and multi feedstock technologiesre are small-scale production
units. These plants have a production capacitypotau5,000 t/a, using different
feedstock and different production technologies styothese plants have not been
built by large biodiesel technology companies, Wlné technology has been
developed by individual groups and organizationsedaon own experience and
developments. The glycerol by-product is mostly dusdirectly without any

purification (e.g. as substrate for biogas plantéle catalyst for trans-esterification
is mainly potassium hydroxide, because it leadsh® highest conversion rates.
Several of these production plants are organizedcasperatives, using locally
produced vegetable oils as feedstock and the lsedias fuel for agricultural

vehicles. Most very small production units do navé own facilities for quality
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control. Thus, the quality of the product mightywand not meet the European fuel
standard EN 14214, representing a serious riskdifesel engines (Bacovsky et al.
2007).

Through thermo-chemical processes (use of high ¢eatypres to pyrolyse or gasify
biomass) lignocellulosic biomass can be convertea taw gas or oil. The resulting
gas is then treated and conditioned into synthgess(syngas), consisting mainly of
carbon monoxide and hydrogen. This gas can furtieeprocessed into different
types of liquid and gaseous fuels via differentl fsntheses. Fuels from this route
are called 'synthetic biofuels’ (Arumugam et al020 The most promising liquid

synthetic biofuel currently is BtL fuel (Biomassitajuid) produced with the

Fischer-Tropsch (FT) process. Gaseous synthetifudd® are e.g. dimethylether
(DME) and Bio-SNG (Synthetic Natural Gas). Bio-oitained from biomass via
pyrolysis or hydrothermal treatment can be condemo high quality liquid fuels

by deoxygenation. On the other hand, bio-chemicalversion involves pressing
and/or extraction of oil from oil crops followed lifie transesterification process

(Arumugam et al. 2007).

3.1.1.3 Catalysts for trans-esterification and est#ication reactions

(1) Homogeneous catalysts

Alkaline or basic catalysis is by far the most coomhly used reaction type for
biodiesel production. The main advantage of thiemfoof catalysis over acid
catalyzed transesterification is high conversiondarn mild conditions in
comparatively short reaction times (Bacovsky et 2007). Moreover, alkaline
catalysts are less corrosive to industrial equigmand thus enable the use of less
expensive carbon-steel reactor material. The miawlohck of the technology is the
sensitivity of alkaline catalysts to free fatty @gicontained in the feedstock material.
Therefore, alkali-catalyzed transesterificationimopdly work with high-quality, low-
acidic vegetable oils, which are however more egpenthan waste oils. If low-cost
materials, such as waste fats with a high amoufteeffatty acids, are processed by
alkaline catalysis, deacidification or pre-estedfion steps are required. Acid

catalysis offers the advantage of also esteriffiag fatty acids contained in the fats
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and oils and is therefore especially suited fortthasesterification of highly acidic
fatty materials (Bacovsky et al. 2007).

However, acid-catalyzed transesterification is Ugudar slower than alkalicatalyzed

reactions and requires higher temperatures andgymess as well as higher amounts
of alcohol. The typical reaction conditions for hogeneous acid catalyzed
methanolysis are temperatures of up to 100°C aeskpres of up to 5 bars. A further
disadvantage of acid catalysis, probably prompted the higher reaction

temperatures, is an increased formation of unwasembndary products, such as
dialkylethers or glycerol ethers (Bacovsky et &02). The major disadvantage of
homogeneous catalysts is that they cannot be reddeckover, catalyst residues
have to be removed from the ester product, ususahessitating several washing

steps which increase production costs.

(i) Heterogeneous catalysis

Traditional heterogeneous catalysis offer a sedésadvantages, such as easy
separation, re-usable pure glycerol and no siddymts (salts) (Mittelbach 2005).
There have been various attempts aimed at simpijfyproduct purification by
applying heterogeneous catalysts, which can bevezed by decantation or filtration
or are alternatively used in a fixed-bed catalysarsgement. The most frequently
cited heterogeneous alkaline catalysts are carbsraatd oxides of alkali metals and

alkaline earth metals (Bacovsky et al. 2007).

(i)  Enzymes as catalysts

In addition to the inorganic or metallo-organicatgsts presented so far, also the use
of lipases from various microorganisms has becorapi@ in biodiesel production.
Lipases are enzymes which catalyze both the hytitatjeavage and the synthesis
of ester bonds in glycerol esters (Bacovsky et2807). As compared to other
catalyst types, biocatalysts have several advastaljeey enable conversion under
mild temperature, pressure, and pH-conditions. Héeithe ester product nor the
glycerol phase has to be purified from basic catatgsidues or soaps. Therefore,
phase separation is easier, high-quality glyceasl be sold as a by-product, and
environmental problems due to alkaline wastewatereiminated. Moreover, both
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the transesterification of triglycerides and theesBcation of free fatty acids occur
in one process step (Bacovsky et al. 2007). HoweJgase-catalyzed

transesterifications also entail a series of drakbaAs compared to conventional
alkaline catalysis, reaction efficiency tends topm®r, so that bio-catalysis usually
necessitates far longer reaction times and hightlyst concentrations. The main
hurdle to the application of lipases in industt@diesel production is their high
price, especially if they are used in the form ighly-purified, extra cellular enzyme
preparations, which cannot be recovered from theti@n products (Bacovsky et al.
2007).

3.2 Decision Support Tools

This section of the report provides brief descops of various decision support
systems reviewed as part of this research withviéw to drawing lessons on their
development. The decision support tools consideradde; (i) decision support tool
to evaluate alternative policies regulating wintegration into autonomous energy
systems, (ii) decision support system for explgitiocal renewable energy sources-
a case study of the Chigu area of south-westerwalrgiand (iii) Development of

decision support systems for bioenergy applications

3.2.1 DST to evaluate alternative policies regulatg wind integration

Integration of wind power into autonomous electyi@gystems strongly depends on
the specific technical characteristics of theseesys; the regulations applied should
take into account physical system constraintsothiction of market rules makes the
issue even more complicated since the interesthefmarket participants often
conflict each other. In this paper, an integratsal for the comparative assessment
of alternative regulatory policies was presentedngl with a methodology for
decision-making, based on alternative scenariok/sisaThe social welfare concept
is followed instead of the traditional Least Colstriding (Zouros N et.al, 2005).

The paper concluded that the policies for wind poesploitation in autonomous
systems should take into account all relevant teehnssues and the special

characteristics of each system since they stroafflsct economics of the market
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participants. In this paper, an integrated methagipland associated tools to assess
the impact of large-scale wind penetration intooaamous electricity systems was
presented. The social welfare concept is proposedthe traditional least cost
optimization as an unbiased criterion in the newketaoriented environment. The
paper reports on a number of emerging technicaksselated to wind exploitation
in autonomous systems, i.e. estimation of the seeuind power penetration,
optimization of network interface, transmission axpion, production simulation,
and economical analysis. The integration of thehalogies proposed in a tool and
its utilization for decision-making and evaluatioh alternative policies were also
discussed (Zouros N et.al, 2005).

3.2.2 DST for exploiting local renewable energy soces

A case study of the Chigu area of south-western Twaan

The topic of climate and energy policy has drawmw regtention since the Kyoto
Protocol has now come into force. It is hoped stagéngthened use of renewable
energy sources can meet new international envirataheequirements and provide
self-sufficient domestic energy supplies. The denisupport system established in
this study integrated potential evaluations, cosalyses, legal incentives, and
analysis of returns on investments with the aich @feographic information system
(GIS). This system can provide insights for poliakars into where and the extent
of the potentials, for lawmakers into whether th&rent legal incentives are
sufficient to encourage private investment, and fowestors into whether
investments in exploiting local renewable energyrses are economically feasible.
Under the current incentive framework in Taiwane tAmortization periods of
investment on renewable energy are generally lotigar the period over which the
investment is to be recovered. This presents aavonfable condition for attracting
investments to and for developing renewable enefgyincrease in remuneration
through legal revisions is needed before domesirestment in renewable energy

will actively expand (Cheng-Dar Yue and Grant Gwarlg Yang; 2007).

This study which attempted to establish a decisopport system for exploiting
local renewable energy sources reached the follpvaonclusion. The decision

support system established in this study integrateduation of the potential, cost
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analysis, legal incentives, and analysis of thernebn investments with the aid of a
GIS. By increasing the feed-in tariff from US$0.0630.10/kWh, the annual mean
wind speed of areas attractive for investment waolgicrease from 5.3 to 4.5 m/s, and
the share of wind resources attractive for explimitaof the total wind potential
exploitable in the Chigu area with annual mean vdpdeds exceeding 4 m/s would
increase from 15.3% to 97.8% ((Cheng-Dar Yue andnGiGwo-Liang Yang;
2007).).

With current capital grants from the government 58% of capital costs, a

remuneration price of US$0.50/kWh is needed foroaskhold installation of a

rooftop PV system of 2 kW in order to provide ancamzation period of 20 years

relative to 30 years over which the investmentoisbé recovered. Remuneration
prices of US$0.55/litre and US$0.65/litre are neleder ethanol and biodiesel

production, respectively, in order to provide anoamation period of 11 years

relative to the 15 years over which the investmsrib be recovered. These prices
are already lower than the market price of gasolind diesel at US$0.92 and
US$0.66/litre, respectively, and present a prdfieptial for investors. The probable
further increases in oil prices in the future wouldke the investment even more
profitable. The current legal framework providingsiagle remuneration price for

electricity generated by various renewable eneogyces in Taiwan does not appear
to be adequate, for different kinds of renewablergy sources require different

levels of financial support according to individealergy and environmental benefits
and energy costs((Cheng-Dar Yue and Grant Gwo-Lyéamyg; 2007).).

In addition to legislatively stipulated remuneratiprices as an economic tool,
institutional regulation would be effective and quementary for introducing new
alternatives to the energy market to overcome stracand non-cost factors of the
barriers to introducing new technologies. A decisgupport system involving an
analysis of current investment incentives and s&eigi analyses can help
policymakers choose adequate and sufficient renatioer intensities in order to
attract private investment in renewables. The datisupport tool integrating
potential evaluations, cost analyses, legal ingesti and analyses of returns on
investments is applicable to other forms of rendevadnergy sources, and also
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transferable to localities in other countries whare energy supply system from
renewables is to be established ((Cheng-Dar Yue @Graht Gwo-Liang Yang;
2007).).

The decision support system established in thidystith the aid of a GIS can
facilitate the evaluation of investing in local esvable energy sources. The
information produced may provide insights for inees, policymakers, and
lawmakers to exploit more sustainable energy systbased on locally available
natural resources. This appears particularly sicamt for countries such as Taiwan
who are tackling the thorny problems of surging detit energy demand and
greenhouse gas emissions in a time when interratimate policy has begun to
seriously mitigate greenhouse gas emissions ipiséKyoto era ((Cheng-Dar Yue
and Grant Gwo-Liang Yang; 2007).).

3.2.3 Development of decision support systems foroenergy applications

As the amount and complexity of information relgtito the development of
bioenergy systems increases so does the probl&owfo handle the information in
a manner which is helpful for decision making. Hypet-based information systems
and decision support systems are being developaddtdeployment of bioenergy
systems. These approaches are discussed withrmegete a short rotation forestry
production information system and decision suppgstems for harvesting wood for
energy from conventional forestry and short rotatiorestry. The development of a
model which integrates biomass production, conwearsind electricity generation is
discussed. Problems encountered when combiningereiff models into an

integrated model are addressed (Mitchell, 2000).

A suite of applications has been developed covesimgrt rotation coppice using
information and data collected from actual fielthls. The first of these is the
Coppice Decision Support System (CDSS) which ipraadsheet model that can be
used to model the costs of growing short rotatioppice under UK conditions. The
user can chose whether to grow willows or poplaeect a cutting cycle, the
operations to be undertaken by farm labour or eatdrs, and estimate yield. Land

rent is considered and there is an option to irelsdbsidies. CDSS calculates the
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cost of production in terms of $/wet tonne; $/doprie; $/GJ and net present value
once a discount rate has been selected. The segstain is the Coppice Harvesting
Decision Support System (CHDSS) which was writterVisual Basic 3. CHDSS
was developed using data and functions collectéddanved during a series of trials
of harvesting, storage, drying and delivery systemsducted in Europe. It models
the supply chain from the standing coppice cropugh harvesting, storage and
transport and contains extensive in formation aleach of the harvesters evaluated
in the field trials (Mitchell , 2000).

The program works in the Microsoft Windows enviremh The user selects from a
number of options which define the system beinglysed. The user progresses
through the following screens to define the systBefining the machine and crop
(machine used, species, plantation design and mhethavorking). Defining the
system in terms of basic density of the products moisture content. Defining the
point at which comminution is carried out. Selegtinom a range of primary and
secondary transport options. Selecting the forstafed product and the method and
length of time in storage. CHDSS allows the exatmmaof supply scenarios for the
delivery of wood fuel of different specifications.g. form and moisture content) and
generates results in terms of costs (euros) twvaetetine oven dry tonne of woody
biomass to the power or district heating plant.t€ase generated separately for each
of the elements in the supply chain (crop, harvaspping of whole shoots, storage
and transport). A potential problem with such aedlepment is one of size and run
times (although these are becoming less of an isgtle increased computer
memories and speeds) (Mitchell , 2000).

When developing applications of this nature thestjoa of who the product is aimed
at needs to be addressed. Many models are onlyindealise, often because of the
difficulties of updating the information, protedatinhe software or providing help and
maintenance. There are not many examples of mduklsgy sold commercially.
Where the model is used in-house the use of thikagads closely controlled and the
results can be readily interpreted and reported. démething like short rotation

coppice, there is a perception that colleges, skt@nagents and even practitioners
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need the model to help them through the plannird) @ecision stages of project
development.

These different constituencies probably operaté winilar information but will be
asking different questions and will probably requdifferent reporting formats. A
recent study in Canada on the use of DSS provideddmpanies to aid forest
operations planning found that most forest managelied more on their own
knowledge rather than that held in a computer. $heation may be radically
different in a new practice, such as short rotattoppice, where managers do not
have any or much previous knowledge of the systesignificant problem with all
such systems is that experience and new knowlentye everrides the specifications
of the systems, hence the need to build in flexkybilor continued development
(Mitchell , 2000).

3.2.4 Decision Support Tool for Biofuels

The International Centre for Science and High Te@tgy (ICS UNIDO) in

collaboration with German Biomass Research CemMB&F¢) attempted to develop
an Excel based prototype DST for biofuels. The foclised on rapeseed and life
cycle analysis was restricted to climate changeachgategory only. In addition,

financial analysis considered unit production ardyy as an output and indicator.

The DST being developed as part of this researasiders two feedstock options
namely, jatropha and soy beans as opposed to ona&ed in the ICS UNIDO tool.
Further, financial analysis considers several iaidics to include; annual expected
profit, net present value, return on investmentmpée payback period, and unit
production cost. As regards life cycle analysig thol takes account of mid-point
environmental impacts categories which include; &antoxicity, climate change,

photoxidant, acidification, eutrophication and laommnpetition.

Whereas the ICS UNIDO tool considered only unitducion cost and climate
change and primary energy demand, in multi critanalysis, the indicators used in
this tool include; total normalised environment recoland competition, primary
energy demand, return on investment, simple pa&ypadod, net present value, unit

production cost, and jobs created. It should béediahat total normalised
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environment score takes account of all the six puoi environmental impact

categories mention above.

3.3 Life Cycle Analysis

The increased awareness of the importance of emaeatal protection, and the
possible environmental impacts associated with yetsj both manufactured and
consumed, has increased interest in the developofenéthods to better understand
and address these impacts. One of the techniquedoged for this purpose is life
cycle assessment (LCA)(ISO 14040, 2006). LCA admresthe environmental
aspects and potential environmental impacts aocdnsiders use of resources and the
environmental consequences of releases) throughqguoduct’s life cycle, that is,
from raw material acquisition through productiorseu end of- life treatment,
recycling and final disposal (i.e. cradle-to-graveCA can assist in identifying
opportunities to improve environmental performaateroducts at various points in
their life cycle, Strategic planning, priority datf, product or process design or
redesign, Selection of relevant indicators of emwmnental performance and
Marketing (e.g. eco-labelling scheme, making anrenmental claim, or producing

an environmental product declaration).

The framework (Figure 3.2) for Life Cycle Analysisvolves Goal and scope

definition, Life cycle inventory analysis (LCI), fia cycle impact assessment (LCIA),
Life cycle interpretation and Reporting. The imi@ional standards contained in the
14040 series (ISO 14040; 2006) provide a basic dmonk in which the LCA is

undertaken.
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Figure 3.2 Life cycle assessment framework

(@) Goal and scope definition

The goal and scope definition considers the follawi(i) intended application, (e.g.
product development and improvement, strategicrptey) public decision making,
prioritisation, Marketing, Parties involved etci) (scope definition entails entails
deciding on type of LCA to apply. Type of LCAs inde; attributional or

consequential LCA, structural decision(s), detail€giA, geographical coverage,
technology consideration, coverage of processegerage of interventions and
impacts, (iii) system qualities identification eilgadetermination of system function,
functional unit, selection of alternatives, andedetination of reference flow for each
alternative (1ISO 14044, 2006).

(b) Life Cycle Inventory (LCI)

LCI analysis is the LCA phase involving the comiida and quantification of inputs
and outputs, for a given product system througlitsuife cycle)(ISO 14040). Key
aspects in LCI are; (i) economic system boundaxigsh boundary separates what
is included in the product system from what is esed, (ii) flow diagrammes which
is a presentation of a graphical representatiatrotture of product system showing

the interdependence of economic processes ,didt and data categories, (iv) cutt
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of and data estimation(trade off), (v) multifunciadity and allocation (system
expansion, substitution, or partitioning/allocajiofvi) calculation, and (vii) results

of Inventory analysis.

(©)

LCA impact assessment is aimed at understandingeealdiating the magnitude and

Impact Analysis

significance of the potential environmental impaafts product system. Key issues
considered under this aspect are selection of étnpategories, and selection of
characterisation methods, category indicators, attarisation models and factors
(Table 3.1). For example, G@nd CH both contribute to climate change. Global
Warming Potential (GWP) is a measure for climatangfe in terms of infrared

radiative forcing of a mass-unit of greenhouse(G&$EP, 2008).

Table 3.1 Impact categories and respective indisato
Impact Indicator Characterisation Characterisatio Equivalenc
Category Model n Factor y unit
Abiotic Ultimate Guineee & Abiotic Kg Sb eq.
depletion reserve/annual | Heijungs 95 depletion
use potential
Climate Infrared Intergovernment| Global warning| Kg CO; eq.
Change radiative forcing | al Panel on potential
Climate Change
Stratospehri| Stratospheric World Stratospheric | Kg CFC-11
c ozone ozone breakdown Meteorological | ozone layer eq.
depletion Organisation depletion
model potential
Human Predicted daily | EUSES, Human toxicity| Kg 1,4-
toxicity intake, accepted | California potential DCB eq.
daily intake Toxicology
Model
Ecological | PEC, PNEC EUSES, AETP, TETP, | Kg 1,4-
toxicity California etc DCB eq
Toxicology
Model
Photo- Tropospheric UN-ECE Photo-oxidant | Kg C;Hs eq
oxidant ozone production trajectory model | chemical
smog potential
Acidificatio | Deposition/critic | Regional Acidification Kg SO eq.
n al load acidification potential
information &
Simulation

Source: UNEP, 2008 LCA Training Kit
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(d) Optional Steps
Optional steps in LCA include; classification, cheterisation (mid-point and

endpoint-oriented), normalisation, grouping andghiéng.

(e) Intepretation
LCA intepretation involves consistence check, catiss check, sensitivity and
uncertainty, conclusion and recommendafidNEP, 2008).

3.4  Multi-Criteria Analysis

MCA is a tool developed for complex multi-critepaoblems that include qualitative
and quantitative aspects. There are several typ&4GCA methods available. The
following MCA methods are summarised and discusstdw (Yamba, 2005)

(1) Preferential Ranking
This is the simplest approach to ranking, and dagsrequire scoring as such but

indicates differences between indicators withie & signs (Yamba, 2005).

(i) Normal Ranking

Normal Rankingand preferential ranking are very closely relagdaept that in normal
ranking the range is indicated with numbers rathan + and- symbols. Ranks are
assigned according to a scale shown in table 3.2

Table 3.2 Scale of ranking

1 3 5 7 9

Weakly important Less Importan[ﬂVIoderaterImportant More Important Extremely Imizort

(i) Ordinal Ranking

Ordinal Ranking is a technique where each expask®d to put the list of decision
elements in order of importance. Unlike regularkmag where different decision
elements can be given the same ranking, ordin&lmgriorces the experts to put the
elements in a hierarchy of importance; each elemsamemed more or less important
relative to the other elements involved (Yamba5200

(iv)  Rating
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Rating requires that a decision maker to allocate an aolica score between 1 and 100.
Ideally the total will add up to 100 but this isalg the case in practice and usually totals
will have to be corrected once indicators scoredyder to ensure the total is 100.

v) Pair-wise ranking

Pair wise ranking is simply a round tournamentiéple by which every item in a list is
compared to every other item according to a sirggleerion. Each sustainable
development criteria is compared with each othecigg, and one of the two is selected
as better for that particular use. At the end titBcators are ranked according to the
number of times they were chosen as the bettdreopair. Pair wise ranking therefore
indicates the degree to which one indicator is idensd more important than another
(Yamba, 2005).

(vi)  Decision hierarchy

Decision Hierarchy is an approach that combinemabranking and pair-wise ranking
with simple vector mathematics. It was developeddsist decision makers select the
best criteria when such a choice involved the comepa of dissimilar criteria (e.g.
could be a quantifiable criteria such as cost andjwalitative criteria such as social
benefit). The framework can be extended to mangl$esf criteria, each a function of
the previous level. If we want to rank the sustahieadevelopment principles of
Social, Environment and Economic factors, pair-wesgking method described above
can be used. However, rather than simply statingtwimdicator of the pair is better
than the other, each indicator is ranked in tering wormal ranking scale to identify
the extent to which it is better than the othethla first prototype Decision Support Tool

Normal Ranking approach was employed

MCA uses criteria, scores and weightings, whichremeessarily subjective concepts,
requiring human judgement for their determinatitintherefore acknowledges the
fact that there is no such thing as objective deciand subjective judgements are

explicitly elicited, encoded and tested for coheeeagainst uncertainties.
The decision process in general has the followlagents:

1. Selection of appropriate Multi Criteria Analysisiking method
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2. Identification of sustainable development criteti@der mitigation and
adaptation

3. Identification of indicators under each criteria

4. Scoring which is essentially an assessment of@ggdeperformance of each
option against the criteria

5. Weighting which entails assigning weights for eathhe criteria to reflect
their relative importance to the decision

6. Combination of weights and scores in a linear agglimanner for each
option to derive an overall expected value

7. Obtaining and examining of results

8. Sensitivity analysis on uncertainties in scores amtjhts, perspectives and
“what if” scenarios

9. Iteration of above steps to achieve better results

For the purpose of this study, a combination ofifgatand Normal Ranking
approaches have been used. The rating approaeb gppropriate weighting to the
three broadly agreed upon principles of sustainal@eelopment goals, namely
economic, technical, environmental and social. datirs related to each of these
principles are then identified in relation to thelicators agreed upon. The normal
approach then weighs each indicator in each giaagory after which the total
marks accrued are proportionally related to a peacge of a given category. Under
this process the following weightings for the maimciples are used but they can be
adjusted accordingly. In this research the weightused were economic 38%,
environmental 33%, and social 29%. The rationaéhir this weighting is
development should be carried out in an environaigntriendly manner and thus

improve the social life.
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CHAPTER 4 ANALYSIS OF DST DEVELOPMENT

4.1 Biofuels Decision Support Tool Composition

DSTs are based on data collection, modelling aradyais of information according
to defined criteria. A decision support tool carieofsubstantial assistance to the
assessment of different biofuel production pathwaysd different bio-feedstock
exploitation scenarios. The proper evaluation tteel production processes is based
on their sustainability analysis, which implies #esessment of associated economic
and environmental indicators. The analysis of D8To¥ws a Well-to-Tank approach
involving biomass production, transportation, crudd extraction, biodiesel

production and end use.

In this research, the framework of a decision supfol has been developed, in an
effort to efficiently handle the huge informatiossaciated with biofuels assessment
and provide the decision maker with an effectivel aasier means to investigate
various biofuel options from well-to-tank. This iM@nable users to make informed
desions to come up with the most cost effectived anvironmentally sound
pathway. The intended benefeciaries of the toolutes decision makers, policy
makers, business entrepreneurs and academic skaéeshanvolved in technology

transfer activities.

4.1.1 Overview of DST Development

The DST constitutes of five modules namely, biomassduction assessment,
biofuels production assessment, economic assessrsental assessments and
environment (life cycle analysis) modules. Each woiedcontains a number of
components that interrelate to produce modular wutpr use in the subsequent
modules or provide output to the user. The intatr@hships among modules is

governed by numerous algorithms.

Provided on figure 4.1 is a flow chart for the detmation of all the relevant
algorithms and respective parameters of the teahaispect of a biofuel option. It
presents the different steps required in ordee&zh the final result, that is, from the
biofuel pathway selection to the criteria selecionl the presentation of the results.
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Figure 4.1 DST flow chart
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The first step involved in the decision procesthes selection of a biofuel pathway.
Biodiesel or bio-ethanol can be produced, fromralsi or several resources via a
variety of pathways. A complete pathway is the coration of successive stages
necessary to turn the resource into a fuel. Thegages involved in these stages may
be common to several pathways (EUCAR 20014). depict this succession of
processes and for a better analysis, the pathwayveken down into stages. In this
work, each pathway is separated into five priméages that define the whole course

of production.

Each of the aforementioned stages consists of aleparcesses. The pathway that
incorporates the first four stages, namely from ghaduction of the resource up to
the provision of the fuel in the vehicle tank ifereed to as the Well-to-Tank (WTT)
pathway. The fifth stage, namely the use of thafual in the vehicle motor, is
referred to as the Tank-to-Wheel (TTW) pathway. Tih&egration of the two
pathways together, is referred to as the Well-tce®/{fWTW) pathway and follows
the course of the whole pathway. The analysis is Work is based on the WTT

concept.

After breaking down the pathway into stages, thiea for each module are
identified and this provides the basis for the gsial As stated earlier, each module
produces output (parameters) that define its pexdioce. These parameters are
termed as indicators since they define the perfoomaof a module. Overall
performance of a module is termed as criteria dedd were selected under the
following principles: (i) whole range representatiovithout being numerous, (ii)
straightforward and not ambiguous in terms of de@in, (iii) less complex
calculations that would divert the point of attentifrom the essence of the analysis
and, (iv) general but clear idea of the techniefgrmance of an option.

The criteria are grouped according the modules. fitecial analysis criteria are
based on financial indicators and include; profligh pay-back period, net present
value (NPV), unit production cost and annual expegirofit. Environmental criteria
has two indicators| based on results of Life Cy&lelysis and these are; total

normalised environment score and land competiffatal normalized environmental

29



score encompasses several environmental impacgocee to include; abiotic
depletion, climate change, stratospehric ozone etiep, human toxicity photo-
oxidant smog formation and acidification. The abdariterion considered in this
research as part of DST development, was dired gwbated which IS a common

guantifiable social indicator.

(@) Biomass Production Assessment Module

The biomass production module is the stage wherddbdstock of the process is
made available before transportation to the comwergacilities. The biomass

production involve production (cultivation, harvesf), pre-treatment (separation,
drying, shredding, etc.) and storage. As part ofdul® development, the most
essential step for this module is the selectiothefappropriate feedstock. Selection
of feedstock for implementation is dependent onessvfactors such as the
availability of the feedstock, the chemical and $ibgl properties of the feedstock,
the type and availability of land, the desired fipaoduct (e.g. energy, fuels or
chemicals), the conversion rate of the feedstdo#, regional weather and climate
conditions, the amount and availability of resosr¢e.g. energy, material, water)

required for their production and others.

Analysis was carried out with the aim of determgnithe product output of the
module. Depending on the feedstock, the sequenqgaramfesses is different. For
example, residues need no cultivation or harvestiay the determination of the
criteria value for this module information suchlasd requirement (if cultivation is
needed), material input per product unit (fertilzepesticides, other chemicals),
energy input per product unit (electricity, heaglj, product and by-product yield (if

not residues), water demand, economic, environrhanthsocial aspects are needed.

(b) Biofuels Production Assessment Module

Once biomass is delivered to the plant, it is readye processed in order to generate
the desired biofuel. Biofuels production module alwes more than one step to

realise the final product. First the biomass debdes stored in order to be ready for

treatment. Then it is subjected to a pre-treatnséae where it is transformed in a

form more suitable for conversion. This may inclysil®cesses such as drying,
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shredding, mashing, conditioning with chemicals atiders. The conversion step
follows and may consist of more than one stagal tn& final product is reached. In
this work, each conversion process is treated agggy meaning that each has its
own products and by-products, separate auxili@mesgenerates separate emissions.
The last step is the refining stage, where theraéipa of by-products and impurities
and the upgrading of the final product take pldte sequence and type of processes

applied depend on the technology selected for dmearsion.

(c) Economics Assessment Module

Economic sustainability assumes that economic deweént needs to occur without
jeopardising the social and environmental dimersiohdevelopment. The bottom
line is to ensure attainment of economic efficiemnd improved rational use of
natural resources as a key component of economeajament, taking into account
the equitable distribution of wealth in the societgd the preservation of the

ecosystem’s functions (Stavroulia, 2003).

Economic viability of a pathway is normally assessagainst NPV, capital
efficiency, return on average capital employed, ,|Rpayback period, risk
management, sensitivity analysis and production. ¢dswever, for the purpose of
this study, only net present value, annual prodactosts, return on investment,

payback period and unit production cost have beesidered.

(d) Social Assessment Module

Renewable energy sources offer a diverse arrapld and they also tend to offer
more jobs than conventional energy sources. Bionsmgmrticularly employment
intensive (Domac et al 2005). Socio-economic bémnefi bioenergy use can clearly
be identified as a significant driving force in ieasing the share of bioenergy in the
total energy supply. Avoiding carbon emissions,igmment protection, security of
energy supply on a national level or other issued@ local communities an added
bonus, but the primary driving force are much nldkely to be employment or job

creation, contribution to regional economy and meamprovement.

Direct employment results from operation, constarcand production. In the case
of bioenergy systems, this refers to total laboacessary for crop production,
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construction, operation and maintenance of conwerglant and for transporting
biomass. On the other hand, indirect employmentesofftom jobs generated within
the economy as a result of expenditures relatethéo said fuel cycles. Indirect
employment results from all activities connectedt Imot directly related, like

supporting industries, services and similar acésit The higher purchasing power,
due to increased earnings from direct and indjmzs may also create opportunities
for new secondary jobs, which may attract peoplstay or even to move in. These
latter effects are referred to as induced employniBomac et al 2005). For the

purpose of this DTS, only direct employment creatias been considered.

(e) Life Cycle Analysis Module

Objectives in LCA for biofuels are to; (i) providguantified life cycle analyses
(LCAs) of the environmental outcomes, (ii) identifgnvironmental advantages and
disadvantages of biofuels in comparison to coneeali fuels, (iii) estimate
reduction potential for GHG emissions due to the okbio-fuels, (iv) understand
better production pathways for different biofugdg) learn and compare different
production routes and biomass sources for biofasldar as the environment is

concerned, (vi) to improve production routes fafoels.

System boundary for biofuels is based on Well-toKTrdwWTT) which involves
resource extraction or biomass production, trarigpon, storage, fuel processing
and distribution. The extent to which biofuels pd®s environmental and health
benefits depends not only on the type of fuel,disb on its production and use. Life
cycle analysis (LCA) of locally produced biofuetgves credibility to their
greenhouse potential, particularly for export mesker where carbon trading is

involved. Provided in figure 4.2 is LCA system bdany for biofuels.
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LCA results are always calculated relative to tledivery of utility or function,
usually a product or service. Most product systames focused around a primary
function while, along the way, contributing to ath@oduct systems or providing

other utilities that can be seen as secondary ifumt

In case of a biodiesel plant, the primary functiointhe biodiesel plant is the
production of fuel-grade biodiesel for use in ty@m$ fuels. Because of price
volatility in the marketplaces for tallow, biodiésend glycerol, conditions might
arise when the main co-product, namely glycerolld¢dde regarded as the plant’s
primary function. The secondary function of thedwsel plant is assumed to be
glycerol production (CSIRO, 2008).

The functional unit in LCA quantifies the systenmétions and defines the basis for
comparison of systems alternatives. The functiamé incorporates all the services

provided by all the scenarios.

) Multi Criteria Analysis

Provided in table 4.1 are ranges of figures thakeweovided to govern the scoring
for each indicator of the three criteria (econoneicyironmental and social). Scoring
for each indicator is picked automatically from qmuted values of the indicators

from the modules.
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Table 4.1 Ranking of biofuels production pathway overall DST indicators,

Points
received

Ranking (Normal)

Range of
performance

1

3

Total

Criterion

Weakly
important

Less
Important

Moderately
Important

More
Important

Extremely
Important

ECONOMIC

Unit
Production
Cost (UP)
Us$

1<UP<10

0.8>UP<1.

D

0.4>UP<Q0.

8

0.1>UP<0.

4 >URk0.1

Payback
period (PP)
Years

PP>50

50>PP<20

20>PP<15

15>PP<5

5<PP4<«

Return on
Investment
(PFB) (%)

0>PFB<2

2>PFB<5

5>PFB<10

10>PFB<2(Q

20<PFB<1
00

Annual
expected
profit (EP)
million US$

O0>EP <1

1>EP <10

10> AP < 3

0O 30>EP<6

D Bo <

Sub Total

ENVIRONMENT

Total
Normalised

TN> 2

0.8>TN<1

0.1>TN<0.§

0.02>TN<0.(

8 0>TNeD®

Sub Total

SOCIAL

Direct jobs
created per
tonne of
biodiesel (J)

0>J<0.06

0.06>J<0.08

0.08>J<0

10 0=140.16

J>0.16

Total

Source: Own analysis

Overall score assessment of the final score oftlanggy was computed as provided

in table 4.2.

' Total normalised include; climate change, humarictty acidification, photo oxidant
formation, and Stratospheric ozone depletion

smog
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Table 4.2 Overall assessments for criteria for D&3ed on the rating

Indicator Marks Representative Total (%)
Obtained Weighting (%)

Economic Total score 38 =Total score economic X
economic 38/100

Environmen| Total score 33 =Total score environment X

tal environmental 33/100

Social Total score 29 =Total score Social X 29/100
Jobs

Total 100 Overall score(sum of scores)

Source: Own a

4.2

nalysis

Algorithms for Biofuels Decision Support ©ol

4.2.1 Algorithms for Biomass Production Module

The biomass production module consists of sevariatd components that make up

the structure of the module. These components declland requirements, seed

consumption, fertilisers, pesticides, herbicidegicalture lime, water, electricity for

water pumping, and diesel for field transport. lacle of these components,

algorithms were provided for computations and asialgn financial, environmental,

and social modules.

On using the DST, the user begins with selectionbiofuel type biodiesel or

bioethanol (Figure 4.3). This is followed by selectof energy crop of interest

which give rise to acquisition of “energy crop yiefrom the database in the DST.

Subsequent selections and data input are then omaidi&nal result is obtained.

Choicel

Choice of fuel

Choice2

Choice of energy

type crop
e Biodiesel e Jatropha
* Bioethanol * Soybean

Outcomt

Crop yield
per hectare

Figure 4.3 User’s choices and choices” outcome
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Biomass module algorithms have been developeddaramponents which include
land requirements, seed consumption, fertiliseestipides, herbicides, agriculture
lime, water, electricity for water pumping, and s for field transport, and are

provided as follows:

(@) Land Requirements

BM - total biomass(energy crop) required (tonnes)l;, wary depending on the oil
crop chosen. In case of sugar cane, BM will vapp according to the production
scenario of a factoryCalculations of land requirements for oil cropsitclude
jatropha, soybean, and rapeseed are provided atiega 4.1 and 4.2 (Rossilo-Calle,
2010).

4.1
BM

LAND = m
LAND - total annual land requirement (hectaré®)j - total biomass (energy
crop) required (tonnesBMy - Biomass (Oil crop) yield per hectare
(tonnes/hectare)HTY - Number of harvest times in a yg&ource: Own
analysis).

*
M = _ BF * Ot i 4.2

OC* PG* |1~ PG)* HE ey |* OFE * 1000

BM - total biomass (energy crop) required (tonné&j; - total annual desired
biofuels production (litresfp)C - percentage oil content in seed(9®DG -

percentage pressing grade of oil press ()., - hexane extraction
efficiency (%)OFE - Crude oil to biofuel conversion efficiency (%), -

density of biofuel (kg/litre) $ource: Own analysis).

(b) Seed Consumption
Each bioenergy crop in the database is attached anath yields per hectare, seed
requirement per hectare and other parameters. Dipeyeld per hectare and the pre-

defined biofuel quantity determines the area rexgufor energy crop cultivation to
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satisfy the demand. The seed requirement per leectar either be user defined or
default from the database depending on the usessal(Equation 4.3).
4.3

CSeed annual = Cspecificmd * BM

Coedama - total annual seed requirement (kg)Cqiices - SPECific seed

requirement (kg/tonne of biomass (energy crBp); - total biomass (energy

crop) required (tonnes). Source: Own analysis.

(c) Fertilisers, Pesticides; Herbicides and Lime

Fertiliser entity of this component which is conid in the database allows the user
to first select desired types of fertiliser t@bpso as to suit the soil characteristics
and cultivated crop among other conditions. Theiaghas made through a “drop
down list” containing various types of fertilisets include; anhydrous ammonia,
urea, ammonium nitrate, ammonium sulphate, and arunochloride (Table 4.3).
The Others include ¢(Bs), potash (K), Nitrogen (N), manure (press cakegnume
(cow dung), sulphur (s), Zinc, lime and other manur

Table 4.3 Equivalent nitrogen content of commoencital fertilizers

Type of fertiliser Chemical Nitrogen Content | Equivalent Nitrogen

Formula (Weight Percent) | Content, Ib fertiliser
per kg N

Anhydrous ammonia|] NH 82.3 0.55

Urea CO(NH), 46.7 0.95

Ammonium nitrate NENO3 35.0 1.32

Ammonium sulfate (NH450, 21.2 2.14

Ammonium Chloride| NH4CI 26.2 1.73

Source: www.epa.gov/ttnchiel/ap42/ch09/dr aft/d09s0201. pdf

The user is at liberty to select one or more fedil types from the database to suit
the prevailing conditions. Besides, the user caa adput other forms of fertiliser not
listed in the drop down list if need arise. In suwdses, application rates of that
particular fertiliser has to be provided. The aithon and function governing

fertiliser type, lime, herbicides and insecticigeprovided in equation 4.4
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4.4
C i =Cqn ¥ BM

C;s - total annual quantities requirement (tonnes)afioy fertiliser, pesticide,
insecticide and limeC,,;, - specific requirement of any fertiliser, pesteid

insecticide and lime (tonne/tonne of biomass (energp);BM - total biomass

(energy crop) required (tonnes) (Source: Own amsglys

(d) Water requirements and electricity for water pumping
Irrigation component of the biomass production ntegwovides water requirements

for irrigation. The algorithms for water requirenteand electricity requirements for

water pumping is provided in equations 4.5 and tgu&.6) (Rossilo-Calle, 2010).

4.5
Co
Coppg = oW | AND * 10000
100(
4.6
Coectricty = Copecitic eteatricty - LAND
Caeiricry - total annual electricity requirements (KWhEg e aectricy - SPECIfiC

electricity requirements (kWh/hectareSND -total annual land requirement

(hectares)-calculated from equationQg,. e - SPECIfic Water requirement

(litres/hectarejSource: Own analysis).

(e) Diesel for Field Transport

Field transport in this context implies usage oftthaery such as tractors, combine
harvesters, sprayers and other forms of motorissetsport used for bioenergy crop
production. The purpose of this component is toinede the annual fuel

requirements (equation 4.7) for energy crop pradact
4.7
Chess = Coperitic diess ~ LAND

Ciesa - total annual diesel requirements (litreSCqiicqiess -
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specific electricity requirements (kWh/hectateQND -total

annual land requirement (hectarg&urce: Own analysis).

4.2.2 Algorithms for Biofuels Production Module

The biofuels production module consists of biodiesaodule containing several
components (i.e. feedstock, chemical recipe an@rotonsumables, residue and

waste material, and by products).

(@) Biodiesel Production

Biodiesel production is generally produced in twagss. Biomass conversion and
biodiesel production. Biomass conversion involved extraction through
expellers(oil press) and or solvent extraction dnatiesel production. Biodiesel
production is the transformation of crude pure plai into biodiesel through a
process called transesterification. This sectibrthe report provides details of
algorithms for biofuels production considering theo stages of biodiesel

production.

(b) Biomass conversion step 1(Vegetable oil extrach)
Biomass conversion component contains algorithmrs dhemicals and other
consumables such as electricity, heat and wategordhms for products, by-

products and wastes have also been considerebisetttion.

(1) Chemicals and Other Consumables for Crude Oil Poduction

Data and information on electicity, heat, and otimatterials required for crude oll
production are computed using algorithms presemtesjuation 4.8 to 4.12. Other
consumables and materials required for crude dilaetton are bleaching earth,
extraction solvent, water and other materials. Qameral algorithm for these

requirements is provided in equation 4.12.

4.8
Coericityannual @) = Cspecific dectricity  BF-
Coeriyanua - @nNual  electricity requirement oil extraction Wk) ;
Conciticsecricy -~ SPECIfic electricity requirement (kWh/tonne abdiesel;BF -
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Desired biofuel production (tonnes). Source: Owalgsis.

4.9

Creatanmua @) = Copecitic heary ~ BF

Cretanua @ - t0tal @annual heat requirement (kWh) in oil egtian; C e e

- specific heat requirement in oil extraction(k\\mihe of biodieseBF -

Desired biofuel production (tonnes); Source: Owalysis

The primary source of heat energy required as geobeat for crude oil extraction
may be obtained from several resources namely,, dbamass(i.e. wood/forest
residue, maize husks, wheat straw), and heavydilieetc. An algorithm for heat

requirements is provided in equation 4.10.

36*C
ERH (1), = 7 Theatamnual 4.10
CVer 0

ERH; (1) - total annual energy resource for heating (topn€s,.,; .y - total
annual heat requirement (KWh§;Vg,,,, - Lower Heating Value of energy

resource for heating(i) (MJ/tonne). Source: Ownysis.

(i) Products, by products and wastes
The main product of extraction process is vegetaillehowever by product and
wastes are also produced in form of press cakenastewater and their algorithms

are provided in equations 4.20 and 4.21, respdygtive

C = BM{1+OC((L- PG) * (1— HE e, ) — 1)}

press cake annual

411

C - total annual press cake produced (tonnesBM - total

press cake annual
biomass(energy crop) required (tonne®y; - percentage oil content in seed(%);

PG - percentage pressing grade of oil presst¥a)y..,, - hexane extraction

efficiency(%). Source: Own analysis.
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As regards waste material this process generat@dymeed bleaching earth, and

wastewater whose algorithm is provided in equatioh?2.

C\Naste annual (W) = Cspecificwaste(W) * BF 412

Chase ama - total annual waste (W) generated which may ielwsed

bleaching earth and wastewater (tonne€), ;icvese w) - SPECific waste (W,

generated (tonne/tonne of biodieselBF; - Desired biofuel production

(tonnes). Source: Own analysis.

(b) Biodiesel Production (Biomass conversion step 2

This component of the biofuels module, deals withagpects related to biodiesel
production from crude oil. The algorithms cover exdp to do with chemicals and
other consumables. Other elements contatined ayeritims for products, by-

products and wastes.

(1) Chemicals and Other Consumables

This component determines the amounts of cherhealt and electricity needed for
the production of biofuels in the desired quantifjhie component draws data on
chemicals from a database equipped with the tyjpesntities of each chemical and
consumables(heat and electricity) needed for primlu®f a tonne of biofuel and

this is linked with each technology/chemical recigEquation 4.13 provides

algorithms and functions governing electricity dewha

C =C * BF

electricity annual 2 specific electricity 2 4 13

C - total annual electricity requirement (kWh) foriodiesel

electricty annual 2

production ; Cqicaericay2 - SPECIfic electricity requirement for biodiesel

production (kWh/tonne of biodieseBF - Desired biofuel production (tonnes).

Source: Own analysis

The heating requirements for biodiesel productionld be obtained from several
sources such as coal, biomass (i.e. forest residaee husks, wheat straw), and

heavy fuel oil, etc(equation 4.14 and 4.15) (Ros€i&lle, 2010).
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C = Cypecifichear 2~ BF 4.14

heat annual 2

C - total annual heat requirement for biodiesel patichn (kWh) ;

heat annual 2

Creat siectricity 2 - SPECIfic heat requirement for biodiesel produrttikWh/tonne of

biodiesel)BF - Desired biofuel production (tonnes). Source:namalysis.

36 * Cheat annual
ERH (2), =
CVERH (i)

4.15

ERH (2); - total annual energy resource for heating M&®) ; Coy anua2) -
total annual heat requirement (kWIQVy, ;, - Lower Heating Value of energy

resource for heating(i) (MJ/tonne). Source: Ownysis

A wide range of chemicals are utilised in the psscef biodiesel production
(transesterification). A combination of chemicatsfpe) used in this process may be
obtained from chemicals which include methanol,apsium hydroxide (KOH),
Phosphoric acid (#PQs), methanol, bleaching earth(bentonite), phosghadid
(HsPQOy), water, nitrogen, sodium methylate, hydrochloacid (HCI), calcium
hydroxide (Ca(OH,), sodium carbonate (NG&Qs), sulphuric acid (l5Qy), hexane
and potassium hydroxide (KOH). Possible chemioaddrainsesterification based on
recipe/material balance is provided in Appendikduation 4.16 provides an algorith
for chemical requirements.

4.16

chem() = Copecific chem(i) ~ BF

C - total annual chemical (i) requirement for bicdik production only

chem (i)
(litres), i -water(litres), calcium hydroxide (tonnes), methaftionnes), sodium
methylate (tonnes), etc Cyiicmeniy - SPECIfic chemical (i) requirement for
biodiesel production only (litres/tonne of biodgsBF - Desired biofuel

production (tonnes); Source: Own analysis
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Products, by products and wastes
The main product of this process is biodiesel apgroducts include glycerine and
other by-products. Equation 4.17 provides a geragalrithm for by-product.

4.17
* BF

CBP annual = CBP specific

Car ana - total annual by product (BP) which may includgcgrine and other

by products (tonnes) C - specific by product (BP) produced

BP specific
(tonnes/tonne of biodieseBF - desired biofuel production (tonnes). Source:

Own analysis

As regards waste, prudent residue and waste nlatesisagement is an important
aspect in the process of biofuels production s asinimise environmental impacts
which can results in costs of disposal. This bitsflST has taken into consideration
the cost attributed to waste disposal. The databédbe DST contains a list of
commonly known waste/residues materials in biofupl®duction with their

respective characteristics for bio-ethanol and iesel production. The list include
wastewater, slag, used bentonite, chemicals etoel@k algorithms for waste is

provided in equation 4.18.

CW anual 2 CspecificW 2 * BF 418

Cwana 2 - total annual waste (W) generated in biodiesebpction(tonnes).
This may include wastewater, and other wast€f ;. » - Specific waste

(W) generated in biodiesel production (tonne/tonoépiodieselBF - Desired

biofuel production (tonnes).Source: Own analysis.

4.2.3 Economic /Financial Analysis Algorithms

Financial assessment for both biofuels and biorpasduction was undertaken on
the principle of annuity method. This section ok theport provides financial

assessment for biomass and biofuels production.
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(a) Financial Analysis Algorithms for Biomass Prodwtion

In order to carry out financial assessment whicblue determination of unit
production cost, IRR, NPV as well as other finahassessments the user need to
provide input data on capital costs, cost of corehles, other costs such as
incidentals, miscellaneous, rentals/lease cropramse, administrative , labour and
other necessary cost. The user may also need wb atiper miscellaneous revenues
where possible. The following (equations 4.19 t@7 are the formulae utilised in

building software functions for financial assesatsdor biomass production.

(1) Capital related Costs

Capital related costs is associated with equipnaeat machinery such as tractor
cultivators, combine harvesters, sprayers, stordged and buildings, utilities

(irrigation equipment) and other machinery. The aiuns governing capital costs

components are provided in equations 4.19 to 4/21,(1996).

E = NCVIM *a

capital cost annuity 4. 19

E - Capital cost annuity (US$)NCVIM - Net capital value of

capital cost annuity

investment and maintenance cost (US$),; price dynamic annuity factor

(VDI, 1996).

4.20
[@+i)-1]* @iy

la+i) -1

a - price dynamic annuity facton; - imputed interest (%0); - project life.
(VDI, 1996).

4.21
i =(iek* EKA) +(ifk* FKA)

I - imputed interest rate (%)ek - interest on equity (%)EKA - share of

equity (%), ifk - interest rate on leverage(borrowed capital)(%KA -

leverage borrowed capital (%);project life (years) (VDI, 1996).
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FKA=1-EKA

(ii)

Consumption related Costs

Consumption related costs relate to cost of sestiliger, pesticides, insecticides, etc

and the equations governing this component is geavin equation 4.22 (VDI,
1996).

(iii)

4.22
EAnnuity of consumption  cost = z (CI *UC|) *a
n=1

E - annuity of total consumption costs (seed, feHilbs,

Annuity of consumption cost
pesticides, herbicides etc. (US$},-annual quantity of material agricultural
inputs (tonnes)UC. - unit cost of input materials(US$/tonne)a - price

dynamic annuity factor for consumption related s@stDI, 1996).

Operations related costs

Equations for operations related costs associatgld personnel, service and

operations of machinery, insurance, administratammtingency, rentals, and other

costs were formulated as follows:(equation 4.23)\1996).

4.23

n

EAnnuity of operations cost = z (YI *Ei) * a

n=1

E - annuity of total operations related cost (pensbn costs,

Annuity of operations cost
service and operations, (US$},-operations and other related cost to include;

personnel, service and operations, insurance, astnaition, contingency,

rentals and other additional costs (USE), - percentage of total investment,

service and operations, insurance, administrationtingency, rentals and other

additional costs, In case of personnel cgstienotes number of employees and
E, denotes annual labour cost per employee; price dynamic annuity factor

for consumption related costs (VDI, 1996).
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(iv)  Revenues
Revenues from sale of main product, subsidies d@hdraevenues are computed
using equation 4.24 (VDI, 1996).

4.24

Dtotal revenue ANNUITY:Z MPmain* BF )* a

Dyl reeme anvuiy  -ANNuity of total revenue(US$SMP, ,, - market price of

main product (biomass) (US$/tonn®M - total biomass produce(tonnes) ,

a price dynamic annuity (VDI, 1996).

The main expected outcomes is the total annualygtaxh cost, and unit production

cost which is taken as input into biofuels productmodule.
(b) Financial Analysis Algorithms for Biodiesel Prodiction

0] Capital related

For biodiesel production, capital related costsassociated with equipment and
machinery such as, oil press and solvent extracmuipment, pure plant oil pre-
treatment(degumming, bleaching, physical refinirmddiesel production, glycerine
distillation, utilities(steam boiler section, watenoling and pumping, weighbridge
and oil receipt section, raw oil ,intermediate Sogct storage), engineering and

installation, land and buildings, etc.

The equations governing capital costs are simdathbse provided under biomass
production module. The capital cost annuity calooiais similar as in biomass
financial alculation. The only difference is inv@&nt cost which takes account of

biodiesel equipment and machinery.

(i) Consumption related

4.25

n
— * *
EANNUIT\?I'OTALCONSJMPTI‘(I)COSI’ _( EBiomass Cost annual+zEannualinpu(i) Cunitcos(i) ) a
n=1

B pauimy ToraL consumpion cost annuity of total consumption related cost (US$),
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Beonsumption _ price dynamic annuity factor for consumptioratet! costs,

Bt i) -annual quantity requirement of input(i)(units/;beaC unit - cost(i) =
unit cost of all inputs (i) (VDI, 1996).

The above formulae(equatio 4.25) applies to ahacos of biodiesel production.

(i)  Operations related costs

Costs related to operations which include persionservice and operations,
insurance, administration, contingency, rentals afder additional costs are
provided in equation 4.26

EAnnuityu of operations cost :;(YI *Ei)*a 426

E - annuity of total operations related cost (pengbncosts, Service

Annuity of operations cost

and operations, (US$), -operations and other related cost to include; (UE&$ -

percentage of total investment, service and opersitiinsurance, administration,

contingency, rentals and other additional costs;alge of personnel cost denotes
number of employees anB, denotes annual labour cost per employge,- price

dynamic annuity factor for consumption related s¢$tDI, 1996).

The above formulae applies to all the scenaridsaafiesel production.

(iv)  Revenues

Annuity of revenues from sale of main product, bgdguct, co-product, and
subsidies of co-product, by-product and other raesris provided in equation 4.27
(VDI, 1996)

n
Dtotal revenue  ANNUITY = ( z (M Pco=product(i) * Cco=pr0duct annual(i))+ 4.27
i .

Z(Mpby:product(i) * be:product annual(i))+ IV”:)mam * BF +Z $i * BFI )* a




Output from biodiesel financial analysis includetal annual production cost, unt

production costs, and taking account of by produstd other revenues, annual
expected profit, net present value, payback peamatireturn on investment. Detailed
algorithms for financial analysis is provided inggndix Il.

4.2.4 Social Assessment Module

As part of this research only direct jobs of tdéddour necessary for crop production,
construction, operation and maintenance of conemrglant and for transporting
biomass was considered. Labour requirements fop gm@duction was deduced
based on specific labour requirements per hectsseceated with cultivation of a
particular energy crop. For biofuels productioreafic labour requirements related
to plant size was used. The following algorithmsreveised to calculate labour

requirements for biomass transportation.

Distance = averages speed * Working Hours
Number of Trucks = Distance / Round Trip

Trips = Total Biomass Quantity / (Truck Capacity)
Number of vehicles = Trips / Number of dka

Fuel Diesel = Distance * Annual Working Days * 0.8-uel consumption
when empty + Fuel consumption when full)

Fuel Diesel = (Distance * 250 * 0.5 * (Fuel consump when empty +
Fuel consumption when full)) * Number of vehicles

Jobs Biomass Transport = Number ofasleki* 2 (persons per vehicle)
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4.2.5 Life Cycle Analysis (Environment) Module

Procedural organization in LCA involves a commosgatment of all general and
specific subjects in impact assessment phase. thtters given to the choice of
impact categories to be taken into consideratiohefther or not quantified), the
choice (and/ or development) and use of the cheniaation methods (s). The choice
of process groups/substance groups to be takent dman calculation and
presentation and calculation of effect scores pgraict category are also considered.
Eventually, quantitative results of the impact assgent per impact category are

presented.

4.2.5.1 Inventory Analysis

(@) Environmental Interventions from Biomass Produdion

This section considers as much as possible, ems$iom biomass production (i.e.
emissions from land use change, diesel poweredatron pumps, fertiliser
application, pesticide application, field transpand biomass transport), and process
emissions from biofuels production. Each of thevabmentioned emissions source
segments are dealt with individually and their ezdwe detailed algorithms are

provided in Appendix III.

(b) Emissions from Land use change

According to the IPCC 2006 Guidelines, land is siféesd into several categories

which include, forest land, crop land, grass lawdilands, settlements and other
lands. Plant biomass constitutes a significant ararbtock in many ecosystems.
Biomass is present in both aboveground and belowrgt parts of annual and

perennial plants. Biomass associated with annuparennial herbaceous (i.e., non-
woody) plants is relatively ephemeral, i.e., it @g and regenerates annually or
every few years. Emissions from decay are balabgetemovals due to re-growth

making overall net carbon stocks in biomass rastedsle in the long term. Thus, the
methods focus on stock changes in biomass asseidtie woody plants and trees,

which can accumulate large amounts of carbon (uputtdreds of tonnes per ha)
over their lifespan (IPCC, 2006). Algorithms forigeion calculations from land use

change are provided in equations 4.28 to 4.32.
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(i) Change in carbon stocks in biomass
4.28
AC, = AGg +(0- By )* Al* CF —ACI

AC; Annual change in carbon stocks in biomass(tonngs™'C) -, A-Annual
area Land Converted to Cropland (hectaresfjGg-Annual biomass (Table
A8.3) carbon growth (tonnes C per hectare per ye&),,.-Biomass stocks

before (Table A8.2) the conversion (tonnes dm/Ikk)-Carbon fraction of dry
matter[tonnes C (tonne dh)ACI -Annual losg(table A8.1) of biomass carbc

(tonnes C ha yr?),

Note: CF=0.5 (PCC 2006 Guidelines).
(i) Loss of carbon stocks in dead organic matter du® land conversion

ACDOM = A* (Cn - Co)/Ton 429
AC,.,, -Annual change in carbon stocks in dead wood/l{tmmnes C yt), A-
Annual area Land Converted to Cropland for biofieéctares)C, - Dead

wood/litter stock (Table A8.4) under the old lanskicategory (tonnes C Ha

C,-Dead wood/litter stock under the new land-usegmate(default value is
zero) (tonnes C H3, T.,-Time period of the transition from old to new lanse

category (default value is 1) (year) (IPCC 2006dg&lines).

Note:C,=0; T,=1

(i) Soils
a. Loss in carbon stocks in mineral soils
4.30
. (soc, -soC o))
D

AC,...«o -annual change in carbon stocks in mineral salwsmes C year3OC, -
soil organic carbon stock in the last year of areirtory time period, tonnes C,
OC,_r,-soil organic carbon stock at the beginning of theentory time
period, tonnes C , SQG@nd SOG.) are calculated using the SOC equatior
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the box where the reference carbon stocks and stwakge factors are assigned
according to the land-use and management actiahescorresponding areas at
each of the points in time (time = 0 and time =)0F= number of years over a
single inventory time period, yr , D = Time depencie of stock change factors
which is the default time period for transition ween equilibrium SOC values,
(yr). Commonly 20 years, but depends on assumptizade in computing the
factors FLU, FMG and FI. If T exceeds D, use tlaug for T to obtain an
annual rate of change over the inventory time pe(®T years) (IPCC 2006

Guidelines).

NOTE: D= 20 Years

431
SOC = Z($CREFC.S.I * F'—Uc.s.| * FMGC.S.I * F'c.s.| * Ab-SJ )

C.S.

c = represents the climate zoneghe soil types, and i- the set of management
systems that are present in a country. pQGhe reference (TableA8.5) carbon
stock, tonnes (C A9, FLU- stock change factor for land-use systemasb(@
A8.6) or sub-system for a particular land-use, disienless , [Note: FND is
substituted for FLU in forest soil C calculation éstimate the influence of
natural disturbance regimes. FMG - stock changsofafor management
regime (Table 8.6 dimensionless, Fl - stock chdiag®r for input of organic
matter (Table A8.6) dimensionless, A = land arethefstratum being estimated
(IPCC 2006 Guidelines).

b. Loss of carbon stocks in organic soils
L = A*EF

Organic

4.32

L -Annual carbon loss from cultivated organic sdithes C yr), EF -

Organic
Emission factor (Table A8.7) for climate type (tesrC hd yr'), A-Annual
area Land Converted to Cropland for biofuels (hesfa(IPCC 2006

Guidelines).
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(©)

Fertilizer, pesticides, fungicides and pestides application

® Fertiliser

This section deals with estimating total anthragog emissions of 0 and
CO, from bioenergy crop cultivation arising from pration and application
of lime and fertilisers. Both particulate matté?M) and gaseous air
emissions are generated from the application ofients as fertilizers or
manures. Emissions from the storage and applicatfoanimal wastes and
green manures are not considered in this section.ekissions from the
production of commercial dry manure fertilizers, mae processing.
Emissions may be immediate (occurring during ontbhafter application),
and latent (occurring days or weeks following aggtion). Four possible
sources of uncontrolled emissions have been olbdemth the process of
fertilizer and lime application. These sources @ydiming-annual CQ-C
emissions from liming, (ii) urea fertilization-areluCO, emissions from urea
fertilization, (iv) direct NO emissions from soils, (v) N@missions from N
fertilizer application, (vi) NH emission, (vii) in-direct BD emissions from
Soils: NO from atmospheric deposition of N volatilised fraails, (viii)
indirect NO emissions from managed soils: N20 from N leadhimgff
from managed soils(IPCC, 2006).

(i) Pesticides, fungicides and pesticides applidgan

Pesticides are substances or mixtures used toot@tdint and animal life for
the purposes of increasing and improving agricaltproduction, protecting
public health from pest-borne disease and discdamfeducing property
damage caused by pests, and improving the aestipatidy of outdoor or
indoor surroundings. Pesticides are used widelggriculture. The largest
usage of chemicals with pesticidal activity, by giof "active ingredient”
(Al), is in agriculture. Agricultural pesticides earused for cost-effective
control of weeds, insects, mites, fungi, nematodes, other threats to the
yield, quality, or safety of food. Air emissionsoiin pesticide use arise
because of the volatile nature of many Als, solseahd other additives used

in formulations, and of the dusty nature of somanigdations. Most modern
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pesticides are organic compounds. Emissions cault regectly during
application or as the Al or solvent volatilizes ouwame from soil and
vegetation. There are insufficient data availalbleparticulate emissions to

permit emission factor development (IPCC, 2006).

(d) Fuel use in field transport (e.g. cultivation harvesting etc. )

This section of the report considers emissionsingyisfrom transport (fuel
combustion) in the cultivated field during bioengrgrop production. The field
transport under consideration include combine rsere tractor cultivator, sprayer
etc which are used during cultivation, crop manag@mand harvesting. The
emissions from field transport include &QCH;, N.O, NOx, CO, NMVOC and
SO,(IPCC, 2006).

(e) Biomass transportation

It is worthy also to consider emissions from fuelmbustion activities during
transportation of biomass feedstock to biofueldpotion factory. These emissions
largely depend on transport distance and to sortemethe quantity of biomass to be
transported. It should be noted that total anniesad requirements for transportation
of biomass to factory is calculated from biomaassport module.

) Emissions from Biofuels production
(1) Emissions to air
For fossil fuels, emissions are calculated fronfusts production module
such as diesel, coal, heavy fuel oil and LPG usdde for process heat, the
formulae for emissions estimations of £GH,;, N,O, NOx, CO, NMVOC
and SQ.
(i) Waste water
The database of the DST contains list of commadmigwn waste/residues
materials with their respective characteristicoasded with bio-ethanol and
biodiesel production. The list include waste watelgg, used bentonite,

chemicals etc.
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(i)  Biofuels transportation

It should be noted that fuel combustion activitthging transportation of
biofuels from factory to storage depot results imissions into the
atmosphere. These emissions largely depend onptndistance and to
some extent the quantity of biofuels to be trantgaband emissions from
such sources include GACH,;, N,O, NOx, CO, NMVOC and SO

4.2.5.2 Impact Analysis

This section of the report provides LCA impact asgsgent aimed at understanding
and evaluating the magnitude and significance @& fotential environmental
impacts of various biofuels production scenariog{eés, 2001). The impact
categories considered in the DST are provided lasifs:

(@) Land Competition

This sub category of land use impacts is concewitdthe loss of land as a resource
in the sense of being temporarily unavailable. @heas of protection are natural
resources and the man-made environment. Aggregaifomnventory data by
multiplying the surface area used by the occupatidime (equation 4.33);
characterization factor equals 1 for all land-yg®s (Leiden, 2001).

Increase of land competition=a*t*1 4.33

a-is the area used and-the occupation time. The indicator result is espesl

in m*yr (Leiden, 2001).
(b) Climate change
Climate change is defined here as the impact ofamuemissions on the radiative
forcing (i.e. heat radiation absorption) of the asphere. This may in turn have
adverse impacts on ecosystem health, human headthmaterial welfare. Most of
these emissions enhance radiative forcing, causiagemperature at the earth’'s
surface to rise. This is popularly referred to laes green house effect. The areas of
protection are human health, the natural environateand the man-environment.
The equation for calculating impact assessmentrucldeate change is provided in
equation 4.34(Leiden, 2001).

Cimate change=) GWP,; *m
i 4.34
55



The indicator result is expressed in kg of thereziee substance, GGWP,jis
the Global Warming Potential for substance egnated over a years, while

m (kg) is the quantity of substance i emitted ( leeid2001).

(c) Photo Oxidant Smog Formation

Photo-oxidant formation is the formation of reaetishemical compounds such as
ozone by the action of sunlight on certain primary pollutants. These reactive
compounds may be injurious to human health andystasis and may also damage
crops. The relevant areas of protection are humaalthh the man-made

environment, the natural environmental and natwsdurces (Leiden, 2001).

Photo-oxidants may be formed in the tropospheresutite influence of ultraviolent
light through photochemical oxidation of Volatileganic Compounds (VOCs) and
carbon monoxide (CO) in the presence of nitrogemdesx (NOx), Ozone is
considered the most important of these oxidizingypound along with peroxyacetyl
nitrate (PAN), photo-oxidant formation also knows\summer smog (Leiden, 2001).

Estimation of photo-oxidant formation is providedequation 4.35.

Oxidant ~ formation=">_ POCR *m
! 4.35

The indicator result is expressed in kg of therexiee substance, ethylene,

POCP is the Photochemical Ozone Creation Potentiasfitastance , while
m (kg) is the quantity of substancemitted. Note that in this case it is of

specific importance to specify NOx emissions imgiof its constituent NO and
NO2 emissions since the POCP values for these wmical species are

extremely different. Source (Leiden, 2001).

(d) Acidification

Acidifying pollutants have a wide variety of impaadn soil, groundwater, surface
waters, biological organisms, ecosystems and nadgelbuildings). The major

acidifying pollutants are SQNO,, and NH. Areas of protection are the natural
environmental, the man-made environment human themiid natural resources.

Estimation of acidification is calculated using atjan 4.36 (Leiden, 2001).
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Acidification =" AR *m
! 4.36
The indicator result is expressed in kg SO2 emitiegwitzerland equivalent.,

AP is the Acidification Potential for substancemitted to the air, whilen is

the emission of substanddo the air (Leiden, 2001).

(e) Eutrophication
Eutrophication covers all potential impacts of essreely high environmental levels
of macronutrients, the most important of which miteogen (N) and phosphorus (P).
Nutrient enrichment may cause an undesirable shifspecies composition and
elevated biomass production in both aquatic anesaral ecosystems. In addition,
high nutrient concentrations may also render serfaaters unacceptable as a source
of drinking water. In aquatic ecosystems incredsiedhass production may lead to
depressed oxygen levels, because of the additiooasumption of oxygen in
biomass decomposition (measured as BOD, biologmajgen demand). As
emissions of degradable organic matter have aainmmipact as emissions they are
also treated under the impact category ‘eutropioicatThe areas of protection are
the natural environment, natural resources and ren-made environment.
Eutrophication is computed using to equation 4.8iclen, 2001).

Eutrophication = > ER * m

' 4.37

The indicator result is expressed in kg 4POequivalent. ERP is the

Eutrophication Potential for substance emitted to air, water or soil, while

m is the emission of substané¢o air, water or soil. Note: If the Biological

Oxygen Demand (BOD)is specified it can generally be converted to aDCO

The conversion factor will depend on the situafiogiden, 2001).

) Human toxicity

This impact category covers the impacts on humaithhef toxic substances present
in the environment. The health risks of exposurth@éworkplace are also sometimes
included in LCA. These latter risks are often imgd in a wider impact category

encompassing more than exposure to toxic substgeagsaccidents at work). The
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area of protection for this impact category is harhaalth. Notice that the discussion
on characterization of toxicity-related impact cgiees is far from settled (Leiden,

2001). Computation for human toxicity is providedeiquation 4.38
Human Toxicity = Y > HTP,,

i econ

*
m j mecomj

4.38
The indicator result is expressed in kg 1,4-diabll@nzene equivalent.
HTP

womj 1S the Human Toxicity Potential ( the characttian factor ) for
substance,i emitted to emission compartment, ecom (=air, freater,

seawater , agricultural soil or industrial soilyilg m is the emission of

ecom |

substance (i) to medium ecom (Source: Leiden, 2001)

(9) Eco-toxicity

The impact categories covers the impacts of todlzsences on aquatic, terrestrial
and sediment ecosystems. The area of protectidgheisatural environment (and
natural resources) (Leiden, 2001).

(h)  Abiotic depletion

Abiotic resources are natural resources (incluéingrgy resources) such as iron ore,
crude oil and wind , which are regarded as nomgjvi Abiotic resources depletion is
one of the most frequently discussed impact categ@nd there is consequently a
wide variety of methods available for characterogtributions to this category. To
a large extent, these different methodologies cefldifferences in problem
definition. Depending on the definition, this impa@ategory includes only natural
resources, , human health and the natural envirohramong its areas of protection.
Equation 4.39 provides the formula for estimatidnabiotic depletion (Leiden,
2001).

Abiotic Depletion =" ADR*m 4.39

The indicator result is expressed in kg of thensfee resource antimonyADR is
the Abiotic Depletion Potential of resourge while m (kg, except for natural gas
and fossil energy ) is the quantity of resourased (Source: Leiden, 2001).
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4.2.5 Multi Criteria Analysis Module

This section of the report provides algorithmsrfairlti criteria analysis for the three
criteria namely, economic, technical, and sociabr8s and weightings were used
in ranking using a combination of Rating and NdriRRanking approachg¥amba,
2005). Total score economic, social and environaleaspects were calculated
(equations 4.40-4.42) as follows:

(1) Total economic score

(NPV +UP+PP+EP + F>|:B)*100
45 4.40

Total Score Economic =

NPV-Net present Value of Money, UP-Unit Product@ost , PP-Pay back period, EP-
Annual expected profit (EP) and , PFB-ProfitabililBFB).Source: Own analysis

(i) Total environmental score

(Total normallsued)*100
9 4.41

Total Score Environment =

(i)  Total social score

(Direct Jobs Created)*:LOO
9 4.42

Total Score Jobs =

Overall pathway score is the summation of scores) fenvironment, economic and

social

CHAPTER 5 SOFTWARE DEVELOPMENT

After formulation of flow chart and algorithms, thext stage in DST development is
software development. Software development involwvedting software codes
(computer programming) based on the algorithms amaking provision for
graphical user interface. The development of DSThiofuels was undertaken in

Visual Basic 2008 Programming language.

As described earlier under methodology sectiontwsste development consists of
two main stages namely, database development andrgomnming. Database
development was built on the premise of the requergs of the algorithms and
functions governing the modules. The choice of umbftype and production

technology employed is associated with wide arragata characteristics which is
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stored in a database. The additional data to camplealysis is provided by the user.
The tool is equipped with provisions for ‘User Dedfd’ parameters (related to

consumables, waste and by products) so as to acodatenuser’s preferences

5.1 Database development

Database development involves compilation of a €& common data required in
execution of software application of DST. In instes where the user opts to use
‘User Defined’ parameters (related to consumabhesste and by products), the
DST is flexible and has provision to accommodatehspreferences. The database
therefore, as much as possible consist of variatesseéts which are necessary for the
execution of the algorithms/functions in the DSTtware structure with the view to
generating reasonable expected results. The databathe DST was developed

using xml files. Table 5.1 provides DST databaskdata flow framework.
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Table 5.1 Database and data flow framework foliB&
User Input Output
Interface User selection/ Options Built-In (Database)
data areas User Input
Bioenergy Seed cost, fertiliser application rates (for usefireed | Bioenergy crop type Country specific crop yield Biomass production cost
crop otherwise provided in database),fertiliser cost§atropha, soybean, per hectare for fertiliser andfertiliser, pesticides and dies
production | Pesticide application rates(for user defined otle¥w sugarcane, sweet sorghumpesticides application rates | annual quantities as input f
(agriculture) | provided in database); pesticide -costs, iorn etc), fertiliser type LCA analysis(GHG calculations)

Cal
costs(farm machinery and storage), Labour, insmrirdiesel

and other cost, Irrigation cost, Field transpoostc

or grid electricity

powered irrigation pumps

Biofuels
production

(Conversion)

Desired annual biofuel production, chemi
application rates(for user defined otherwise preslith
database), heat electricity demand(for user def
otherwise provided in database), residual geners
rates(for user defined otherwise provided in degaphg

by-product production rates(for user defined othisew

caBiofuel type, chemical type
(for user defined technolog
neelection), by products(fa
itioser defined recipe), sourg
 of feedstock(own farm o

v out-growers)

sHeating values, oil an
ymoisture content, Specifi
rchemical application rates

respecific  electricity and hes
I requirements, specific residy

and by product quantitieg

d Production cost of  biofuel(a
cinput into), Fuel energy produce
5,Conversion

rate, Energ

tefficiency, annual chemical an
eby products for GHG emission

5,calculations

provided in database), capital cost(refinery, mi#ss consumables ,  Emission
etc), cost of labour, operation and other cagist of factors
chemicals, electricity, heat
Biomass and Fossil or biofuel fuel consumption, total transpprt Emission  factors, timeg, Feedstock transport cost , biofy

biofuels

transport

distance, Average truck capacities and Fuel cost

typical parameters for fiel

time

j transport cost, GHG emissions ,

tS

equipment(i.e  speed,

o < &2 o

"

el

61



Py

User Input Output
Interface User selection/ Options Built-In (Database)
data areas User Input
over, width),
Life Cycle | N/A N/A Emission  factors, Global Total pathway emissions
Analysis Warming Potential, Humah normalised environmental score
Toxicity potential,
Eutrophication potentiall,
acidification potential,
Multi Weights for main criteria(technological N/A Threshold(cut of point) Pathway score and \etr
Criteria environmental, economical and social) (whether pathway is cost effecti
Analysis and environmentally benign)

e
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5.2 Computer Programming of DST

Programming involved writing computer language «odm Visual Basic
Programming language. Essentially this process timrslation of flow chart and
algorithms into software package through prograngmimhe DST application
package was developed in Visual Basic 2008 enviesriras a desktop application

package.

A Visual Basic program is built up from standardilting blocks. A solution
comprises one or more projects. A project in tuan contain one or more
assemblies. Each assembly is compiled from oneawve source files. A source file
provides the definition and implementation of césssstructures, modules, and
interfaces, which ultimately contain all the cod#tp://msdn.microsoft.com/en-
us/library/022td33t%28v=vs.80%29.as{wsited 25" January 2011).

The DST for biofuels comprises programming toolsdews, and menu commands,
controls, forms, properties, and program code wihighke up the application
package. The user’s point of interaction with tisoh graphical interface (figure 5.1
and figure 5.2) designed on visual basic forms.hEamdule of the DST has a

uniquely designed form and associated code.
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Figure 5.1 Graphical user interface for biofuelsduction module
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Figure 5.2 Graphical user interface for environnmantule
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CHAPTER 6.0 APPLICATION AND RESULTS OF DST

As part application of the DST, case studies oR®and 50 million litre biodiesel
production plants using jatropha and soy beans \emestigated. In this case the
energy crop considered was cultivated at own faltmvas assummed that the land
earmarked for jatropha cultivation has existedj@ss land and there has not been
any land transformation for over 30 years. It wés aassumed that biodielse is
produced based on the Lurgi recipe (Appendix e DIST is being applied to assess
the economic viability, technological concerns,igbaspects, transport logistics and

envrionmental issues.

6.1 Biomass Production

6.1.1 Investment Cost

The cost of agriculture equipment for biomass(sesrband jatropha) production is
provided in Table 6.1.
Table 6.1 Cost of Agricultural Equipment

Number of Units Investment Cost
Components (US$)

1
Tractor 82 Hp(200 -250hectare) per | 1 42,000
season
4 Disc Plough 1 4,500
Planter 1 10,600
Harrower 32 Disc 1 6,600
Boom Spray Mounted 1 6,000
Combined harvester 1 120,000
Centre Pivot 1 80,000
Ridger Five furrow 1 8000
Harrower-Mounted, 23 Disc 1 16000
9 Tines Chisel 1 8000
Sprine Tine 1 16000

Source: Massey Ferguson-Yamaha;, Power Equipment Ltd( a divison of Motor Mart

Group), Lusaka, Zambia, 2012

6.1.2 Agriculture Inputs Annual Requirements and Ouput

Annual agriculture inputs required for jatropha @og bean for 2, 20 and 50 million
litre biofuels plant are provided in table 6.2. Taealysis of DST revealed that

almost double the land area is needed for soy belination as opposed to jatropha

66



production for the same quantity of biodiesel piatl Similarly, on an annual basis
more quantities of inputs such as fertilisers, logdbs, pesticides, seeds, diesel and
lime are needed to grow soy bean compared to ggpdatropha to produce same
quantity of biodiesel. For this reason, producticost for soy bean is higher
compared with jatropha. The production of 2 roillilitres of biodiesel per annum
from jatropha require 1575 hectares of land, Nilieer (127 tonnes), P-fertiliser
(48.8 tonnes), K-fertiliser (140.2 tonnes), andd5@d..8 tonnes) . Production cost of

jatropha for same area is 83 US$/tonne.

Table 6.2 Annual requirements for biomass produactibdifferent scenarios

Feedstock Type Jatropha Soy Beans

Plant (Million 2 20 50 2 20 50

Capacity | litres/annum)

Crop tonnes/annunm

Production 6,616 | 66,165| 165,413 13,233 132,330 330,82

Land Area | (hectares) 1,575| 15,754 39,384 11,814 118,153 295,3

N- tonnes 128 1,276 3,190 44 437 1,093

Fertiliser | /annum

P- tonnes / 49 488 1,220 447 4,466 11,165

Fertiliser | annum

K- tonnes / 140 1,402 3,505 175 1,748 4,372

Fertiliser | annum

Lime tonnes / 0 0 0 23,630 236,305 590,763
annum

Herbicides| tonnes/ 0 0 0 15 153 384
annum

Pesticides| tonnes/ 0 0 0 0 8,187 0
annum

Seed tonnes / 12 118 295 819 4,584,318 20,470
annum

Production| US$/tone

Cost 83 28 27 97 70 68

Source: Own analysis

6.2

Biofuels Production

This section of the report provides results of D&ialysis on annual consumable
requirements for biofuels production at three sdena (2, 20 and 50 million)

biodiesel per annum) based on jatropha and soyfeedstock.

6.2.1 Investment Cost for Biofuels Production

The capital costs of biodiesel plants vary fromnpléo plant and are heavily
dependent on the technology applied by the equipmanufacturer. The analysis in
this report made use of investment cost for twoniplsizes obtained from the

equipment manufacturer Lurgi (German Company). Adiog to Lurgi, a plant size
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of 200,000tonnes of biodiesel per annum would €88million and a 100,000 tonne

per annum plant would cost €55millions in totalestment. These sets of figures
were then utilised to derive the investment cosarof plant size so as to establish a
trend using a plant factor of 0.7. Equation 6.1 wsed to derive investment costs for

various biofuels plant sizes.

6.1

Cyp = C(iJ
S

C\ - Investment Cost for New planf, - Investment Cost of Original Plant;

S - Size of a New PlantS,, - Size of Original Plantexg - plant factor,
(Source: Walimwipi, 2008)

Investment cost for various biodiesel productioanplsizes based on equation 6.1 is
provided in table 6.3.

Table 6.3 Investment cost for biofuels production

Plant size (million | Investment Cost
litres per annum) | (Million US$)
2 3

4 5

6 6

8 8

10 9

17 13

20 15

30 20

40 24

50 28

227 81

Source: Own analysis

6.2.2 Consumables Annual Requirements and Output

For a plant size of 2, 20 and 50 million litres lmbdiesel production, methanol
consumption was computed at 169, 1690 and 4224etopar annum, respectively.
Consumption of the rest of the consumables is pexlion table 6.4. For a jatropha
based biodiesel plant size of size 2 million lifr&snual material requirements would

be as follows: methanol 169 tonnes, sodium metly2ét tonnes, hydrochloric acid
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24 tonnes, calcium hydroxide 1.0 tonnes, sodiunarbimnate 2 tonnes, bleaching

earth 11 tonnes, water 273 mitrogen 2 m electricity 1,065kWh, coal 827 tonnes,

Hexane 13tonnes. As regards waste streams, fae m@ras waste water would be

releases amounting to 5 tonnes and 26 tonnes ctesgg.

Table 6.4 Annual consumption of materials for béseil production

Feedstock Type Units Jatropha Soy Beans
Plant Capacity (Million 2 20 50 2 20 50
litres/annu
m
Methanol t/annum 169 1,690 4,224 169 1,690 4,224
Sodium Methylate t/annum 260 264 660 26 264 660
Hydrochloric acid t/annum 24| 238 594 24 238 594
Calcium
hydroxide{Ca(OH)2
} t/annum 1 14 35 1 14 35
Sodium
bicarbonate{Na2CO
3} t/annum 2 23 57 2 23 57
Bleaching t/annum 11| 106 264 11 106 264
Water m/annum 273 2,728 6,820 273 2,728 6,820
Nitrogen m/annum | 2 | 18 44 2 18 44
kWh/annu
Electricity-Refinery | m 345| 3,450 | 8,624 345| 3,450 8,624
Coal t/annum 827 8,272 20,680 827 8,272 20,680
Electricity-Press kwh/annu
only(KWh) m 286| 2,863 | 7,157 573 5,724 14,315
Electricity Solvent | kWh/annu
Extraction KWh m 434 | 4,338 | 10,846 868 8,677 21,692
Hexane(tonne) t/annum 13 134 334 27 267 668
Fat Phase(Waste) t/annum 5 53 132 5 53 132
Waste Water t/annum 26 264 660 26 264 660

Source: Own analysis
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6.3 Financial Analysis

Financial analysis of a 2 million jatropha biodiepeoduction plant revealed an
annuity of capital related cost of US$936,738, aynof consumption related costs
of US$317,554, annuity of other costs of US$239,6d48d annual production costs
of US$2,069,076. Annual expected profit was US$illion, Net Present Value
wasUS$5.7 million, Return on Investment was 10.S¥hple payback period of 4
years and unit production cost was US$0.81/litr¢he biodiesel selling price of

US$ 1.2/litre. The rest of the results of finan@ahlysis are provided in table 6.5.

Table 6.5 Results of financial analysis

Jatropha Soy bean
Plant Capacity(Million 2 20 50 2 20 50
litres/annum)
Annual expected profit
(Million US$) 0.7 16.6 | 45 0.5 13.9 38.6
Net Present Value (NPV)
(million US$) 5.7 123.8| 338 3.7 103.5 287.9
Simple Pay Back Period
(Years) 4 0.9 06| 6 1 0.72
Return on Investment (%) 10.5 17.5 21.8 9.2 16 19.8
Unit Production Specific
(US$llitre) 081 | 04 03] 1.0 0.5 0.4

The financial analysis further revealed that prdiduc cost is lower for jatropha
based biodiesel compared to that of soy bean. dtalso observed that generally for
both jatropha and soy bean based biodiesel, priothucbst reduces with increase in
plant size

6.4  Environmental Analysis

This section provides results of analysis of envinent module (life cycle analysis).
The section considers emissions form land use ehaugch include; carbon dioxide
emissions from loss of carbon stocks from changearbon stocks in biomass,
carbon dioxide emissions from loss of carbon stookdead organic matter due to

land conversion, carbon dioxide emissions from tdssarbon stocks in mineral soils
70



and carbon dioxide emissions from loss carbon stack organic soils. Other
emissions considered include; emissions from feetil and lime, field transport,
biomass transport, and process emissions from di®fyproduction. Detailed

emissions from the above mentioned sources aredadAppendix V.

Mid-point environmental impacts analysis for a hesel plant of 2 million litres per
annum revealed human toxicity of 3054 kg 1,4-dicbib@nzene equivalent, climate
change 880 million tonnes G@quivalent(including initial carbon loss from lansle
change), photoxidant of 320 kg of ethylene, amdtfon of 0.04 kg S@emitted in
Switzerland equivalent, eutrophication of 0.01 kg, P equivalent, land competition
of 315 million nyr (Table 6.6).

Table 6.6 Mid point environmental impacts analyggidifferent scenarios

Jatropha Soy bean
Plant 2 20 50 2 20 50

Capacity(million

litres/annum)

Land Competition
(million m3yr) 315 3,150 7,880 2,360 23,600 59,100
Climate Change
(million tonnes CQ 165,00
equivalent) 880 8,800 22,000 6,600 66,0000

Human toxicity (kg

1,4-dichlorobenzene
equivalent) 3,054 30,540 76,351 2,315 23,15P 57,881
Photoxidant (kg of
ethylene) 320 3,205 8,013 402 23,1572 10,054
Acidification (kg
SO, emitted in

Switzerland
equivalent) 0.04 0.41 1.01 0.02 0.22 0.54

Eutrophication (kg
PO,> equivalent) 0.01 0.06 0.16 0.000 0.03 0.06

Source: Own analysis
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Results of normalised impact category analysis g0 million biodiesel plant

indicated the following values for impact categsrielimate change 0.061, human
toxicity (5.35E-11), Photoxidant (3.0E-9), Acidiéiton (1.3E-7), and eutrophication
(4.79E-08)(Table 6.7). The total normalized valuasvealculated at 0.06072. The

results show that a plant size of 2 million lithemdiesel would have negligible

impact on human toxicity, photoxidant formationjdifacation, and eutrophication

since their contribution to overall normalized \&alg negligible. It therefore implies

that the environmental burden of biodiesel produrctis more on climate change

than other category indicators.

Table 6.7 Normalised impact category values for2@, and 50 million litre biodiesel

production scenarios

Jatropha Soy bean
Plant sizes(million
litres) 2 20 50 2 20 50
Climate
Change(year) 0.060715 0.6071581 1.51788P 0.45545DB54508 11.38627
Human
toxicity(year) 5.35E-11 5.35E-10| 1.34E-09 4.05E-114.05E-10 1.01E-09
Photoxidant (year) 3.00E-09 3.00E-08  7.49E-08 3-08E | 3.76E-08 9.40E-08
Acidification(year) 1.30E-07 1.30E-06] 3.24E-06 988 | 6.95E-07 1.74E-0¢6
Eutrophication
(year) 4.79E-08 4.79E-07| 1.20E-06 1.90E-08  1.90E-074.74E-07
Total
normalization(year) | 0.060715 0.6071548 1.51788f 5%1809| 4.554509 11.38627

Source: Own analysis

6.5

Multi Criteria Analysis

This section provides multi criteria analysis dflkay outputs from all the modules,

namely technical, economic, social and environmentform of indicators. The

indicators are grouped according to their respectihodules and are provided in

Table 6.8.
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Table 6.8 Indicators for multi criteria analystdéferent scenarios

Feedstock type Jatropha Soy bean
Plant sizes(million
litres) 2 20 50 2 20 50

Total Normalised
Environment Score

(year) 0.06 0.61 1.52 0.46 4.55 11.39
Land Competition 23,60 | 59,10
(million m? Year) 315 3,150 7,880 2,3600 0
Simple Pay Back

Period (Years) 4 0.9 0.6 6 1 0.72
Return on Investment

(%) 10.5 17.5 21.8 9.2 16 19.8
Unit Production

Specific (US$/litre) 0.81 0.4 0.3 1.0 0.5 0.4
Number of Jobs

Created 398 3980 9950 871 3980 9950

Source: Own analysis

Provided on Table 6.9 is analysis of ranking foR anillion litre jatropha based
biodiesel plant. The total score for economic, emwnental and social aspects were

29, 7 and 5, respectively.
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Table 6.9 Ranking of biofuels production pathwaryZanmillion litre biodiesel plant.

Points received| Ranking (Normal)
Range of 1 3 5 7 9

performance Total

Criterion Weakly Less Moderately More Extremely

important | Important | Important Important | Important

ECONOMIC
NPV(million 5 5
US$)

Unit Production
Cost (UP) US$ 5 5
Payback period
(PP) Years 5 5
Profitability
(PFB) (%) 7 7

Annual 3

expected profit

(EP) million

uss$ 3
Sub Total 25
ENVIRONMENT

Total

Normalised

(TN) 7 7
Sub Total 7
SOCIAL

Direct jobs

created (J) 3 3
Total 3

Source: Own analysis

Overall score assessment of the final score otlansy was computed as 56.44 % as
provided in Table 6.10.

? Total Normalised is sum of normalised impacts frdimate change, photo oxidant smog formation,
acidification, eutrophication, and human toxicity
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Table 6.10 Overall assessments for criteria forilRon biofuels plant

Indicator Marks Representativg Total (%)
Obtained Weighting (%)

Economic 0.55 38 20.9

Environmen| 0.77 33 25.41

tal

Social 0.33 29 9.66

Total 100 56.44

Source: Own analysis

Provided in Table 6.11 are ranking for jatropha soylbased biodiesel at various

plant size scenarios

Table 6.11 Ranking for jatropha and soy biodiesghaous plant size scenarios

Feedstock type Jatropha Soy bean
Plant size (million litres/annum 2 20 50| 2 20 50
Economic

Unit Production Cost (UP) US$ 5 7 7| 5 7 7
Payback period (PP) Years 5 7 7| 3 5 7
Return on Investment (PFB) (% 7 5 70 7 7 7
Sub Total 25 29 37| 23 29 35
Environment

Total Normalised 7 5 1 5 |1 1
Sub Total 7 5 1 5 1 1
Social

Direct jobs created (J) 3 5 9| 5 7 9
Total 3 5 9| 5 7 9

Source: Own analysis

Overall score for 2, 20 and 50 million litre jatl@pbased biodiesel was analysed to
be 56.44%, 58.93% and 63.91% respectively. Forstmae plant sizes soy bean
based biodiesel overall score for 2, 20, 50 onilllitre biodiesel were 53.87%,
50.71%, and 62.22%, respectively. Generally, is waserved that jatropha based
biodiesel had better overall score than soy bagmtiesel at all plant size scenarios.
This implies jatropha has better performance oroerall balance of economic,

environment and social aspects as compared tbesmy based biodiesel.

75



CHAPTER 7.0 CONCLUSIONS

The “biomass to biofuels Decision Support Tool'aisoftware application package
designed in visual basic programming languages. liuilt with the view to providing

a versatility of choosing biodiesel type with a widhnging source of feedstock and
options for biodiesel conversion technologies. Spadly, the tool is provided with
two feedstocks options for biodiesel production Hrese are soy bean and jatropha.
The tool is further equipped with two technologiioations (biofuels production

techniques) for biofuels conversion.

Apart from feedstock and biofuels recipe, othetias for possible scenario
generation provided include fertiliser type, biadieproduction plant size, fuel type
for process heat, and type of wastewater dispd$ase options enable comparison
of performance indicators based on technical, §aat@nomic/financial analysis and

environmental analysis.

The output of financial analysis include; unit punotion cost of biofuels, production
return on investment, payback period, net presahtevand annual expected profit.
Financial analysis component of the DST enablespaoison of financial viability
among different scenarios of biodiesel productimb creation from Well-to-Tank is
the main output from social assessment which isutated and aggregated as total
number of jobs created based on labour requirenpantbectare, jobs from biomass
transport, and labour requirements according tdibgel plant size.

The environmental impact assessment of biodiesglyation was based Life Cycle
Analysis (LCA) from “Well to Tank”. The environmaaitassessments module yields
human toxicity (kg 1,4-dichlorobenzene equivalemt)mate change (tonnes GO
equivalent), photoxidant (kg of ethylene), acidition (kg SQ emitted in
Switzerland equivalent), eutrophication (kg £@quivalent), and land competition
(m3yr).

Emissions sources contributing to environmentatibnrfor biofuels production were
mainly from the following; (i) carbon dioxide emisas from loss of carbon stocks
due to change in carbon stocks in biomass, (iDa@adioxide emissions from loss of
carbon stocks in dead organic matter due to lamyersion, (iii) carbon dioxide

emissions from loss of carbon stocks in minerdés@v) carbon dioxide emissions
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from loss carbon. Other minor sources of emissi@mmne from nutrients
application(fertilizers and lime), emissions froneld transport, emissions from

biomass transport, and emissions from wastewater.

Upon completion of the formulation, design andsafe development, the DST was
then applied on three case studies. The case stodliesidered three scenarios of 2,
20 and 50 million litre biodiesel production plariased on jatropha or soy beans.
Key assumptions of the tool is that energy cropsmered was cultivated at own
farm and that the land earmarked for energy crdfivation had existed as grass
land prior to energy crop cultivation and that thenas not been any land

transformation for over 30 years.

Application of DST revealed that jatropha feedktéar production of 2 million
litres of biodiesel per annum requires 1575 hestafdéand, N-fertiliser (127 tonnes),
P-fertiliser (48.8 tonnes), K-fertiliser (140.2 tws), Seed (11.8 tonnes) and
diesel(3150 litres). Production of cost of jatrogbasame area is 83.6 US$/tonnes.
Annual material requirements (consumables) for ie®e&l production for the same
plant size is provided as follows: methanol 169&8) sodium methylate 26 tonnes,
hydrochloric acid 24 tonnes, calcium hydroxide fo@nes, sodium bicarbonate 2
tonnes, bleaching earth 11 tonnes, water 273nitrogen 2 m, electricity 1,065
kWh, coal 827 tonnes, Hexane 13tonnes. As regaedde streams, fat phase and

waste water releases would amount to 5 tonnes @Gmah?es, respectively.

Investment, and O&M cost for a 2 million jatrophiadiesel production plant is U$3
million and US$ 0.17million, respectively. Finarcenalysis revealed return on
investment of 9.8% and unit production cost of US#ire at the biodiesel selling
price of US$ 1.2/litre.

Mid-point environmental impact analysis revealeanhan toxicity of 3054 kg 1,4-
dichlorobenzene equivalent, climate change of 88@liom tonnes CQ
equivalent(including initial carbon loss from lande change), photoxidant of 320
kg of ethylene equivalent, acidification of 0.04 K emitted in Switzerland
equivalent, eutrophication of 0.01 kg FGequivalent, and land competition of 315

million m3yr.
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Results of normalised environmental impact categamalysis were as follows:
climate change (0.061), human toxicity (5.35E-1Photoxidant (3.0E-9),
acidification (1.3E-7), and eutrophication ( 4.798&- The total normalized value
was calculated at 0.06072. The results show thplaat size of 2 million litres
biodiesel would have negligible impact on humanidiby, photoxidant formation,
acidification, and eutrophication since their cdnition to overall normalized value
is negligible. It therefore implies that the enwvinbental burden of biodiesel

production is more on climate change than othelarhpategories.

On the other hand, a 2 million soy been based ésadlirequires 11,815 hectares of
land. Financial analysis revealed a unit productiost of US$1.2/litre with return on
investment of 8.3%. Mid-point environmental imga@nalysis revealed human
toxicity of 2,315 kg 1,4-dichlorobenzene equivajeritmate change 6,600 million
tonnes CQ@ equivalent(including initial carbon loss from langse change),
photoxidant of 402 kg of ethylene equivalent, dwdtion of 0.02 kg S@emitted in
Switzerland equivalent, and land competition of6B,3million nfyr. The total

normalized value was calculated at 0.456.

Multi Criteria Analysis of 2 million biodiesel plarfrom jatropha and soy bean
provided an overall score of 53% and 49%, respelstivi he higher the score, the
better the overall perfomance of particular scentaking care of economic, social,
and envirnomental considerations. These resulisateljatropha based biodiesel has
better performance on an overall balance of ecotcommvironment and social

aspects as opposed to soy bean based biodiesel.
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CHAPTER 8.0 RECOMMENDATIONS

sweet sorghum feedstock be integrated in'the! DS fllowing are the issues

which could be considered in the integration ofltihianol in the DST:

() DST component design for bioethanol from sugapsri.e. sugar cane and
sweet sorgum), may be considered on three diffegmarios which include; (i)
bioethanol production only, (ii) bioethnaol andhar production with ethanol
produced from molasses only and bioethnaol andrgugauction with ethanol
produced from a mixture of juice and molasses.

(i) Consideration could also be given to co-productsl &y-products in the
component designs. Bioethanol production from stagae or sweetsorghum can
produce a number of co-products (sugar and el@gjri@and by-products
(vinasse, filter cake, etc) depending on a pawicwhode of production. The
bagasse is used for process heat and electriertgrgtion. Surplus electricity
generated therefore takes account of electricitysamed in sugar and bio-
ethanol production processes. The co-productdbgsaioducts are significant in

reducing the production cost.
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APPENDIX

Appendix | Lurgi recipe/material balance

Recipe

Lurgi

Production Process

continuous

Process parameter

60°C (to 75°C),

Ambient Pressure

Annual Production [ig/a]

100000

Annual Operation Hours [h/a]

8000

Specific Personnel

(Person/ biofuels output, PIMWKS) 0.1630

Transesterification agent Methanol 96

Catalyst Sodium Methylate 15

Support Chemical 1 Hydrochloric acid (HCI) 10ta83
Calcium

Support Chemical 2 hydroxide(Ca(OH,) 0.8
Sodium carbonate

Support Chemical 3 (Nap,COy) 1.3

Support Chemical 4 Bleicherde 6

Support Chemical 5 Water 155

Support Chemical 6 Nitrogen ¢N 1

By product 1 Raw glycerine 129

By product 2 Press cake 0

Waste 1 Filter cake 10

Waste 2 Fat phase 3

Waste Waste water 15

Heat/Electricity

Input [kg/ts] 2488

Hu Input [MJ/kg] 24.1

Electricity Consumption

[KWhe/tcs] 196.00

[MWhel/G] 5.28

Heat Consumption [kK\Wkitks] 470

Heat Consumption [MWhth/Gd] 12.67

Source: Lurgi
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Appendix Il Additional Algorithms for Financial Ana lysis
+E

ETOTAL cost — Ecapital cost annuity + Eannuitytotal consumption cost + Eoperations service aEnnuity other cost annuity

Unit production costs

ETOTAL cost

upc =
P BM

89

ETOTAL cost

upc =
P BM

upc -specific (unit) production cost(US$/tonne) of miass, E gy cosr - total annual

production cost(US$)MB - total biomass produced(tonnes) from equation 2,

Unit production cost taking account of by prodwstsl other revenues

- - *
_ ( ETOTAL CcosT ) + (Dtotal reveneus Dmain product) a
upcby products / reveneus BM

UPChy product/revenues -SPECIfiC (unit) production costs taking care of products and other
revenues(US$/tonne)=rqra cosr - total annual production cost(US$YIB - total biomass
produced(tonnes) from equation B, .. ;aees - TOtal @annual revenue(US$), from equation

81, D -Total annual revenue from main product(US$) frequation 71,2 - price

main product

dynamic annuity factor
Annual expected Profit

91

AEP = (=Eqgras cost) * Diotal revenue annuiy

AEP -Expected annual profit(US$/annum;ory cosr - total annual production cost(US$),

Dol revenie annuity  -Annuity of total revenue(US$) from equation 82

Net present value
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92

t—
NPV = agp* 4 1
q*i

NPV - Net Present Value(USHEP -Expected annual profit(US$/annumy) -is calculated

in equation 84, -project life (years)

Static payback period

_ Investment
Annual Profit

SPP - simple payback period(years)

Profitability
AEP + IP+ CVN‘BCTotaJ
RO = 271
IP+CVNBC,,

2

ROl - Return On Investment(%)

85

93

94



Appendix Il Algorithms for emissions calculations

(iv) Change in carbon stocks in biomass
AC, = AGg +|(0- Bgye )* Al* CF —ACH

204

AC, Annual change in carbon stocks in biomass(tonngs'@ -, A-Annual
area Land Converted to Cropland(hectareAfG; -Annual biomass(Table
A8.3) carbon growth(tonnes C per hectare per yeBg),,.-Biomass stocks

before(Table A8.2) the conversion (tonnes dm/#&)-Carbon fraction of dry
matter[tonnes C (tonne dih)ACI -Annual loss(table A8.1) of biomass carbon
(tonnes C héa yr?),

Note: CF=0.5

Table A8.1 Default coefficients for above-ground woody biomass and harvest cycles in cropping

systems containing perennial species

Climate region

Above ground | Harvest/Maturity

biomass carbon | cycle(year)
stock at harvest

(tonnes C hd)

Biomass
accumulation rate

(G) (tonnes C ha
lyr-l)

Biomass carbon
loss(ACI )
(tonnes C hayr
)

Temperate(all 63 30 2.1 63
moisture

regimes)

Tropical, dry 9 5 1.8 9
Tropical, moist 21 2.6 21
Tropical, wet 50 5 10.0 50

Source; |IPCC 2006 Guidelines

Table A8.2 Default coefficients for above-ground woody biomass and harvest cycles in cropping

systems containing perennial species

Climate Ecological | Continent Forest land Grass land
region zone
Above-ground Above-ground
biomass biomass
(tonnes d.m. 3 | (tonnes d.m. h}
Tropical Tropical Africa 310 6.2
rain forest | North and South America|] 300 6.2
Asia(continental) 280 6.2
Asia(insular) 350 6.2
Tropical Africa 260 6.2
moist North and South America| 220 6.2
deciduous | Asia(continental) 180 6.2
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forest Asia(insular) 290 6.2
Tropical dry | Africa 120 2.3
forest North and South America| 210 2.3
Asia(continental) 130 2.3
Asia(insular) 160 2.3
Tropical Africa 70 2.3
shrub land | North and South America| 80 23
Asia(continental) 60 2.3
Asia(insular) 70 2.3
Tropical Africa 40 2.3
mountain North and South America|] 60 2.3
system Asia(continental) 50 2.3
Asia(insular) 50 2.3
Subtropical | Subtropical| 220 50 2.3
humid Asia(continental) 180 2.3
forest Asia(insular) 290 2.3
Sub tropical | Africa 140 2.3
dry forest North and South America| 210 2.3
Asia(continental) 130 2.3
Asia(insular) 160 2.3
Subtropical | Africa 70 2.3
steppe North and South America] 80 2.3
Asia(continental) 60 2.3
Asia(insular) 70 2.3
Subtropical | Africa 50 2.3
mountain North and South America|] 60 2.3
systems Asia(continental) 50 2.3
Asia(insular) 50 2.3
Temperate Temperate| Europe 120 1.6
oceanic North America 660 1.6
forest New Zealand 360 1.6
South America 180 1.6
Temperate | Asia, Europe 20 1.6
continental | North and South America| 60 1.6
forest
Temperate | Asia, Europe 100 1.6
mountain North and South America] 50 1.6
system
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Boreal

Boreal Asia, Europe, North 10 1.7
coniferous | America

forest

Boreal Asia, Europe, North 3 1.7
tundra America

woodland

Boreal Asia, Europe, North 12 1.7
mountain America

systems

Source: IPCC 2006 Guidelines

Table A8.3 Default biomass carbon stocks presetearwh converted to cropland after

conversion

Crop type by climate region

Carbon stock in biomass after one yearQAGg )(tonnes C ha')

Annual crop land

5.0

Perennial cropland

Temperate (all moisture regimes) 2.1

Tropical dry 1.8
Tropical moist 2.6
Tropical wet 10.0

Source: IPCC 2006 Guidelines

(V) Loss of carbon stocks in dead organic matter due tand conversionl

ACDOM = A* (Cn _Co)/Ton

205

AC oy -Annual change in carbon stocks in dead wood/l{tizmnes C yf), A-Annual area

Land Converted to Cropland for biofuels (hectar€s)- Dead wood/litter stock(Table A8.4)

under the old land-use category(tonnes é),hé:n -Dead wood/litter stock under the new land-

use category (default value is zero) (tonnes 'O,h'ﬁm -Time period of the transition from old

to new land-use category(default value is 1) (year)

Note: C,=0; T =1

Table A8.4 Default values for litter wood carbon stocks

Climate Broad leaf deciduous| Needle leaf evergreer
(tonnes C ha') (tonnes C ha')

Boreal, dry 10 6

Boreal, moist 11 7

Cold temperate, dry 23 17

Cold temperate, moisf 5 10
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Warm temperate dry 23.3 17.3

Warm temperate moigt 2 6
Subtropical 2 4.1
Tropical 1 5.2

Source: IPCC 2006 Guidelines

(vi) Soils
c. Loss in carbon stocks in mineral soils

ACminera.l = (mco _?C(O_T)) 206

AC,,... -annual change in carbon stocks in mineral salmées C yearSOC, -

soil organic carbon stock in the last year of aremtory time period, tonnes C,
OC,_1,-soil organic carbon stock at the beginning of theentory time

period, tonnes C , SQ@nd SOG.m are calculated using the SOC equatior
the box where the reference carbon stocks and stuakge factors are assigned
according to the land-use and management actiatiescorresponding areas at
each of the points in time (time = 0 and time =)0F= number of years over a
single inventory time period, yr , D = Time depencie of stock change factors
which is the default time period for transitionween equilibrium SOC values,
(yr). Commonly 20 years, but depends on assumptimese in computing the
factors FLU, FMG and FI. If T exceeds D, use tladug for T to obtain an
annual rate of change over the inventory time pe{@T years).

NOTE: D= 20 Years

SOC = Z(SOCREFC_S_. *Fues, " Fuees, " Fice, " Acsi )
Csl 207

c = represents the climate zoneshe soil types, and i- the set of management
systems that are present in a country. &pGhe reference(TableA8.5) carbon
stock, tonnes (C Fd, FLU- stock change factor for land-use systemsb(@
A8.6)or sub-system for a particular land-use, disn@mless , [Note: FND is
substituted for FLU in forest soil C calculation éstimate the influence of
natural disturbance regimes. FMG - stock changwofafor management
regime(Table 8.6 dimensionless, Fl - stock charageof for input of organic
matter(Table A8.6) dimensionless, A = land arethefstratum being estimated,
(ha).
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Table A8.5

for mineral soils(tonnes ¢ ha™ in 0-30 cm depth)

Default reference (under native vegetation) soil organic ¢ stocks (SOC )

Climate region HAC LAC Sandy Spodic | Volcanic | Wetland
soils' soils’ soils’ soils' | soilg’ soilg’
Boreal 68 NA 10 117 20 146
Cold temperate, dry | 50 33 34 NA 20 87
Cold temperate, moist 95 85 71 115 130 87
Warm temperate, dry| 38 24 19 NA 70 88
Warm temperate, 88 63 34 NA 80 88
moist
Tropical, dry 38 35 31 NA 50 86
Tropical, moist 65 47 39 NA 70 86
Tropical, wet 44 60 66 NA 130 86
Tropical montane 88 63 34 NA 80* 86

Source: IPCC 2006 Guidelines

1. Soils with high activity clay (HAC) minerals areghitly to moderately

weathered soils, which are dominated by 2:1 s#iagday minerals (in the
World Reference Base for Soil Resources (WRB) dlaaton these include
Leptosols, Vertisols, Kastanozems, Chernozems, d2eags, Luvisols,
Alisols, Albeluvisols, Solonetz, Calcisols, GypsssdJmbrisols, Cambisols,
Regosols; in USDA classification includes Mollisolertisols, high-base
status Alfisols, Aridisols, Inceptisols).

Soils with low activity clay (LAC) minerals areighly weathered soils,
dominated by 1:1 clay minerals and amorphous inmoh @uminium oxides
(in WRB classification includes Acrisols, Lixisold\itisols, Ferralsols,
Durisols; in USDA classification includes UltisolSxisols, acidic Alfisols).
Includes all soils (regardless of taxonomic dfasgion) having > 70% sand
and < 8% clay, based on standard textural anal§ised/RB classification
includes Arenosols; in USDA classification includgsamments).

Soils exhibiting strong podzolization (in WRB assification includes

Podzols; in USDA classification Spodosols)
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5 Soils derived from volcanic ash with allophanitneralogy (in WRB

classification Andosols; in USDA classification Asdls)

6 Soils with restricted drainage leading to perioflanding and anaerobic

conditions (in WRB classification Gleysols; in USDassification Aquic

suborders).

Table A8.6 relative stock change factors (FLy, Fue, and F,) (over 20 years) for different

management activities on cropland

Factor value Level Temperature regime | Moisture regne IPCC
defaults
Land use(Ry) Long-term Temperate/boreal dry 0.8
cultivated Moist 0.69
Topical dry 0.58
Moist/wet 0.48
Tropical montane NA 0.64
Land use(Ry) Paddy rice All Dry and Moist/wet 1.10
Land use(Ry) Perennial/Treg All Dry and Moist/wet 1.00
crop
Land use(Ry) Set aside (<20 Temperate/Boreal and Dry 0.93
years) Tropical Moist/Wet 0.82
Tropical montane NA 0.88
Tillage (Ruc) Full All Dry and Moist/Wet 1.00
Tillage (Ruc) Reduced Temperate/Boreal Dry 1.02
Moist 1.08
Tropical Dry 1.09
Moist/wet 1.15
Tropical montane NA 1.09
Tillage (Ruc) No-till Temperate/Boreal Dry 1.10
Moist 1.15
Tropical Dry 1.17
Moist/wet 1.22
Tropical montane NA 1.16
Input (F) Low Temperate/Boreal dry 0.95
Moist 0.92
Tropical dry 0.95
Moist/wet 0.92
Tropical montane NA 0.94
Input (F) Medium All Dry and Moist/Wet 1.0
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Input (F) High without | Temperate/Boreal and Dry 1.04
manure Tropical Moist /Wet 1.11
Tropical montane NA 1.08
Input (F) High with Temperate/Boreal and Dry 1.37
manure Tropical Moist /Wet 1.44
Tropical montane NA 1.41

Source: IPCC 2006 Guidelines

d. Loss of carbon stocks in organic soils

Lorgaic = A* EF

Organic

208
L

organic ~ANNual carbon loss from cultivated organic soitfies C yf), EF -Emission

factor(Table A8.7) for climate type(tonnes C*ha®), A-Annual area Land Converted to
Cropland for biofuels (hectares),

Table A8.7 Annual emission factors (EF) for cultivated organic soils

Climatic temperature | IPCC default (tonnes C Rayr ™)

regime

Boreal/Cool Temperatg 5.0

Warm Temperate 10.0
Tropical/Sub-Tropical 20.0
Source: IPCC 2006 Guidelines

Lime and fertilisers

0] Liming: Annual CO2-C emissions from Liming

* M 209

Lime

ECOZ Lime =EF

Lime

Ecos Line-AnnualCO2-C emissions from C emissions from liming (ten@eyr™) M

Lime ~

Annual amount of calcic limestone (CaCO3) (tonnes)y EF, . _ -Emission factor [tonnes of

Lime
C (tonne of limestoné]

Note : Default EF,. _=0.12

Lime
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Table A8.8 Equivalent nitrogen content of common chemical fertilizers

Type of N Chemical Nitrogen content Emission factors (kg/Mg)
fertiliser formula (weight percent)

NH3 | NO
Anhydrous NH; 82.3
ammonia
Urea CO(NH), 46.7 130
Ammonium NH, NO; 35.0 120
nitrate
Ammonium (NH4), SO, 21.2 70
sulfate
Ammonium NH4 CI 26.2
chloride

atomic weight nitrogen
molecular weight of  fertiliser

Nitrogen content(weight percent) = *100%

To determine the tonnes of nitrogen per tonne iliger applied, multiply the nitrogen
content(weight percent) times the tonnes of fediliapplied

(ii) Urea Fertilization: Annual CO2 emissions from UreaFertilization

Ecozurea = EFyrea ™ M 210

Urea

Ecos urea -Annual CO2-C emissions from Urea Fertilization(tesi€ yi), EF,, -

Emission factor annual [tonnes of C (tonne of uthaM Urea “Annual amount of Urea

Fertilizatior(tonnes urea yh),

Note : DefaultEF, = 0.20

Urea

(i) Direct N,O Emissions from Soils

a) synthetic fertilizers

E N20O-SN (I) = EI:SN * M SN(I) * Ncontent (I)
211

Enso o -Annual direct N20O- emissions produced from N sgtithfetiliser (i) application
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(kg N20-N yr*', EFg, -Emission factor for BD emissions from N inputs[kgJ®-N
(kg N input)'], M o -Annual amount of N applied Synthetic fertilisei@y N yr),

N et -PErCENtage nitrogen content (table 8.8) in fseili) (%)

b) Animal manure, compost, sewage sludge

212

Enso av -Annual direct N20O-N emissions produced from animahure, compost, sewage

sludge application (kg N20-N EF ., -Emission factor for B emissions from N
inputs[kg NO-N (kg N input)'], M o« -Annual amount of N applied animal manure,

compost, sewage sludge(kg N*yr

c) Crop residues

E n2ocr = EFr* Mg
213

Enso ok -Annual direct N20O-N emissions produced from cregidues application (kg
N20-N yr, EF -Emission factor for B emissions from N inputs[kg®-N (kg N
input)’, M  -Annual amount of N applied animal manure, compsstvage sludge(kg N

yr),
(iv)  NO emissions from N fertilizer application

E nosn(i) = EFsv(noy M (D) * N e (1)
213(a)

Ewo o -Annual direct NO- emissions produced from N sytithiertiliser (i) application
(kg N20-N yr, EFg o, -Emission factor for NO emissions from N inputs[kgONN
(kg N input)'], M « -Annual amount of N applied Synthetic fertilise@y N yr"),

Nt -PErcentage nitrogen content (table A8.8) in liset(i) (%)

v) NH3 emission
E wrasn (i) = EFqunng "M o (1) * Noggere (1)
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214

Enus o -Annual direct NH- emissions produced from N synthetic fertiliserafpplication
(kg N20-N yr, EFg 3 -Emission factor for NH3 emissions from N inputs[kg
N,O-N (kg N input)'], M « -Annual amount of N applied Synthetic fertilise@y N yr
Y, N -PErcentage nitrogen content (table A8.8) in fieeti(i) (%)

Table A8.8 Default emission factors to estimate direct N20O emissions

Default
emission

factor

EF; for N additions from mineral fertilisers, orgamimendments and crop | 0.01
residues, and N mineralised from mineral soil essalt of loss of soil carbon
[kg N2O-N (kg N) -1]

EF, [N volatilisation and re-deposition], kg N2O-N (KdH3—-N + NOX-N | 0.010

volatilised)

EFR; [leaching/runoff], kg N20O-N (kg N leaching/runoff) 0.0075

Fragask [Volatilisation from synthetic fertiliser], (kg NB+N + NOx—N) (kg | 0.10
N
applied)

Fragaswm [Volatilisation from all organic N fertilisers ajped , and dung and| 0.20
urine deposited by grazing animals], (kg NH3—N +XN@) (kg N applied or
deposited)

Frageacr-(H) [N losses by leaching/runoff for regions wh&(eain in rainy | 0.30
season) ¥ (PE in same period) > soil water holding capadiR where

irrigation (except drip irrigation) is employed]gkN (kg N additions o

deposition by grazing animals)

Source: IPCC 2006 Guidelines

(vi)  Indirect N20O Emissions from Soils: N20 from Atmospleric Deposition

of N Volatilised from soils

NZO(ATD) -N= [(FSN * FraCGASF)+ (FON/ * Fracgagy )]* EF,
215

N,O a0y = N -Annual amount of N20O-N produced from atmospheggpasition of

N volatilised frommanaged soil{kg N20-N yr™), F4 -Annual amount of synthetic
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fertilizer N applied to soils (kg N yf), Frac,,& - Fraction of synthetic fertilizer N

that(Table A 8.8) volatilises (kg H3-N + NOx-N) (kaf N applied)l , Fon -Annual

amount of animal manure, compost, sewage sludge ahdr organic N additions

intentionally applied to soils (kg N y¥, F racs,q, -Fraction of applied organic N fertilizer

materials(Table A8.8) of animal manure, compostyage sludge and other organic
deposited that volatilises (kg NH3-N + NOx-N) (k§ ¥ applied or deposited}, EF,-

Emission factor for N2O emission from atmosphegpasition of N on soils (Table 8.8) and
water surfaces (kg N20-N) (kg NH3-N + NOx-N voleid) *

(vii)  Indirect N20O Emissions from Managed Soils: N20 from N

leaching/runoff from Managed Soils

NZO(L) -N= [(FSN + FON/)* FraCLEACH ]* EFS
216

NZO(L) — N -Annual amount of N20O-N produced from managed similsegions where
leaching and runoff occufkg N20O-N yr?), F4 -Annual amount of synthetic fertilizer N
applied to soils (kg N yP), Frac g,y - Fraction of all N additions to managed soils

that is lost Through leaching (Table 8.8)and rurkéf N (kg of N additions], Fon -

Annual amount of animal manure, compost, sewagdgsland other organic N additions

intentionally applied to soils (kg N y1), EF. -Emission factor for N20O emission from N

leaching(Table A8.8) and rundig N20-N (kg N leaching and runoff)

Pesticides, fungicides and pesticides application

0] Emission of active ingredient

EActive ingredient (I) =M Pesticides(i) * ( 1- Clnert ingredient content (I) )* EFVapour prmre(i)
21

7

Epctive ingredient (i) -Annual active ingredient emissions from pestid)de( (tonnes kg y#),

M pegicices -@nNual - quantity of pesticide(i) applied(Mg)C, o ingredient  content “PErCENtage

content of inert ingredient in pesticid&F -Emission factor for active ingredient in

vapour pressure
pesticide(i)(kg/Mg),

(ii) Emission of inert ingredient
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Einert ingredient (I) =M Psticides(i) * ( Clnert ingredient content (I) )* PVOC (I)
218

Einert ingredient () -Total quantity of emissions from inert ingrediends pesticide(VOC)(i),

(tonnes kg yr), M pesicides -@NNUAl quantity of pesticide(i) applied(kd);

inert ingredient content ~
percentage content of inert ingredient in pestici®,. - average percentage of the VOC

content of the inert portion of emulsifiable conrates in pesticide(i)

Emissions from field transport

Chiesst * CV ™ Pyiess ™ EFco,
Eco, @ = 10 219

ECOZ (D) -Annual carbon dioxide emissions from diesel usediiring energy crop
production/cultivated (kg ¥, C,. - total annual diesel requirements (1) (from egprat
15),EF -Emission factor for carbon dioxide(tonne/TJ)(74/10); O -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg)(44.8MJ/Kkg),

Coes ¥ CV * pyoy * EF
ECH . (1) - Diesel lGGd esel CH4 920

Ecua (D) -Annual methane emissions from diesel used in dugimergy crop
production/cultivated (kg ¥, C . - total annual diesel requirements (I) (from etprat
15),EF -Emission factor for methane(kg/TJ)(3.0kg/T Dy . -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg), )(44.8MJ/kg),

Diesel *CV* Plies * EFN 20
106 221

C
Enzo @ =

Enzo (D) -Annual nitrogen dioxide emissions from diesel useduring energy crop
production/cultivated (kg ¥, C. - total annual diesel requirements (1) (from egprat
15),EF -Emission factor for nitrogen dioxide(kg/TJ)(0.6Kd); Qe -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg), )(44.8MJ/kg),

Cos ¥ CV * Py * EF o,
ENOX (1) - Diesel 106d esel NO; -
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Evox (1) -Annual oxides of nitrogen emissions from diesadim during energy crop
production/cultivated (kg ¥, C,. - total annual diesel requirements (I) (from etprat
15),EF -Emission factor for oxides of nitrogen(kg/TJ)(800K)); Oy -density of
diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/Kg),,
piesel + CV ¥ Pyiesst ¥ EFco

1¢°

Eco (D -Annual carbon monoxide emissions from diesel usetiiring energy crop

C
ECO (1) = 223

production/cultivated (kg ¥, C,. - total annual diesel requirements (I) (from etprat
15),EF -Emission factor for carbon monoxide(kg/TJ)(1000KR)! Oy -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/kg),,

CDieseI *CVv* pdieﬁel * EI:NMVOC
1¢°
Ewvoc @ -Annual NMVOC emissions from diesel used in durérgrgy crop

Envoc @ = 224

production/cultivated (kg ¥, C. - total annual diesel requirements (1) (from egrat
15),EF -Emission factor for NMVOC(kg/TJ)(200kg/TI)9 e -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/kg),,
piesel + CV ¥ Diesst * EF o
1c°

Ex, (@) -Annual sulphur dioxide emissions from diesel useduring energy crop

C
ESDZ (1) = 225

production/cultivated (kg ¥, C. - total annual diesel requirements (1) (from egprat
15),EF -Emission factor for sulphur dioxide(kg/TJ)(37.4BKd); O -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/Kg),,

Default IPCC Emission factors for gases under eneygcombustion

CO, CH, N,O NOXx co NMVO S02
t/TJ) (kg/TJ) (kg/TJ) (kg/TJ) (kg/TJ) (kg/TJ) | (kg/TJ)
Gasoline 69.30 33.00 3.2( 600 800 1500 4.64
Diesel 74.10 3.0 0.6 800.00 1,000.4 200)00 37.43
Coal 112.00 30.00 4.0( 300 150 20| 558.62
Heavy fuel oil 77.40 3.00 0.60 200 10 5 2.31]
LPG 56 .10

Source: IPCC 2006 Guidelines
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Emissions from biomass transport

From farm to biofuels factory

Note: T - total annual diesel requirements for transpianadf biomass to factory is
calculated from biomass transport module.

Toiesst “CV ™ Dyjesas EFco2

Eco,(2) = 103 226

ECOz (2) -Annual carbon dioxide emissions from diesel usebiomass transportation to
factory (kg yi'), T4 - total annual diesel requirements for transpiamadf biomass to
factory ,EF -Emission factor for carbon dioxide(tonne/TJ)(74/10); 0. -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg)(44.8MJ/Kkg),

Diesel *CV* Pliese * EFCH4
106 227

T
Ecia(@ =

Ecus (2) -Annual methane emissions from diesel used in bgsm@nsportation to factory (kg
yrY), Ty - total annual diesel requirements for transpimmadf biomass to
factory,EF -Emission factor for methane(kg/TJ)(3.0kg/T D). -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg), )(44.8MJ/kg),

Toiesss *CV™* Dyiea * EF 20

ENZO (2) = lGG 228

E -0 (2) -Annual nitrogen dioxide emissions from diesel usebiomass transportation to
factory (kg yi'), T4 - total annual diesel requirements for transpiamadf biomass to
factory,EF -Emission factor for nitrogen dioxide(kg/TJ)(0.6Kd); Qe -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg), )(44.8MJ/kg),

Diesel *CV* Pliesa * EFNOX
106 229

T
Enox (@) =
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Eox (2) -Annual oxides of nitrogen emissions from dies@dis biomass transportation to
factory (kg yi'), T4 - total annual diesel requirements for transpiamadf biomass to
factory ,EF -Emission factor for oxides of nitrogen(kg/TJ)(880KJ); Oy -density of

diesel(kg/litre)(0.832kg/) CV -diesel Heating value(MJ/kg) )(44.8MJ/Kg),,

_ Toiest *CV ™ D * EFco
ECO (2) - 106 230

Eo (2) -Annual carbon monoxide emissions from diesel usddomass transportation to
factory (kg yi'), T4 - total annual diesel requirements for transpiamadf biomass to
factory,EF -Emission factor for carbon monoxide(kg/TJ)(1000K)! 0. -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/kg),,

Diesel *CV* pdiesel * EI:NMVOC

T
ENMVOC (2) = 106 231

Emvoc (2) -Annual NMVOC emissions from diesel used in biomaassportation to factory
(kg yr), Ty - total annual diesel requirements for transpimmadf biomass to
factory,EF -Emission factor for NMVOC(kg/TJ)(200kg/TI)f e -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/kg),,

E._ = Toieset “CV ™ Doy * EF g,
02 = 10° 232

E s, -Annual sulphur dioxide emissions from diesel useduring energy crop
production/cultivated (kg ¥, T, - total annual diesel requirements for transpimntat
of biomass to factoryEF -Emission factor for sulphur dioxide(kg/TJ)(37.4B8K8); O ey -

density of diesel(kg/litre)(0.832kg/ICV -diesel Heating value(MJ/kg) )(44.8MJ/kg),,
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Default IPCC Emission factors for gases undexnergy combustion

CO;, CH, N,O NOx co NMVO S02
(t/TJ) (kg/TJ) (kg/TJ) (kg/TJ) (kg/TJ) (kg/Td) | (kg/TI)
Gasoline 69.30 33.00 3.2( 600 800 1500 4.66
Diesel 74.10 3.0 0.6 800.00 1,000.00 200.00 37.43
Coal 112.00 30.00 4.00 300 150 20| 558.62
Heavy fuel oll 77.40 3.00 0.60 200 10 5 2.31]
LPG 56 .10
Source: IPCC 2006 Guidelines
For fossil fuels used as fuel for process hedlie following emissions are considered
1| Diesel
2 | Coal
3 | Heavy fuel oil
4 | LPG
Source: IPCC 2006 Guidelines
Default IPCC Emission factors for gases under energy combustion
CO;, CH, N,O NOx Co NMVO S0O2
TJ) (kg/TJ) (kg/Td) | (kg/TI) (kg/TJ) (kg/Td) | (kg/TJ)
Gasoline 69.30 33.00 3.20 600 800 1500 4.64
Diesel 74.10 3.0 0.6  800.00 1,000.00 200.00 37.43
Coal 112.00 30.00 4.0( 300 150 20| 558.62
Heavy fuel oll 77.40 3.00 0.6 200 10 5 2.31]
LPG 56 .10
Source: IPCC 2006 Guidelines
. ERH,*CV* p, * EF
Eco, () = 1C: i 233

Eco, (3)(i) -Annual carbon dioxide emissions from fuel for pess heat in biofuels production

from energy resource (i)(kgfERH, - total annual energy resource (Table 8.4) fotihga

from resource (i) (tonnes) (calculated from chag)eEF -Emission factor for carbon

dioxide for energy resource (i) according to tehe (tonne/TJ);0 . -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg)(44.8MJ/Kkg),
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. ERH,*CV* p,_, * EF
ECH4(3)(I) = 106de5e| cHa 234

Ecy . (3)(i) -Annual methane emissions from fuel for process imehiofuels production from
energy resource (i)(kgf=RH, - total annual energy resource (Table 8.4) fotihga

from resource (i) (tonnes) (calculated from chag)eEF -Emission factor for methane

for energy resource (i) according to table 8.5THY 0. -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg), )(44.8MJ/kg),

. _ERH, *CV* p, * EFy20
ENZO (3)(|) - 106 235

Enoo B)(i) -Annual nitrogen dioxide emissions from fuel foropess heat in biofuels
production from energy resource (i)(kgsRH, - total annual energy resource (Table 8.4)

for heating from resource (i) (tonnes) (calculatenn chapter 4)EF -Emission factor

for nitrogen dioxide for energy resource (i) acéogdto table 8.5) (Kg/TJ)0ye -deNSity of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg), )(44.8MJ/kg),

. ERH,*CV*p,., *EF
ECO (3)(|) = 1O6deSd = 236

Eco 3)(i) -Annual  carbon monoxide emissions from fuel foogess heat in biofuels
production from energy resource (i)(kgsRH, - total annual energy resource (Table 8.4)

for heating from resource (i) (tonnes) (calculatexn chapter 4)EF -Emission factor

for carbon monoxide for energy resource (i) acawdd table 8.5 (kg/TJ);0 e -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/Kg),,

. ERH,*CV* p,., * EF
ENOX (3)(|) = 106de5e| == 237

Enox (B)(i) -Annual  oxides of nitrogen emissions from fuel forocess heat in biofuels
production from energy resource (i)(kgsRH, - total annual energy resource (Table 8.4)

for heating from resource (i) (tonnes) (calculatexn chapter 4)EF -Emission factor

for oxides of nitrogen for energy resource (i) adaag to table 8.5 (kg/TJ)0 e -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/kg),,
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_ ERHi *CV* Pliese * EFNMVOC
ENMVOC (3) - 10° 238

Ewvoc (3) -Annual NMVOC emissions from fuel for process hieabiofuels production from
energy resource (i)(kgf=RH, - total annual energy resource (Table 8.4) fotihga

from resource (i) (tonnes) (calculated from chag)eEF -Emission factor for NMVOC

for energy resource (i) according to table 8.5THY 0. -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/kg),,

ERH, *CV™* 0, * EF 5,

ESDZ (3) = 106 239

Ex, (3) -Annual sulphur dioxide emissions from fuel for pess heat in biofuels production
from energy resource (i)(kgfRH, - total annual energy resource (Table 8.4) fotihga

from resource (i) (tonnes) (calculated from chagfgEF -Emission factor for sulphur

dioxide for energy resource (i) according to talBe5 (kg/TJ); Oy -density of

diesel(kg/litre)(0.832kg/l) CV -diesel Heating value(MJ/kg) )(44.8MJ/Kg),,

Emissions from waste

Ecia@=[ (TOW-S )*EF ]-R

240
Ec 4 (4) -Annual Methane (Ckemissions , kg Cityr, TOW - total organically degradable
material in wastewater from industry kg COD/¥tF - emission factor for industry, kg Ghtg
COD for treatment/discharge pathway or system(giiu$ -organic component removed as

sludge in inventory year, kg COD/yR -amount of CHrecovered in inventory year, kg @

Assumption: No sludge removal, S= 0; No methane recery R=0

EF = B, * MCF
198

EF - emission factor for industry, kg CH4/kg COD feedtment/discharge pathway or

system(s) used -Annual Methane (CH4) emissioBg - maximum CH4 producing capacity,

kg CH4/kg COD,MCF -methane correction factor (fraction) (See Tabl® Al

NOTE: IPCC COD-default factor foroB0.25 kg CH/kg COD.
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Table A10 DEFAULT MCF VALUES FOR INDUSTRIAL WASTEWATER

Type of treatment and discharge pathway or system aF
UNTREATED

Sea, river and lake discharge 0.1

TREATED

Aerobic treatment plant(well managed) 0

Aerobic treatment plant(Not well managed. Overlaide 0.3

Anaerobic digester for sludge) 0.8

Anaerobic reactor 0.8

(e.g., UASB, Fixed Film Reactor)

Anaerobic shallow lagoon(Depth less than 2 metres,expert | 0.2

judgment)

Anaerobic deep lagoon (Depth more than 2 metres) 0.8

Source: IPCC 2006 Guidelines

TOW =C *COD

wastewater  annual

241

TOW - total organically degradable material in wastwé&rom industry kg

COD/yr , C,oqenater - tOtal @annual wastewater generated in biofuel

production(ni) calculated from chapter €OD - emission chemical oxygen

demand (industrial degradable organic componewaistewater),kg COD/fn

NOTE: Default values:
Table A11 Default COD values

Fuel type feedstock source cop (kg COD/n?)

1 | Biodiesel 0.5

2 | Bioethanol production from sugar crops

3 | Bioethanol from starch crops 1.5

Source: IPCC 2006 Guidelines
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Appendix IV Annual costs of biofuels production

Cost per | Annual Cost (US$)

unit
Description unit | (US$/unit)
Feedstock Type Jatropha Soy Beans
Plant Capacity 2 20 50 2 20 50
(Million
litres/annum)
Methanol (t) t 84480 2112000 84480 844800 211200084480
Sodium Methylate
(1) t 5280 132000 5280 52800 132000 528(
Hydrochloric acid
(1) t 3564 89100 3564 35640 89100 3564
Calcium
hydroxide{Ca(OH)
2} (1) t 282 7040 282 2816 7040 282
Soduim
bicarbonate{Na2C
03} (b) t 275 6864 275 2746 6864 275
Bleaching (t) t 1584 39600 1584 15840 39600 1584
Water (1) t 2728 68200 2728 27280 68200 2728
Nitrogen (t) t 35 880 35 352 880 35
Electricity (t) t 17 431 17 172 431 17
Coal (1) t 57904 1447600 57904 579040 1447600 5790
Electricity-Press
only(KWh) kwh | 14 358 29 286 716 14
Electricity (Solvent
Extraction)KWh kWh | 22 542 43 434 1085 22
Hexane(kg) t 4010 100241 8019 80192 200481 4010
Fat Phase(t) t 26 660 26 264 660 26
Waste Water (t) t 158 3960 158 1584 3960 158

Source: Own calculations
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Appendix V. Emission from biomass production

Plant Capacity(Million 2 20 50 2 20 50

litres/annum)

Emissions from Land Use
Change 8790074 2.20E+07 6592555 1.65E+08

Carbon dioxide emissions
from loss of carbon stocks
from change in carbon
stocks in biomass kg 750924{9 7509250 1.88E+07 &bB1 5.63E+07 1.41E+08

carbon dioxide emissions

from loss of carbon stocks
in dead organic matter due
to land conversionl (kg) 5776.346 57763/46 1444(8.43322.59 433225.9 1083065

carbon dioxide emissions
from loss of carbon stocks
in mineral soils (kg) 6779.148 67791.45 169478.6 84357 508435.8 1271089

carbon dioxide emissions
from loss carbon stocks in

organic soils (kg) 115526.9 1155269 2888173 86@151. 8664518 2.17E+07

Emissions from fertiliser

application

Ammonia (kg) 16.58862 165.8862 4147153  5.683[37 .8FB6 142.0784

Nitrogen oxide (kg) 0 q @ @ D D
0.009364 0.0003208| 0.00320816

Nitrous oxide (kg) 0.000936 365 | 0.02341091 16 2 | 0.008020405

Carbon dioxide 0 0 t ( D D

Nitrous oxide N volatised

(kg) 2.01E-07| 2.01E-0¢ 5.01E-06  6.87E-pP8 6.87E(07.008020405|

NO from N leached

(tonnes) 4.51E-07 4.51E-06 1.13E-P5 1.55E+07 1 66Ek- 3.86E-06

Emissions from Lime
application (kg) 0 0 q 10397.4p 103974.2 259935.5

Emissions from field

transport
0.087022

Carbon dioxide (kg) 0.00870p 45 0.2175561 1.26617[ 12.661Y7 31.65442
0.00051262

Methane (kg) 3.52E-07 3.52E-06 8.81E-06 5.13E-05 2 | 0.001281555
0.00010252

Nitrous oxide(kg) 7.05E-08 7.05E-07 1.76E-p6  1.@BEf 4 | 0.000256311

0.00010989| 0.0006395| 0.00639581
Oxides of nitrogen(kg) 4.40E-06 4.40E-05 4 82 5 0.01598954
carbon monoxide(kg) 1.17E-07 1.17E-D6 2.94E+06 H-0% | 0.00017087 0.000427185
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Plant Capacity(Million 20 50 2 20 50
litres/annum)

4
Non methane volatile
organic compounds(kg) 2.35E-05 0.00023 0.000p87 032.0 0.03417481 0.08543702
Sulphur dioxide 0
Emissions from biomass
transport
Carbon dioxide(kg) 9.183044 0.000234 229.5761 183966 183.6609 0.08543702
Methane(kg) 0.000372 0.00371 0.009294 0.000[743 7430 0.0185891¢
Nitrous oxide(kg) 7.44E-0% 0.000743 0.001858  0.@@L 0.0014871 0.003717832
Oxides of nitrogen(kg) 0.09914p 0.9914 2.478554 982B44 1.982844 4,957109
carbon monoxide(kg) 0.000124 0.0012B9 0.00309 @000 0.00247| 0.006196386
Non methane volatile
organic compounds(kg) 0.024786 0.2478 0.003p98 9WBD4 0.4957109 1.239277
Sulphur dioxide 0.004639 0.0463 0.11p9 0.00927 @9 0.2319
Emissions from waste
Untreated (discharge to
river or lake) (kg) 3.3 33 82.5 3B 33 825
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