Under standing the implication of investing in biodiesel production in South Africa: a
system dynamics approach

J.K.Musango®, B. Amigun ®, A.C. Brent®

a Correspondence author, Resource Based Sustainaldéopenent, Natural Resources and the Environment, €lidfon
Scientific and Industrial Research (CSIR), StelleshpSouth Africajmusango@csir.co.za

b Sustainable Energy Futures, Natural Resourcesh@nBrivironment, Council for Scientific and
Industrial Research (CSIR), Stellenbosch, South Afeaigun@csir.co.za

¢ Centre for Renewable and Sustainable Energy Stusiddsol of Public Leadership,
Stellenbosch University, South Africacb@sun.ac.za

Abstract

This paper presents a Bioenergy Systems SustdigaBissessment and Management
(BIOSSAM) model. The BIOSSAM model was develope@ aseans to provide insights into
the implications of expanding bioenergy programrresSouth Africa, which is deemed

critical for sustainable energy development inrdgion. The BIOSSAM model was applied
to the case of biodiesel production in the East&ape Province of South Africa. At present,
biodiesel production in the Eastern Cape is enedago promote socio-economic
development through, for example, job-creation,alvhiin turn, would lead to the further

economic growth of the Province. The developmenbiofliesel production value chains is
influenced by a number of factors such as prodsapplier profitability; this is determined

by several factors such as: land availability tppy raw materials, feedstock prices, and
government regulations/incentives, amongst othBEosexplore the extent of achieving the
socio-economic goals from biodiesel production gathains, the BIOSSAM model provides
a framework for understanding the causal-loop/feellbstructure and dynamics of this

emerging industry.

Keywords: Biofuels, biodiesel, System dynamics, South &fric



1. Introduction

Converting animal and vegetable fats and oils gaid¢l fuel has gained increasing interest
over the past five years (Figure 1). This is maidiwen by environmental, social, and
economic factors and helped along by governmentatas and incentives. Most developed
countries are moving from voluntary legislation dbligatory legislation imposing market
share of biofuel in the transport sector. For ins¢ga Europe is required to produce between
eighteen and twenty-two million tons of biodiesufded on a 10% blending ratio) and
presently has an annual production capacity of esymillion tons (Kruger, 2009). To meet
this share, EU countries would have to import feészs(and/or biofuel) from elsewhere such
as Africa. This is due to the lack of sufficienailble land for energy crops in the EU and the
well established regulations safeguarding forests governing land use. African countries
are also at the various stages of initiating thmmercial production of biofuel to capture the

benefits of this value chain.
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Figure 1: Biodiesel Production Process Cycle (aathfiom Bantz and Deaton, 2006




Biofuel is one specific issue that has been takewdrd by South African Department of
Minerals and Energy (DME) (now Department of Engrgyt the beginning of January 2007,
DME announced that the South African cabinet haa@ped an ambitious biofuels industrial
strategy. This set bold targets, including the &#m4.5% of road transport fuels in South
Africa to be replaced with biofuel by 2013 (Depaetih of Minerals and Energy, 2007).
Significant and comprehensive efforts to estabbgicultural producers and production
plants were required in order to attain such aetarghis target was, however, revised and
downsized to 2% (400 million litres per annum). T8euth African biofuel industrial
strategy is predominantly driven by the need taesklpoverty, rural development and Black
Economic Empowerment (BEE). The focus of the stpatis thus in the former homeland
areas, that were previously neglected by the aparthystem, and that do not have market
access for their produce. The proposed crops fodiésel are sunflower, soybeans and
canola, while the bioethanol crops that are progposee sugarcane and sugar beet
(Esterhuizen, 2009).

In 2008, the attention of the DME turned to the elegment of an implementation plan,
which included the development of the licensingecia for biofuel and the pricing model as
well as a subsidy schedules. One license has beead to date. This slow progress has to be
seen against the backdrop of a lack of locally grdeedstock approved for biofuel support.
The financial support is specific to feedstock gnoan new or previouslyunderutilised”
land. The incentives will be agreed with each Igghproducer on the basis of ensuring a fair

return on assets, in terms of both the land an@skeciated biofuel production plant.

Biofuels were also identified as amongst the kayeds of the government program, the
Accelerated Shared Growth and Industrial StrategySouth Africa (ASGISA). As a result,
the development of a biodiesel industry is recogphias having multiple objectives, one of
which is economic development of the second (infdyneconomy of the country. Job
creation and employment opportunities in rural su@ad feedstock supply could be enhanced
by employing a cooperative farming approach. Thecass of this industry requires
agricultural production in excess of food demand aiha competitive cost. It also depends on
the provision of a guaranteed market for farmed @mpetitive pricing. It is for this reason
that the strategy targeted local production of &eck. For emerging farmers to get to the
competitive stage financial support would be regglito prepare the underdeveloped areas

for commercial farming. The use of imported feedktwould not support this job creation
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objective. The need to achieve real agriculturawgh and job creation is the reason the
Biofuel Strategy provides financial support basedlitres produced from crops grown on

new or previously inderutilised” land.

A system dynamics model of the biofuel industry sthibas the potential to improve
understanding of system behaviour and provide lggfuts to the policy evaluation process
and investment decisions. This can serve as a leefoc evaluating alternative future
developments and their implications and policy@awi System dynamics has a long history
as a modelling paradigm with its origin in the warkForester (1961). This methodology is
grounded in the theory of non-linear dynamics andtrol theory. In contrast to simply
forecasting future events, system dynamic modétsrgit to identify the underlying structure
in order to show how to steer, control, or otheemsfluence the future evolution of the
system and its implication on other sector of tkenemy. A detailed description of the

system dynamics modelling can be found elsewheogl€C-1996; Sterman, 2000).

Recently, several studies have used system dynamiasalyse renewable energy related
issues. Tesch et al. (2003) developed a systemmdgsamodel of global agricultural and
biomass development. Flynn and Ford (2005) modedled simulated carbon cycling and
electricity generation from energy crops. Bantz &aéton (2006) used system dynamics to
envision possible growth scenarios for the Unit&ates biodiesel industry over a course of a
decade. Scheffran et al. (2007) developed a sphtimics model of energy crop
introduction in the state of lllinois. Pruyt and Béter (2008) developed a highly-aggregated
system dynamics model of the worldwide food/bioggen investigate interactional effects
between agricultural food production and bio-enepggduction worldwide. In the South
African context, Musango et al. (2009) developedeaergy model as an initial step of
building a Threshold 21 (T21) model for South A#&iclheir study, however, did not focus
on the development of biofuel value chains.

Although bioenergy system dynamics models haveadyrebeen developed for several
regions and for bioenergy related aspects, this doeseem to be the case for all regions and
all aspects (Pruyt and De Sitter, 2008). The useystem dynamics in studies related to
bioenergy technology policies at local, nationadl aegional levels is therefore imperative.

The purpose of this study is thus to develop aesystynamics tool for policy decision and



development support for bioenergy supply intervadiin the Eastern Cape Province of

South Africa, and specifically biodiesel productiaiue chains in the Province.

2. History and state of Biodiesel development in South Africa

There have been many initiatives to improve theketgpenetration of biofuel in general, and
biodiesel in particular, in South Africa. The dey@inent of the Biofuel Industrial Strategy
for South Africa can be credited for being an isohe and consultative policy process. It
involved collaboration between government departsiand state owned enterprises, as well
as extensive public consultation. From the onsdbacember 2005, the Cabinet endorsed the
establishment of a Biofuel Task Team that involtxeelve government departments and state
entities namely the Industrial Development Corpgoratand the Central Energy Fund

(Department of Minerals and Energy, 2009).

The Biofuel Task Team (BTT) was mandated to comsitle feasibility of developing a

modest biofuel industry for South Africa taking anaccount the country’s agricultural

potential and food security issues. The Cabined alsthorised the BTT to immediately
engage with interested stakeholders in the firsihemy to establish the possibility of a
modest biofuel industry through minor regulatoryaehes and improvements. Out of this
process, a draft Biofuel Strategy was developed emBecember 2006, it was approved by
Cabinet with an instruction that it should undergoblic consultation (Department of

Minerals and Energy, 2009).

The final strategy has a short term incubation etthat will be reviewed in five years. The
2% target means that the cost of support will roekcessive, even if oil prices average very
low over the fifteen years for which these plantl gqualify for financial support, in the case
of low oil prices. Of course, the associated co$teduced crude oil import costs and pump
prices make this support affordable. In the casdigh oil prices, the biofuel plants will

reduce foreign exchange outflows and pay taxesaiitg

Another initiative is the India-Brazil-South AfricdBSA) Forum which is biased towards
developing an ethanol industry. The Forum is taskitd strengthening cooperation between
IBSA countries through knowledge sharing and syatemechnology transfer. However, the
pitfall has been that priorities and interests atifbetween countries, and these tend to

influence perceptions about biofuels, and raisesumber of questions about effective



technology transfer. While biofuel may be a longrteenergy solution for South Africa, and
a way forward against climate change, gains frowpeocation will depend on the country’s
capacity to elucidate its own strategy, define nitiess and develop institutions and policies
equipped to manage the development of a viablaibisfindustry. Fears pertaining to food
security, social development and land reform temdross-cut the debate on energy and

climate change at present (White and Costa, 2009).

Nevertheless, the South African government supijoorbiofuels is gaining momentum and
plans are being proposed and developed to proretelanting, harvesting and processing of
crops such as maize, sugar cane, soy beans, camsdwal seeds from trees and sorghum
into bioethanol and biodiesel feedstock for uséhm liquid fuels industry. To this end the
government, in 2005, established a joint implemertacommittee (JIC) for the biodiesel
industry. The JIC comprises a range of interestetigs such as the South African Petroleum
Industry Association, farmers, oil companies angbla unions. A biodiesel standard has
been completed with the assistance of the SouticakfrBureau of Standards, and the JIC is
currently developing a pricing model for the lotabdiesel industry (Visagie and Prasad,
2006).

The selection of an appropriate crop or mix of erégr the production of feedstock oil is a
critical factor in developing a sustainable produttsystem. This is due to the fact that the
choice of feedstock affects the capital investnsaisions (technical design of the biodiesel
plant). Second, feedstock input constitutes anameeiof 70 to 80% of the production cost
(Amigun et al., 2008). Key considerations are yigler unit area, climate, soil type,
availability of water, fertiliser and other resoes¢ and whether the oil-bearing part is used as

human or animal feed (Wilson et al., 2005).

The development of the biodiesel industry in Afrasad specifically in South Africa is still in

its infancy. The biodiesel scene worldwide can bscdbed as a three-phase development

(Figure 2.
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Figure 2: The three-stage model of biofuels development gAmiand Musango, 2010)

The development of a biodiesel industry in Southicaf is in transition between the
introduction phase (Phase 1) and the growth phpbasg Il). The introduction phase is
characterised by research efforts, pilot projeetgtablishing a framework (policy/strategy
formulation) and financially-supported technicabls. This phase (phase 1) consists of the
very first ideas and thoughts of biodiesel beingduas a fuel until the actual adaptation of the
ideas on the part of decision-makers who are thetivated to put these ideas into practice.
The end of Phase | is the political decision teestynoney and other resources into biodiesel
production (entering phase Il). Phase Il is markgda biodiesel economy based primarily
on commercially feasible production, distributiondause of biodieselThe decline phase
(Phase 1V) is characterized by efforts to phasetloeitexisting technology and replacing it with

more efficient (second and third generation) biseigoroduction technologies.

Information regarding the total production of biesl in South Africa is not clear. The
industry is, however, characterised with small tediam scale producers (Amigun et al.,
2008). Currently, South Africa has more than twadred entrepreneurs that produce
biodiesel on small scale, mostly from waste vedetatils. Major concerns for these
entrepreneurs are feedstock (virgin oils to bioglias expensive), uptake (no mandatory

blending) and meeting the specifications that ageiired by petrochemical industries.



3. Methodology
3.1 Conceptual approach

The Bioenergy Systems Sustainability Assessment Madagement (BIOSSAM) model

illustrates the major interactions considered imdi@sel production between society,
economy and environment systems. The BIOSSAM miod&ldes three major components
(Figure 3): (i) the society component, which in&adpopulation and employment, and is
relevant for the social system; (ii) the econonamponent, which invests capital and labour
for biodiesel production; and (iii) the environmantomponents, which determine the key

resources use and supply, and biodiesel relatetbsvasthe environmental system.
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A simplified causal loop diagram (CLD) indicatintpet most relevant interconnections
underlying the biodiesel production developmenthia Eastern Cape Province are shown in
Figure 4. According to the CLD, there are four feining feedback loops and one balancing
loop. In loop R1, an increase in biodiesel productinfluences higher feedstock demand,
which, in turn, necessitates additional land resjagnts. Higher land use implies more
feedstock supply that results in higher biodies@dpction. In loop R2, higher biodiesel

production also demands higher energy use. Theehitite energy demand, the more the
energy supply that is required. High energy suppmtyturn, influences more biodiesel

production. Loop R3 has a similar feedback as R1 RR but it is for water demand and

supply dynamics influenced by the biodiesel product Loops R1 and R2 can thus be
regarded as resource requirements feedback lodmsdiresel production. Loops B1 and R4
consider the profitability of the biodiesel prodoat In the case of B1, the higher the

biodiesel production, the more the biodiesel prdidaccost is incurred, which negatively
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influences the biodiesel profitability. Lower biedel profitability decreases the biodiesel
capital, which, in turn, decreases the biodiesetipction. On the other hand, R4 shows that
increasing biodiesel production positively influescthe biodiesel profitability. Higher

profitability acts as an incentive for more biodiegvestment, which in turn leads to more

biodiesel capital, therefore increasing biodiesetipction.
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Figure 4: BIOSSAM causal loop diagram
3.2 Case study: site

The BIOSSAM model was applied to simulate biodigdaht investment in the Eastern Cape
Province of South Africa (Figure 5). The formemielands of South Africa is part of the
Province, where the Xhosa people still lead a i@kl way of living, and where poverty
remains at its most severe; South Africa has a @BPhead of $2500 while the GDP per
head in the Eastern Cape Province is $432. Theeiotmmelands of the Eastern Cape
Province consist of fertile land for agriculturalirposes. The main agricultural activity is
livestock farming, but the crops farmed in the ogginclude maize; vegetables such as
tomatoes, onions and potatoes; and fruit such @asapples. Soybean was farmed in the
1960’s and currently very limited production, absistence level, is taking place. Canola is
predominantly produced in the Western Cape Proviacel this production could
(potentially) be expanded to the Eastern Cape (isteen, 2009).
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Figure 5: Map of the study area, Eastern Cape ReeyiSouth Africa

The Eastern Cape Province is playing host to a meurob biofuel projects. One of these
projects is a planned biodiesel refinery, in excefslO0 million US$, with canola as
feedstock, which is to be produced in the formenéland areas (PhytoEnergy Development
& Construction AG, 2008). The company is aimingatmid the usual criticism of biofuel, as
canola is a winter crop that would be cultivatedratation with maize or wheat (as food
crops in summer). The group also advocates thentday as the rotation of the crops is
expected to enhance the food crop yields by up 5% ZEastern Cape Department of
Agriculture, 2007). This project is to leverage tlass Food Production Programme of the
Eastern Cape Province, which is already in placd,thereby bring benefits to communities,
such as the creation of approximately 350 jobsh@ Iiodiesel plant, Black Economic
Empowerment (BEE), empowerment of local farmerslissklevelopment, and possible

improvement of food security.

The development of the biodiesel industry is p&rd mew agrarian transformation plan for
the Province and one priority projects under theederated and Shared Growth Initiative for
South Africa (Asgi-SA); a government strategy toosto economic growth and reduce
unemployment in the country. The agrarian transétiom model is illustrated in Figure 6.
The proposed biodiesel plant on the coast is egetbao stimulate a huge market for
agricultural products, including canola, soybeand aunflower, which were not in the
Province (Khumalo, 2007).
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(PhytoEnergy Group, 2008)

While the project may help rather than hinder f@odps in South Africa, the fuel itself is
destined for the European market, where "cold praadl, which can be used in winter in
Europe, is required. The planned biofuel refinevidsin all likelihood be located at the two
Industrial Development Zones (IDZs) in the East@ape Province, namely Coega in Nelson
Mandela Municipality and East London in Buffalo YCMunicipality (see Figure 5). IDZs are
purpose-built industrial estates geared for dudgfproduction for exports, and they play a
hugely important part in South Africa’s macro-econo policy. They provide transport,
logistics and business services tailored for expoented industries. The infrastructure
development is first class as they are next toodispand seaports, and have direct road and
rail links (Eastern Cape Development Corporatidi,®.The Eastern Cape Province — where
most of the so-calletunder-utilised’ and communal land of South Africa is situateds— i
presently a hot-spot for agro-fuels developmenthin order of 100 000 hectares of land in
the former homeland areas have been identifiedcthat (potentially) supply the centralised

plants with feedstock.

3.3 Data description

Data for the BIOSSAM model was obtained from vasiamources. Data on population,
employment, Eastern Cape investments (economy, Uge and water demand and supply
was obtained from: (i) Statistics South Afficand (i) 2005 development report by UNDP

! www.statssa.gov.za
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(United Nations Development Program), DBSA (devalept Bank Southern Africa) and
HRSC (Human Resources Scientific Council). Data ofuel capital investment and
biodiesel production was obtained from various \itebssuch as Engineering News
bioenergy sité Department of Minerals and Energy documents; dPaiscommunication

with the Industrial Development Zone in East Lond®auth Africa.

3.4 Model construction
The BIOSSAM model was constructed using the Versi#nsoftware package. Table 1 and

Table2 specify the key model parameters and the inibalditions of the state variables.
Table 1: BIOSSAM model key parameters

Parameter Symbol Value Unit
Simulation setup | ts Yr
Simulation period | SimP 45 Yr
Table 2: BIOSSAM model initial values

State variable Symbgl Initial valug  Unit
Population P 7039000 person
Settlement land S 1013796 Ha
Forest plantations FP 844830 Ha
Fallow land F 675864 Ha
Food crop land FC 3379320 Ha
Conservation land C 168966 Ha
Livestock land L 10813824 Ha
Biofuel crop land BC 0 Ha
Biodiesel constructiorf BCC 0 Litre
capacity

Functional biodiese|] FBC 0 Litre
capacity

The time horizon for the model is 25 years, fronD20@o0 2030. The implementation of

BIOSSAM model was done by dividing the society-emmog-environment interactions into

four main sub-systems namely: population, landnenwy, biodiesel production, emissions,
operating result in biodiesel plant, employmenbiadiesel plant and water. The details of
the contents and structures of four key sub-systamslescribed below

3.4.1 Population

The population helps to determine important soara economic indicators. The population
in BIOSSAM model is defined as the Eastern Cape&iRce population, which is categorized
according to sex and age groups. The key stoclaaris the populatiorP] and three rate
variables namely: births ), deathsi(y) and net migrationrf). Population stock dynamics is

therefore given as:

2 www.engineeringnews.co.za
? http://www.thebioenergysite.com/articles/359/seaflica-biofuels-annual-report
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dP
prvail (R P

dt

Births and death rates are both influenced by tom@mic conditions which in turn influence

the level of the population stock.

3.4.2 Land

This sub-model includes different types of land suse the Eastern Cape Province. As
observed in Figure 7, there are seven competimjuae stocks, namely: settlement la8qg (
forest plantationsHp), fallow land €), food crop land@;), conservation land (C), livestock
land () and biofuel crop landdy). Population dynamics influences settlement, foagh and
livestock land requirements. The South African gowgent plans to establish biodiesel crop
land from fallow land. This makes fallow land orfetlee key stocks in this study because it
can also be converted to other forms of land, déipgnon the land requirements. The

dynamics of fallow land is thus given as:

dF

E_ e ~Tee =Tee “Tes Ter, T, + T

ek Teep

where: r . is the rate of conversion from livestock landatddw land;r, is the rate of
conversion from fallow land to forest land;. is the rate of conversion from fallow land to
conservation landy. is the rate of conversion from fallow land to kettent land;r,._is

the rate of conversion from fallow land to forektrgations;r.. is the rate of conversion
from fallow land to food crop landy . is the rate of conversion from food crop land to

fallow land; r.., is the rate of conversion from fallow land to bieff@rop land.
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Figure 7: Land sub-model

3.4.3. Economy

One of the main factors of promoting biofuel inveshts in the Eastern Cape Province is to

improve its economy. This is due to the fact tliatstern Cape Province contribution to the

GDP is among the least in South Africa. An expli@presentation of the Eastern Cape

economy therefore becomes indispensible.

Eastern Cape Province Capitdd)(is the key stock in this sub-model. Future bisdle

investments influence the gross capital formatigg)( which in turn influences the capital

stock. The capital stock however is decreased &ydte of depreciatiom ) as shown in the

following capital stock dynamics:

dK
- =7

dt okt~ Tan
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3.4.4 Biodiesel production

Biodiesel production sub-model (Figure 8) is maintyated to a specific biodiesel plant
construction which is proposed to be built and apenal by 2012. Biodiesel capacity
construction BCC) is represented as:

dBCC

dt = r.bpc - r.nbc

Fope = FBI
_BCC
nbc tbc

Where: 1. is the biodiesel plant construction stagf; is the new biodiesel capacity;, is

biodiesel plant construction time; akdl is the functional biodiesel capacity.

I Biodiesel plant o T
A = T, construction time / N
™ ;
/ \ / / \
: ; %o { \
(———~&————3 Biodiesel capacity ’7 /
Biodiesel plant construction § - Fu1_1mfmal_ _ . % ! > (99}
construction start New biodiesel brodsesel capacity Biodiesel
capacity 7 discarded capacity
[ . 2 | P ‘
" & | &
\ . | 2 \
\\ P 5 /‘Ir/_,/ \
Future biodiesel P = Avermgehfsof
mvestment Desired new et okl alais
-— > N e T pla
—biodiesel capacity Potential hlfadlese}
P4 & preduction
R ] ¥ | ™
Planned biodiesel | / ‘ =
mvestment / TR | Days per year
Effect of biodiesel profit it |
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Function for effect of I‘ R 7(_)/'
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i N
Effect of employment on fm}‘lo.‘_mfm
‘biodiesel production table L

Figure 8: biodiesel production sub-model

On the other hand, the functional biodiesel cagdciBI ) is increased by the new biodiesel

capacity (r,. ) and decreased by the biodiesel discarded cap@agity). This is

mathematically represented as:
dFBC _

dt nbe rbdc
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Functional biodiesel capacity is an important stdekermining the biodiesel production. On
the other hand, biodiesel production has an infleemn the biodiesel profitability,

employment, energy and water requirements for bemliplant, and emissions.

3.5 Model testing and assessment

Model assessment can be done with prescribed t&dsts, but in most cases, model testing
is an iterative process of building, testing, ussitaring, explaining, then and updating based
on the feedback received from users. Given thetfattno commercial biodiesel production

exists in South Africa, and the industry is stilliis early stages of development, there are no
historical data available. Thus, this study relesch on an understanding the underlying

industry structure and decision-making process.

4. Reaults

The results presented here is a preliminary baseiimulation which is compared with two

other scenarios defined to test the changes of smy@ariables in the biodiesel production
development. Table 3 provides the list of the pnglary scenarios for the BIOSSAM model.

The learning scenario reflects a situation wheré¢hgre is learning in the feedstock
conversion processes due to experienced gained tower from accumulated biodiesel

production. On the other hand, the suport scenesits the biodiesel production support of R
0.53 that is stated in the South African Biofugb8tgy (Department of Minerals and Energy,
2007).

Table 3 Scenario analysed in BIOSSAM model

Parameter Units Baseli | Learning Support

ne Scenario scenario
Learning curve switchl Dimensionless 0 1 Baseling
Biodiesel support Rand/litre 0 Baseline 0.53

4.1 Baseline scenario

Figure 9 present the baseline simulation results Wediesel production, biodiesel

productivity, biodiesel crop land and employmenbiadiesel plant. In the baseline scenario,
the BIOSSAM model projects an increase in biodiggeduction from 2012; it increases
over the simulation period reaching a high of 2&0nillion litres in 2030. The biodiesel

production does not reach the desired productiom@d million litres due to the low
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profitability. The baseline results shows a shagplide in profitability in 2012 which result
from the capital investment and this is followed &g increase in profitability at an
increasing rate as the biodiesel production ine@gaslowever, with the baseline results, the
profitability is still negative throughout the sitation period. Biodiesel crop land follows a
similar behaviour as the biodiesel production reagB817503 ha in 2030. Employment in the
biodiesel plant, which is dependent on the funeiarapacity, is projected to increase over

the simulation period reaching 213 persons in 2010.
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Figure 9: BIOSSAM model baseline simulation result

4.2 Learning scenario

In this scenario, it is expected that there isducéon in feedstock demand, which in turn
increases profitability and reduces the land resment for biodiesel crops. This is clearly
revealed in the simulated results presented inrEiglD. Feedstock cost is the largest
component of biodiesel production cost. With thisersario, positive profitability is
experienced from 2024 till the end of simulatiomipe. Land for biodiesel crops is projected
to increase from 2012 and reaches 290483 ha in.Z0DRéreafter, due to learning and
decrease in the feedstock requirements, the landiresl to biodiesel crops also declines
reaching 264580 ha. At the same time, there isgatshcrease in the biodiesel production

that is projected with the learning scenatrio.
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Figure 10: BIOSSAM model learning scenario simolatiesult

4.2 Support scenario

The simulated result for this scenario is presentedrigure 11. While provision of the
support does improve the biodiesel profitabilityatiwe to baseline, the profitability is
however still negative over the simulation peridthis scenario does not stimulate further
investments which would lead to increase in biagliggroduction. Thus, the biodiesel
production is similar to the baseline result. Thee case applied to the biodiesel crop land,

which is similar to baseline result since it is elegent on the biodiesel production
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Figure 11: BIOSSAM model support scenario simulatiesult

5. Conclusions

In order to understand the implications of the medl production development in the
Eastern Cape Province of South Africa, it is ne@mgsto take a holistic view in analysing the
key society-economy-environment interactions. EXplpvarious scenarios using modelling
and simulation can be helpful in providing this argtanding. In this paper, the BIOSSAM
model formulation of system dynamics is describecsimulate the baseline behaviour of
biodiesel development in the Eastern Cape Provikmvever, due to the uncertainty
involved the baseline scenarios should be viewedeschmarks on the way biodiesel
industry may develop. The modelling process in thlisdy is still in progress. Future
improvements on the model would involve engaginghwihe key stakeholders for
development of relevant scenarios for South Afrlmadiesel industry, running these
scenarios and model validation In addition, a mgpecific technology assessment model
regarded as bioenergy technology sustainabilityessseent model BJOTSA is being

developed.
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