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Executive summary 
The Western Cape Government, through its Green Economy Strategic Framework, has recognised 
the importance of the agro-processing sector as an economic driver. Specifically, they envisage that 
‘an expanded and diversified’ agro-processing sector can become an economic game-changer for the 
province. This study set out to investigate the viability of biofuels from non-food crops and waste 
streams in the Western Cape province using the multi-criteria analysis approach considering the 
economic, socio-economic and environmental factors. Three biofuels were considered, namely 
bioethanol, biodiesel and biogas. For each of the biofuels, the viability was considered according to 
project scale as follows: large, medium and small. Projects that showed significant potential were 
investigated in detail, in order to provide detailed insights for potential investors. 
 
For a large scale bioethanol project, the viability of a 160 million litres/year facility utilising the 
following grains was explored: triticale, sorghum and low grade wheat. For all the grains investigated, 
triticale-based bioethanol emerged superior for two reasons. First, the cost of triticale (R2000/tonne) 
is the lowest of all the grains considered, and significantly lower than the most expensive grain, 
sorghum (R3600/tonne). Secondly, triticale has the best grain-to-ethanol yield (470 litres/tonne 
triticale), and as such triticale produces more bioethanol per quantity of grain. 
 
Despite its better economic performance compared to other grains, triticale-based bioethanol is still 
not economically viable without a subsidy. At the current Basic Fuel Price (BFP) of R4.40, at least 
R1.80 subsidy is required to ensure economic viability. This is based on a 2% bioethanol blend in a 
litre of petrol, and ensuring that bioethanol producers recover 15% Return on Assets (ROA) as 
proposed in the draft Biofuels Regulatory Framework. Moreover, the subsidy was calculated 
considering a bioethanol price that will result in a Net Present Value (NPV) of zero at a 15% discount 
rate. Through a sensitivity analysis it was established that a higher discount rate of 25% would require 
a minimum bioethanol selling price of R7.20 to be economically viable, requiring an additional R1 
subsidy, i.e. a total subsidy of R2.80. The results then imply that at low crude oil prices (of around 
$60/barrel) bioethanol projects are not competitive and therefore not economically viable. At more 
elevated prices of about $90, bioethanol projects can be economically viable, as it was the case at the 
beginning of 2014 when given a basic price of R7.00, the project was viable even at a discount rate of 
20%. 
 
Medium scale bioethanol projects were not considered in the study. However, small scale projects 
utilising agro-processing wastes were. It was established that there is potential to produce at least 10 
million litres/annum of bioethanol from wine pomace and fruit wastes in the province. There is also an 
indication, depending on the bioethanol market, that bioethanol facilities of 1.2 million/annum are 
economically viable. Other opportunities that were identified in the study include the possibility of 
extracting high value materials e.g., antioxidants, prior to energy recovery. It is therefore 
recommended that the economic viability of this opportunity be investigated in more detail. Secondly, 
this study on the viability of biofuels was supply-side focused; it is recommended that opportunities on 
the demand side be interrogated in more depth. In particular, the use of bioethanol in innovative ways, 
e.g., as a cooking fuel in stoves that can operate on E50 (50% ethanol: 50% water) or ED95 diesel 
replacement engines (e.g. that produced by Scania). 
 
With regard to biodiesel, it was established that there is unlikely to be enough feedstock for a large 
scale biodiesel project in the Western Cape. It was also concluded that the only viable crop for 
biodiesel production in the province is canola.  The viability of medium scale production was explored 
to a limited extent. Based on the amount of canola that could be diverted into biodiesel production, 
there is a potential to set up a 20 to 40 million litres/year facility at a CAPEX investment of about R400 
million. It is however recommended that unless there are drastic changes in the current situation with 
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regard to either crude oil prices and/or biofuels regulatory framework, the province should not invest 
its energy in developing large or medium scale biodiesel projects. One of the key reasons is the likely 
stiff competition that the biodiesel market may face with the food market.  
 
Small scale biodiesel projects could produce about 15-20 million litres of additional biodiesel if all the 
waste oil produced in the province was to be utilised. However, the industry continues to face several 
hurdles. The first challenge is the exporting of waste oil to European biodiesel market estimated at  
1 Euro/litre, three times the viable cost for local producers. Also, there are rumours that some of the 
waste ends up in animal feed products. This is dangerous since this waste may contain some 
cancerous compounds which can be passed on to human beings upon ingestion, with potentially 
detrimental health implications. It is recommended that the latter be investigated and mitigated 
against. 
 
In respect to biogas, there is significant potential to generate energy from waste streams via 
anaerobic digestion in the province. An estimated 1000-1600 MWth (up to 500 MWe) can be 
generated, most of which would be from the animal husbandry sector. The wastewaters and “organic 
fraction of municipal solid waste” (OFMSW) could contribute approximately 25% to the estimated 
potential. The rest of the estimated potential could come from the animal husbandry sector. Efforts to 
exploit biogas in this sector should be explored and supported by government. This is potentially 
significant given that this sector is likely to be one of the most affected by the current energy crisis in 
the country that is mooted to last another 3 years. 
 
Based on the insights of the multi-criteria analysis summarised above, it would seem that there is a 
strong business case for bioenergy and biofuels, especially for triticale-based bioethanol and biogas 
from wastes in the Western Cape. Strengthening drivers for bioenergy include a greater focus on 
sustainability, a need for improved energy security and to mitigate risks related to climate change. 
Previous barriers have included issues pertaining to first generation technologies, but these are 
largely resolved. Regulators defining the trajectory of the biofuel industry in South Africa now 
therefore have an opportunity to take advantage of these societal imperatives as additional drivers for 
a biofuels industry in South Africa. 
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1. Context 
The Western Cape Government, through its Green Economy Strategic Framework, has recognised 
the centrality of the agro-processing sector as an economic driver. Specifically, they envisage that ‘an 
expanded and diversified’ agro-processing sector can become an economic game-changer for the 
Province. The strategic development of this sector is crucial and largely depends on a healthy 
agricultural sector. The agricultural sector itself is faced with low productivity pressures given that the 
Western Cape is a water-stressed region, a situation that will likely be exacerbated by the impacts of 
climate change. In addition, the agricultural sector is challenged by the availability of good quality, 
productive soils. It is within this context that the production of bio-energy in general and biofuels in 
particular could contribute to an expanded and diversified agro-processing sector in at least two ways. 
First, they can add to agriculture and agro-processing sectors’ outputs and secondly, dedicating some 
non-food energy crops can improve the quality of some soils when cultivated in rotation system with 
food crops. The extent to which all biofuels can contribute to these sectors and ultimately realise the 
Province’s green economy ambitions is yet to be fully quantified. 
 
The development of any national biofuels industry relies heavily on a conducive regulatory 
environment; South Africa is no exception. As such, the rest of this section will summarise policy and 
strategies that underpin the biofuels industry in South Africa, before focusing on policy developments 
in the Western Cape. It will close off by laying down the objectives of the study. 

1.1. Summary of the national biofuels strategy and regulatory framework 

The establishment of a biofuels industry in South Africa is predicated on the National Biofuels 
Strategy which was approved by cabinet in December 2007 (DME, 2007). A narrative on the 
development of the strategy and related regulatory framework from its conceptual phase, to near 
implementation is detailed elsewhere (Williams, 2014) and thus a snapshot will be given herein 
instead. Notably however, is that at the soul of the National Biofuels Strategy is the premise that the 
biofuels sector provides the opportunity to bridge a gap between the first and the secondary 
economies and has intrinsically prioritised the involvement of the previously disadvantaged South 
African population, all along the value chain, from feedstock crop production to retailing. 
 
The National Biofuels Strategy, which is being spearheaded by the Department of Energy (DoE), had 
set a 5 year target to achieve a 2% penetration level of biofuels in the national fuel supply in 2008 
upon its adoption (DME,2008). Subsequent to its approval by cabinet, the DoE developed a Criteria 
for Licensing Biofuels Manufacturers, in accordance with the Petroleum Products Act, 1977 (Act No. 
120 of 1977) with the aim of establishing the basis on which licencing of biofuels facilities would be 
determined. The Office of the Controller of the Petroleum Products in the Department of Energy (DoE) 
is tasked with evaluating the application for biofuels manufacturing licences. 
 
Following the aforementioned pronouncements, there was a 5 year lull, where besides haphazard 
activities around small-scale biodiesel and bioethanol projects; there was very little happening with 
regard to the development of the biofuels industry, either nationally or in the Western Cape. It was 
only in August 2012 that the DoE gazetted the Biofuels Blending Regulations (DoE, 2012). The 
regulation stipulated that the permissible blending range for bioethanol would be from 2% v/v 
(volume-to-volume ratio) up to 10% v/v, whilst the allowed concentration for biodiesel would be 5% 
v/v. Furthermore, this regulation also established grounds on which biofuels producers are to interact 
with petroleum manufacturers including responsibilities of various parties. As summed up in Williams 
(2014), the most important of such was that petroleum companies are mandated to accept biofuels 
that they are offered by the biofuels manufacturers, as long as they meet the regulated specification. 
Moreover, it was specified that the petroleum sector will buy the biofuels at the current regulated 
price, and then claim the indicated rebate from the Central Energy Fund, based on the volumes 
purchased (ibid). The biofuel producers, in turn, will be paid the production subsidy to achieve their 
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guaranteed 15% ROA, based on the volumes sold to the petroleum companies. However, in the first 
phase of the Biofuels Industrial Strategy, these subsidies will only be available to the first round of 
producers, who will meet the initial biofuel blending target of 2% of the national liquid fuels pool. 
 
In terms of how the subsidy scheme would operate, the Biofuels Blending Regulations stipulated that 
it would be on the first-come-first-served basis with reference to actual production, and not merely 
plant capacity. That is, the subsidy pay-outs will be based on actual litres of biofuels blended. The 
subsidy pay-out itself has been worked out (based on reference crops) for bioethanol. The reference 
crops are sorghum and sugarcane for grains and sugary substrates respectively. For biodiesel 
production, soya bean is a reference crop.  
 
It was not until September 2013 that the biofuels blending commencement date was gazetted as 1st 
October 2013 (DoE, 2013). Meanwhile there were some matters pertaining to the practical 
implementation of blending of biofuels with petrol and diesel that needed further clarification. This led 
to a concerted effort by the DoE and South African Petroleum Industry Association (SAPIA) to 
establish a Biofuels Implementation Committee (BIC) to deliberate and resolve those issues. Williams 
(2014) notes in his report that the BIC was constituted in September 2013, and the Central Energy 
Fund (CEF) selected as the secretariat, with eight working groups established to deal with the issues 
requiring resolution, namely: 

 Licensing of Manufacturing Depots;  

 Collection of Taxes;  

 Pricing Matters (incl. Models and Blending Values);  

 Criteria for Subsidisation;  

 Fuel Standards;  

 Fungibility (substitution) Aspects;  

 Feedstock Issues; and  

 Regulatory Requirements. 

 

Following the deliberation of the eight working groups, the DoE released its Draft Position Paper on 
the SA Biofuels Regulatory Framework in 2014 (DoE, 2014), and comment was called for by the end 
of January 2014. This was followed by a consultative workshop on the Position Paper, held on the 4th 
February at CEF’s offices in Johannesburg (Williams, 2014). A year later, in February 2015, the 
Position Paper had not yet been finalised and subsidy mechanisms and biofuels pricing remains 
unclear. It is in fact mooted that the National Treasury may have instructed the DoE to review its 
strategy, as the current subsidy proposition is uncompetitive. 

1.2. The status of biofuels in the Western Cape 

The Western Cape Government (WCG) engaged with the National Biofuels Strategy shortly after the 
strategy document was published. Following the adoption of the Strategy by cabinet, the province 
decided to explore its own Provincial Biofuels Strategy (Troskie and Gambie, 2009). Williams (2014) 
details the rationale behind the probe and notes three reasons. The first driver was (and continues) to 
be the decreasing price of winter wheat, coupled with undesirable transport differential which farmers 
in the Western Cape have to endure as a result of getting wheat to inland markets. Secondly, it was to 
secure markets for established and new entrants as that increased their chances of success in the 
industry. Lastly, the Western Cape had been a surplus producer of wheat, by between 200 000 and 
300 000 tonnes/year, most of which is generally made up of lower grades of wheat including utility 
grade. To this end, the Western Cape Department of Agriculture conducted a study to explore the 
viability of biofuels industry that would be based on surplus winter grains (Lemmer, 2006). 
 
The study concluded that a biofuels industry could have a positive impact on the Western Cape’s 
(WC) economy especially with regard to job creation. Thus, through a more detailed risk analysis of 
the scenario described in Lemmer (2006), it was estimated that, should the appropriate provisions 
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recognized in the National Biofuels Industrial Strategy not be in place, a provincial subsidy of 
approximately R100 million/year would be required to ensure the long-term viability of a bioethanol 
industry producing 100 million litres/year in the Province (Richardson et al, 2007a). They 
recommended however that a detailed study be conducted to verify these pronouncements. 
 
Following the study by Lemmer (2006), the Economic Portfolio Committee of the WCG, appointed an 
Inter Departmental Biofuels Task Team to further investigate the establishment of a biofuels industry 
(WCIBTT, 2007). The Biofuels Task Team concluded that although a biofuels industry in the Western 
Cape would contribute to National, Provincial and Local Government development policies and 
strategies, the requirements in the National Biofuels Strategy were not conducive for the Province.  
 
The above factors led to a decision not to proceed with the development of a biofuels industry in the 
Province. It was, however, recognised that second generation bio-ethanol technologies such as the 
utilisation of cellulosic material for bioethanol production, under development at institutions of higher 
education in the province might provide the basis for a viable biofuels industry in the future, and also 
hold advantages for economic development in rural areas William (2014). 
 
Following the national developments in the biofuels sector in 2013, and interest from foreign 
investors, the biofuel business case in the Western Cape was revisited, this time under the auspices 
of the WCG’s Department of Economic Development in collaboration with the GreenCape Sector 
Development Agency. Specifically, the Swedish International Development Agency funded a study 
that investigated the potential for the use of sustainable biofuels in South Africa – with a focus on 
waste-based bioethanol for fleet transport in the Western Cape. The other partners in the project were 
Scania and the City of Cape Town. The results of this study have been reported elsewhere (Williams, 
2014). However, the key recommendation that informed the current study are summarised below. 
 
The study focused on one biofuel from a particular feedstock viz. waste-based bioethanol. The report 
on the that study recommended that a more detailed analysis of the business case for biofuels should 
be re-examined and should consider non-food grains as well as other waste streams. Moreover, that 
earlier work conducted by the WCG’s Department of Agriculture in the mid-2000s focused on primary 
agriculture considering wheat. The study also asserted the importance of considering all waste 
resources as potential feedstocks (including agricultural residues); in addition to understanding the 
biofuel potential from non-food crops. Lastly, it recommended that the implications for land use and 
management; and to compare/ contrast the business opportunities related to biofuels for blending 
versus biofuels as dedicated fuels.  
 
With regard to energy crops, the draft national Biofuels Regulatory Framework, published in January 
2014, prioritises two reference crops for large scale biofuels production – sorghum for bioethanol, and 
soybeans for biodiesel. It is anticipated that the provision of a subsidy as detailed above would 
encourage the inclusion of emerging farmers in the biofuels sector. However, the fact that grain 
sorghum has been chosen as the reference crop is somewhat advantageous as the Province is well-
suited to the cultivation of small grains and is aligned with the research activities being explored by 
the WCG’s Department of Agriculture’s research division. These research activities explore 
opportunities for the introduction of biofuel crops into the conservation agriculture rotational cycles 
being practised by Western Cape farmers. A new 20-year programme of field trials is on the point of 
being initiated, and this opportunity will be taken to significantly expand this research (Williams, 2014). 
 
As things stand, the National Biofuels Strategy marginalises the Western Cape. Whilst there is 
recognition that the province is unlikely ever to be a large scale producer of crop-based biofuels, this 
does not negate the potential of niche-based feedstocks, as well as niche market demand 
opportunities. Triticale is a non-food grain hybrid of wheat and rye and is suitable for bioethanol 
production. Also, there are significant quantities of agricultural residues in the Western Cape which 
are also suitable feedstocks for biofuels production. Moreover, non-food crops (such as triticale) could 
be grown in a crop rotation system with food crops on marginal lands as part conservation agriculture 
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model. This could add substantially to the feedstock pool. In addition there is an excellent opportunity 
for emergent farmers to operate in a secure local market, and also to give existing commercial 
farmers the ability to diversify their operations, and thereby help to secure their overall financial 
sustainability. 

1.3. Study objectives 

It is within the above background that the current research project, that an analysis of the potential of 
biofuels from various feedstocks in the province was commissioned. The project considered waste 
resources (including agricultural residues) and non-food crops as potential feedstocks. 
 
This study forms part of a bigger project with two distinct deliverables. The first aim, (Deliverable 1) is 
to evaluate alternative biofuel production options, and identify preferred and credible options based on 
a multi-criteria analysis approach, incorporating the criteria of local feedstock production capacity, 
local market demands for biofuels, economic viability, socio-economic benefits (expansion of 
agriculture and job creation) and environmental benefits (GHG reduction potential). This report will 
document insights from this deliverable. 
 
On the other hand, previous studies had identified triticale-based bioethanol production, combined 
with animal feed production, as a preferred option for the Western Cape Province. This was based on 
its potential to significantly expand the feedstock production using marginal lands and double-
cropping within existing agricultural crop rotation cycles, without negatively affecting food production 
in the province. The second aim of the project (Deliverable 2) will interrogate this further, by building 
new and detailed process simulations for triticale-ethanol production, taking into consideration 
process options not previously considered, while also reworking economic models, taking into 
account newer legislation on ethanol pricing and blending, as well as the market values of animal 
feeds (Deliverable 2). Results of this component of the study are presented in a separate report. 
 
In essence, the project aimed to provide guidance to business developers in the industry and to 
extend the work that was done by GreenCape, in the latter half of 2013, to investigate the potential for 
bio-ethanol from waste streams in the province. The intention is to also assist the Western Cape 
Government in its engagement with National Government regarding the National Biofuels Industrial 
Strategy. The objectives of the project are thus summarised as follows: 

 To confirm the general viability of biofuels from wastes and non-food crops in the Western 

Cape; and in so doing, help establish an expanded and diversified agriculture and agro-

processing sector, thereby contributing to the Western Cape’s Green Strategic Framework 

 To assess the contribution of biofuels in the reduction of the Western Cape’s carbon 

footprint 

 To quantity the number of jobs that can be created in the biofuels industry. 

 

In order to achieve the objectives set out above, the approach outlined in the next section was 
adopted. 
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2. Methodology 
To investigate the viability of the three biofuels, a multi-criteria analysis approach was adopted 
considering the following aspects; local feedstock production capacity, local market demands for 
liquid biofuels, economic viability, socio-economic benefits (job creation potential) and environmental 
benefits (GHG reduction potential). In addition, biofuels projects under scrutiny were categorised 
according to scale. With regard to liquid biofuels (bioethanol and biodiesel) the classification was as 
follows, large (>60 million litres (ML)), medium (1.2 - 60 ML) and small (<1.2 ML) scales. It was 
however not possible to apply the same categorisation for gaseous biofuels, biogas, in this case.  
 
As outlined in earlier sections, bioethanol yielded promising results in previous studies. As such, there 
was more information and local data available to conduct a detailed analysis compared to either 
biodiesel or biogas. Only large and small scale projects were investigated for bioethanol. The medium 
scale was not considered in detail as it was suggested during consultation meetings with the project 
Steering Committee that it is likely to be less economically viable than large scale projects, due to 
CAPEX requirements. Its performance is therefore predicted to be outperformed by large scale 
projects. 
 
Large scale bioethanol production analysis considered grains as feedstock, as there would not be 
enough waste residual to produce such quantities of bioethanol. After much discussion, 3 grains were 
investigated, namely, triticale, sorghum and utility wheat. The economic viability was assessed on the 
basis of the selling price that will result in a positive Net Profit Value (NPV) over 20 years.  
 
To calculate job creation potential of a large scale facility, two factors were taken into consideration; 
(1) number of additional jobs created in the agricultural sector, and (2) those created at the bioethanol 
production facility. With regard to the former, employment multipliers specific for the agricultural 
sectors were used to calculate the number of additional jobs, taking into account the hectarage that 
could feasibly be brought back into agriculture. With regard to the jobs created at the production 
facility, data from Mabele Fuels (Personal communication, August 2014) was used.  
 
The environmental benefits were based on the amount of greenhouse gas (GHGs) emissions avoided 
when a litre of bioethanol replaces the same quantity of petrol. The calculation covered GHGs emitted 
during cultivation of the grain and its transportation to a production facility. With regard to GHG 
emissions during the production of bioethanol, biomass instead of coal would supply process energy, 
and thus emitting biogenic carbon dioxide, that is not accounted for in climate change impact 
calculations. However, transportation of the biomass to the production facility was included in the 
calculation, and assumed to be 100 km. Lastly; GHG emissions given off during bioethanol use are 
also biogenic and thus not included in the overall GHGs emissions. 
 
The economic viability of small scale bioethanol projects has been established by others (Namaqua 
Fuels, 2014) and therefore not considered in detail here. In this study, estimates of quantities of 
bioethanol that could be produced at this scale are calculated. A 1.2 million litre/annum project was 
adopted as a bench-mark for this scale, in line with similar projects being developed elsewhere in the 
province. The analysis in this regard sought to establish how many of small scale facilities could be 
erected in the WC province, and consequently the total volume of bioethanol. The number of jobs that 
could be created from small scale, information in this regard was sourced from feasibility studies that 
considered similar sized (Namaqua Fuels, 2014). Given that bioethanol produced at this scale could 
potentially have multiple uses, the GHG savings would vary vastly depending on the end use of the 
product. This study considered the reduction in GHGs which will be realised if bioethanol (ED95) is 
used as a diesel replacement in specially designed engines. 
 
With regard to biodiesel, it was established early on in the project that a large scale biodiesel project 
in the WC is highly unlikely. The economic viability of a medium scale canola-based biodiesel project 
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was investigated based on the projected canola production figures for the 2015/16 season. An 
attempt was made to investigate the economic viability by establishing a selling price of biodiesel that 
will yield a positive NPV. However due to unreliable data, only CAPEX was calculated for medium 
scale biodiesel project. In order to calculate the job creation potential, economic multipliers were also 
employed as described for a large scale bioethanol facility. It is possible however that number of jobs 
calculated for the canola-based biodiesel might have been overestimated given that unlike bioethanol, 
canola cultivation is unlikely to extend to marginal lands. The GHGs mitigation potential was also 
calculated as proposed for the production of bioethanol. 
 
The economic viability of small scale biodiesel projects in the province has already been established 
given that about 5 small scale companies have been operational for a number of years already, 
although some have experienced difficulty in recent times due to declining crude oil prices. The 
current study calculated additional capacity that could be achieved based on the total amount of 
waste oil produced in the province. In addition, the potential number of jobs that could result in an 
expanded biodiesel industry was calculated based on local industry employment figures (Per. 
Communication, EnviroDiesel, 2014). GHGs emission calculations were based on the potential 
savings when mineral diesel is replaced with biodiesel. Emissions reductions are likely to be 
overestimated, as transporting of waste oil was not taken into consideration as the distance for 
collecting waste oil varies widely. 
 
The assessment of the potential deployment of the biogas technology in the province centred around 
quantification of the production potential as opposed to the economic viability adopted for large scale 
bioethanol and medium scale biodiesel projects. The reason is that the biogas technology varies 
widely with regard to size and type of feedstock used, as such, CAPEX and related OPEX estimates 
could be misleading. Also, given that there are varying product end-uses for biogas the capital 
investments would be project specific. The biogas potential was based on the amount of thermal and 
electrical energy that can be harnessed from wastes generated in various sectors. The waste streams 
considered in the study were organic waste streams that are suitable for biogas production. These 
include, Organic Fraction of Municipal Solid Waste (OFMSW), animal husbandry, effluents from the 
Waste Water Treatment Works (WWTW) and agricultural residues. 
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3. Biofuels overview & results 

3.1. Bioethanol  

It is worthwhile giving a brief description of bioethanol and thereafter, consider some of the previous 
assessments in the province before reflecting on the results of the current analysis. Bioethanol is an 
alcohol produced from the fermentation of starchy and sugary crops but also from agriculture 
residues. Alongside bioethanol, two by-products are produced namely the Dried Distillers Grains and 
Solubles (DDGs) and carbon dioxide. The bioethanol production will not be detailed here as it has 
been elaborated on in a report on the 2nd Deliverable of the broader project.  
 
Bioethanol is considered a renewable energy resource that can be used as a vehicle fuel either on its 
own or blended into petrol. The bioethanol industry has been developed for various reasons in 
different regions and countries of the world, common however, has been their mooted ability to curb 
greenhouse gas emissions (GHGs) and as such, mitigate the impacts of climate change. The extent 
to which bioethanol can reduce GHGs relative to petrol has been a subject of much debate in the past 
decade and has been investigated by many scholars, as comprehensively reviewed by von Blottnitz 
and Curran (2007). In essence, it has been established that ethanol produced from sugary feedstocks 
fares a lot better than that produced from starchy feedstocks. Still, it has been found that bioethanol 
produced from starchy feedstock could have less GHGs compared to petrol, although the 
improvement can be marginal in some instances. Bioethanol produced from agricultural residues has 
been touted to have more ecological benefits than crops in general however. 
 
In developing countries, bioethanol, and indeed other biofuels, are often primarily pursued for socio-
economic reasons, with ecological benefits, considered secondary. This is the case in South Africa, 
and remains true for the Western Cape, where unemployment rates are amongst the highest in the 
world. An overview of previous bioethanol studies conducted in the province will be detailed next. 

3.1.1. Bioethanol in the Western Cape 

It has already been established in Section 1 that insights from Lemmer (2006) and the Western Cape 
Interdepartmental Task Team influenced the Western Cape Government (WCG) provincial stance 
regarding the development of a biofuel industry. It is worth stating here, that interest in the bioethanol 
space has persisted despite the WCG shelving the biofuels agenda, until confirmation of the 
Regulatory Framework is received from National Government. Noteworthy, is the extensive work of 
the Western Cape Ethanol consortium comprising the agricultural cooperatives and PetroSA, which 
later withdrew on the basis that biofuels do not form part of its core business. This consortium began 
to investigate the potential for a bioethanol distillery from triticale. PetroSA funded pre-feasibility 
studies that were conducted on behalf of the consortium by a team of process engineers, 
biochemists, plant biologists and agricultural economists at the University of Stellenbosch (Gorgens et 
al, 2008 and Gorgens et al, 2009). The viability of bioethanol projects was evaluated further in more 
recent studies of Amigun et al (2011 & 2012) who assessed the viability of winter grains including 
triticale, barley and wheat. Key insights from these studies included the fact that the bioethanol 
industry will only be economically viable with a government subsidy. In addition, the studies began to 
explore scenarios that can yield high quality animal by-product (DDGs), an aspect that could improve 
the economics of bioethanol projects. The latter was re-investigated and reported on under 
Deliverable 2 of the broader project. 
 
Table 1 below lists bioethanol studies conducted over the past years, all of which are Western Cape 
focused barring the Mabele Fuels project which is located in the Free State province of South Africa. 
In terms of development, it is one of the most advanced and was included here for comparison 
reasons; more details on the project are presented in Williams (2014). 
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Table 1: An overview of bioethanol studies in the Western Cape and South Africa 

 
 

3.1.2. Results of multi-criteria analysis of bioethanol in the Western Cape 

The multi-criteria analysis approach for bioethanol as adopted in this study has been described in 
Section 2. Sources of information and assumptions are worth noting before the results are presented 
and reflected upon. 
 
Data sources and assumptions  
Data required for the analysis was mined from various sources. With regard to data used for the 
economic analysis, two broad sources were used viz. previous studies, some of which have been 
presented in Table 1, and personal communication with persons that have developed similar projects, 
in particular, the Mabele Fuels project whose nameplate is similar to large scale bioethanol project 
modelled here. In order to assess the economic viability, Capital Costs (CAPEX) and OPEX estimates 
were crucial. For large scale bioethanol projects, CAPEX was initially calculated using previous 
studies, it was however established that this led to a drastic underestimate in comparison with Mabele 
Fuels whose viability had been assessed recently. The Steering Committee then advised that locally 
determined data (from 2011) for a similar project adjusted for inflation to 2014 figures would be a 
better estimate. OPEX data for a large scale bioethanol facility was also largely sourced in a similar 
fashion to the CAPEX. The following operating costs (OPEX) were considered; feedstock, energy, 
water, chemicals, maintenance and labour.  
 
The revenue estimate for a large scale bioethanol project was based on the sales of the main product, 
bioethanol, but also of the two by-products, Dried Distillers Grains and Solubles (DDGs) and carbon 
dioxide. With regard to selling price of bioethanol, several scenarios that will be explained in detail in 
the later sections were considered. For the DDGs, the selling price was based on the cost of yellow 
maize, a bench-mark price for animal feed for which DDGs will be used. The selling price of carbon 
dioxide was based on previous studies (Amigun et al., 2011) and adjusted for inflation to 2014. In 
order to calculate the economic viability of the project, Net Present Value (NPV) was used as indicator 

Lemmer (2006)

Interdepartmenta

l task team Amigun et. al, 2012

Mabele Bioethanol 

(2011) Tait

Current Biofuels 

Study

Type feedstock B3/B4 Wheat

Wheat, Barley, 

Triticale

Triticale,wheat,bar

ley Sorghum Sorghum

Quantities 

(tons/annum) 280000 280000 200000 400000 400000 340000

Plant capacity 

(Mil Litres) 103 103 <94 158 158 160

CAPEX (Million 

Rands) 405 405 383 1800 2000 2000

Source of data

Tiffany&Eidman

n,2003

Tiffany&Eidmann, 

2003

Tiffany&Eidmann, 

2003

Industry data& 

detailed analysis

Industry 

data& 

detailed 

analysis Mabele Ethanol; 

Ethanol selling 

price 70% BFP 70% BFP 66% BFP

BFP (for 2% blend 

& less)

BFP (for 2% 

blend & less)

BFP; 70% BFP; 66% 

BFP)

Subsidy 

Needed? Yes

Yes (R100 million) 

in total Yes (Up to 124%)

Yes R2/litre of 

ethanol

Yes R1.5-

2/litre 

ethanol

None at BFP; R1 

at 66% BFP
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alongside the minimum selling price of ethanol that will make the project viable. This also enabled the 
calculation of the subsidy required to make the project economically feasible. 
As already mentioned earlier, medium scale bioethanol projects were not considered in the current 
study, but it was established through discussions the project’s Steering Committee that it will most 
likely be less economically viable compared to large scale projects due to economies of scale. The 
economic viability of small scale bioethanol project was assessed differently, and mainly by 
quantifying the possible.  
 
The additional jobs that could be added to the economy comprise those within the primary agricultural 
sector and the processing facility. The former was estimated by using agriculture economic 
multipliers, while jobs from the bioethanol processing facility were sourced from previous studies, and 
compared to feasibility studies that were conducted for similar projects in the country, specifically for 
Mabele Fuels. The environmental analysis just focused on carbon footprint, and the extent to which 
bioethanol could contribute to GHGs reduction compared to petrol that it would replace. Different data 
sources were used to estimate the GHGs emission. GHGs considered in the study include those 
emitted in the cultivation of energy crops as well as during the processing of ethanol. With regard to 
the former, values adapted from the EcoInvent database were compared to the ones from a carbon 
footprint study conducted at GreenCape. It was assumed that Invasive Alien (IAPs) are used for 
process energy, GHGs emitted during their transportation was sourced from EcoInvent, whilst GHGs 
emitted during the bioethanol use phase are biogenic and thus do not contribute to climate change.  
 
Based on the above background assumptions and data assumptions, the analysis of a large scale 
bioethanol project from the four feedstocks is summarised in Table 2 below. 
 

Table 2: A summary of a multi-criteria analysis 

 

It is worth mentioning here that the minimum selling price of bioethanol presented in Table 2 above is 
based on an NPV of zero at a 15% percent discount rate. As will be seen in more detail for the case 
of using triticale as a feedstock, the minimum selling price for bioethanol increases when higher 
discount rates are used. 
 
A number of insights can be deduced from the analysis with regard to the two indicators under 
scrutiny in the multi-criteria approach, namely market size and local production capacity.  The 
potential market size is the same for all biofuels, but with regard to the latter indicator (potential 
production capacity), triticale out-performs all the other feedstocks. Specifically, and in line with the 
National Biofuels Regulatory Framework’s proposition, it was established that overall production of 
bioethanol from triticale can exceed the quantity of bioethanol required to meet the 2% (50 million 
litres) blending volumes into conventional petrol for the Western Cape Province. The study has 
conservatively estimated that 160 ML of triticale-based bioethanol can be produced in the Western 
Cape, and as such, the province can potentially be a net-exporter of bioethanol. 
 

 Economic Analysis 
Socio economic 
analysis 

Environmental 
benefits 

Feedstock 
Market size 
(litres/annum) 

Feedstock 
availability  
(tons/annum) 

Minimum selling 
price 

(ZAR) 

Number of jobs 
GHGs Savings 

(t CO2 equiv.) 

Triticale >50 million > 340 000 6.2 >600 ~24 000 

Sorghum >50 million Minimal 9.0 - ~20 000 

Sweet sorghum >50 million Minimal - -  

Utility Wheat >50 million > 100 000 7.2 ~100  
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To achieve this, parts of the Cape Winelands and Southern Cape have been identified to be most 
suitable for the cultivation of triticale. Firstly these are wheat growing areas and are suitable for 
introducing triticale as a rotation crop (possibly using a conservative agriculture approach). Secondly, 
there is an availability of marginal land in these areas. Other interesting aspects for both regions are 
the proximity of biomass in the form of problematic Invasive Alien Plants, (IAPs) that could be used as 
a source for process energy source. Figure 1 shows the proximity of IAPs infested region in the 
Southern Cape to one of productive wheat areas in the area. 
 

 
 
 
 
 
It is on this basis that large scale triticale-based bioethanol projects in the Western Cape have 
emerged superior when contrasted with other grain-based bioethanol projects. In addition, competitive 
costs of about R2000/ton (which is at least 40% cheaper than the relevant reference crop (sorghum)) 
further builds a case for triticale as a feedstock. Lastly, compared to other grains studied here, the 
grain-to-ethanol yield of 470 litres/tonne (Tsupko, 2009) is higher by at least 20%.  
 
Based on the observations above and superior performance of triticale-based bioethanol compared to 
bioethanol produced from other crops, it was decided that a more detailed assessment that will 
incorporate some sensitivity analyses be undertaken for triticale-based bioethanol. A more 
comprehensive analysis of the triticale-based bioethanol, however has been undertaken under 
Deliverable 2 of the broader project. 

3.1.3. Economic bioethanol analysis of triticale-based bioethanol 

This sub-section gives a more detailed economic analysis of a large scale triticale-based bioethanol 
project (160 million litres/year). First the capital costs (CAPEX) of the project are presented, mainly 
with information from Mabele Fuels, as already described earlier, (Pers. Communication, Moodley, 
2014) and compared with that estimated from Tait (2012). Table 3 below, lists some of the key inputs 
into the economic analysis, whilst Table 4 presents both the CAPEX and OPEX for the first year. 

Table 3: Key inputs into the economic analysis of the large scale triticale-based ethanol 

Key inputs into economic analysis  

Cost of triticale R2000/ton 

Bioethanol selling price Petrol Basic Fuel Price 

DDGs selling price R1800/ton 

Company tax 26% of net profit 

Figure 1: Location of Invasive Alien Species relative to land suitable for cultivation of 
triticale 
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An estimated investment of R2.4 billion will be required to erect a bioethanol plant. In addition to this 
CAPEX, the breakdown of the OPEX is presented in Figure 2. It can also be observed that the cost of 
triticale dominates the OPEX, at over 70% followed by energy costs at just more than 10%. 
 

Table 4: CAPEX and OPEX for bioethanol plant 

 
 

 
 
 
 

In establishing the economic viability of large scale bioethanol triticale-based projects, in particular the 
amount of subsidy required, if any, three scenarios were initially developed based on the possible 
selling prices of ethanol presented in Table 1. The first two scenarios were based on the energetic 
value of bioethanol (between 66% and 70%) compared to that of petrol as used in Amigun et al. 
(2012). The premise for the third scenario is predicated on a model developed for the Department of 
Energy, precisely to determine subsidies required for bioethanol projects using reference crops 
namely, sorghum and sugarcane for bioethanol production, and soya for bioediesel production (Tait, 
2012). That model proposed that a 2% ethanol concentration into petrol does not affect the energetic 
value of petrol and hence the resultant mileage. As such, ethanol can be sold at the same price as the 
basic fuel price of petrol.  
 

Economic analysis Million ZAR

CAPEX 2400

OPEX (Year1)

Feedstock costs 6.80E+02

Energy costs 100

Chemical costs 50

Water costs 10

Maitanance 72

Labour costs 40

Total 940

71%

11%

5%

1% 8%
4%

OPEX Contribution

Feedstock costs

Energy costs

Chemical costs

Water costs

Maitanance

Labour costs

Figure 2: Break-down of OPEX for a triticale-based ethanol plant 
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Given that ethanol is likely to be sold at the selling price at petrol Basic Fuel Price (BFP), it was 
decided that the BFP be used in the sensitivity analysis. As mentioned earlier, although there are 
several ways of assessing the economic viability of a project, NPV was used in this study. An NPV 
value of 0 and above at a given discount rate renders the project economically viable. The selling 
price of bioethanol was mapped against NPV for 3 different discount rates with the aim of determining 
the minimum selling price that will make the project viable. It can be seen from Figure 2 as would be 
expected that the selling price at which NPV is zero increases with discount rate. Notably, that for a 
conservative discount rate of 15% (6.5% above the repo rate as of February 2015), the minimum 
selling price of bioethanol has to be R6.20, which is above the BFP of R4.40 for Unleaded 95 petrol 
as of February 2015. This implies that at current rates, a subsidy of about R1.80 will be needed to 
make the project economically viable. The discount rate of 25% would require a minimum selling price 
of R7.20, requiring an additional R1 subsidy, and R2.80 subsidy to make it viable. The results then 
imply that at low crude oil prices of around $60/barrel bioethanol projects are not economically viable. 
At more elevated prices of about $90, bioethanol projects can be economically viable, as it was the 
case at the beginning of 2014 where with a basic price of R7, and even a discount rate of 20% the 
project became economically viable. At the current state, bioethanol projects will only be viable, if they 
get a subsidy as well as favourable interest rates for their debt. 
 

 

Figure 3: Ethanol selling prices-NPV trends for selected discount rates 

 
Given that the cost of triticale makes up more than 70% of the operating costs, it was considered 
worthwhile investigating the bioethanol price that will give NPV of zero at three discount rates of 15%, 
20% and 25%. The base case (0%) presents the cost of triticale (R2000/ton). It can be observed from 
Figure 4 that at unlikely triticale costs of about R1000, the project can become economically viable at 
a selling price of less than R4. For triticale costs that are 50% more than the current price, the price of 
bioethanol required to make NPV zero is at least more than R8 for the scenario with the lowest 
discount rate (15%), and well above R9 for a discount rate of 25%. At the current BFP, the most 
favourable scenario would require a subsidy of almost R4 if triticale costs were 50% more than the 
base case. This implies that for competing feedstock studied here, all of which cost more than 
triticale, a much higher subsidy than that triticale would be needed to make them economically viable. 
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Sorghum based-bioethanol is such an example. At minimum sorghum costs of R3500/ton, the selling 
price of bioethanol that will render that project viable will be at least R9, but up to R10. This 
necessitates two factors to make it viable. On the one hand, higher crude oil prices, hence higher BFP 
and bioethanol price and/or an extremely high subsidy of just less than R5 for a discount rate of 25%. 
 

 

Figure 4: Effect of triticale costs on the economic viability of the bioethanol project (Where the 
0 is the base cost of R2000) 

 Land availability 

For large scale bioethanol projects to be successful in the Western Cape, there has to be suitable and 
sufficient land for triticale cultivation. It has already been established that such land would be 
available in the Province. The analysis has established that more than 136 000 hectares of land 
would be required, assuming a conservative triticale yield of 2.5 tonnes/hectare. Two types of land are 
envisaged for triticale. The first is what is largely classified as “marginal land”, which is further 
classified as “fallow land” or land that is currently dominated by weeds & stubble. This, according to 
communication with experts (Pers. Communication, Wallace, 2014), could amount to as much as 
70 000 hectares. The second portion of potential land for triticale is land that is currently under wheat 
cultivation which could be accessible if triticale is crop-rotated with wheat. Table 5 has been adapted 
from a study that estimated the area of land that could be made available for triticale cultivation. The 
land estimates are based on a 4 year cropping cycle. It is evident that should the economics be 
favourable for an establishment of a large scale triticale-based bioethanol facility, there would be 
enough land for this to be achieved. 
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Table 5: Land availability for triticale cultivation (Kleynhans et al., 2009) 

 
 

3.1.4. Socio-economic analysis of triticale-based bioethanol 

With regard to socio-economic benefits, if most of the triticale potential is exploited in the province, it 
could ensure that hundreds of jobs are retained in the agriculture sector and create new ones in the 
agro-processing industry. Specifically, a few hundred additional jobs can be added upstream, mainly 
from triticale cultivation, and less than a hundred in the bioethanol production facility. As presented in 
Table 2, in excess of 600 direct jobs can be created from one large triticale-based bioethanol project. 

3.1.5. Environmental analysis of triticale-based bioethanol 

The “carbon footprint” was the only indicator selected to assess the environmental performance of 
bioethanol processes. From the analysis it was established that replacing petrol with ethanol will curb 
GHGs emissions by 14% if coal is used as energy source for bioethanol production. This can be 
further improved if IAPs are used as a source of process energy for the ethanol production process, to 
up to 24%. This implies that most of the GHGs are emitted during cultivation of triticale in comparison 
to those emitted during the bioethanol production process. 

3.1.6. Analysis of small scale bioethanol projects 

In this section, the viability of bioethanol projects that could produce 1.2 million litres/year or less was 
assessed. Specifically, it sought to quantify amount of bioethanol that could be produced from specific 
agriculture and agro-processing wastes, viz., wine pomace and fruit waste and related to that, the 
number of jobs that could be created. The analysis of small projects was less detailed compared to 
that of large scale projects for several reasons, mainly because the cost of those wastes is not yet 
standardised. This could have distorted OPEX estimates and resultant economic viability calculations. 
Also, there are different markets in which bioethanol could be sold into. These various markets have 
been summarised in William (2014) but some of these include; the solvent market, spirits market, 
where bioethanol is used as a diesel replacement (e.g., as ED95), and where it is used as a domestic 
cooking fuel as E50, 50% bioethanol in water etc. The amount of GHGs that could be saved was only 
calculated based on the bioethanol as vehicle fuel that will replace diesel if used in ED95 engines. 
The bioethanol production estimates were based on utilising 50% of both wine pomace and fruit 
residues for ethanol production. The results of the analysis are presented in Table 6 below. 

 

 
 

Estimate of available 

land (hectares)

Estimate of potential 

triticale harvested 

(tons)

Sandveld& Rooi Karoo 3.10E+04 4.03E+04

Middle Swartland 1.31E+05 3.14E+05

Koeberg 3.96E+04 1.46E+05

Golden Ruens 6.56E+04 1.90E+05

Middle Ruens 6.61E+04 1.46E+05

Heidelberg Plains 2.73E+04 5.45E+04

Riversdale 2.02E+04 4.04E+04

Total 3.81E+05 9.32E+05
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Table 6: Analysis of the small scale bioethanol projects in the Western Cape 

 
 
 
 
 
 
 
 
 

 
It can be observed from Table 6 that there is potential for almost 150 000 tonnes of agro-processing 
waste that result in bioethanol production of 10-15 million litres/year. If these opportunities are 
exploited, over 100 jobs can be created in the province with GHGs savings as depicted in Table 6. 

3.2. Biodiesel opportunities 

Biodiesel is an animal and vegetable based diesel. It is produced via transesterification of oils with an 
alcohol, usually methanol, to produce biodiesel as the main product and glycerine as a by-product. If 
oil plants such as soya beans or sunflower are used as feedstock, then oil cake is another by-product, 
a high value material used as animal feed. There are several biodiesel projects in the province. At 
least 4 small scale biodiesel companies are still operational in the province. It was rumoured in 2013 
that a medium scale project based on canola would be developed, but it had not taken off at the time 
as of March 2015. 
 
In this study, two different scales were considered, the medium and small scale projects. The analysis 
of a medium scale project was based on the diversion of 25% of canola cultivated in the Western 
Cape from its current market (food) into biodiesel production. The economic analysis was based on 
quantifying the CAPEX. Agricultural economic multipliers were used to estimate number of additional 
jobs created. The carbon footprint analysis was based on the EcoInvent database values and was 
based on the amount of GHGs avoided relative to mineral diesel. 
 
Results of the biodiesel analysis are given in Table 7 below. The key insight is that that, there is a 
huge market for biodiesel in the province, determined on the basis of the amount of diesel that would 
be required to be blended into mineral diesel in the province, i.e.70 million litres. Based on a medium 
scale project, the CAPEX for a medium sized facility that will make use of the available oil from canola 
would be in excess of R400 million. The number of jobs and GHG emissions saving from this sized 
project are presented in Table 7. 
 
The analysis of small scale biodiesel projects entailed basically quantifying the amount of waste oil 
produced in the province. In particular, this was completed to establish the potential additional 
capacity that can be added to existing projects in the province. The additional number of jobs that 
could be generated was based on the information sourced from operational, small scale projects in 
the province (Pers communition, EnviroDiesel). GHGs were calculated in a similar way to medium 
scale, and information in that regard will be sourced from previous studies and the EcoInvent 
database. Results of the analysis are presented in Table 8 below. 
 
 
 
 
 

 Economic Analysis 
Socio economic 
analysis 

Environmental 
benefits 

Feedstock 
Market size 
(litres/annum) 

Feedstock 
availability  
(tons/annum) 

Number of jobs 
GHGs Savings 

(t CO2 equiv.) 

Wine pomace >50 million > 100 000 >100 ~9 000 

Fruit waste >50 million > 40 000 ~50 ~5 000 
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Table 7: Summary of medium scale biodiesel project 

 
 
 
 
 

 

 

Table 8: Biodiesel potential from small scale biodiesel projects 

 
 
 
 

3.3. Biogas opportunities 

Biogas is produced from a process called anaerobic digestion (AD), a process in which organic 
materials (biomass, sewage sludge, agricultural residues etc.) are biodegraded under the action of 
fermentation microorganisms in the absence of oxygen, producing to produce a methane rich gas. AD 
has been deployed for years in the Western Cape. There are several AD systems installed at waste 
water facilities around the province e.g., at Athlone Waste Water Treatment Plant, Cape Flats 
Treatment Works. However, these systems have not been operating optimally, and produce poor 
quality of biogas which is mostly vented. An initiative to utilise biogas for drying sludge was once 
explored at the Cape Flats Waste Water Treatment Plant several years ago, but it was later halted 
due to municipal contracting limitations. The other large scale biogas project that has been operating 
for years in Western Cape is at SABMiller Brewery in Newlands where biogas has replaced up to 14% 
of the facility’s energy demand. There are a number of biogas initiatives that the City of Cape Town is 
pursuing, which will take another year or two to come online. Also, several projects have (and being) 
been developed in agro-processing and dairy farms in province. Lastly, there are tens of small scale 
biogas digesters scattered all over the province. 
 
In this study, the energy potential from various organic wastes was investigated. Although the study 
did not consider all the organic wastes generated in the province, it explored those that are generated 
in significant quantities viz., the Organic Fraction of Municipal Solid Waste (OFMSW), from Waste 
Water Treatment Works (WWTW), and waste from animal husbandry sector. Waste from animal 
husbandry was further distinguished into waste waters and solids. In terms of the economic viability of 
these projects, an attempt was made to get an estimation of CAPEX for a certain sized biogas plant 
from a certain feedstock, but it was not possible to get a representative figure and its usefulness for 
project developers would have been suspect. More work is required in this area. 
 
The number of jobs that could be created for biogas facilities was not calculated either as it would 
most likely be project specific. The same would apply to GHGs savings. The biogas potential from the 
various feedstocks is presented next. 

3.3.1. Energy potential from OFMSW 

Data on quantities of OFMSW generated were sourced from municipalities’ Integrated Waste 
Management Plans. The biomethane potential (BMP) for this type of waste was sourced from 
academic journals for instance, Angelidaki et. al. (2009). The results of the analysis are presented in 
both thermal and electricity capacities in Table 9 below. Notably, most of the potential capacity (77%) 

 Economic Analysis 
Socio economic 
analysis 

Environmental 
benefits 

Feedstock 
Market size 
(litres/annum) 

Feedstock 
availability  
(litres/annum) 

Number of jobs 
GHGs Savings 

(t CO2 equiv.) 

Canola >70 million > 24 000 000 >100 ~10 000 

 Economic Analysis 
Socio economic 
analysis 

Environmental 
benefits 

Feedstock 
Market size 
(litres/annum) 

Feedstock 
availability  
(litres/annum) 

Number of jobs 
GHGs Savings 

(t CO2 equiv.) 

Canola >70 million > 18 000 000 >100 ~8 000 
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could be sourced from the City of Cape Town. This is followed by Cape Winelands and Eden with 
estimated potential of 22 MWth and 16 MWth respectively. Overall, an estimated 220 MW th can be 
generated from OFMSW in the province which translates into more than 70 MWe. 
 

Table 9: Summary of biogas potential from the organic fraction of municipal waste 

Municipalities  Total MSW  
Fraction of 
organics 

Biogas potential Energy Potential 

  tons/annum   m^3/annum MWth 

City of Cape Town 
Metropolitan 
Municipality 

2.67E+06 0.39 1.92E+08 1.70E+02 

Cape Winelands 4.54E+05 0.29 2.42E+07 2.15E+01 

West Coast District 
Municipality 

1.91E+05 0.18 6.33E+06 5.62E+00 

Overberg District 
Municipality 

1.52E+05 0.24 6.70E+06 5.95E+00 

Central Karoo District 
Municipality 

3.81E+04 0.14 9.81E+05 8.71E-01 

Eden District 
Municipality 

3.03E+05 0.32 1.78E+07 1.58E+01 

          

TOTAL 3.81E+06 0.26 2.48E+08 2.20E+02 

 

3.3.2. Energy potential from WWTW 

The energy potential from WWTW was based on the quantities of waste water generated by a section 
of the population that has access to running water. As with the OFMSW, the City of Cape Town, in 
which approximately 70% of the population resides, has demonstrated the highest potential as 
presented in Table 10 below. Almost 70 MWe electrical capacity can be installed in the province, most 
of which would be based within the city of Cape Town as presented in Table 10 below. 
 

Table 10: Summary of energy potential from WWTW 

Energy potential 
Volume of 
biogas(tons/day) 

Thermal 
Capacity 
(MWth) 

Power Capacity 
(MWe) 

        

City of Cape Town 592 105 177 

Western Cape 998 42 71 

 

3.3.3. Energy potential from animal husbandry 

Table 11 presents the potential energy generation from the animal husbandry industry. The data used 
for the investigation was collated from various sources. The National Annual Agricultural Reports for 
different sectors were key for the number of animals slaughtered in the province (Department of 
Agriculture, 2011/12). This was validated by agricultural information from within GreenCape (van 
Vureen, P., personal communication, September 2014). Literature values were used to estimate the 
biomethane potential from different waste streams (WRC, 2009). As can be seen in Table 11, there 
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was not enough data to estimate separately each of the streams under study. For instance, for cattle 
feedlots, only data aggregated solids and liquid wastes was available. 
 
A few insights can be deduced from the results presented in Table 11. The first one is that the energy 
potential from cattle feedlots is the lowest of animals investigated. This is in line with national statistics 
that estimate that the Western Cape has only a 5% share of cattle slaughtered countrywide. The 
percentage of piggeries in the Western is more than double those of beef at 11% whilst those poultry 
farms in the Western Cape are at 22%. As a result, the energy generation potential from piggeries is 
higher than that of feedlots. This can also be attributed to the fact that the biomethane potential of 
piggery waste is a higher than cow dung’s and also, higher volumes of pork are produced compared 
to beef in the WC (Department of Agriculture, 2011/12). The highest energy potential is estimated for 
poultry farms at double that of piggeries. It can also be observed that the energy potential from 
feedlots, piggeries and poultry farms emerged superior than abattoir wastes. This may however be an 
underestimate as only wastewaters were considered in the calculations despite substantial volumes 
of solid wastes generated. A case study that involves quantification of solid waste at an abattoir in the 
Western Cape will be a good starting point to fine-tune the estimates. 
 

Table 11: Summary of biogas potential from animal husbandry 

Summary of energy 
potential from animal 
husbandry and 
abattoirs 

Energy from wastewaters 
MWth 

Energy from solid wastes 
MWth 

Energy from waste slurry 
MWth 

Cattle in feedlots 
(Slurry and solids) 

     74.5 

Dairies 2.4-11.5     

Piggeries 1.7-3.5 318 320-321.5 

Red meat abattoirs 0.11-0.22 74.4 74.5-74.6 

Poultry  farming and 
abattoirs 

2.4-11.7 788 790-800 

 

3.3.4. Overall insights on the biogas potential 

In general, there is significant potential to generate energy from waste streams via anaerobic 
digestion in the province. An estimated 1000-1600 MWth (up to 500 MWe) can be generated, most of 
which would be from animal husbandry. The wastewaters and OFMSW could contribute 
approximately 25% to the estimated potential. The rest could come from the animal husbandry 
industry. Efforts to exploit biogas in the latter sector should be explored and supported by the 
government, given that this sector is likely to be one of the most affected by the current energy crisis 
in the country and the looming changes in the waste legislation. 
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4. Biofuels sector interactions 
This summary attempts to document some of our key interactions in the past year. Our interactions 
have largely been with bioethanol project developers but also with small scale biodiesel producers, 
GreenCape has largely interacted with bioethanol project developers. The first project that we 
interacted with was Namaqua Fuels, which will be detailed next, thereafter the interaction with 
Western Cape Bioethanol is summarised. The last close interaction worth reporting on is with small 
scale biodiesel producers. 

4.1. Interaction with small scale bioethanol projects 

GreenCape was part of the consortium that supported the development of bioethanol from wine 
pomace. The project was developed by Namaqua Fuels (assisted by Taurus Distillation), in 
partnership with the Western Cape Government’s Department of Economic Development & Tourism 
(DED&T), the City of Cape Town and Scania, all who were involved in different capacities in the 
development this small-scale bioethanol pilot project near Vredendal in the Western Cape. The pilot 
project was birthed out of a study conducted by the GreenCape Sector Development Agency to 
determine the potential of biofuels-powered fleet vehicles with a specific focus on the use of waste-
based bioethanol in the Western Cape. The study itself was funded by the Swedish International 
Development Agency (SIDA) and commissioned by a tripartite collaboration between Scania CV AB, 
the City of Cape Town and DED&T. Two main recommendations were put forward from this study.  
First, that a comprehensive assessment of biofuels considering possible non-food crops and other 
waste streams in the province be undertaken to determine the province-wide potential, which is the 
main objective of this project.  Secondly, it was suggested that small-scale grape pomace has definite 
potential, also, that it could serve as the fuel supply for a dedicated fleet transport pilot project, the 
subject of this summary.  In the following, the positions of the partners will be summarised as follows: 
How the project fits into its mandate, and its contribution to the project. 
 
Namaqua Fuels became part of the consortium after Namaqua Wines signed an agreement with 
Taurus Distillation, a Paarl-based distillation design and technology provider, to utilise some of its 
grape pomace waste to trial a small scale bioethanol production.  The proposed commercial facility 
will produce 1.2 million litres/annum of 96.4% bioethanol (with proprietary additives this can be 
transformed into a diesel-like fuel known as ED95) from 4 820 tons/annum of grape pomace at 
Spruitdrift Cellar, near Vredendal. The proposed market for this ED95 is a pilot fleet of 10 Scania 
vehicles with their proprietary converted high compression engines. It is envisaged that this project 
can eventually be styled and scaled for similar waste-based processing models. Realistically so, since 
the Western Cape wine industry generates 150 000 tonnes of grape pomace annually, 15 000 of 
which are concentrated in the Namaqua Wine’s Spruitdrift and Vredendal cellars. It was planned that 
the resultant bioethanol could be sold to an automotive fuel ethanol wholesaler such as CHEVRON.  
Alternatively, it can be sold to an ethanol gel fuel producer as non-potable fuel ethanol and converted 
to ethanol gel fuel as an informal heating agent to replace kerosene/paraffin for cooking purposes 
Fuels hopes to have the plant up and running and bioethanol available by March 2015. 
 
DED&T’s activities are underpinned by national and provincial economic development and 
environmental issues imperatives. The Provincial Green Strategy is one such, and seeks to harness 
the double dividend of optimising green economic opportunities and enhancing the environmental 
performance. DED&T sees the biofuels industry as one of the avenues through which this ideal can 
be realised. Their contribution to the pilot project includes providing political legitimacy to relevant 
parties. Moreover, in partnership with Green Cape, DED&T plays a facilitating role in the project to 
ensure fruitful engagement between the partners. 
 
Scania CV AB has within its business, a strategy to promote sustainable transport. Specifically, to fuel 
their heavy duty vehicles with biofuels. As such, they are interested in ascertaining the feasibility of 
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biofuels in South Africa and neighbouring countries. Its unique market positioning is their diesel 
engines that have been modified to run on ED95. In this project its role is to assist Namaqua Fuels to 
find an investor for the remaining stake, thereby providing the CAPEX for the project development.  
To achieve this, they are tapping into their existing funding networks, e.g., PANGEA, ICLEI, Clinton 
Foundation etc. The pilot project is most aligned to the City of Cape Town’s ‘Greening the City of 
Cape Town Vehicle Fleet Framework’. Biofuels are seen as one of various ways in which it can 
achieve this goal. Although the visions and goals of partners on this project were aligned, lack of 
funding stalled the development of Namaqua Fuels project.  

4.2. Interaction with Western Cape Ethanol 

GreenCape’s (GC’s) interaction with Western Cape Ethanol (WCE) has largely entailed project 
development support on the one hand and lobbying national Department of Energy (DoE) for them to 
acknowledge the project. With regard to the former, GC assisted WCE with key stakeholder 
consultation. Notably, GC together with DED&T helped organise a meeting with Western Cape’s 
Department of Environmental Affairs and Planning to discuss issues relating to the Environmental 
Impact Assessment (EIA). Another key meeting that GC organised and attended was with Cape 
Winelands Municipality in which the proposed project will potentially be located. 
 
With regard to lobbying national government, GC has met with key decision makers within DoE to 
introduce the WCE project and also organised meetings with responsible parties with the aim for 
WCE to inform national government of intent. Also, since DED&T is represented in the BIC sub-
committee, GC and DED&T kept WCE abreast with new developments from the DoE. A notable 
development was a requirement for projects who would like to be considered for government biofuel 
programme to pre-register with the DoE by the end of March 2015. The interaction between GC (and 
DED&T) with WEC are ongoing. 

4.3. Interaction with players in the biodiesel industry 

The interaction with this set of players has been focused on attempts to secure more and affordable 
feedstock for their facilities, as such, it had some lobbying undertones. In particular, small biodiesel 
producers expressed unregulated export of waste oil to the European biodiesel market as detrimental 
to the local industry. For one, the export market fetches significantly higher waste oil prices of up to 3 
times the cost of oil that renders their projects viable, at 1 Euro a litre of waste oil. Another competitive 
sector of the market is the animal feed industry, where waste oil is added to animal feed. This is 
mooted to have potentially adverse health implications. With regard to sourcing waste oil for security 
of feedstock supply and possible project expansion, GC through WISP is offering assistance in this 
area on an ongoing basis. Another area of assistance for biodiesel players has included identifying 
and approaching funding institutions with the hope of securing it for expansion into 2nd generation 
technologies. Efforts in this regard have been successful.  
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5. Conclusions & recommendations 
This study set out to investigate the viability of biofuels from non-food crops and waste streams in the 
Western Cape Province using a multi-criteria analysis approach. Three biofuels were considered in 
the study, namely bioethanol, biodiesel and biogas. The biofuels that presented the highest potential 
were investigated in detail, in order to give useful insights to potential investors. The rest of this 
section will highlight the main findings of the investigation for each biofuel, and makes 
recommendations that are aimed at providing guidance to the province with regard to its bioenergy 
agenda. 
 
 

5.1. Bioethanol conclusions and recommendations 

Larger scale projects 
The bioethanol analysis explored large scale and small scale opportunities. The large scale option 
was considered in more detail relative to small scale opportunities. It was decided not to consider 
medium scale projects as it was predicted that these would perform worse than large scale projects. 
An analysis for a large scale facility explored a 160 million litres/year bioethanol facility, utilising winter 
grains considering the following crops; triticale, sorghum and low grade wheat. For all the grains 
investigated, triticale based bioethanol emerged superior for two reasons. First, the cost of triticale 
feedstock (R2000/tonne) is the lowest of all the grains considered, and significantly lower than the 
most expensive grain, sorghum (R3600/tonne). Secondly, triticale has the best grain-to-ethanol yield 
at 470 litres/tonne triticale, as such; produces more bioethanol per quantity of grain. 
 
Despite its better economic performance compared to other grains, triticale-based bioethanol is still 
not economically viable without a subsidy. At the current Basic Fuel Price (BFP) of R4.40, at least 
R1.80 subsidy is required to ensure viability if a 15% discount rate is assumed. This is based on a 2% 
bioethanol blend in a litre of petrol on the one hand, and ensuring that bioethanol producers recover 
15% Return on Assets (ROA) as proposed in the draft Biofuels Regulatory Framework, on the other. 
Moreover, the subsidy was calculated considering a bioethanol price that will result in an IRR of 15% 
(NPV value of zero at a 15% discount rate). Through a sensitivity analysis it was established that a 
higher discount rate of 25% would require a minimum bioethanol selling price of R7.20, requiring an 
additional R1 subsidy, i.e. a subsidy of R2.80. The results then imply that at low crude oil prices of 
around $60/barrel bioethanol projects are not economically viable. However, at more elevated prices 
of about $90, bioethanol projects can be economically viable, as was the case at the beginning of 
2014 where with a basic price of R7, and even at a discount rate of 20%, the project could have been 
economically viable.  
 
With regard to job creation and greenhouse gas mitigation potential the following conclusions were 
arrived at. A large scale facility will create between 600-700 additional jobs, approx. 95% of which will 
be in cultivation of triticale. In terms of greenhouse gas mitigation potential, the production of 
bioethanol will lead to marginal GHGs emission reductions of 14% compared to emissions associated 
with petrol. The use of biomass e.g., invasive alien plants (IAPs), for process energy improves GHGs 
reduction to between 20-30%. 
 
Recommendations 
At this stage, WCG (and by inference GreenCape) should continue to support bioethanol project 
developers by linking them up with relevant stakeholders at the different stages of project 
development. In terms of supporting businesses in the Western Cape, GreenCape should keep 
abreast of national policy developments. For instance the WCG should ensure that it is represented 
on the National Biofuels Implementation Committee Working Group. With regard to the ethanol 
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process, the economics of utilisation of invasive alien species (IAPs) for process energy would benefit 
from a more detailed scrutiny. 
 
Small Scale 
There is potential to produce at least 10 million litres/annum of bioethanol from wine pomace and fruit 
wastes. There is also an indication that, depending on the bioethanol market, bioethanol facilities of 
1.2 million/annum are economically viable. 
 
Recommendations 
Several recommendations can be suggested for small scale bioethanol projects. First, the viability of 
extraction/recovery of high value extracts e.g., antioxidants prior to energy recovery, needs to be 
investigated as this could have economic spinoffs. Secondly, most of biofuels assessments tend to 
focus on their potential on the supply side e.g., availability of raw materials, it is recommended that 
the demand side be increasingly interrogated. In particular, the use of bioethanol in innovative ways, 
e.g., as a cooking fuel in stoves that can operate on E50 (50% ethanol: 50% water) or ED95 diesel 
replacement engines (Scania). Also there is a need to investigate which of the energy conversion 
technologies, Biogas technology or Ethanol technology is most suitable for the type of waste being 
treated. 

5.2. Biodiesel conclusions and recommendations 

Medium Scale 
It was established early on in the study that there is unlikely to be enough feedstock for a large scale 
biodiesel project in the Western Cape. The only viable crop for biodiesel production in the province is 
canola. Given the projected estimates of canola in the next few years, a 25-40 million litres/year 
facility can be developed in the province. However, the biodiesel market is likely to face stiff 
competition for feedstock with the food market; as such the potential of a biodiesel facility in the WC is 
doubtful. Nevertheless, CAPEX of R400 million is estimated for the canola-based biodiesel project 
with an estimated job creation potential of over 100 and GHG savings of approximately 10 000 tonnes 
CO2eq. per year. 
 
Recommendations 
It is recommended that unless there are drastic changes in the current situation with regard to either 
crude oil prices and/or the biofuels regulatory framework, GC should monitor developments within this 
opportunity area. 
 
Small Scale 
There are 4 or 5 operational biodiesel facilities in the province, most of which have been in the 
business for more than 5 years. They are however, currently struggling due to the current crude oil 
prices, it is even mooted that one of these is about to shut down. This industry has immense potential 
for growth, for instance, if all the waste oil produced in the province was to be utilised for biodiesel 
production about 15-20 million litres of additional biodiesel could be produced. The current challenge 
is that waste oils fetch higher prices in the export market (approx. 1 Euro per litre, compared to less 
than R4-5 on the local market) and oil collectors prefer the export market. Also, there are rumours that 
some of the waste ends up in animal feed products. This is dangerous since this waste may contain 
some cancerous compounds which can be passed on to human beings upon ingestion, with 
potentially detrimental health implications. 
 
Recommendations 
Small scale producers need to secure affordable feedstock, it is recommended that WISP continues 
to facilitate interactions between waste oil collectors and biodiesel producers to assist small scale 
producers to access affordable feedstock. Moreover, there are identified opportunities that could 
make use of ‘dirtier’ oils and greases viable. Enzymatic as opposed to chemical route for production 
of biodiesel is one such production routes. As such, GreenCape should support the small producers 
that wish to adopt this technology to source funding (via Green Financing Desk) to invest in such 
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technologies into the future. Moreover, just like in small scale bioethanol opportunities there is a need 
to better understand the demand side of biodiesel industry better. 

5.3. Biogas conclusions and recommendations 

The biogas potential was quantified across different industries including, municipal wastes, 
specifically, the Organic Fraction of the Municipal Solid Waste (OFMSW) and Waste Water Treatment 
Works (WWTW) and animal husbandry. In general there is significant potential to generate energy 
from waste streams via anaerobic digestion in the province. An estimated 1000-1600 MWth (up to 
500 MWe) can be generated, most of which will be from the animal husbandry industry. The 
wastewaters and OFMSW can contribute approximately 25% to the estimated potential. 
 
Recommendations 
Efforts to exploit biogas in this sector should be explored and supported by the provincial government, 
especially abattoirs and feedlots which have relatively higher potential. 
Based on the insights of the multi-criteria analysis summarised above, it would seem that there is a 
strong business case to make for bioenergy in general, and biofuels specifically in the Western Cape. 
In particular, triticale-based bioethanol and biogas from wastes demonstrated the highest potential. 
Given that sustainability, energy security and climate change issues will linger and that most of the 
technological issues pertaining to first generations are largely resolved, regulators, who are sure to 
have their say in the trajectory of the biofuel industry in South Africa, need to support these obvious 
opportunities that could address these dovetailed societal imperatives. Figure 5 below, summarises 
recommendations discussed above, categorised into immediate, medium and long term opportunities. 

 

Figure 5: A snapshot of opportunities and relevant timelines for exploitation 

Short term
6 months – 2 years

Long term
>  5years

Medium term
2 – 5 years

Bioethanol

Triticale-based                       Vehicle fuel Cellulosic material                   Vehicle fuel

Wine/fruit waste                         Vehicle fuel
Portable alcohol
Cooking fuel

Extract 
valuable 
chemicals

Biogas

Biodiesel

Abattoir waste                       Thermal energy
Electricity

WWTW waste                      Thermal energy
OFMSW                        Electricity

Vehicle fuel

Waste oil                Vehicle fuel Canola               Vehicle fuel

FOGS                 Vehicle fuel

Via 
2nd Gen
Process

Dirty oils                 Vehicle fuel

Via 
2nd Gen
Process
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