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1 Executive Summary 
 

The Department of Minerals and Energy (DME), South Africa is responsible 
for formulating strategies and drafting legislation for the South African energy 
sector. The Directorate Renewable Energy in the DME has finalised the White 
Paper on Renewable Energy (RE). This Paper reflects a renewable energy tar-
get of 10 000 GWh (0.8 Mtoe) by 2013, to be produced mainly from biomass, 
wind, solar and small-scale hydro. The renewable energy is to be utilised for 
power generation and non!electrical technologies such as solar water heating 
and bio-fuels.  

This study relates to the exploitation of commercially based biomass resources 
for electricity generation. According to a macro economic study on utilising 
renewable energy resources in South Africa, electricity production from com-
mercially based biomass is among the most cost effective for renewable energy 
applications.  Assuming a least-cost approach for implementation of renewable 
energy applications, a major contribution to the RE target can be derived from 
commercially available biomass resources.  Detailed data on biomass resources 
(bagasse, pulp and forest wood waste and sawmill wood waste), energy content 
and physical/chemical characteristics are presently not easily accessible.  This 
information is needed to determine the actual potential of power generation 
from biomass and to establish a reliable basis to enable possible IPP"s to carry 
out due diligence studies as part of possible project preparations. 

1.1 Methodology 
 
Information was available in various formats: from existing published re-
ports/documents; and from interviews conducted with carefully selected people 
working at various levels in the different industries. 
 
In an early stage of the project a stakeholders meeting was held (17 people at-
tended). The purpose of the meeting was to raise the necessary interest in the 
project while at the same time engaging in a consulting process with key role 
players in the different industries.   
 
Questionnaires were developed and approved by the project team to assist in 
the data acquisition process. Supporting letters were issued by the Department 
of Minerals and Energy (DME) to give the request for information the neces-
sary legitimacy.  
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The consultant in conjunction with DME/COWI discussed the format of the 
data suitable for linking to the HOMER/RE GIS. An external consultant from 
the CSIR who has been involved in the development of the HOMER/RE GIS 
interface was approached to write a proposal for linking the data.  
 
A feasibility checklist for Independent Power Producers was developed by rep-
resentatives from COWI. This list includes technical, financial, legislative and 
environmental factors to consider when engaging in power generation. 
 
In close consultation and interaction with DME and the Local Renewable En-
ergy Adviser a final workshop was held on 24 November 2004.  The aim of the 
workshop was to present the findings of the study and to gain feedback from 
the workshop delegates. The workshop was attended by 33 delegates represent-
ing the sugar, forestry, sawmilling and pulp and paper industries as well as 
government and non-government organisations with special interest in renew-
able energy. 
 
The final report of this study includes a description of the applied methodology, 
results of the questionnaires/visits, presentation of the collected data and infor-
mation, as well as a proposal for linking the data into the South African Re-
newable Energy Resource Database (SARERD). 

1.2 Biomass 
 

Commercial biomass in South Africa is mainly produced by the sugar industry, 
the forest industry, the sawmilling industry and the pulp and paper industry. 
The majority of this biomass is found in Mpumalanga and KwaZulu-Natal with 
small amounts in the Eastern Cape, Limpopo, Western Cape and Gauteng. Ta-
ble 1 shows the biomass per sector. 

In the sugar industry the biomass waste consists of bagasse and field residue. 
The amount of field residue depends on the harvesting method.  With green 
harvesting (no field burning) the total sugarcane biomass waste can be as high 
as 11.47 million tons with an energy content of 22.33 TWh. The potential elec-
tricity that can be generated from this biomass is about 5 500 GWh (3 000 
GWh from bagasse alone). This is in excess of the industry"s own requirement 
which is about 700 GWh.   

The biomass from timber is all the wood not suitable for commercial use that 
accumulates during the growing and harvesting of the timber. This total forest 
biomass waste is about 3.13 million tons with an energy content of 10.89 TWh. 
Burning the biomass in a conventional boiler as part of an efficient steam cycle 
could produce about 2 722 GWh. 

The sawmilling industry produces chips, sawdust and bark as biomass waste. 
The total biomass waste is about 2.95 million tons with an energy content of 
8.49 TWh. This translates into an annual electricity production of approxi-
mately 2 122 GWh. Although the power and steam requirements in the saw-
milling industry are not known, it is believed that this electricity will mainly be 
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needed in-house to substitute any ESKOM power. There would therefore be 
very little opportunity for export power. 

The total pulp and paper industry biomass waste is about 5.78 million tons with 
an energy content of 10.17 TWh. About 90% of this biomass is black liquor 
with an energy content of 9.03 TWh, while the remainder consists of sludge 
and bark. Black liquor is only produced by the chemical pulping process and is 
usually burnt to recover chemicals. The biomass has a potential electricity ca-
pacity of about 2 542 GWh. Again it is believed that most of the energy will be 
used to meet in-house energy requirements with little or no opportunity for the 
export of electricity. 

Table 1. Biomass per sector 

Industry Biomass NCV Mass Energy Power

   content potential

  MJ/t 1000 t TWh GWh

Sugar Field residue 6 894 5 336 10.21 2 553

 Bagasse 7 117 6 136 12.12 3 031

Forestry Softwood 13 016 1 588 5.74 1 650

 Hardwood 11 820 1 555 5.11 1 073

Sawmill Chips 10 316 1 433 4.11 1 162

 Dust 10 611 730 2.15 608

 Bark 10 135 443 1.25 353

Pulp & Paper Black liquor 6 243 5 206 9.03 2 257

 Sludge 5 777 234 0.38 94

 Bark 7 975 345 0.76 191

Total  7 958 23 006 50.86 12 972

 

Successful use of biomass energy rests largely on the conversion system 
adopted. The most suitable technology can vary from biomass to biomass and 
region to region. While some of the new technologies are looking promising, 
presently for most applications conventional combustion technology is still the 
most appropriate. 

In a dedicated electricity facility without heat recovery it should be possible to 
achieve a conversion of 25% resulting in an estimated electricity production 
from total biomass of over 13 000 GWh. In practice this is expected to be much 
lower for the following reasons: 

 ! Not all the biomass is easily available. In the sugar industry the field 
residue (trash and tops) is spread out over some 430 000 hectares. In the 
forest industry all the biomass is on the plantations covering well over 
1.3 million hectares. It might be impractical, undesirable and prohibi-
tively expensive to collect the biomass from cane fields and timber 
plantations. 
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 ! The conversion efficiency of 25% power on fuel is based on the total 
biomass being used for electricity generation in a high-pressure con-
densing steam cycle, boiler combustion process (8 000 kPa(a), 520°C). 
Any deviation from such a system will obviously result in a different 
efficiency e.g. when operating backpressure turbo alternators to supply 
steam to process, potential electricity output will be reduced. 

 ! In the sugar industry the quantity and composition of the biomass is 
well recorded and the data is readily available. In the other industries 
quantities are often measured in volumes rather than in mass and there 
is particular uncertainty about the moisture content of the biomass. The 
latter has a significant effect on the net caloric value and therefore on 
the energy content of the biomass.  

The most promising source of biomass is sugarcane bagasse. It is already being 
used to meet the industry"s in-house steam and power requirements. Increasing 
the efficient use and generation of energy within the industry can easily result 
in a potential capacity of 2800 GWh with in-house requirements of only 700 
GWh. 

1.3 HOMER/RE GIS proposal  
 

Two possible approaches to link data collated as part of this study to the 
Homer/RE GIS program are proposed.  

The first proposal is to update the existing biomass grid layers and make them 
available for HomerGIS. Given that all the current biomass data is held within 
one biomass layer, it is recommended that the HomerGIS model be upgraded to 
have individual biomass layers for different types of crops. Subsequent updat-
ing of the individual biomass layers could be undertaken without having to re-
process and consolidate all the other biomass data simultaneously.   

The second proposal is to extend the above update within the context of a sig-
nificantly more strategic approach to the whole issue of Renewable Energy Re-
sources information. It is proposed that a project be initiated that seeks to 
achieve the following: 

1. Develop a plan of action for the ongoing management of information 
for renewable energy resources. 

2. Recommend an appropriate body to carry out this management (on a 
permanent basis). 

3. Ensure that all current projects collecting data on renewable energy re-
sources be effectively coordinated (to ensure consistency of approach; 
avoid redundant efforts, and so on). 

4. Collate all collected data and have it transformed, if need be, into a 
readily accessible format (or formats) useable by currently known tools. 

5. Make available ! preferably on-line ! a national set of #best available$ 
data sets related to renewable energy resources. 
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1.4 Feasibility checklist 
 
As per Terms of Reference a feasibility checklist was compiled to assist poten-
tial independent power producers with renewable energy projects in the bio-
mass sectors. The list is by no means exhaustive.  
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2 Glossary and Abbreviations 

2.1 Glossary 
 

Imbibition Cane wash water. 

Independent power producers (IPPs) ! producers of power (electricity), 
which sell their power to electricity distributors for supplying to the national 
electricity grid.   

Mtoe (Million tons of oil equivalent) A universal unit of comparison in which 
all energy can be measured.  (1 Toe = 42 GJ = 0.042 TJ = 0.012 GWh). 

 
Power  
Watt (W) 1 Joule per second of energy consumption or dissipa-

tion (MW = million W). 

Megawatt (MW)  A unit of power. One Megawatt is equal to 1 000 kilo-
watts or about 1340 horsepower.  

 
Energy  
Kilowatt-hour (kWh)  A unit of energy consumption. One kilowatt hour is 

equal to 3.6 MJ (Megajoules) or 3 412.14 Btu (British 
thermal units) or 859.855 kcals (kilocalories).  

Megawatt hour (MWh) A unit of energy consumption. One Megawatt hour is 
the amount of energy consumed in one hour at a rate of 
one Megawatt.  

Gigawatt hour (GWh) A unit of energy consumption. One Gigawatt hour is 
equal to 1 000 Megawatt hour.  

Terawatt hour (TWh) A unit of energy consumption. One Terawatt hour is 
equal to 1 000 Gigawatt hour.  

 

kWh/tc Kilowatt hour per ton of cane. 
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Biomass 
Ash  Inorganic component in biomass (inert material that 

does not take part in the combustion process). 

Brix Soluble organic component in biomass. 

Fibre Insoluble organic component in biomass (mainly cellu-
lose, hemicellulose and lignin). 

 

2.2 General Abbreviations 
 
BEE Black Economic Empowerment 
CDM Clean Development Mechanism 
CER Certified Emissions Reduction 
CSIR Council for Scientific and Industrial Research (South Africa) 
DME Department of Minerals and Energy (South Africa) 
ESKOM Electricity Supply Commission (South Africa) 
IPP Independent Power Producer 
RE Renewable Energy 
HOMER Hybrid Optimisation Model for Electric Renewables 
GIS Geographic Information System 
SARERD South African Renewable Energy Resource Database 
GCV Gross Calorific Value 
NCV Net Calorific Value 
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3 Introduction 
 

The Department of Minerals and Energy (DME), South Africa is responsible 
for formulating strategies and drafting legislation for the South African energy 
sector. The Directorate Renewable Energy in the DME has finalised the White 
Paper on Renewable Energy (RE). This Paper reflects a renewable energy tar-
get of 10 000 GWh (0.8 Mtoe) by 2013, to be produced mainly from biomass, 
wind, solar and small-scale hydro. The renewable energy is to be utilised for 
power generation and non!electrical technologies such as solar water heating 
and bio-fuels.  

As a result of a dialogue between the DME and Danida over the years 1999 to 
2001 the Project &Capacity Building in DME in Energy Efficiency (EE) and 
Renewable Energy (RE) (CaBEERE), has been formulated. 

The CaBEERE Project aims at enhancing DME´s capacity and performance by 
assisting in developing programmatic approaches through strategies and action 
plans for energy efficiency and renewable energy in transparent co-operation 
with relevant stakeholders. The project aims at making the DME a &learning 
organisation& better able to update, develop and implement strategies and ac-
tion plans within EE and RE. The project approach is primarily built on learn-
ing by doing through on the job training of DME staff and other stakeholders. 
At the end of the project DME will be able to effectively and efficiently meet 
its energy efficiency and renewable energy mandate as prescribed by the White 
Paper on Energy Policy and to sustain this capacity. 

The ToR relate to the exploitation of commercially based biomass resources for 
electricity generation. According to a macro economic study on utilising re-
newable energy resources in South Africa, electricity production based on 
commercially based biomass is among the most cost effective for renewable 
energy applications.  Assuming a least-cost approach for implementation of 
renewable energy applications, a major contribution to the RE target can be de-
rived from commercially available biomass resources.  Detailed data on bio-
mass resources (bagasse, pulp and forest wood waste and sawmill wood waste), 
energy content and physical/chemical characteristics are presently not easily 
accessible.  This information is needed to determine the actual potential of 
power generation from biomass and to establish a reliable basis to enable pos-
sible IPP"s to carry out due diligence studies as part of possible project prepara-
tions.  
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4 Methodology 

4.1 Biomass Resources and their Characteristics 
 
Input data for this section was obtained from two sources: Industry Associa-
tions/Specialist Institutes and existing businesses operating in the three focus 
industries (i.e. Sugar/bagasse; Pulp and Paper and Saw Milling). 
 
Information was available in various formats: from existing published re-
ports/documents; and from interviews conducted with carefully selected people 
working at various levels in the different industries. 
 

4.1.1 Desk Research 
The desktop study and literature survey was carried out as a preliminary study 
to obtain the readily available data on biomass and an overview of the industry 
producing that biomass. The outcome of this preliminary study also identified 
the information #gaps$ that needed to be filled from interviews. A first interim 
report including a draft questionnaire was submitted to the project team for ap-
proval and possible refocus of the study. 
 
The Terms of Reference for this study includes the following list of materials as 
being the essential background reading that are relevant to this study: 

' Energy White Paper 1998, DME 

' Renewable Energy White Paper 2003, DME 

' Economic and Financial Calculations and Modelling for the Renewable 
Energy Strategy Formulation, DME/Danida 2004. 

4.1.2 Field Research 
The field research stage of the project was to some degree dependent on the 
outcome of the desktop study. Given the information gaps and project refocus, 
interviews were conducted with various role players in the different sectors. Be-
cause of time and budget constraints the number of interviews for the different sec-
tors had to be reduced and were partly conducted telephonically and by correspon-
dence. The outcome of this part of the study is a detailed overview of the quan-
tity and quality of biomass for the different sectors in the various regions.  
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4.1.3 Stakeholders Meeting 
In an early stage of the project a stakeholders meeting was held. The purpose of 
the meeting was to raise the necessary interest in the project while at the same 
time engaging in a consulting process with key role players in the different in-
dustries. The meeting was attended by 17 senior representatives of the four sec-
tors and provided a useful exchange of information. It was suggested that black 
liquor, a waste product of the pulp and paper industry, should be included in the 
list of potential commercially exploitable resources. Agreement was reached 
with respect to biomass in the other sectors. 
 

4.2 Questionnaire and visited companies/persons 
Questionnaires were developed to assist in the data acquisition process. The 
questionnaires were approved by the project team. Supporting letters were is-
sued by the Department of Minerals and Energy (DME) to give the request for 
information the necessary legitimacy. Returned questionnaires can be found in 
Appendixes 4, 5 and 6. Biomass contacts made during the study are given in 
Appendix 8 grouped by industry. 

All 14 sugar mills were sent questionnaires by e-mail. In most cases the ques-
tionnaires were followed up by further correspondence, a telephone call or fac-
tory visit. In the end all mills responded positively and returned completed 
questionnaires. 

For the forest industry no questionnaire was deemed necessary because of the 
limited role players (Mondi and Sappi) and the excellent data available on the 
internet (www.forestry.co.za). In addition, information was obtained from ex-
pert interviews within Global Forest Products, Forestry South Africa and repre-
sentatives from Sappi and Mondi. 

The sawmilling industry consists of over 100 sawmills mainly in Mpumalanga  
and KwaZulu-Natal. A total of 4 questionnaires were sent out in this industry. 
No return questionnaires were received and most information gathered was 
done through personal visits (Singini, Wesa, Langini, Graskop, Tweefontein 
and Sabie). Two key role players in the sawmilling industry are Hans Merensky 
Holdings (Pty) Ltd, the biggest sawmilling company with various factories, and 
Crickmay * Associates a consulting firm in Pietermaritzburg with extensive 
experience in the sawmilling industry.  

In the pulp and paper industry 8 questionnaires were sent out. Only 6 returns 
were received: Sappi (Saicorr, Stanger, Ngodwana and Tugela); Mondi (Piet 
Retief and Richards Bay).  

 

4.3 Proposal for Linking Data to the HOMER/RE GIS 
The consultant in conjunction with DME/COWI discussed the format of the 
data suitable for linking to the HOMER/RE GIS. An external consultant from 
the CSIR who has been involved in the development of the HOMER/RE GIS 
interface was approached to write a proposal for linking the data.  
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4.4 Development of an IPP Feasibility Checklist 
It was decided that the development of an IPP feasibility checklist was the main 
responsibility of DME/COWI. Industry specific hurdles were obtained from the 
relevant industries as part of the interview process during the field research.  
 
 

4.5 Stakeholder Workshops 
The process was driven by the consultant in close consultation and interaction 
with DME and the Local Renewable Energy Adviser.   
 
This involved selecting workshop participants in consultation with 
DME/CaBEERE personnel. In total 33 people attended the combined workshop 
on 24 November 2004 for the four sectors i.e. sugarcane, forestry, sawmilling 
and pulp and paper.   
 
In preparation for the workshop, participants were sent a draft copy of the final 
report. Delegates were invited to comment on the report and were given a dead-
line of 29 November 2004 to do so. 
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5 Biomass resources and their 
characteristics 

5.1 Introduction 
One of the key characteristics of biomass as an energy source is the calorific 
value. The importance of this property and the confusion about the term dis-
played in the literature warrants a short note on its definition and determination. 

There are two different calorific values, a gross calorific value (GCV) and a net 
calorific value (NCV). The GCV is the total energy released during the com-
bustion process and can only be accurately determined by using a bomb calo-
rimeter at the standard electro-chemical temperature of 25°C. The NCV is the 
GCV minus the latent heat of the water formed by the combustion process and 
is obtained by calculation. The experimental procedure and method of calcula-
tion are laid down in ISO 1928 (Anon, 1995). 

Any substance consists of organic matter, moisture and inorganic matter or ash. 
Only the organic matter takes part in the combustion process. Although mois-
ture and ash are inert they do influence the gross calorific value of the biomass 
as a whole. For that reason it is important to quote the gross calorific value of 
the biomass on a dry ash free basis which is the same as the gross calorific 
value of the organic matter only.    

The gross calorific value of the biomass (GCVB) can now be expressed as a 
function of the gross calorific value of the organic matter (GCVO), the ash con-
tent (A) and the moisture content (M): 

GCVB = GCVO ! GCV O / 100 * A ! GCV O / 100 * M 

The net calorific value is the gross calorific value minus the latent heat of the 
water formed by the combustion process at a temperature of 25°C. On a dry ash 
free basis the only water formed is through the reaction of oxygen with the hy-
drogen in the biomass. Hence the net calorific value of the organic matter 
(NCVO) can be expressed as a function of the gross calorific value of the organic 
matter (GCVO) and the hydrogen content of the organic matter (H): 

NCVo = GCVO ! 18 / 2 * 2441 / 100 * H 

For the biomass as a whole allowance has to be made for the ash and moisture 
content of that biomass. In addition a correction should be made for the latent 
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heat of the moisture. The net calorific value of the biomass (NCVB) can be ex-
pressed as a function of the net calorific value of the organic matter (NCVO), the 
ash content (A) and the moisture content (M):  

NCVB = NCVO ! NCV O / 100 * A ! (NCV O + 2441) / 100 * M  

For a fibrous material (dry, and ash free) the gross calorific value is in the order 
of 20 000 MJ/t and the hydrogen content is typically 6.1%. This results in a net 
calorific value of 18 660 MJ/t. The biggest unknown in establishing the calo-
rific value of the biomass as a whole, which includes moisture and ash, is the 
moisture content. For green wood this moisture content varies from tree to tree 
and within the different parts of the tree and ranges between 25 and 65%. 

5.2 Bagasse  

5.2.1 Sugar Industry 
The South African Sugar Association is a partnership between the SA Cane 
Growers Association and the SA Sugar Millers Association. The former admin-
isters the interests of about 47 000 registered cane growers with a total area un-
der cane of over 430 000 hectares. Of these cane growers about 2000 are large 
commercial farmers and some 45 000 are small-scale growers farming on tribal 
land. The large-scale commercial farmers are responsible for more than 66% of 
total sugarcane production while small-scale growers produce approximately 
17.5% of the total crop.  

Table 2. South African sugar mills 

Company Sugar mill Comments 

Illovo Sugar ES Eston   

 NB Noodsberg Refinery 

 PG Pongola Refinery 

 SZ Sezela Furfural 

 UF Umfolozi Refinery 

 UK Umzimkulu  

Tongaat-Hulett AK Amatikulu  

 DL Darnall  

 FX Felixton Paper, Cogeneration 

 EN Entumeni Closed in January 2004 

 MS Maidstone Cogeneration, Animal feed 

Transvaal KM Komati Cogeneration 

 ML Malelane Refinery  

UShukela GH Gledhow Refinery, Paper 

Union Coop UC Union Co-op Wattle, Maize 

 

Milling companies with their own sugar estates produce 16.5% of the crop. This 
percentage is likely to decrease as companies continue to promote medium-scale 
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farming for the economic development and empowerment of previously disadvan-
taged people. The number of people employed in the sugarcane agriculture sec-
tor is 74 000 and sugarcane production is over 20 million tons per annum.  

The SA Sugar Millers Association administers the interests of the five milling 
companies. The milling sector employs 11 000 people in 15 sugar mills: six 
mills are owned by Illovo Sugar Limited, five mills owned by Tongaat-Hulett 
Sugar Limited, two mills by Transvaal Sugar Limited, one co-operative owned 
by growers (Union Co-op) and one mill owned by the BEE company Ushukela 
Sugar (Table 2). Komati and Malelane are situated in Mpumalanga, the other 12 
mills are in KwaZulu-Natal. Five of the mills are known as +white-end" mills pro-
ducing their own refined sugar. Raw sugar from the other nine mills is routed di-
rectly to Durban where it is either refined at the central Tongaat-Hulett Refinery or 
stored at the South African Sugar Association Bulk Terminal prior to export. Total 
sugar production is in the order of 2.4 million tons of which 1.3 million is for the 
local market and 1.1 million for the export market. Turnover of the sugar industry 
is about ZAR 6 billion. Illovo Sugar Limited is listed directly on the Johannesburg 
Stock Exchange and Tongaat-Hulett Sugar and Transvaal Sugar indirectly through 
their holding companies Anglo American and Rembrandt. 

Cane is grown in KwaZulu-Natal and to a lesser extent in Mpumalanga (Figure 
1). In KwaZulu-Natal the cane growing area is about 386 000 hectares primar-
ily situated on the coast with some cane grown around Pietermaritzburg. In 
Mpumalanga the total area under cane in 2003 was 47 000 hectares. 
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Figure 1.  Sugarcane area by province in 2003 

 

In KwaZulu-Natal the cane is mainly rain fed and the average cane yield is in 
the order of 43 t/ha/y resulting in 16.44 million tons of cane in 2003. In Mpu-
malanga the cane is irrigated giving a much higher yield of about 85 t/ha/y or 
almost 4 million tons of cane per annum (Figure 2). 
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Figure 2.  Sugarcane yield by province in 2003 

5.2.2 Sugarcane Biomass 
The processing of sugarcane produces two sources of biomass; the residue left 
in the field after harvesting (tops and trash) and bagasse, a residue from the 
processing of cane.  
 

Tops and Trash. During the harvesting process, tops (14%) and trash (8%) are 
removed and ideally only the stalks (78%) are delivered to the factories. The 
trash is usually removed by burning and the tops are cut by hand and left in the 
field. Leaving tops and trash in the field is seen by many agronomists as bene-
ficial because of their nutritional value, contribution to weed control, protection 
against erosion and retention of moisture in the soil. However, the tops and 
trash combined provide a considerable amount of fuel and ways of recovering 
them are presently being explored. The quantity and quality of stalk, trash and 
tops varies significantly and depends on things like cane variety, cane maturity 
and rainfall. Table 3 gives some tentative figures for the amounts and properties 
of the different parts of the cane plant. These figures are based on 20 million 
tons of cane. 

Table 3. Properties of cane stalk, trash and tops 

 Mass Fibre Brix Moisture Ash NCV Energy

 1000 t % % % % MJ/t TWh

Stalk 19 711 12.17 15.94 70.44 1.45 2 917 15.96

Trash 2 001 82.50 2.20 12.30 3.00 15 097 8.39

Tops 3 623 23.40 3.80 69.80 3.00 3 145 3.16

Total 25 336 19.33 13.12 65.76 1.79 3 912 27.52
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In practice, the residue left in the field will be a mixture of stalk, trash and tops. 
The composition of that mixture depends very much on the harvesting practice. 
Table 4 gives the residue made up of 2% stalk, 84% trash and 90% tops based 
on 20 million tons of cane. 

Table 4. Properties of cane and residue 

 Mass Fibre Brix Moisture Ash NCV Energy

 1000 t % % % % MJ/t TWh

Residue 5 336 41.19 4.19 51.73 2.89 6 894 10.21

Cane 20 000 13.50 15.50 69.50 1.50 3 116 17.31

Total 25 336 19.33 13.12 65.76 1.79 3 912 27.52

 

Bagasse. The second source of biomass from sugarcane is bagasse. Bagasse is 
the residue that remains after the processing of the cane in the factory. It has the 
advantage that it is already at a central point and can be burnt in specially de-
signed boilers without any pre-treatment. The quantity of bagasse is fairly con-
stant at just over 30% on cane. Table 5 gives the tons of bagasse from 20 mil-
lion tons of cane and some typical values for the fibre, brix, moisture and ash 
content of that bagasse. 

Table 5. Properties of bagasse 

 Mass Fibre Brix Moisture Ash NCV Energy

 1000 t % % % % MJ/t TWh

Bagasse 6 136 44.00 2.00 50.00 4.00 7 117 12.12

 

In the South African sugar industry the subject of the calorific value of bagasse 
has been well researched (Don et al., 1977 and Wienese, 1999). This research 
lead to the development of the following generic equation for the net calorific 
value (NCV) as a function of the moisture (M), the Brix (B) or dry solids and the 
Ash (A). 

  A*182,60-B*31,14-M*207,01-18260NCV "

This equation is based on a Gross Calorific Value (GCV) of fibre and brix of 19 
605 and 16 491 MJ/t respectively and a hydrogen content of 6.17% on a dry ash 
free basis. Although the equation was developed for bagasse, with some cir-
cumspection it can also be used for the residue left in the field without too 
much error. Table 6 shows the estimated bagasse and residue in the case of 
green harvesting (no burning) per province. 
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Table 6. Sugarcane biomass waste by province 

 KZN Mpum E Cape Limpopo W Cape Gauteng

 1000 t 1000 t 1000 t 1000 t 1000l t 1000 t

Residue 4 429 907 0 0 0 0

Bagasse 5 093 1 043 0 0 0 0

Total 9 522 1 950 0 0 0 0

 

Figure 3 shows the energy content of that bagasse and residue in the two cane 
growing regions KwaZulu-Natal and Mpumalanga. 
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Figure 3. Energy content of sugarcane biomass waste by province in 2003 

Sugar industry data for the last ten years including cane supply area, cane 
crushed and bagasse produced per sugar factory are given in Appendix 1. The 
same information is supplied on a monthly basis for the 2003/2004 crushing 
season in Appendix 2. 

5.2.3 Sugar Industry ! Electricity Generation 
The total sugarcane biomass waste is about 11.47 million tons with an energy 
content of 22.33 TWh. However, because of the alleged benefit of leaving some 
trash and tops in the field and the problems associated with collecting the field 
residue in practice only bagasse is available for electricity generation. This ba-
gasse amounts to 6.14 million tons with a total energy content of 12.12 TWh. 

During normal operation a sugar factory usually generates its own electricity. 
The need for additional fuel (mostly coal) varies from factory to factory and 
from time to time. It depends mainly on factory and process design, the steadi-
ness of operation and the fibre content of the cane. Most raw sugar factories are 
designed to use a minimum of coal to avoid the need for a costly bagasse dis-
posal system. Other factories are fitted with a back-end refinery (ML, PG, UF, 
GH and NB) or are exporting bagasse (ML, FX, GH, MS and SZ) and burning 
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significant amounts of coal. At present only KM, FX and MS are doing a little 
co-generation (See Table 2 for mill abbreviations). 

The industry has the potential to export significant amounts of electricity to the 
grid. However, this requires a reduction in power and process steam require-
ments and an increase in power generation efficiency i.e. high pressure boilers 
and a combination of efficient back pressure and condensing turbo-alternators. 
At an anticipated conversion rate of 25% power to fuel, the estimated total po-
tential electricity from sugarcane biomass is about 5 500 GWh, from bagasse 
alone it is roughly 3 000 GWh and the in-house requirements are 700 GWh. 
Appendix 3 gives the electricity generation potential for the sugar industry 
based on the following assumptions:  

 ! Cane throughput as per Appendix 1 
 ! Bagasse quantity and quality including NCV as per Appendix 1 
 ! Process steam on cane (45% for a raw sugar factory and 55% for a 

sugar factory with a backend refinery)  
 ! In-house power on cane (35 kW/tc for a raw sugar factory and 40 kW/tc 

for a sugar factory with a backend refinery) 
 ! Boiler steam pressure and temperature (8000 kPa(abs) and 520°C) 
 ! Back pressure turbine exhaust steam pressure (200 kPa(abs)) 
 ! Condensing turbine exhaust steam pressure (15 kPa(abs)) 
 ! Boiler efficiency (85%) 
 ! Boiler feed water temperature (116°C) 
 ! Boiler blow down (5%) 
 ! Turbine efficiencies (saturated exhaust steam conditions) 

 
It is believed that these assumptions are achievable and leave room for further 
improvements. 

5.3 Wood 

5.3.1 Forestry Industry 
In 2003 the total area of commercial timber plantations was 1 371 625 hectares 
of which 52% was planted with softwood and 48% with hardwood. The soft-
wood is mainly pine and the hardwood consists of 40% of the fast growing 
eucalypts and 8% of wattle or acacia. In the same year the annual yield was 
16.86 million tons (19.2 million m3) of timber; 8.69 million tons (8.4 million 
m3) of softwood and 8.17 million tons (10.8 million m3) of hardwood. Timber 
production was about 12 tons per hectare for softwood and hardwood alike. The 
plantation area and the production of timber by wood type is summarised in 
Table 7. 

Table 7. Production of timber by wood type 

Area Mass 

1000 ha % 1000 t %

Soft Wood 709 52 8 692 51

Hard Wood 662 48 8 172 49

Total 1 372 100 16 864 100
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Of the total plantation area 57% is managed for the pulp and paper industry, 
36% for the sawmill industry, 5% for the mines and 2% for other purposes. Of 
the 16.86 million tons 60% went to pulp and paper, 33% to sawlogs and the 
remaining 7% to the mines and other destinations. The plantation area and the 
production of timber by product type is summarised in Table 8. 

 

Table 8. Production of timber by product 

Area Mass 

1000 ha % 1000 t %

Pulp & Paper  786 57 10 093 60

Sawlog 488 36 5 582 33

Others 98 7 1 189 7

Total 1 372 100 16 864 100

 

Private sector ownership (private companies, individuals, partnerships, trusts) 
accounts for 78%, whilst state and municipalities own 22% of the total planta-
tion area. About half of the softwood plantations are privately and half publicly 
owned. Almost 90% of the hardwood plantations are privately owned.   

The majority of the timber plantations are in KwaZulu-Natal and Mpumalanga. 
The distribution of softwood and hardwood plantations between provinces is 
shown in Figure 4. 
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Figure 4.  Timber plantation areas by province in 2003 

Although Mpumalanga has the largest plantation area, KwaZulu-Natal pro-
duces the most wood. The distribution of softwood and hardwood wood pro-
duction between provinces is shown in Figure 5. 



Assessment of Commercially Exploitable Biomass Resources: Bagasse, Wood & Sawmill Waste and Pulp, in South Africa 23 

0

1000

2000

3000

4000

5000

6000

7000

8000

KZN Mpum E Cape Limpopo W Cape Gauteng

10
00

 to
ns

Hardwood

Softwood

Figure 5. Timber production by province in 2003 

In total 120 000 people are employed by the industry, 60 000 in the plantations 
and 60 000 in the associated processing industries. 

5.3.2 Forestry Biomass 
The biomass from timber is all the wood not suitable for commercial use that 
accumulates during the growing and harvesting of the timber. Sources of this 
residue include:    

' wood from tending and thinning young stands 

' waste resulting from the first commercial thinning cuttings 

' logging residues from the final cutting areas 

' low-quality trees with no commercial value 

The amount of residue can vary significantly and depends on issues such as tree 
species, standing volume and tree size. Other factors affecting the quantity of 
residue are forest maintenance practices and harvesting techniques. Most of the 
residue is logging residue consisting of tree branches and crowns, unmarketable 
stem wood and undergrowth. This residue or foliage mass is normally ex-
pressed as a percentage of the trunk mass. It is estimated that this figure is 21% 
for softwood and 16% for hardwood resulting in 3.13 million tons of forest bio-
mass waste. A wide range of data about the composition and calorific value of 
this waste was found. Table 9 shows the amount of forest biomass, its composi-
tion in terms of fibre, moisture and ash content and net calorific value (NCV) 
by wood type.  
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Table 9. Properties of forest biomass waste  

 Mass Fibre Moisture Ash NCV Energy

 1000 t % % % MJ/t TWh

Softwood 1 825 69.00 30.00 1.00 13 016 6.60

Hardwood 1 308 69.50 30.00 0.50 11 820 4.29

Total 3 133 69.21 30.00 0.79 12 517 10.89

 

The net calorific values (NCV) are based on estimated gross calorific values 
(GCV) of fibre of 21 323 (hydrogen 6.36%) and 19 355 MJ/t (hydrogen 5.89%) 
for soft and hardwood respectively (www.vt.tuwien.ac.at/biobib).  

KwaZulu-Natal and Mpumalanga each account for about 42% of the total waste 
biomass in the forest industry. The remainder is produced in the Eastern Cape, 
Limpopo and Western Cape (Table 10). 

 

Table 10. Forest biomass waste by province 

 KZN Mpum E Cape Limpopo W Cape Gauteng

 1000 t 1000 t 1000 t 1000 t 1000 t 1000 t

Softwood 524 893 217 76 115 0

Hardwood 795 429 27 52 5 0

Total 1 319 1 323 244 128 120 0

 

Figure 6 shows the biomass energy content by wood type and province. In the 
calculations it is assumed that the biomass composition and calorific value is 
the same for each province. 
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Figure 6. Energy content forest biomass waste by province in 2003 
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5.3.3 Forestry ! Electricity Generation 
The total forest biomass waste is about 3.13 million tons with an energy content 
of 10.89 TWh. However, like with sugarcane, many agronomists see leaving 
some residue in the field as good practice and it might not be wise to collect the 
entire residue. Although no costing is carried out it is expected that the han-
dling and transport of the residue is expensive and needs the development of a 
dedicated infrastructure. The efficiency of converting the biomass into electric-
ity depends on the selected process and operating parameters. Burning the bio-
mass in a conventional boiler as part of an efficient steam cycle produces 2 722 
GWh at a conversion efficiency of 25% power on fuel.  

5.4 Sawmill 

5.4.1 Sawmill Industry 
There are approximately 109 sawmills in South Africa mainly in Mpumalanga 
and KwaZulu-Natal. In 2003 the intake of timber by the sawmill industry was 
about 5.58 million tons of which 93% (5.17 million ton) was softwood and 7% 
(0.41 million ton) hardwood. 

Almost 50% of the total number of sawmills are very small with an annual 
wood in-take of less than 20 000 tons, 21% between 20 000 ! 50 000 tons, 19% 
between 50 000 ! 100 000 tons, 10% between 100 000 ! 200 000 tons and 3% 
have a wood intake of over 200 000 tons. 

Mpumalanga is clearly the biggest sawntimber supplier followed by KwaZulu-
Natal (Figure 7). 
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Figure 7. Estimated sawntimber production province in 2003  

5.4.2 Sawmill Biomass 
In 2003 the sawmilling industry yield on softwood was about 47.6% and on 
hardwood 42%. This resulted in a total sawmill biomass waste of about 2.95 
million tons mainly from softwood. This biomass waste consisted of 55% 
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chips, 28% sawdust and 17% bark. Again a wide range of data about the com-
position and calorific value of this waste was found. Table 11 shows the 
amount of sawmill biomass, its composition in terms of fibre, moisture and ash 
content and net calorific value (NCV) by residue type. 

 

Table 11. Properties of sawmill biomass waste 

 Mass Fibre Moisture Ash NCV Energy

 1000 t % % % MJ/t TWh

Chips 1 622 59.20 40.00 0.80 10 316 4.65

Dust 826 59.50 40.00 0.50 10 611 2.43

Bark 501 58.00 40.00 2.00 10 135 1.41

Total 2 948 59.08 40.00 0.92 10 368 8.49

 

The net calorific values (NCV) are based on estimated gross calorific values 
(GCV) of 20440 (hydrogen 6.21%), 20846 (hydrogen 6.24%) and 20431 (hy-
drogen 5.80%) MJ/t for fibre in chips, dust and bark respectively 
(www.vt.tuwien.ac.at/biobib).   

Mpumalanga is by far the biggest producer of sawmilling biomass waste with 
almost 49% followed by KwaZulu-Natal with 29% and the Eastern Cape with 
12%. The remaining 10% is found in Limpopo and the Western Cape (Table 
12). 

Table 12. Sawmilling biomass waste by province 

 KZN Mpum E Cape Limpopo W Cape Gauteng

 1000 t 1000 t 1000 t 1000 t 1000 t 1000 t

Chips 465 793 193 68 102 0

Sawdust 237 404 98 34 52 0

Bark 144 245 60 21 32 0

Total 846 1 443 351 123 186 0

 

Figure 8 shows the biomass energy content by residue type and province. In the 
calculations it is assumed that the biomass composition and calorific value is 
the same for each province.  
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Figure 8.  Energy content of sawmilling biomass waste by province in 2003 

5.4.3 Sawmilling ! Electricity Generation 
The total sawmilling biomass waste is about 2.95 million tons with an energy 
content of 8.49 TWh. At a conversion efficiency of 25% this gives about 2122 
GWh of electricity. Although the power and steam requirements in the saw-
milling industry are not known it is believed that this electricity will mainly be 
needed in-house to substitute any ESKOM power.  

5.5 Pulp and paper 

5.5.1 Pulp and Paper Industry 
In South Africa the pulp and paper industry is synonymous with Mondi and 
Sappi. Apart from some finishing mills, they own all the mills. Table 13 lists 
the nine pulp and paper mills owned by these two organisations. 

Table 13. South African Pulp * Paper Mill Capacities 

Compan y Mill Products Capacit y
   (1000 t/a)

Mondi Richards Bay Hardwood and softwood kraft pulp 576
 Piet Retief Hardwood and softwood NSSC pulp 60
 Felixton Unbleached bagasse pulp 70
 Merebank Thermomechanical pulp 220
  Goundwood pulp 66

Sappi Ngodwana Hardwood and softwood kraft pulp 410
  Goundwood pulp 100
 Tugela Bleached softwood pulp 230
  Hardwood NSSC pulp 120
 Stanger Bleached bagasse pulp 60
 Enstra Bleached hardwood pulp 90
 Saiccor Dissolving pulp 600

Total   2 602
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Of the 16.86 million tons of timber produced in South Africa in 2003, 60% or 
about 10 million tons went to the pulp and paper industry. In addition Mondi 
Felixton and Sappi Stanger take in bagasse as a raw material. Table 14 gives an 
overview of the pulp and paper produced during 2001, 2002 and 2003. 

 

Table 14. Production of pulp * paper in SA (1000 t) 

 2001 2002 2003

Printing and writing paper 863 904  916 

Packaging paper 1 245 1 265  1 265 

Tissue paper 150 154  152 

Total paper 2 258 2 323  2 333 

Total pulp 1 740 1 763  1 782 

Total value (million Rand) 10 428 12 357 11 659

 

The above table does not include dissolving pulp, the production of which has 
been estimated to be 600 000 t/year. 

5.5.2 Pulp and Paper - Biomass 
There are basically three sources of biomass produced by the pulp and paper 
mills namely black liquor, sludge and bark. 

Black liquor: Black liquor is a residue from the chemical pulping process. This 
liquor is concentrated through evaporation and subsequently burnt in boilers to 
recover valuable process chemicals. The combustible substance is mainly lig-
nin. At 50% moisture the estimated liquor quantity is over 5.2 million tons per 
annum.  

Bark: The quantity of bark is roughly 9% of softwood pulpwood and 0.5% of 
hardwood pulpwood intake. This gives a total amount of bark produced by the 
industry in 2003 of 345 000 tons at an average moisture content of 50%.  

Sludge: The quantity and quality of the sludge varies considerably and depends 
on mill configuration and type of paper produced. The amount of sludge also 
depends on its moisture content. At 50% moisture the total amount of fibre and 
bark sludge produced by the industry in 2003 is estimated at 234 000 tons. 
Sludge usually has a dry solids content of 20 to 40%. This high liquid content is 
often reduced by mechanical dewatering. The quantity and quality of the bio-
mass residue from the pulp and paper industry is summarised in Table 15.  
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Table 15. Properties of pulp * paper residue 

Mass Fibre Moisture Ash NCV Energy

1000 t % % % MJ/t TWh

Black Liq- 5206 40.00 50.00 10.00 6243 9.03

Sludge 234 37.50 50.00 12.50 5777 0.38

Bark 345 48.00 50.00 2.00 7975 0.76

Total  5785 40.38 50.00 9.62 6328 10.17

 

The net calorific values (NCV) are based on estimated gross calorific values 
(GCV) of fibre in black liquor and sludge of 20 000 (hydrogen 6.1%) MJ/t and 
a gross calorific value (GCV) of the fibre in bark of 20 431 MJ/t (hydrogen 
5.80%) (www.vt.tuwien.ac.at/biobib).   

The amount of biomass on a provincial basis is given in Table 16. There is no 
reason to believe that the properties of the biomass should be significantly dif-
ferent from province to province and again they are kept the same for the dif-
ferent provinces. 

Table 16. Pulp * paper residue by province 

 KZN Mpum E Cape Limpopo W Cape Gauteng

 1000 t 1000 t 1000 t 1000 t 1000 t 1000 t

Black Liquor 3 742 1 300 0 0 0 164

Sludge 196 30 0 0 0 8

Bark 225 120 0 0 0 0

Total 4 163 1 450 0 0 0 172

 

Using the net calorific values given in Table 8 and the quantities given in Table 
9 the energy content of the residue can now be calculated on a provincial basis 
(Figure 9). 
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Figure 9.  Energy content of pulp and paper residues by province, 2003 

 

5.5.3 Pulp and Paper ! Electricity generation 
The total pulp and paper industry biomass waste is about 5.78 million tons with 
an energy content of 10.17 TWh. About 90% of this biomass is black liquor 
with an energy content of 9.03 TWh while the remainder consists of sludge and 
bark. Black liquor is only produced by the chemical pulping process and is usu-
ally burnt to recover chemicals. The total biomass has a potential electricity 
capacity of about 2 542 GWh. Again the power and steam requirements in the 
pulp and paper industry are not very well known but they do vary from factory 
to factory and are vastly different between a chemical and mechanical pulping 
plant. Specially the paper manufacturing process requires significant amounts 
of heat for drying and it is believed that most of the energy will be needed in-
house with little scope for export power. 

5.6 Summary 
 

Commercial biomass in South Africa is mainly produced by the sugar industry, 
the forest industry, the sawmilling industry and the pulp and paper industry. 
The majority of this biomass is found in Mpumalanga and KwaZulu-Natal with 
small amounts in the Eastern Cape, Limpopo, Western Cape and Gauteng. 

In the sugar industry the quantity and composition of the biomass is well re-
corded and the data is readily available. In the other industries quantities are 
often measured in volumes rather than in mass and there is particular uncer-
tainty about the moisture content of the biomass. The latter has a significant 
effect on the net caloric value and therefore on the energy content of the bio-
mass. Table 17 shows the biomass and its energy value per sector.  
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Table 17. Biomass per sector 

Industry Biomass NCV Mass Energy Power

   content potential

  MJ/t 1000 t TWh GWh e

Sugar Field residue 6 889 5 336 10.21 2 553

 Bagasse 7 112 6 136 12.12 3 031

Forestry Softwood 13 016 1 825 6.60 1 650

 Hardwood 11 820 1 308 4.29 1 073

Sawmill Chips 10 316 1 622 4.65 1 162

 Dust 10 611 826 2.43 608

 Bark 10 135 501 1.41 353

Pulp & Paper Black liquor 6 243 5 206 9.03 2 257

 Sludge 5 777 234 0.38 94

 Bark 7 975 345 0.76 191

Total  8 004 23 339 51.89 12 972

 

Not all the biomass is easily available. In the sugar industry the bagasse is al-
ready at a central point at the factories but the field residue (trash and tops) is 
spread out over some 430 000 hectares. In the forest industry all the biomass is 
on the plantations covering well over 1.3 million hectares. In the sawmilling 
and pulp and paper industry the biomass is again at central points at the facto-
ries.  
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6 Proposal of linking data to Homer/RE GIS 
 
 

6.1 Background 

6.1.1 Homer 
The HOMER model was developed by National Energy Renewable Labora-
tory, Colorado in the United States as an optimisation model for distributed 
power. HOMER stands for the Hybrid Optimization Model for Electric Renew-
ables. It is a computer model that simulates and optimises hybrid power sys-
tems, which are stand-alone power plants that employ some combination of 
wind turbines, photovoltaic panels, mini-hydro systems, biomass gasifiers, or 
diesel generators to produce electricity. Batteries for energy storage may also 
be included as part of the design. Information about electrical loads (or de-
mand), renewable resource potentials, and the performance and cost of various 
components are inputs to the model. Loads and resource potential can be time 
based. HOMER will then design the optimal hybrid power system to serve 
those loads. HOMER can model any combination of: 

 ! wind turbines 
 ! photovoltaic panels 
 ! diesel generation 
 ! battery storage 
 ! mini hydro systems 
 ! biomass gasifiers 
 

HOMER performs hour-by-hour performance simulations on numerous system 
configurations and presents the resulting information in a well-structured out-
put. Possible system configurations are ranked in order of increasing cost, and 
the composition of each system is indicated graphically. 

6.1.2 The South African Renewable Energy Resource Database 
CSIR developed the South African Renewable Energy Resource Database ! 
SARERD (CSIR, 1999).  The database is in the form of a number of GIS-
compatible #grid layers$, with a resolution of 1km per grid cell.  The database 
includes the biomass, solar, micro-hydro and wind renewable resources.  

The biomass component of SARERD was modelled from wood, agricultural 
and grass residues. Residues are modelled on an annual basis and reflect ton-
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nage of biomass per hectare per day. In all cases, the biomass layer reflected 
potential residues and not actual residues. For example, not included in the 
model are areas of degraded land where residues may be reduced, or current 
uses of wood wastes. Inclusion of an actual biomass data layer into the database 
is planned in a subsequent phase of SARERD.  

To model the potential annual biomass component the total solar radiation 
needed to be estimated. The model used to estimate the total or global (i.e. di-
rect plus diffuse) solar radiation is based on two components: 

 ! the geometric model estimates solar radiation based on latitude, altitude, 
date, time, orientation and slope. 

 ! the atmospheric component deals with radiation loss due to cloud cover 
and atmospheric constituents such as water vapour, dust, and salt crystals 
i.e. the <transmissivity< of the atmosphere. 

 
Total radiation is estimated by adjusting the predictions from the geometric 
model by the transmissivity predicted from the atmospheric model. Solar dura-
tion and solar radiation data, collected over a 40 year period at 130 sites by the 
South African Weather Bureau, were used to create and verify the various 
components of the model. Both mean annual and monthly solar energy received 
per horizontal square metre (MJ/m2) have been calculated for South Africa.  
Figure 11 shows a typical GIS display of the resulting annual grid. 

 

Figure 11 Mean annual solar energy received per horizontal square metre (MJ/m2) for 
South Africa 

 

The major annual and biannual, non-woody, arable crops in South Africa were 
included in the assessment - maize, wheat, sunflowers, sugarcane, and sor-
ghum. Together these crops make up over 90% of the area of arable crops 
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grown and over 98% of the annual production in South Africa in 1999. The 
model approach, for agricultural waste, has been one of using a crop yield esti-
mation model to determine yield potentials. The yield estimation model uses 
rainfall and heat units to calculate crop tonnage. The residue for each crop, for 
example, husk, stalk, and leaves, is then derived from this figure as a percent-
age of the tonnage. The spatial extent of the potential crop productive areas was 
refined with the 1996 National Land Cover Database, which records actual ar-
eas under cultivation, both dry land and irrigated. 

Potential wood residues were identified for processed and non-processed wood 
products. Non-processed products include: 

 ! off-cuts from commercial plantation e.g. pruning 
 ! sustainable harvesting from indigenous woodlands (sustainable harvesting 

is considered to be the harvesting of deadwood, not the cutting down of 
live trees) 

 ! alien vegetation 
 ! deciduous tree off-cuts 
 

Processed products included residues derived from sawmills and pulp mills, 
e.g. sawdust, bark, and chips. These two residues were summed together to cre-
ate a final wood residue surface for South Africa. 

Micro hydropower is applicable for generating power in small, rural communi-
ties as, depending on the reliability of the resource, it can be economically sus-
tainable. While macro hydropower reflects accumulated flow along a river, mi-
cro hydropower is calculated from non-accumulated flow, in this case flow 
over a 1 km stretch of river. Mean monthly flows were mapped for South Af-
rica using values per quaternary catchment derived from the Water Research 
Commission WR90 CD. Actual power potential (kW) was calculated from 
mean monthly flow (l/s), head (m) and acceleration due to gravity. Power po-
tential has been calculated as an annual, as well as a monthly, average. Head 
values were calculated from the Surveyor General<s 400x400m digital elevation 
model, by finding for each grid cell the difference between the maximum and 
minimum values within a 3 x 3 neighbourhood. 

A wind resource atlas for South Africa was developed, which estimates mean 
annual wind speeds in m/s at a 10m height above ground level for approxi-
mately 67% of the country. The Wind Atlas Analysis and Application Pro-
gramme (WAsP) model, developed by RISO National Laboratory in Denmark, 
was used for the estimations of all the provinces within South Africa.  The 
WAsP model was run for each automatic weather station with a specific extent, 
or modelling area, that was based on the surrounding terrain.  

6.1.3 HomerGIS  
Subsequent to the SARERD project, a joint initiative was undertaken between 
the CSIR, ESKOM, the National Renewable Energy Laboratory (NREL) and 
the Department of Minerals and Energy (DME).  The aim of the initiative was 
to develop an effective and efficient mechanism for extracting data from the 
Renewable Energy Resource Database, so that it could be processed by the 
HOMER model. 
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As a result of the joint initiative, the HomerGIS tool was designed and devel-
oped by CSIR (DME, 2002).   HomerGIS is specifically tailored to support the 
assessment of how rural villages, not linked to the National Grid, could be sup-
ported through alternative energy systems.  The interface allows for simple 
#point-and-click$ selection of villages; automatic execution of the HOMER 
model, and summarised tabular and spatial displays of the resulting outputs.  A 
sample view of the interface is shown in Figure 12. 

 

 

Figure 12  Sample Screen-shot of the HomerGIS Interface Program 

 

6.2 Proposal to link data to HomerGIS 
 
There are two possible approaches to link data collated as part of this study to 
HomerGIS. 

6.2.1 Option 1: Biomass Data Update 
The first option is to update the existing biomass grid layers and make them 
available for HomerGIS.  Five years have passed since the work on the Renew-
able Energy Resource Database (which was itself based on earlier data), and it 
would make sense to incorporate the new data, along with other updates that 
have become available. 

It is strongly recommended that the HomerGIS model be upgraded so that dif-
ferent biomass layers could be individually altered, without having to reprocess 
and consolidate all the other biomass data simultaneously. This makes sense 
from a number of perspectives: firstly, the data availability and frequency of 
updating varies for each data type (e.g. commercial agricultural information 
could be obtained annually, while country-wide surveys on natural biomass 
(e.g. grasses and uncultivated woodland) would happen less frequently.  The 
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implication is that the original information made available for the Renewable 
Energy Resource Database needs to be re-examined and, if necessary, re-
worked, to accommodate the proposed split in layers. 

If the biomass layer is updated, another key aspect that will need to be ad-
dressed is the need to make available additional spatial information about the 
resources that have been evaluated, either as: 

 ! Point locations for biomass data at sites (e.g. bagasse at a sugar mill, or 
wood waste at a sawmill); or 

 ! Area vectors for forestry plantations (or for residues from sugar cane 
fields). 

 
It is the judgement of the SMRI research team that spatial information could 
indeed be found for point locations, and that the vectors for the sugar cane 
farms could be obtained (from SASRI).  However, there is uncertainty about 
availability of data for the forestry plantations and this would require further 
investigation. 

The process required to create the spatial grids for use in HomerGIS is as fol-
lows: 

 ! Collection of location data for point and area sources (existing spatial files 
and/ or conversion of co-ordinates into spatial entities). 

 ! Explode the point features to polygons so that they can be merged into a 
general polygon layer that covers both sources of biomass. 

 ! Addition of a spatial identifier key in the normal database tables to reflect 
the unique identifier of each spatial feature, so that a join between spatial 
and attribute data can be established. 

 ! Generation of a shapefile/coverage that can be converted to a grid. 
  

This process assumes that the attribute tables for point and polygon data hold 
the same or at least very similar data fields. At the least, a field in each table 
holding data about the biomass value is necessary, or else the gridding process 
will not be useful. 

It should be noted that existing HomerGIS biomass data is not time dependant.   
A decision would have to be made as to which of the time-based SMRI data 
sets to use ! alternately, some form of aggregation could be considered, or the 
biomass data could be presented in the same way as solar data (monthly, and 
aggregated annual values). 

A rough estimate of the costs associated with the proposed way forward for Op-
tion 1 is of the order of R100 000.   

6.2.2 Option 2: Renewable Data Management Process 
The second option is to extend the above update within the context of a signifi-
cantly more strategic approach to the whole issue of Renewable Energy Re-
sources information.   
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It is increasingly clear that effective governance and management of the natural 
environment requires an ongoing and well-coordinated data collection effort, 
supported by appropriate decision making mechanisms.  Data changes both in 
time and space, and national resources need to be surveyed regularly, to ensure 
that meaningful data is updated and available to support decisions.  For exam-
ple, the National Census collects data every five years; data that is used in a 
wide variety of planning and development functions   Similarly, the Depart-
ment of Environment and Tourism collects information on key environmental 
indicators on a regular basis, and makes this information available on-line 
(DEAT, 2002; DEAT, 2004).    

It is therefore proposed that a project be initiated that seeks to achieve the fol-
lowing: 

 ! Develop a plan of action for the ongoing management of information 
for renewable energy resources 

 ! Recommend an appropriate body to carry out this management (on a 
permanent basis) 

 ! Ensure that all current projects collecting data on renewable energy re-
sources be effectively coordinated (to ensure consistency of approach; 
avoid redundant efforts, and so on) 

 ! Collate all collected data and have it transformed, if need be, into a 
readily accessible format (or formats) useable by currently known tools 

 ! Make available ! preferably on-line ! a national set of #best available$ 
data sets related to renewable energy resources 

 
A very rough estimate of the costs associated with the proposed way forward 
for Option 2 is of the order of R500 000.  Obviously this may be increased or 
decreased, based on the exact Terms of Reference drawn up, and the assess-
ment of the work requirements by the party (or parties) drawing up the detailed 
proposals. 

6.3 Conclusion 
 
A decision on which of the two options presented should be chosen needs to be 
made by the client; based on the anticipated user needs and potential uses of 
renewable energy resources data.  A more detailed proposal, along with tasks 
and costs, can then be developed.  
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7 Feasibility check list 

7.1 Background 
A feasibility study should start by describing the context and reason for its 
preparation and the level of investigation (pre-assessment or detailed feasibil-
ity). The feasibility study should address technical opportunities, identify barri-
ers and evaluate potential effects as well as economics. 

7.2 General 
Preparation of a feasibility study for an energy production plant based on bio-
mass should always start by an analysis of the demand side. Usually energy 
demand can be reduced by various means (e.g. load shedding, reduced idle 
loads, condensate flashing, optimal steam bleeding, improved steam traps, vari-
able speed drives, use of energy recovery, insulation etc.).  Investments in the 
efficient use of energy are often more economical than investments in new en-
ergy production capacity, i.e. always consider the rational use of energy to-
gether with the supply of renewable energy. 

7.3 Energy demand 
It is necessary to audit the energy consumption and energy costs on the demand 
side by analysing: 
 

 ! Energy bills and production data for the last three years. 
 ! Tariff structure. 
 ! Variations in monthly energy consumption (electricity, steam, heat, wa-

ter and throughput). 
 ! Daily load patterns. 
 ! Specific energy consumption (kWh/ton). It is recommended to plot 

monthly readings in a diagram. 
 ! Boiler efficiency tests. It is recommended to monitor daily load varia-

tions. 
 ! Energy balances (process, drying, heating, evaporation, ventilation, 

power use, water heating etc.) 
 ! Temperature and power needs for the energy services. 
 ! Compare with good practice. 
 ! Ways of reducing the energy demand by various saving possibilities. 

 
Finally investigate the potential of export of heat and power to neighbouring 
industry and grid. 
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Based on this mapping of the demand side decide if there is a need for new en-
ergy production equipment and how big a heat / power plant there is room for.  

7.4 Biomass / Waste Resource Available 
The amount of biomass / waste available as fuel should be mapped, how many 
tonnes of each fraction is available with what morphology and moisture con-
tent. Check when it is available, how it is collected, stored and transported. Is 
there another market for the material? What is the cost on the market? Remem-
ber that cost will change if the demand increases - and that a potential profit 
often should be shared between the suppliers and customer. 
 
Get data on fuel characteristics such as calorific value, moisture and ash con-
tent. Alkali  (sodium and potassium), chloride and sulphur compounds can 
cause ash agglomeration, slagging or result in high temperature corrosion prob-
lems in boilers etc. 

7.5  Technical Evaluation 
The demand side determines suitable plant sizes. Describe possible technology 
that is mature and suitable for the fuel and purpose. Describe the logistics of 
how the fuel will be collected and stored. Evaluate if there is a need for pre-
treatment like drying, downsizing, addition of additives etc. Normally downsiz-
ing the biomass to about 50 mm is recommended and pre-drying of wet bio-
mass will increase power output. 
 
If possible describe previous experience using different types of technology 
including references where possible.   
 
Make an overview table with the main characteristics of alternative technolo-
gies and plant sizes, energy production, possible capacity regulation, need for 
O*M and pros * cons. 
 
Choose the preferred and possible solution as well as alternatives and continue 
with further economic evaluations.  

7.6 Economic Evaluation 
List all economic pre-conditions and confirm them e.g.: 
 

 ! Rate of interest for calculation (typical 11-13%). 
 ! Government"s inflationary targets between 3 and 6%. 
 ! Economic lifespan (typically 15-20 years). 
 ! Conditions of finance (normally annuity). 
 ! Conditions of tax and possible support. 
 ! Value of produced energy e.g. feed in tariff etc. 
 ! Cost of fuel. 
 ! Cost of operational personnel. 
 ! Cost of ash and flue-gas residue disposal.  
 ! Cost of other waste disposal. 
 

 
Calculate the direct operation benefit (earnings minus expenses) for the chosen 
alternatives. Estimate yearly maintenance cost, these are often 1-3 % of invest-
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ment costs per annum. Consider also the need for reinvestments over the total 
lifespan (which may be 5 years). 
 
Based on this data the break-even cost for a plant can be calculated. Normally it 
is now possible to judge if it is realistic to get a plant below that cost. If it looks 
promising quotations can be asked for from suppliers as a basis for traditional 
economic evaluations of alternative solutions based on calculation of e.g.:  

 ! Pay-back period (simple key figure for preliminary comparison) 
 ! NPV: net present value (gives you the best financial alternative i.e. 

highest value) 
 ! Balanced cost of produced energy (NPV costs / NPV produced energy) 
 ! IRR: internal rate of return (gives you the maximum loan interest) 

 
Alternatively you can assume loan conditions and calculate the total extra costs 
of extra produced energy and compare it with what you can get from selling it 
to the grid.  
 
Possibility of looking at softloan ! mixed credit options, which will give a 35% 
grant and an international finance packaged via the international export credit 
system (this way the loan could possibly be in Euro at 5%). 

Investigate the CDM option ! contact the DNA at DME and inquire about 
CDM options. 

The DME is in the process of setting up a subsidy office to distribute subsidies 
to renewable energy projects in the first phase of the renewable energy strategy. 
Contact the DME to enquire about national subsidies.   

Analyse sensitivity towards changes. Make parameter variations on selected 
parameters, like cost of fuel, plant efficiency, value of sold energy etc. 

7.7 Environmental Conditions and Legislation 
Check the demands on environmental emissions. What is needed to meet these 
demands? Are there legislative restrictions to the location of the plant or how to 
dispose of ashes and flue-gas cleaning products? What documentation should 
be provided? How is the plant monitored and what way of self control is 
planned? How is operation safety and occupational health ensured for the op-
eration personnel? 
 
Some relevant regulations are: 
 

 ! NER generation licence (for power generation above 5 MW) 
 ! BEE compliance 
 ! Local by-laws 
 ! Standard industrial regulations (OHS Act, Labour Act) 
 ! Industry specific legislation 
 ! Environmental legislation (emissions to air and water) 
 ! Ownership of power plant 
 ! Ownership of biomass (fuel) 
 ! Consultation with local communities 
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Figure 13. Roadmap of a feasibility Study


