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PREFACE 

In the 1990s, the Government of Swaziland decided to review its energy strategy. The Netherlands 
Energy Research Foundation (ECN), through its group Implementation of Renewable Energy (IDE), 
became involved in this process, and decided in the late 1990s to investigate the opportunities for the 
sustainable production of energy from biomass residues. The project that was formulated accordingly, 
was completed twelve months after its commencement, and supported jointly by ECN and the 
Eindhoven University of Technology (TUE). The completion of this thesis marks the end of the 
project. The result is a sound foundation for the design of the follow-up to implementation. It is set up 
according to the guidelines as formulated by TUE, to facilitate obtaining the degree of Master of 
Science in the field of Technology and Development Studies at the Faculty of Technology 
Management. 

When the project commenced in August 1999, a supervising committee was constituted and given the 
task of reviewing the outputs at regular intervals. The members of this committee were on the one 
hand, ir. Ad Dankers, drs. Petra Lasschuit and drs. Chris Westra on behalf ofECN, and on the other 
hand, dr.ir. Paul Lapperre, dr. Benny Romijn and ir. Maarten Splinter on behalf of TUE. I want to 
thank all of them for their contributions. Still I would like to mention two supervisors in particular, who 
should receive most of the credit. Dr. Romijn has participated actively in all components of the project, 
and contributed to a significant extent to the development of this thesis. Drs. Lasschuit, ECN's 
representative in Swaziland, made all the necessary arrangements for my stay in Mbabane and provided 
me with useful supporting information, as well as some valuable contacts in the field of research and 
the Government of Swaziland in particular. 

I have aimed at making this thesis as tailor-made as possible. It takes into account ECN's capabilities, 
and deals with the circumstances that Swaziland, as a developing country in Southern Africa, has to 
cope with. Furthermore, the utmost effort is put in motivating and clarifying all research-steps taken, in 
order to formulate accurate- and appropriate conclusions and recommendations. The opportunities 
found should act as eye-openers to the responsible parties. They may facilitate a review of their 
business- and investment philosophies, in order to contribute to a sustainable energy policy for 
Swaziland. 

RolfVerlaan 
Eindhoven, August 2000. 
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ABSTRACT 

In this opportunity-study, the opportunities for the sustainable production of energy from biomass 
residues have been identified for Swaziland. The study has coi:i:s~!!!r:!!!~£.~Q!!Jh.~J,4!!~~Qa~r
and sugfil2!!~Uf~ing suQ:se~ors ~L12ce they generally produce vast amounts ofbi0mass residue. Six 
companies were selected for in-depth study. The current situation in the respective production facilities 
has been assessed in order to find out whether or not they can contribute, in the future, to the national 
supply of energy. In this respect, electricity has been considered the only relevant energy carrier. 
Eventually only one pulp manufacturer as well as one sugar manufacturer should merit further 
investigation. It has become clear that when modem equipment is installed, based on proven 
technology, the manufacturing industry can contribute to a significant extent to the generation- and 
national supply of electricity. Imports from South Africa can be reduced substantially. Provided that the 
national power utility is willing to accept all the power that is generated in excess, and to pay the 
respective industries at its own avoided cost, the sale of power by third parties to the national grid is 
commercially feasible without unacceptable economic-, social- or environmental costs. 
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EXECUTIVE SUMMARY 

In the 1990s, the Government of Swaziland decided to review its energy strategy, and recognised the 
fact that drawing up a new strategy requires the active participation of all parties that have an interest in 
the energy sector. The Netherlands Energy Research Foundation (ECN), through its group 
Implementation of Renewable Energy (IDE), decided to contribute by investigating the opportunities 
for the sustainable production of energy from biomass residues. ECN was convinced that especially the 
timber-, pulp-, paper- and sugar manufacturing industries are likely to play a significant role in the 
future supply of energy, since they generally produce substantial amounts of biomass residue. 

Government aims at increasing the share of energy supplied from local sources as long as it is 
"economically-, ecologically- and strategically justifiable", and hence this opportunity-study has 
identified the opportunities for the manufacturing sector to contribute to the national supply of energy 
from a technical-, financial-, economic-, social- and environmental point-of-view. First, the relevant\) 
sub-sectors were selected. Consequently, within these sub-sectors, the relevant companies werel 
selected, investigated, and for every single facility, a mass- and energy balance of the current situation \ 
has been constructed. Then, when it still made sense to investigate the opportunities further, a unique 't 
technical concept has been designed on the basis of which a new mass- and energy balances have been i11 

made. The financial feasibility of the proposed technical concepts have been determined by means of ll 
Financial Cost-Benefit Analysis (F-CBA). The economic feasibility has been checked by means of { 
Economic Cost-Benefit Analysis (E-CBA), which makes use of both the results from the F-CBA as/I 
well as a number of shadow conversion factors. F-CBA and E-CBA are quantitative methods, but the{ 
social- and environmental feasibility, which are investigated by means of Social Cost-Benefit Analysi~f 
(S-CBA) and an Environmental Impact Assessment (EIA), are discussed in a qualitative manner.: 
Finally, the contribution of the interventions to the national energy supply has been assessed. 

As expected, the timber-, pulp-, paper- and sugar manufacturing sub-sectors turned out to be the 
backbones of the country's industry. Inherent to their respective production processes, their potential 
for the sustainable production of energy from biomass residues was likely to be substantial. The 
manufacturing sub-sector turned out to incorporate no less than 43.7 MWe of power generating 
capacity installed. The rest of the country is served by the Swaziland Electricity Board (SEB) at a rate 
of about 146.0 MWe. On a kWh-basis, about 3/4 ofSEB's sales are imported from ESKOM, which is 
South Africa's national power utility. 

The t~Qanufac~uring sub-sector essenti~lly consis!s of~~ompanies. However, only two 
comptrmes were considered to have the potential to contribute to nat10nal energy supply. It has been 
demonstrated that these twQ._£Qmpanies indeed process the majority of the standing timber that is grown 
for sawn timber production. The quantity of timber that is processed by the two companies is about 
134,304 tonnes/year, which yields 53,368 tonnes/year of sawn timber. In the different processes about 
56,136 tonnes/year of bark, slabs and sawdust are produced. Less than half of the residues available, 
being about 26,544 tonnes/year, are combusted for heat- and power generation. The rest is dumped as 
landfill. P~s Ltd. is the only timber manufacturing industry where steam is raised for drying 
purposes as well as power generation. Power generation capacity is 1.2 MWe. 

Swaziland incorporate4~~~_!m1:l_fuQturing_iJ!Q...ustry. U~~fil_.PulQ Compan~Ltd. can process up to 
about 1,096,200 tonne~fof timber, which may yield some 210,000 tonnes/year of air-dry pulp. 
About half of the bark produced on-site is dumped as landfill, while the remaining bark, sawdust and 
black liquor are sufficient for heat- and power generation. The fuel available accounts for about 
I 19,280, 47,880 and 348,600 tonnes/y~w~rcspectively. Power generation capacity is usually about 9.3 
MW e. Swaziland includes€~g~_J'.~P0t'.fiP:l1E!l.f~<::tl1rif1:g _i?dustries. One company produces corrugated 
cardboard containers from importeapaper, while the other collects wastepaper for the production of 
tissue- and packaging paper. Since neither of both companies produce- or utilise biomass residue in 
their production process, they were not of any relevance to this opportunity-study. ' 

v 
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'.[he .§ig~manufac~~~~~.2!:._<?_f Swaziland includes(fiiJ-~i~, which together can process about 
5,624,640 tonn~s/year, yielding some 684,331 and 194;238 tonnes/year of raw sugar and molasses 
respectively. About 1,361,371 tonnes/year of bagasse may be produced. Except for 133,325 
tonnes/year that is reserved as cattle feed, all bagasse is combusted. T:wQmills are linked to a refinery, 
while one mill is linked to a distillery that produces industrial alcohol from molasses. The refineries 
and distillery were considered the only outlets in the country for heat. 

After the current situation has been described, the opportunities for the sustainable production of 
energy from biomass residues have been identified. The following has been concluded: 
• The\ilii}bh manufacturing sub-sector does not have the potential to contribute to the national supply 

of energy due to inadequate processes, lack of economies of scale and the preference to substitute 
first f01:_.eurchas~ from SEB before the supply to the national grid should become an option; 

• The ~ manufacturing 'sub-sector has more potential. The proposed project makes use of all 
energy carriers available on-site, including all bark produced. When boilers that operate at 80 bar 
and 500 °C are installed, power generating capacity can be more than doubled to 19.3 MWe, making 
about 5.8 MWe available for supply to the grid. Assuming that all power generated in excess can be 
sold to SEB at its own avoided cost, which is 0.12 E/kWh, the project has been expected to be 

V feasible from a technical-, financial-, economic-, social- and envj!:_o~ental point-of-view; 
• ~he~ manufacturin_g sub-sector ~s a~out to change. Only ~~il:I has:~~~n cgQsi#~r!'.d relevant 

smce 'the other two mills are considermg a merge that will have a sigmficant lillpact on the 
respective operations. Analogue to the proposed project in the pulp manufacturing industry, when 
Ubombo Sugar Ltd. should install boilers that operate at 80 bar and 500 °C, power could be 
generated in excess. The quantity however, is different for the in-crop and off-crop periods. 
Production growth is anticipated. During the in-crop period, excess power is expected to increase 
from 10.1 MWe in 2001 to 16.6 MWe in 2010. During the off-crop period, when coal only is 
combusted, excess capacity will increase from 16.9 to 25.3 MWe. Again, assuming that all power 
generated in excess can be sold at 0.12 E/kWh, the proposed project has been considered feasible 
from a technical-, financial-, economic-, social- and environmental point-of-view. 

The opportunities have been demonstrated. Neither the timber- nor the paper manufacturing sub-sectors 
need further attention. The puln_- and sugar manufacturing sub-sectors however have the potential to 
pl~ a,_ si@iti_~l!ntJ:Ql~jn_}l; vationaf'supply of energy. The actual recommendations have Been 
specified for the Ministry of Natural Resources and Energy (MNRE) as the representative of the 
Government of Swaziland; SEB as the nl:l!iQIJ~l power utility; the pulp- and sugar manufacturing sub
sectors as the only relevanUng~dsmt Power Producers (IPP); and ECN as the party that should act 
as the initiator and co-ordinator of the projects. Throughout a project lifetime, ECN must also monitor
and boost its development. The actual recommendations, which are given in table 14, have been 
grouped according to four different areas, the first one having the highest- and the last one having the 
lowest priority: 
• The actual recognition of the potential of the pulp- and sugar manufacturing sub-sectors to 

contribute to the national supply of energy; 
• The construction of a framework similar to the Public Utility Regulatory Policies Act (PURP A) of 

the United States, and the negotiation and formulation of adequate Power Purchase Agreements 
(PP As); 

• The execution of full-size feasibility-studies in the pulp- and sugar manufacturing sub-sectors; 
• The re-evaluation of the position of Swaziland within the Southern African Power Pool (SAPP). 

The set of recommendations does not deal with actual project implementation. This has been done on 
purpose since in this opportunity-study, the proposed projects had to demonstrate the energy generation 
potential rather than issue details about project implementation. Now that the energy generation of the 
manufacturing industry and correspondingly, the impact on the national supply of energy has been 
demonstrated, positive results can only be achieved when the parties involved approach project 
implementation as well as the overall future supply of energy with a long-term and integral vision. 
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INTRODUCTION 

1.1 Context of opportunity-study 

It is generally understood that energy is needed both as a means of production and to improve the 
quality of life of world populations. It is expected that in developing countries, which often experience 
high population growth, the demand for energy will grow at least at a corresponding rate. In this 
respect, especially industrial consumption needs attention since in developing countries, the industrial 
sector is still a more important consumer of energy1 than, for instance, the transport-, household-, and 
agricultural sectors. Industry often accounts for about half of final demand for commercial energy2, 
while -paradoxically- in the developed world this is much lower (Jansen, 1995). 

To determine a country's potential for the efficient production- and conservation of energy, the 
concept- and magnitude of energy intensity must be understood. Energy intensity is the energy 
consumption per unit of product. In developing countries energy intensity is substantially higher than in 
the developed economies. In the Less Developed Countries (LDCs), energy intensity is 0.59 toe/US$ 
1,000, compared to 0.38 toe/US$ 1,000 for member states of the Organisation for Economic Co
operation and Development (OECD) (Goldemberg, 1991). The level of energy intensity is determined 
by a number of factors. In the case of developing countries, a high level of energy intensity is often due 
to lack of economies of scale that enhances energy intensity, pre-empting certain conservation options 
that would be suitable for larger units. Low capacity utilisation is an important issue as well, which is 
often caused by lack of orders, high rate of breakdowns due to poor maintenance, lack of spare parts, 
inappropriate technologies, and shortages of foreign exchange to support import-dependent industries. 
Provided that most of these factors can be addressed, developing countries encompass vast potential 
for the efficient production and conservation of energy. 

In the past, incentives for the efficient production and conservation of energy were mainly the energy 
crises of 1973 and 1979. Low prices for products on the world market resulted in extremely small 
margins and made large investments in expensive energy-efficient technology risky, but necessary. In 
this respect, the concept of co-generation3 has made a great deal of sense. Many industrial plants 
require useful heat for carrying out many of their processes and usually use steam to provide this heat. 
Two major industries that have substantial requirements of process heat are sugar- and paper 
manufacturing industries, the latter being the fourth largest in the world (de Beer, 1998). By their very 
nature they produce substantial amounts of by-products from their basic raw material, which are 
sugarcane and wood respectively. In addition they use considerable amounts of electricity to drive their 
production system. When the energy available in the by-products is larger than their internal demand 
for process heat and -electricity, the extra energy could be delivered to third parties thus raising extra 
revenues for the industry. Hence, the application of energy-efficient technology could play an 
important role in the overall development process. 

1.2 Outline of opportunity-study 

This opportunity-study identifies the possibilities for the sustainable production of energy from 
biomass residues in the timber-, pulp-, paper- and sugar manufacturing industries in Swaziland. The 
incentive to investigate these businesses and this country in particular is not without reason. Firstly, in 

1 The author is aware of the fact that strictly, energy can not be "produced", nor "consumed". Energy is only converted. 
However, since "production" and "consumption" are commonly used, they will be used throughout the thesis. 
2 In 1995, energy consumption in the South African industrial, transport, households and agricultural sectors was 51 %, 24%, 
22%, and 3% respectively (Wienese, 1999). In Swaziland, these figures, which were also recorded in 1995, were 50%, 17%, 
31 %, and 2% respectively (MNRE, 1998). 
3 Co-generation is the generation of both heat and power, and hence, not per definition the supply of excess power to a local, 
regional or national grid. Despite the fact that using the term like that is incorrect, a tendency exists of doing so. Co-generation 
will be used in this report as what it actually is. 

1 
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Swaziland industry accounts for no less than 50% of the country's energy consumption (MNRE, 1998). 
Secondly, the mentioned manufacturing industries process the majority of biomass as well as biomass 
residues. Thirdly, Swaziland has been chosen for this explorative investigation because the Netherlands 
Energy Research Foundation ECN already has a representative in Swaziland, which simplifies and 
gives opportunities for both co-ordination and organisation of the opportunity-study. ECN has been 
present in Swaziland since collaboration with Government commenced in the early 1990s, focussing on 
household energy strategy studies. 

This opportunity-study identifies the investment opportunities as the starting point in a series of 
investment-related activities. It is being increasingly recognised that aid activities will be sustainable 
only if they are managed in arid by the recipient country. Although the research methods of 
opportunity-studies are usually founded on generally accepted guidelines, they should be made suitable 
to any kind of situation, which differs for every country and region. Hence the content of this 
opportunity-study is unique for Swaziland and essentially can not be generalised to other countries and 
regions. It only serves as a qualitative example to other situations. 

1.3 Structure of thesis 

This thesis is basically divided in five parts. The preface, abstract and executive summary precede Part 
I, which consists of the introduction, the research framework, the research method and a description of 
the current situation in Swaziland regarding the generation, transmission and distribution of power. Part 
II assesses the opportunities for the sustainable production of energy in the timber-, pulp- and paper 
manufacturing sub-sectors of Swaziland. Part III is discusses the same energy-related issues for the 
sugar manufacturing sub-sector. Part IV S)11thesises all the identified opportunities and clarifies a 
comprehensive set of conclusions and recommendations. Part V consists of a list of references, as well 
as a number of appendices, to which is referred throughout the thesis. 

2 



RESEARCH FRAMEWORK 

2.1 Introduction 

It is generally understood that any society needs energy for satisfying basic needs, for performing all 
kinds of activities, and that economic growth depends, among other aspects, on the availability of 
energy carriers. This opportunity-study identifies the possibilities for the sustainable production of 
energy from biomass residues in the timber-, pulp-, paper- and sugar manufacturing sub-sectors in 
Swaziland. This will be done in a broad sense, taking into account the relevant technical-, financial-, 
economic-, social- and environmental aspects. Therefore, in this opportunity-stud:1, the concept of 
sustainability to be considered is the following: 

"A project is qualified "sustainable" when it is technically-, financially-, economically-, socially-, 
and environmentally feasible according to the generally accepted methods. " 

Institutional issues, as such, are not discussed. It will become clear that the most relevant institutions 
are all addressed because they are discussed in the different feasibility studies mentioned in the 
definition. 

2.2 Research problem and -objective 

Currently, the Government of Swaziland reviews its energy policy and aims at formulating a 
sustainable energy strategy for the future. It has been demonstrated before that the agricultural and 
manufacturing industries could play an important role in this process. Therefore, this opportunity-study 
should address the following research problem: 

"What are the opportunities for the sustainable production of energy from timber- and sugarcane 
residues in the timber-, pulp-, paper- and sugar manufacturing industries of Swaziland?" 

~he objective of this opportunity-study is the formulat.1.·on··. of a. n.u .. m. ·b·e··r of project. s or project ideas, 
hich should be co-ordinated by ECN, and which. provide information on the implementation of a 

us!!!ii:rnhkl .~!l~~gy-'-~trategy as formulated.by the Govemfi!_~!!Lcif Sw.aziland. It must be noted as well 
ffiat the proposed strategy.§houl([!>.~JpiegrateawiffiTfie. other energy services provided in the area and 
other developmerrt-illftiatives that are plannecrlll~the near future. 

2.3 Research questions 

This opportunity-study requires the formulation of a number of research questions. These research 
questions are grouped according to the fields of technology, finance, economics, society, and 
environment. The sequence, in which these fields are mentioned and will be discussed, is based on how 
the opportunity-study is executed. Within the mentioned sub-sectors, the relevant companies are 
selected, investigated, and a unique alternative technical concept is designed. Then the accounting part 
is elaborated, which is referred to as Financial Cost-Benefit Analysis (F-CBA). Consequently, 
Economic Cost-Benefit Analysis (E-CBA) is performed. E-CBA is performed after F-CBA since the 
former analysis requires its input from the latter. After E-CBA, Social Cost-Benefit Analysis (S-CBA) 
is performed. S-CBA investigates the extent to which the project contributes to more fundamental 
objectives, like social equity. Both economic- and social opportunities and restrictions are influenced 
by political measures, which are discussed along the sidelines. Political measures also influence 

3 
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environmental opportunities and restrictions, which are considered in an Environmental Impact 
Assessment (EIA). 

Questions covering "technology" 

To determine the opportunities for the production of energy from timber- and sugarcane residues, one 
should take the current situation as the starting point regarding capabilities and technology
infrastructure. Furthermore, the technical possibilities of energy supply to third parties must be 
investigated. The following questions are formulated: 
• What are the technical alternatives for the industrial conversion ofbiomass residues, and which are 

actually available for implementation in Swaziland? 
• What are the technological capabilities of Swaziland and the industries under review in particular, 

with respect to the mentioned technical alternatives? 
• Which organisations are included in the (inter-) national science and technology (S&T-) and 

research and development (R&D-) infrastructures, and how important are their contributions? 
• What are the technical opportunities and restrictions for the delivery of excess energy to third 

parties, like for example heat to a nearby brewery, or power to the utility's grid? 

Questions covering "finance" 

The financial feasibility of projects must be assessed by means of F-CBA. Furthermore, the feasibility 
of projects, especially when capital intensive, is to a large extent limited by the financial resources 
available to the industry under review. Therefore, the relevant research questions are in the following: 
• Which financial cost and benefit aspects are relevant, and which are not? 
• What are the financial criteria for financial feasibility and the result of applying them? 
• What are the financial capability, and willingness to invest, of the industries under study? 
• What are the financial capability, and willingness to invest, of the international financial 

infrastructure? 

Questions covering "economics" 

The economic feasibility of projects must be assessed by means of E-CBA. The relevant aspects that 
distinguish E-CBA from F-CBA must be adequately dealt with and estimated as precisely as possible. 
The following questions cover the relevant economical issues: 
• Which economic cost and benefit aspects are relevant, and which are not? 
• What are the criteria for economic feasibility and the result of applying them? 
• How supportive or restrictive is the national economic situation for implementation? 

Questions covering "social issues" 

Any project must be socially desirable. The social feasibility is investigated by means of S-CBA. 
Therefore, the social impact of a project must be thoroughly examined. The questions are: 
• What is the effect of the project on social equity and -justice? 
• To what extent does the project contribute to other social development goals? 

Questions covering "environment" 

Energy-intensive industries should assess the environmental impact of any project. Environmental 
issues must be dealt with by means of a full EIA. The following questions are relevant: 
• What are the environmental regulations that affect the project? 
• Which are the project implications in terms of environmental impact? 
• Is the proposed project in compliance with the relevant environmental regulations? 
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Question covering "opportunities for the selected technology" 

The opportunities for the sustainable production of energy from biomass residues in Swaziland are 
identified when all research questions mentioned before are answered. However, this does not 
necessarily mean that all projects, which are considered feasible, will actually be implemented. Thus, 
the very last and crucial question is: 
• Is it likely that the identification of the opportunities will result in actual implementation? 

The strategic decision whether or not to implement major technology, is often taken at the highest 
level. Apart from the results of the opportunity-study, there may be a number of other factors that affect 
the likelihood of implementation. The factors may be, among others, a different perception of sector
wide growth; a different perception of the price-developments of energy-carriers; a general reluctance 
against the different kinds of alternative- or state-of-the-art technologies; and the possibility of 
investing resources elsewhere. 

2.4 Research concepts 

The concepts, that determine the opportunities for the production of energy from biomass residues in 
the timber-, pulp-, paper- and sugar manufacturing industries, have to be identified and defined. The 
relations between these concepts are clarified and illustrated by means of a research framework. This 
framework is presented in figure 1. The concepts are defined and discussed below. 

Concepts covering "technology" 

The selection of the appropriate technology for the sustainable production of energy depends on a 
number of concepts. The relevant concepts are: the technology available on the world market; the 
technology capability of Swaziland; the infrastructure of Science and Technology; and the energy 
allocation opportunities and restrictions. 

Concept: technology available on world market 
Technology available on the world market is that technology, that can contribute to any form of 
sustainable production of energy from biomass and which is available on the world market. For every 
industry under review, the concept will be operationalised by determining: 
• Extent to which the technology meets the technological requirements; 
• Extent to which the technology can be integrated in the present system, regarding the existing 

process as well as building space and auxiliary equipment. 

State-of-the-art technology is described in detail in a number of highly specific journals, seminar 
proceedings, magazines and on the Internet. Knowing this is important since libraries in developing 
countries often lack recently published sources. 

Concept: technology capability 
Technology capability is the set of facilities, knowledge, skills, information, and organisational 
framework, incorporated in the country, including the industries under study, to search for, select, 
master, adapt, maintain and improve the most appropriate technology for the sustainable production of 
energy from biomass residues as well as to create new technologies. This concept will be 
operationalised by determining: 
• Existence and effectiveness of old-fashioned, conventional and state-of-the-art technology in the 

production facility under review and, if applicable, the entire holding company; 
• Existence and effectiveness of communication channels regarding the transfer of technology. 

The technology capability can partly be investigated by means ofliterature survey. However, especially 
commercial guides and publications written by investment promotion authorities hardly cover possible 
lack of capability. Thus, to obtain a realistic and objective picture of technology capability, on-site 
visits have to be conducted and key-persons have to be interviewed. 
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Concept: science and technology irifrastructure 
The science and technology (S&T) infrastructure is the relevant national-, regional- and international 
infrastructure of technology promotion agents, including the relevant research and development (R&D) 
institutes, that facilitates the diffusion of newly generated technologies. This concept will be 
operationalised by determining: 
• Existence and effectiveness of sector-specific research institutes; 
• Existence and effectiveness of educational facilities for non-employed labour to ensure smooth 

supply; 
• Existence and effectiveness of educational facilities for skilled and unskilled employed labour; 
• Existence and effectiveness of channels for the diffusion of technology within and across borders. 

The existence of institutes can often be determined prior to field study. The effectiveness and 
appreciation of their very existence by the industries under study, however, can only be investigated by 
means of interviews. Training possibilities abroad, for example financed by developed countries as a 
form of aid, exist and have to be investigated since they, as will become clear, are highly appreciated. 

Concept: energy allocation opportunities and -restrictions 
Energy allocation opportunities and -restrictions are those factors, including technological and 
organisational aspects, which influence the possibilities for the allocation of the energy produced, 
including possible excess energy. The concept will be operationalised by determining: 
• Heat- and power requirements of the production facilities under study; 
• Efficiency of energy utilisation in these facilities; 
• Existence of a market, other than the national power utility, for excess energy; 
• Technical infrastructure- and business philosophy of national power utility. 

Biomass is utilised for the generation of heat, in the form of steam, and power, in the form of 
electricity. It is possible that excess heat and/or power is produced, so the export of energy would 
become an option. All aspects regarding the allocation of energy should be considered, of which supply 
of excess energy to the national grid is the most common, but essentially just only one option. To make 
an accurate description of heat- and power production and consumption, on-site assessment of the 
relevant production processes is necessary. Key-person interviews have to be conducted for 
understanding breakdowns in processes and production trends during the year. Literature survey is 
sufficient for describing the status- and performance of the national grid infrastructure, but to describe 
the actual situation regarding the position of South Africa and Mozambique as key-suppliers, the latest 
information is absolutely necessary. However, to get an objective picture of the willingness of the 
national power utility to allow private enterprises to supply the grid, interviews are needed. 

Concept: technical feasibility 
The technical feasibility is the technical viability of a selected technology. The concept will be 
operationalised by determining: 
• Extent to which implementation is technically possible, and meets the needs of the facility; 
• Extent to which the technology capability is sufficient for successful implementation and 

utilisation; 
• Extent to which the S&T-infrastructure can assist implementation and utilisation; 
• Extent to which opportunities exist for the allocation of excess energy. 

To determine the technical feasibility, all necessary details and figures have been collected. 

Concepts covering "finance" 

Financial issues essentially originate from the financial infrastructure. This infrastructure is the set of
and climate between, on the one hand, the national- and international development banks, and on the 
other hand, the commercial banks that are able to support the implementation of the selected 
technology. This construction forms the foundation of the financial opportunities and -restrictions. 
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The financial feasibility, as a result of those opportunities and restrictions is, for a given technology, in 
the first place not determined by what organisation the project is financed, since it does not affect the 
calculations on which it is based. However, the allocation of financial resources to a project constitutes 
an obvious and basic prerequisite for investment decisions, project formulation, and pre-investment 
analysis. Furthermore, it is needed for determining the cost of capital, without the decision to accept or 
reject a project on the basis of Financial Net Present Value (F-NPV) and Financial Internal Rate of 
Return (F-IRR) can not be made. Essentially, it is the national investment climate that influences 
financial profitability. Hence, it is very well possible that it is financially more attractive to allocate the 
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available resources somewhere else instead of in the energy project. This alternative option is called 
opportunity cost for investment. The relevant concept definitions are in the following. 

Concept: financial opportunities and -restrictions 
The financial opportunities and -restrictions is the set of financial possibilities and problems posed to 
the industries concerned, to implement or modernise the selected technology for the sustainable 
production of energy from biomass. This concept will be operationalised by determining: 
• Relevant organisation that have the potential to fund; 
• Relevant institutions, like Government, for subsidy; 
• Investment priorities regarding preferred businesses; 
• Quantity of funding; 
• Risks involved. 

A description of the relevant institutions in Swaziland is given in Appendix 8. It will be tried, by key
person interview, to extract as much information as possible about the investment terms that are used. 
However, it is possible that full-size feasibility studies must be presented first before the possible 
investor can give any comment. 

Concept: financial feasibility 
The financial feasibility is the profitability of a project after the relevant criteria are applied. The 
concept will be operationalised by determining: 
• Financial Net Present Value; 
• Financial Internal Rate of Return. 

It is stated that the best way to arrive at a profitability measure for project appraisal is that of the 
discounted cash flow (Behrens, 1991 ). A certain amount of money today is worth more than an equal 
amount of money available in the future. This is the case since in that time, profit can be made on that 
amount. The Financial Net Present Value (F-NPV) is often supplemented by the Financial Internal Rate 
of Return (F-IRR), since most investors think in terms of rate of return on capital invested. The 
payback period is a measure for the time that it takes tO recover all investment cost. The payback 
period may be added, but is essentially of minor importance as long as the risks are limited. To 
determine the F-NPV as well as the F-IRR, the costs, revenues, appropriate discount rate, planning 
horizon and project lifetime need to be estimated. Literature survey can yield useful data, but estimates 
regarding for instance energy demand, affecting selling price and thus revenues, may be supplied by 
professionals. 

Concepts covering "economics" 

E-CBA deals with the economic situation, which is the national, macro-economic setting in which the 
project is executed. It can make a financially sound project unjustifiable. For instance in conditions of 
overvalued exchange rates, or excessive price interventions by Government, most income-generating 
projects are doomed to fail (NEI, 1996). The economic opportunities and -restrictions reflect the 
society and its culture from an economic point-of-view. The related economic policies can include 
import substitution of fossil fuels by grid-supply or the saving of foreign exchange. The relevant 
concepts are discussed in the following. 

Concept: economic opportunities and -restrictions 
The economic opportunities and -restrictions are the positive- and negative economic factors 
respectively that influence the feasibility of the implementation. Apart from F-CBA, which includes 
necessary input for E-CBA, the concept will be operationalised by determining: 
• Economic situation that affects the shadow exchange rate, the shadow discount rate and the 

shadow prices of the various inputs and outputs; 
• Economic policies regarding taxes and subsidies. 

Both economic situation and -policy can be investigated by means of literature survey. Publications 
about national development plans are available. Officials from investment promotion authorities may 
be interviewed with respect to the development of future investment incentives. 
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Concept: economic feasibility 
The economic feasibility is the profitability of a project for society after the relevant criteria are 
applied. The concept will be operationalised by determining: 
• Economic Net Present Value; 
• Economic Internal Rate of Return. 

E-CBA is concerned with the cost and benefits of the project for the national economy. To determine 
the Economic Net Present Value (E-NPV) as well as the Economic Internal Rate of Return (E-IRR), 
the input from the F-CBA is needed. On top of that other input is needed, consisting of on the one 
hand, the items that have to added or -removed, and on the other hand, the relevant conversion factors. 
Those factors facilitate the estimation of the shadow exchange rate, the shadow discount rate, and the 
shadow prices of input and output. 

Concepts covering "social issues" 

From a developmental point of view, society must deliver a more or less adequate social structure 
before industry can anticipate on industrial development. Consequently, effort should be put in finding 
the best possible match among the technology available, the people involved and a company's needs. 

Concept: social opportunities and -restrictions 
The social opportunities and -restrictions are the characteristics of society that either limit or enlarge 
the possibilities for the sustainable production of energy from biomass residues. The concept will be 
operationalised by determining: 
• Availability oflabour; 
• Social policies, as formulated by Government, regarding social equity and -justice. 

National availability of labour can be determined by means of literature survey. However, it is likely 
that the availability of labour in the vicinity of the industries under study has to be estimated on-site. 

Concept: social feasibility 
The social feasibility is the extent to which a projects succeeds in generating more social benefits than -
costs. The concept will be operationalised by determining: 
• Social opportunities that enhance social equity and -justice; 
• Social restrictions that limit social equity and -justice. 

Concepts covering "environment" 

The environmental institution and its policy is the result of the interaction between governmental- and 
non-governmental organisations, at regional-, national- and international levels. The mechanism has 
the responsibility of environmental- and natural resource management policy, legislation, planning, 
implementation, monitoring, assessment and co-ordination within the overall framework of sustainable 
development (Dorm-Adzobu, 1995). 

Concept: environmental opportunities and -restrictions 
The environmental opportunities and -restrictions are the set of restrictive as well as supportive laws, 
agreements and measures, as formulated by Government, which affect the environmental feasibility of 
the project. The concept will be operationalised by determining: 
• Relevant existing as well as future restrictive laws and agreements, of international-, national- and 

regional character, to which a country, including all industries, must comply; 
• Relevant existing as well as future supportive agreements and programmes, issued by Government 

as well as international environmental organisations. 

Environmental opportunities and -restrictions can have a quantitative- as well as a qualitative character. 
The latter could make trade-offs between economic- and environmental development a lot more 
difficult, but effort will be put in the formulation of accurate considerations. Literature survey is the 
basis for investigating environmental opportunities and -restrictions. Assessing the processes will be 
necessary to determine to what extent the industries comply with these regulations. Interviews can 
yield information regarding the view on- or the execution of environmental impact assessments. 
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Concept: environmental feasibility 
A project is environmentally feasible when the net ecological effect of implementation is positive, 
provided that all separate effects comply with environmental legislation. The concept is operationalised 
by determining: 
• Current energy consumption and emission of gases; 
• Compliance of existing technology with existing legislation; 
• Extent to which it is likely that existing technology will comply with future legislation; 
• Expected energy consumption and emission of gases; 
• Extent to which it is likely that proposed technology would comply with future legislation. 

The implementation of the selected technology should contribute to environmental sustainability. Not 
only the amount of energy consumed could be reduced significantly, but the C02, NOx and SOx
emissions of as well. This, in turn, could lower the greenhouse effect on a considerable national scale. 
To determine the environmental feasibility, the opportunities and restrictions must be known, as well as 
design specifications of the existing and proposed technology. This can be achieved by performing 
literature study. The actual environmental performrnce of the existing technology, however, can only 
be estimated by the assessment of the production processes, or when that is done on a regular basis, by 
on-site interviews. 

Concepts covering "opportunities for the selected technology" 

This opportunity-study tests a selected technology on the chances for implementation, provided that the 
selected technology is not already installed. Apart from running- as well as planned expansion 
programmes, this situation is however not likely to occur. The relevant concept is as follows. 

Concept: opportunities for sustainable production of energy from biomass residues 
Opportunities for sustainable production technologies for energy from biomass residues exist in the 
frrst place when the technical-, financial-, economic-, social- and environmental feasibility has been 
demonstrated. Actual implementation depends on whether investment decision-makers have a positive 
view regarding possible future implementation of the proposed appropriate technology, confirmed by 
their willingness to execute a full-size feasibility study on the implementation of this technology. This 
concept will be operationalised by determining: 
• Attitude of investment decision-makers regarding the selection-, implementation- and utilisation of 

the proposed technology; 
• Willingness of investment decision-makers regarding the execution of a full-size feasibility study. 

In this context, both attitude and willingness can only be determined by key-person interview. 

2.6 Research methods 

Identifying the opportunities 

Any kind of cost-benefit analysis is always a comparison between alternatives. It seeks to determine 
not only if a project can be expected to provide net benefits, but also if there is an alternative that can 
be expected to yield even more. In most cases, the comparison will be between the situation arising 
with a particular project, versus the situation without the project. This concept may be applied to an 
entirely new establishment, as well as the expansion of an existing facility. In the case of "expansion 
projects", the data gathered must be synchronised and consolidated with those of the existing facility. 
Hence, the impact of an expansion must be expressed in terms of marginal costs and -benefits 
(Behrens, 1991; Davis, 1995). 

It is clear that in determining the technical feasibility of a proposed technology, no objective or 
quantifiable theory can be applied on which a defmite, generally accepted and mutually exclusive 
selection can be made. It is suggested that for every production facility, a mass- and energy balance of 
the current situation is constructed. Consequently, a unique technical concept is designed on the basis 
of which a new mass- and energy balance is made. The fmancial feasibility of the proposed technical 
concept is determined by means ofF-CBA. The economic feasibility is checked by means ofE-CBA, 
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which makes use of both the results from the F-CBA as well as a number of shadow conversion factors. 
F-CBA and E-CBA are quantitative methods. The social- and environmental feasibility, which are 
investigated by means ofS-CBA and EIA, are discussed in a qualitative manner. 

Sources of data 

Literature study 
To execute this research, a thorough study of the sources available needs to be performed. Specialist 
and non-specialist publications, dissertations and academic syllabi provide information for background 
studies, historical facts and tendencies, national- and international policies and the involvement of all 
organisations, governments and industries. Newspapers, scientific journals, seminar proceedings and 
the Internet are valuable sources for the latest information in the relevant field. 

Hence, literature study will mainly be performed to investigate all kinds of policies that are not site- or 
industry-specific, which can be done outside Swaziland, prior to- and after field-research. However, 
care must be taken when assessing the literature available. A number of publications provide valuable 
information but are in fact outdated (Hugot, 1960; Davies, 1985; Foley, 1985; Bowen, 1989), while a 
number of studies that are quite similar, have been executed on other continents (Faaij, 1995; van den 
Broek, 1997; Brouwer, 1999). Some publications are biased since they aim at promoting the country 
towards foreign investors (Townsend, 1996; Forsyth Thompson, 1998; SIPA, 1999)4. Other 
publications just lack on the hand, the verification of comprehensiveness (SIPA, 1999) or on the other 
hand, the correction of printing mistakes (SEB, 1999; Central Bank of Swaziland, 1999; Vilakati, 
1999). Thus, regarding the suitability for citation, all figures given will be checked thoroughly and 
when possible, verified by other sources. 

Assessment of production processes 
In this opportunity-study, the respective production processes will have to be investigated to be able to 
construct the necessary mass- and energy balances. In the case of the timber-, pulp- and paper , 
manufacturing industry, all operations need to be assessed from the selection of tree species, to 
harvesting and stock preparation to the manufacture of the relevant end-product. In this regard,\ \ · 
especially the flows of by-products like bark and sawdust are important since they are often burnt as 
fuel. In the case of sugar manufacturing, the process needs to be investigated from the growing of 
sugarcane and the first milling operation until the production of on the one hand, sugar, be it raw- or 
refined, and on the other hand, all by-products. Thus, with respect to energy production, the process 
involves on the one hand heat- and power production from energy carriers, and on the other hand heat-
and power consumption in the various process steps. 

Key-person interview 
Interviews are usually performed when knowledge, attitude and opinions are to be measured. In this 
study, interviews will be necessary to collect information that is unique for certain companies. Every 
industry has its own philosophies that can not always be extracted from scientific journals, annual 
reports or the Internet. Furthermore, not all information regarding for instance plant layout, energy 
usage and the handling of by-products are always available. Therefore, the questions in the interviews 
will have "direct" as well as "indirect" characters. Also, despite the fact that a checklist will be used, it 
is often not yet possible to expect what kind of information will be given, ~o·tli.eir'iterviews will be 
''un~t!:_l!.ctured". Qn~~it~.()~a_lJJ1t~.Yl~s with key-persons within specific enterprises must provide this 
information and will therefore be executed. 

4 These two sources often use capacity figures as if they were real production statistics. It is stated, for example, that in the case 
of Usutu Pulp Company Ltd., "annual production is 220,000 tonnes of pulp, which is supplied from its own forest, now covering 
70,000 ha" (SIPA, 1999). However, the tonnage mentioned is the current production capacity (MEPD, 1996; Forsyth Thompson, 
1998; Vilakati, 1999). During the last five years, annual pulp production has never even exceeded 180,000 tonnes (Central Bank 
of Swaziland, 1998; Central Bank of Swaziland, 1999). ). Furthermore, the forest does not cover 70,000 ha. Total area available 
to the industry is about 68,000 ha, the forest covering 43,000 ha only, the remainder being buildings, gardens and paddock areas, 
roads, fire breaks and dams (Vilakati, 1999). 
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3.1 Introduction 

IDENTIFICATION OF 

PROJECT OPPORTUNITIES 

In the identification of project opportunities, a number of aspects have to be treated at the national 
level. Firstly, there is the macro-economic setting, which is discussed in Appendix 4. Secondly, the 
position of Swaziland in the region is embodied in the membership of a number of international 
organisations, which are discussed in Appendix 7. Thirdly, the financial infrastructure must be 
investigated. The most relevant development banks and -companies are discussed in Appendix 8. Other 
issues that are not considered sub-sector- or site-specific are, for example, the choice of discounting 
method, the calculation of the appropriate exchange rate, and the availability of energy conversion 
equipment. Thus, despite the fact that the projects all have their specific characteristics, they have a lot 
in common as well. These similarities facilitate the following general statements regarding planning 
horizon and project lifetime: 
• The planning horizon has to cover the longest economic life of any type of equipment. Since the 

economic life of generating equipment is usually 25 years (SEB, 1999), the planning horizon from 
the start of operations will be considered 25 years; 

• For illustration, it is suggested that construction should have taken place in 2000, while operations 
are considered to commence in 2001; 

• The project lifetime will include 15 years of operation, which is chosen for three reasons. Firstly, 
Government formulates the energy policy on the basis of the coming 10 to 15 years (MNRE, 
1998). Secondly, despite the fact that the term, after which co-generation equipment has to be fully 
replaced to be able to meet capacity requirements, is generally 10 years5

, modem equipment which 
is already in place should be sufficient to extend capacity another 5 years. Thirdly, two fairly 
similar studies state that these kinds of projects should not exceed 20 years (Davis, 1995; du 
Plessis, 1999). 

Hence, for illustration, it is suggested that project construction should have taken place in 2000, while 
operations should occur from 2001to2015. 

3.2 Technical feasibility 

It is not possible within the time limits of the study, to elaborate different kinds of technologies for 
every single industry and compare these technologies on the basis of the results. However, this 
statement does not imply that only one technology will be assessed throughout the study. For every 
industry, the one most appropriate technology from a technical point of view, that can reasonably be 
implemented now or in the near future, is selected. In this respect, electricity plays an important role. It 
is often stated that electricity should become available to those households that rely on more expensive
and less versatile and convenient fuels. Motivations are often associated with adverse health effects, in 
particular fires and bums from paraffin and gas, and the high incidence of respiratory disease linked to 
coal and wood smoke in both urban- and rural homes. However, the impact of electrification must not 
be over-estimated. It is stated that in many cases in Swaziland, especially the impact of rural 
electrification on economic growth has been limited. More important pre-conditions for sustainable 
economic growth in Swaziland are (Lasschuit, 1996): 

• An economic centre consisting of at least one enterprise which manufactures or processes goods 
or provides services on a fairly large scale; 

• An active economic hinterland, which not only produces primary products supporting further 
processing industries in the centre, but also results in the hinterland population having disposable 
incomes which will be used to purchase goods and services in the centre. 

5 Based on discussion with Mr. Mike Reid, Factory Consulting Engineer ofUbombo Sugar Ltd. 
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Furthermore, it is stated that electricity appears to be neither the determining factor in the establishment 
of a business, nor an essential factor for successful and sustainable operations. However, having access 
to electricity has in many cases a positive impact on production- and sales levels, while it is considered 
to increase the convenience of day-to-day operations. Also, to be able to select an appropriate 
technology, one must be aware of the characteristics of the climate in Swaziland. Especially rainfall has 
a significant impact on the yields of crop and residue. It is important to realise that the uncertainty of 
the magnitude- and the irregularity of the period of rainfall are always present in tropical- as well as 
sub-tropical climates where most of the rainfall occurs as a result of convection currents during the hot 
season. In Swaziland, these currents are mainly warm Southeastern trade winds from the Indian Ocean. 
Hence, it does not make sense to make any kind of decision on the basis of weather predictions. 

Science and technology infrastructure 

Swaziland does not have a significant infrastructure of science and technology (S&T), nor may it be 
expected that it will be sufficiently develope;d at the start of the project. There is a iack of knowledge 
and skills in the fields of fundamental- and applied research and development (R&D), as well as 
chemical-, electrical- and mechanical engineering. Limited capabilities exist where components are 
imported and assembled on-site6

• Although every industry under review presumably employs a number 
of engineers and a workshop, it is not expected that their quality and quantity is sufficient to adapt to
and master large-scale state-of-the-art technology. 

The Faculty of Science of the University of Swaziland (UNISWA) has limited capabilities to contribute 
to the bridging of the technology-gap. It offers courses mainly for the training of teachers, and awards 
between 50 and 60 degrees per year. Only a small portion goes on to study engineering. The latter, 
however, is not offered at UNISW A, so this category of graduates has to qualify abroad. The Faculty of 
Agriculture mainly trains students to become officers of Government. The programmes are offered on 
the Government's demand, and the number of degrees awarded in the 1990s varied between 10 and 80 
per year (UNISW A, 1998). Hence, the academic programmes offered are not considered to play a role 
in this opportunity-study. However, it is suggested that a relation should be set up between UNISWA 
and industry. Possibilities for co-operation include the exchange of researchers and interns, and the use 
at campus, by industry, of lecture theatres, laboratories and libraries. Furthermore, on the long-term, 
UNISW A may be able to supply skilled labour to the industries under review. An organisation that is 
linked to UNISW A as well as Government, is the Renewable Energy Association of Swaziland 
(REAS WA). This organisation mainly facilitates discussion and the exchange of ideas on energy 
issues 7• It can therefore only play a supporting role in capability building. 

In Swaziland, the transfer of embodied technology is an important factor in capability building. It will 
become clear that most industries under review recently have invested in major equipment. The transfer 
of non-embodied technology takes place mainly within holding companies. Especially the South 
African TNCs incorporate state-of-the-art technologies and have skilful R&D-departments. However, 
other channels exist as weU to facilitate the transfer of technology. There are enough opportunities for 
the training abroad of expatriate- as well as Swazi professionals8

• 

Energy allocation opportunities and -restrictions 

The production of energy, be it heat or power, always induces losses. It will become clear that heat 
losses are very hard to estimate and therefore, all process representations are based on design 

6 The Afinta Motor Corporation (AMC), based on the Matsapha Industrial Estate, claims to be able to assemble chassis, bodies, 
engines and other components into commercial vehicles. It is stated that as at 1998, AMC assembled vehicles at a rate of about 
40 per month (Forsyth Thompson, 1998). 
7 The Annual General Meeting of REASW A was held in March 2000 at UNISW A It was attended by an audience of about 30 
individuals, from Government, UNISW A, private sector and the media. The meeting included two presentations. The Energy 
Section of the Ministry of Natural Resources and Energy presented the framework for the development of a "National Energy 
Policy". A private company presented the development of fuel-efficient wood stoves. 
8 A number of organisations have, in the past, offered training opportunities abroad to Governmental- as well as industrial 
officers. The set of organisations includes, among others, the Canadian International Development Agency (CIDA); the Danish 
Co-operation for Environment and Development (DANCED); the Danish International Development Agency (DANIDA); the 
Netherlands Energy Research Foundation (ECN); the German Agency for Technical Co-operation (GTZ); and the Swedish 
International Development co-operation Agency (SIDA). 
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specifications with minimal losses. Furthermore, for the same reason power losses in the generation, 
distribution and transmission, as well as non-technical losses due to non-payment and theft are not 
accounted for. In this opportunity-study it is assumed that all power produced in excess can be sold. 
However, as is discussed elsewhere, it is obvious that these kind of issues should be addressed with the 
relevant parties before operations can commence. 

3.3 Financial feasibility 

Discounting method 

The Financial Net Present Value (F-NPV) of a project is defined as the value obtained by discounting, 
at a constant discount rate and separately for each year, the differences of all annual cash outflows and 
-inflows accruing throughout the project life. The Financial Internal Rate of Return (F-IRR) is the 
discount rate at which the present value of cash inflows is equal to that of cash outflows. The F-NPV 
and F-IRR are commonly known and is discussed in literature (Behrens, 1991; Davis, 1991). 

Two kinds of discount rates have to be distinguished, which are the nominal- and real discount rates. 
The nominal discount rate includes the inflation percentage, while in the case of the real discount rate, 
the inflation percentage is deducted9

• The nominal discount rate is often taken as the interest rate on 
long-term loans (van der Westerlaken, 1996; van Herel, 1999). In the case of Swaziland, interest on 
long-term loans is taken as the nominal discount rate of the Central Bank of Swaziland. The latest 
figure available is from September 1998, which stood at about 18%. In the period January 1997 to 
December 1998, inflation varied between 7.0 and 9.0%, with one exception of 6.5% in April 1998 
(Central Bank of Swaziland, 1999). Therefore, an average inflation rate of8% is chosen. Hence, a real 
discount rate of 10% is appropriate10

• A risk percentage is not included. 

Initial investment cost 

Initial costs are considered to be the cost of equipment, installation, buildings, commissioning and 
training of personnel prior to operations. Additional costs may also be induced due to delayed 
commissioning. Virtually all the necessary equipment, which is to be installed, involves cost of 
insurance and freight on top of the regular FOB-price that is paid on the market. However, it is 
assumed that equipment that is imported from within the Southern African Customs Union (SACU), 
which is discussed in Appendix 7, and South Africa in particular, involves negligible additional cost. 
However, it is expected that heavy and state-of-the-art equipment, which is imported from outside 
SACU, induces substantial costs for insurance and freight. Therefore, it is assumed that in the case of 
equipment like high-pressure boilers, turbines and generators, the CIF-price is about 10% higher than 
the FOB-price11 (van Engelen, 1998). 

Operating and maintenance costs 

Operating costs are variable and fluctuate with operating hours. The share of operational costs 
increases when capacity utilisation increases. However, it will become clear that capacity growth is 
often realised due to modifications that are industry-specific, but that capacity utilisation remains more 
or less the same. Maintenance usually has a fixed- and a variable component, the latter being dependent 
on production level. Labour cost is considered fixed, realising the higher production level due to 
learning-effects and other kinds of efficiency improvements. Continuous training cost is considered 
fixed throughout the project lifetime. Depreciation is not a relevant cost item 12

• 

9 Alternative methods, which are more complex, exist. However, according to Mr. Leon Oerlemans, Lecturer at the Eindhoven 
University ofTechnology, the differences in the calculated real discount rates are generally small. 
10 Another study that was executed in Swaziland, also applied a discount rate of 10% (Lasschuit, 1995), but it was not clarified on 
what basis this discount rate was chosen. 
11 This is the upper margin of the range from 5 to 10%. In the publication mentioned, these figures are basically used for 
illustration only. They need to be refined in the case of full-size feasibility studies. 
12 Depreciation costs are charges made in the annual net income statement, or profit-loss account, for the productive use of fixed 
assets. However, a real outflow of cash takes place during the investment phase only, and not during production. 
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Customs- and excise duties 

Goods that are imported from outside the SACU into Swaziland virtually always arrive in South Africa 
first. In general, customs- and excise duties have to be paid in both countries, but according to SACU
regulation, the duties paid in South Africa can be claimed back since the goods are in transit to 
Swaziland. Thus, custom duties are paid in Swaziland only. Goods that are traded within the SACU are 
not subject to any kind of duty. 

Duties are different for every commodity. Apart from a low administrative cost, which always has to be 
paid, duties may be as low as 0%. In Swaziland, major industrial hardware like high-pressure boilers, 
turbines and generators, whether they are imported from South Africa or from overseas, are always 
exempted from any duty13

• Imported coal essentially always originates from South Africa and thus, is 
free of any duty as well since South Africa is a member of the SACU. The only commodities that will 
be subject to duties, and which are likely to be included in the projects, are office- and informational 
equipment. This equipment will not be accounted for in the several analyses s1nce their impact will be 
negligible. 

Income tax 

It is claimed that in Swaziland, under new legislation, income tax is to be revised downward from 37.5 
to 30.0% and eventually even lower, to make Swaziland more competitive and bring the country into 
line with other members of the Southern African Development Community (SADC), which is 
discussed in Appendix 7. Most manufacturing companies that are to be established, qualify for a five 
year "tax holiday'' and accordingly, are exempted from income tax. New enterprises that make a 
"significant contribution" to Swaziland's economic development can negotiate long-term concessions. 

3.4 Economic feasibility 

Economic Cost-Benefit Analysis (E-CBA) evaluates a project in terms of the efficient allocation of 
scarce resources from the point-of-view of welfare at large. The analysis is essentially the same as for 
F-CBA. An Economic NPV (E-NPV) and an Economic IRR (E-IRR) have to be calculated. However, 
F-CBA and E-CBA differ on three fundamental issues: 
• Certain items that may be included in F-CBA do not represent real costs to the economy. These are 

essentially transfer payments, because they do not constitute costs or benefits for the national 
economy. Examples are taxes, subsidies, loan repayments and debt servicing. Sunk costs like tied 
grants or -loans14

, are essentially transfer payments as well. 
• Certain items that are excluded from F-CBA, have a value to society indeed. These so-called 

externalities include additional costs, which are not paid by the implementing organisation, or 
external benefits that accrue to other economic agents, like increased agricultural production due to 
irrigation when power is supplied to a certain area. 

• All items need to be valued at shadow prices that reflect their true value to the national economy. 
This re-valuation is done as suggested in methods that are developed by the United Nations 
Industrial Development Organisation (UNlDO). 

In this opportunity-study, essentially two items are valued at shadow prices. These items are the 
exchange- and discount rates15

• They are discussed in the following. 

Estimating the shadow exchange rate 

Calculating the shadow exchange rate (SER) requires information on the ratio of the value of 
consumption at border prices to the value at domestic prices. Thus, if traded goods form part of 
consumption, the ratio depends on import tax and export subsidy. To a reasonable approximation, 

13 Based on an unpublished paper of the office of Customs and Excise, Mbabane. 
14 An example of a sunk cost is an imported input that is financed by a grant or loan that is tied to the project. In this case, 
alternative benefits are not sacrificed, so the economic cost to the domestic economy of the input is equal to zero. 
15 The wage rate is not relevant for this opportunity-study since net employment creation is not anticipated. Higher production 
levels are expected due to learning effects and other kinds of efficiency improvement. 
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especially when consumption of non-traded goods is small, which is the case in Swaziland, the 
following equation can be constructed (Squire, 1975): 

SER OER*[(M+T)+(X+S)]/(M+X) 

In this equation, the SER is the shadow exchange rate; the OER is the official exchange rate; M is the 
CIF-value of imports; T is the value of taxes; X is the FOB-value of exports; and S is the value of 
subsidies. For 1997, an OER of 6.0 E/US$ should be applied, as well as E 5,406 million for imports; E 
1,007 million for taxes and subsidies, which are combined in literature to one entity; and E 4,430 
million for exports (Forsyth Thompson, 1998), so the SER is 6.60 E/US$. This implies that when 
Government works towards the removal of exchange controls, the conversion factor will move from 
1.10 closer to 1.00, since the sum of import tax and export subsidy will move closer to zero. This is a 
very realistic scenario since within SACU, new talks about the agreement have started. However, these 
developments are troublesome for Swaziland. The reason is that the country depends heavily on SACU 
receipts, standing at 49.8% of revenue in the 1997/1998 financial year. Hence, the country faces an 
enormous challenge in diversifying its revenue base. 

Estimating the shadow discount rate 

One of the most important parameters used in economic feasibility studies is the shadow discount rate. 
The traditional approach is to use a shadow discount rate estimated by a central planning agency 
(Davis, 1995). When data from a central planning agency are not available, another approach should be 
assumed. It is stated that when a country is a net importer of capital, the shadow discount rate should at 
least be equal to the real interest rate on a loan from abroad, which is essentially the most expensive 
loan that a country is willing to accept. A rule of thumb is that a shadow discount rate of 10 to 12% in 
constant prices may be applied first and adjusted when more information is obtained. Since Swaziland 
is a net importer of capital, an average shadow discount rate of 11 % is proposed. 

Summary of conversion factors 

A summary of the conversion factors for all entities that, with respect to this opportunity-study, are 
likely to be involved in E-CBA, is given in table 1. The first conversion factor represents the scarcity of 
the entity itself The second conversion factor is the conversion factor for foreign exchange, which 
represents the value of consumption at border prices compared to the value at domestic prices. This 
conversion factor is 1.10. 

Table 1. Summary of conversion factors for different inputs and outputs, to be used in Economic Cost-Benefit 
Analvsis (E-CBA). 

PRELIMINARY FOREIGN ULTIMATE 
CONVERSION EXCHANGE CONVERSION 

PROJECT INPUTS 
Raw materials Bark, slabs, sawdust (non-traded)• 1.00 - 1.00 

Bagasse (non-traded) 0 1.00 - 1.00 
Coal (traded) 1.00 1.10 1.10 

Major machinery Electrical (traded) 1.00 1.10 1.10 
Non-electrical (traded) l.00 1.10 1.10 

Minor machinery and industrial equipment (non-traded) 1.00 - 1.00 
Minor machinery and industrial equipment (traded) 1.00 1.10 1.10 
PROJECT OUTPUTS 
Electricity (non-traded) 0 1.00 - 1.00 
Obsolete equipment (non-traded) 1.00 - 1.00 
a) Bark, slabs and sawdust are in principle zero-cost fuels. However, as will become clear, companies that purchase limited 

amounts ofresidue from third parties exist indeed. 
b) Bagasse is a not a zero-cost fuel. The price that the millers pay to the growers includes a portion that represents the fuel 

value of the fibre that the sugarcane contains. However, since the mills always utilise all the bagasse that is produced, the 
marginal cost ofbagasse is considered zero in any expansion project. 

c) In the future, export of electricity to neighbouring countries might become an option. In this study, however, this is not 
considered the case. 
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3.5 Social feasibility 

Economic measures are basically only the means to reach a more fundamental objective, which is 
economic welfare. The effects of a project on achieving this fundamental objective, are evaluated by 
means of Social Cost-Benefit Analysis (S-CBA). During the past decades, researchers have put effort 
in setting up a quantitative concept that facilitates a more consistent and systematic consideration of 
aspects regarding income distribution (Imboden, 1978; Davis, 1995). This implies that S-CBA, when 
sufficiently developed, could replace E-CBA. Although S-CBA is in principle desirable, practical 
experience to-date recommends that E-CBA should be used, while a broad qualitative assessment of 
the expanded impact of the project will be sufficient to determine whether it is socially acceptable. 

The implementation of the proposed technology should contribute to the realisation of desired 
outcomes of the social system, which are social justice and -equity (Nef, 1989). To arrive at social 
justice and -equity, a number of goals must be identified. From a social point-of-view, a number of 
goals to arrive at sustainable development are mentioned in literature (Anandakrishnan, 1989; 
Schtivelman, 1989). However, for t'lis opportunity-study, only the following items are considered 
relevant to determine the social feasibility: 
• Equalisation of income and consumption due to employment opportunities; 
• Equalisation of educational opportunities; 
• Equalisation of lifestyles. 

Overall development can only take place when continuous economic growth exceeds population 
growth. In Swaziland, total population is expected to grow at an annual rate of 3.2% (Forsyth 
Thompson, 1998). Due to continuous urbanisation, urban population is likely to grow at an average rate 
of 4.4% 16

• Since it is not expected anyway that in the near future, economy will be able to keep up with 
population growth (Lasschuit, 1995), the proposed projects must not lead to net losses in 
employment17

• It is likely that the proposed projects mainly lead to benefits in the training and 
development of the people that are employed by the project. 

Improved supply of energy contributes to the harmonisation oflifestyles. It affects one's behaviour and 
especially impacts personal health, environment, convenience and time usage. Therefore, any project 
requires participation of all parties, including the socially affected groups, in national policy dialogues 
to determine the priority areas of attention. For example, in Swaziland, coal use in company towns is 
very high, accounting 71% of total household energy consumption, since it is often provided for free. It 
is predominantly used for cooking purposes. It is suggested that instead of providing coal, the avoided 
cost due to reduced consumption could be given to the employees (Lasschuit, 1995). This option 
should enable people to make their own trade-off between fuel quality, health, and cost. Moreover, it 
may lead to more responsible behaviour in terms of energy-conservation since the financial burden of 
energy purchases will directly impinge on the household's available means. 

3.6 Environmental feasibility 

Any opportunity-study should include a realistic analysis of the environmental impact of industrial 
investment projects. This analysis is usually called Environmental Impact Assessment (EIA). It 
assesses the value that may be placed by society or individuals on environmental improvement or -
degradation. In Swaziland, all non-services related projects and businesses are required by law to 
execute an EIA. Approval must be obtained from the Swaziland Environmental Authority (SEA). In a 
similar kind of opportunity-study, four items were considered relevant in EIA (du Plessis, 1999). These 
items are aesthetic-, fauna- and flora impact; water- and river impact; atmospheric- and airborne 
impact; and rehabilitation. Rehabilitation is not considered relevant since a modem boiler- and 
powerhouse configuration, in this respect, is not likely to induce more environmental problems than 
another. The other three issues are discussed in the following. 

16 It is expected that urban population will increase from 23% in 1992 to 30% in 2000 (Lasschuit, 1995). 
17 A spin-off that one can think ot; is net employment creation in the power sector itself. Powerlines have to be extended, 
households have to be connected, and maintenance has to be done. However, estimating net creation of employment due to these 
kind of operations is considered beyond the scope of this opportunity-study. 
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Aesthetic-, fauna- and flora impact 

The "presence" of additions to the built environment must be thoroughly assessed. It is very well 
possible that, especially in the case of very large projects, the proposed technology will not be able to 
fit in the existing buildings without hindering the current process. In that case, an entirely new building 
is necessary. It is also possible that a separate building for the stock of fuel needs to be built. 
Furthermore, when the area under review is not electrified, powerlines may have to be installed to 
facilitate supply from- or to the grid. The route of any power-line must be designed in such a way that 
the discomfort to communities, as well as the loss of agricultural land due to pylon emplacement, are 
kept to a minimum. Also, powerlines should avoid passing over existing nodes of tourist activity, and 
should be kept in low-lying areas where possible to avoid breaking the skyline. 

Electrification of rural households could imply a reduction of deforestation, since presumably, the need 
for firewood that is necessary for energy purposes, would decrease. However, since the feasibility of 
rural electrification is not investigated in this opportunity-study, possible reduction of deforestation is 
not considered an environmental benefit within the lifetime of the projects concerned. On the other 
hand, increasing industrial production volumes by increasing the area covered by man-made forests, as 
well as the clearing of land to facilitate sugarcane cultivation, must be assessed. Essentially, both 
aspects are examples of mono-crop farming, which do have impact on biological diversity. 

Pollution of landscape should be kept to a minimum to ensure stockpiles of bagasse and ashdams not 
leaching into other areas. Care should be taken that boiler feedwater does not enter river systems or 
ground water. A policy of zero effluent discharge only can guarantee environmental sustainability. 

Water- and river impact 

Swaziland is one of the best-watered areas in Southern Africa. The large rivers flow throughout the 
year, while the smaller ones are seasonal. Major rivers that originate in South Africa are the Komati, 
Mlumati and Usutu, the latter including the tributaries Lusushwana, Mkhondvo and Ngwempisi. The 
Mbuluzana, Mbuluzi, and Ngwavuma originate in Swaziland. This is illustrated in Appendix 3. 
Swaziland forms part of the Eastern watershed of Southern Africa, between the Drakensberg 
Escarpment in South Africa, and the Indian Ocean. Therefore, the Governments of the three countries 
that are affected by this watershed, which are Mozambique, South Africa and Swaziland, meet to agree 
on how the rivers may be exploited. Especially the construction of dams is a sensitive issue. They are 
usually built for irrigation-, domestic-, industrial- and hydropower supplies. Hence the impact of the 
proposed technology on the water- and river systems must be thoroughly investigated and quantified as 
accurately as possible. 

Atmospheric- and airborne impact 

Regarding Swaziland's total energy supply, bagasse accounted in 1995 for 33%. Woodfuel, which 
includes hog fuel, black liquor and firewood that is utilised for domestic purposes, accounted for 26%. 
Petroleum accounted for 20%, coal for 13%, and electricity for 7%. The latter includes power 
generated by SEB and power imports from ESKOM, which is South Africa's major power utility, but 
excludes power generated by industry, and others for 1% (MNRE, 1998). All these kinds of fuel result 
to some extent to atmospheric- and airborne impact, except for hydropower, but it will become clear 
that these savings are negligible. Standards regarding emissions allowed are identical to those that are 
used in South Africa. As at 1999, emissions18 for bagasse-fired boilers are restricted to 120 mg/m3 at 
8% C02 for particulates like dust and fly ash, 1,900 mg/m3 for SOx and 650 mg/m3 for NOx (du Plessis, 
1999). 

Although limits exists regarding the amount of particulates per unit volume of C02 that is emitted, the 
amount of COremissions itself is not restricted. However, COremissions are responsible for roughly 
half of the greenhouse effect, and are always formed when fossil fuels are burnt or when carbon in 

18 
Emissions are measured in mg/Nm3

• This unit refers to a Normal Temperature and Pressure (NTP) -situation, meaning that the 
flue gas is valued at 0 °C and l atm ("" 1.013 bar). The figures given are based on a publication of Duke Engineering & Services 
(du Plessis, 1999), and an unpublished paper of the Mhlume (Swaziland) Sugar Company Ltd. 
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plants and soil is oxidised as a result of changes in land use. These emissions can be reduced by 
reducing fossil fuel use, shifting consumption to fossil fuels with lower carbon content per unit of 
energy, or by changes in land use that add to the carbon stored in plants and soil, rather than depleting 
it. Energy production from biomass residues can in principle be used both to reduce fossil fuel 
consumption, and to increase carbon storage in plants and soil. When biomass is burnt, C02 is emitted, 
but the growing plants absorb C02 as they photosynthesise19

• Therefore, although local COremissions 
occur, they can not be assessed on a global basis. As long as biomass production is maintained to 
replace the material that is burnt, and as long as no fossil fuels are used in the production- and 
conversion processes, net COz-emissions do not take place. 

It will become clear that excess power that is generated on-site and which is supplied to SEB, 
essentially substitutes for import from South Africa. In 1999, no less than 89.1% ofESKOM's total 
capacity was represented by coal-fired thermal power plants20

• Furthermore, it is stated that coal-fired 
thermal power plants that operate at 35% efficiency generally emit about 260 tonnes of carbon, in the 
form of about 953 tonnes of C02, for every million kWh that are generated (Williams, 1993). Hence, it 
may be assumed that for every million kWh that are generated from biomass residues in Swaziland, 
and that substitutes for power imports from ESKOM, a net reduction in COz-emissions of 953 times 
0.89, which is 848 tonnes, is realised. 

19 
The net assimilation rate of sugarcane even exceeds 1.5 to 2 times the rate usually found in other plants (Alexander, 1973 ). 

20 
Based on information from the Internet: http://www.eskom.eo.za/main.asp?cid=3&curl=statistics%2Ehtml. The balance is 

supplied by nuclear power ( 4.9%), pumped storage (3.6%), hydropower (1.5%) and oil-fired gas turbines (0.9%). 
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POWER GENERATION, TRANSMISSION 

AND DISTRIBUTION IN SWAZILAND 

4.1 Introduction 

It has been demonstrated before that any society needs energy for performing all kinds of activities, and 
that economic growth depends, among other aspects, on the availability of energy carriers. In 
developing countries, important energy carriers are often coal, petroleum and woodfuel. Electricity, 
however, is often the most preferred energy carrier. Once it is generated, it is easy to transmit and 
distribute, while it is convenient, clean and versatile. In Swaziland the generation-, transmission- and 
distribution of power are the responsibilities of one single authority, the Swaziland Electricity Board 
(SEB). SEB may and does grant licences to other entities, which are mainly manufacturing industries, 
to generate electricity for their own use. SEB controls a maximum generated capacity of 146.0 MWe. 
SEB's own generating capacity is 50.0 MWe of which hydropower accounts for 40.5 MWe and diesel 
generation for 9.5 MWe. The remaining capacity of96.0 MWe is accounted for by three 132 kV-supply 
lines from ESKOM, which is South Africa's major power utility. 

Within Swaziland, SEB is subject to voltage fluctuations, due to the limited amount of reserve capacity, 
the small diversification in sources of supply, and the propensity of lightning strikes. The construction 
of a coal-fired thermal power plant to diversify the sources of supply, as well as to cut down on 
imported power, has been an issue. Options have been a 200 MWe (Lasschuit, 1996) and a 2 x 600 
MWe plant (MNRE, 1998). Excess power could probably be sold to South Africa, where power 
shortages are expected in 2005 (SMRI, 1999) or 2006 (MNRE, 1998; van der Walt, 1998), since South 
Africa's government has set out its Reconstruction and Development Programme (RDP)21

• However, 
Swaziland exports almost all of the coal that is mined in the country. In 1995, some 180,000 tonnes of 
high-quality anthracite were sold to iron- and steel industries in South Africa, Spain, the United 
Kingdom and the United States. Coal that is used for domestic consumption is imported. About 
190,000 tonnes/year of low-quality lignite are supplied by South Africa, which is about 13% of the 
country's energy supply (MNRE, 1998). 

4.2 Power import from South Africa and Mozambique 

In 1998, SEB imported more than 75% of its electricity from power plants in South Africa, which are 
mainly coal-fired. In periods of drought, resulting in lack of hydropower, the import share may 
approach 85%. This is illustrated in table 2. 

Table 2. SEB power sales and ESKOM-supply for the second half of the 1990s (SEB, 1999), supplemented by the 
d. h fi (C l B k if S I d 1999) correspon tnR weat er eatures entra an a wazi an , 

YEAR 
1994 1995 1996 1997 1998 

SEB generation (GWh) 126.1 109.8 118.5 191.8 194.4 
ESKOM supply (GWh) 546.9 597.0 583.1 598.0 605.6 
Available to SEB (GWh) 673.0 705.0 701.6 789.8 800.0 
Share of ESKOM suooly (%) 81.2 84.7 83.1 75.7 75.7 
Energy sold (GWh) 545.8 603.2 585.0 671.7 694.7 
Weather feature Semi-drought Late rains Good rains Heavy rains a Good rains 
a) In 1997, "good rams" were reported (Central Bank of Swaziland, 1999), but the qualification "heavy rams" 1s more 
appropriate (SSA, 1999). This feature had a positive impact on hydropower generation during the year under review, but a 
negative impact on agricultural performance the following year. 

21 The Reconstruction and Development Programme (RDP) sets out a number of targets for the South Afiican energy sector. The 
most important targets for the energy sector are a national electrification programme, a low smoke- and wood supply programme, 
and energy-efficiency and demand-side management activities (Davis, 1995). 
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The three incoming lines are unable to provide reliable quality power to customers because maximum 
capacity has been reached. To meet power requirements, the first priority was the construction of a 
fourth 275 kV transmission line from South Africa. However, this project has been cancelled since 
Government got involved in the Mozambique Transmission Company (MOTRACO), which is a joint 
venture between Electricidade de Mo9ambique (EDM), ESKOM and SEB on an equal equity basis. 
MOTRACO facilitates the transmission of power from South Africa, via a 400 kV line through 
Swaziland, to a large aluminium smelter in Maputo, Mozambique. SEB's benefit is embodied in the 
"400 kV Integration Project'', which involves tapping from the line at the Edwaleni II Bulk Supply 
Point and connecting the country's network through 132 kV lines. The 400 kV Integration Project must 
significantly improve the grid's quality, as well as the resistance to lightning- and transmission losses. 
However, for this study, the most relevant benefit is the fact that it has facilitated SEB to become a 
signatory of the agreement between the operating members of the Southern African Power Pool 
(SAPP) in February 2000. This will enable SEB to trade freely, although the operating members, 
including SEB, are aware of the country's limited generation capabilities (Mamba, 2000c). It is stated 
that the 400 kV Integration Project is expected to cost upwards ofE 300 million and that the Edwaleni 
II Bulk Supply Point will be ccmmissioned in September 200022

• 

Involvement in MOTRACO indicates that the proposed Swaziland-Mozambique inter-connector could 
be cancelled. However, it would be in compliance with the Government's diversification strategy, 
when electricity should be purchased from Mozambique, generated at the Cahora-Bassa hydropower 
plant in the Zambezi River. The switch-on date for power from Cahora-Bassa is planned in April 2000 
(van der Walt, 1998), but no further developments have been reported yet. 

4.3 Power generation, transmission and distribution by industry 

The timber-, pulp-, paper- and sugar manufacturing industries produce large quantities of by-product 
while processing raw materials. In the timber manufacturing industry, the by-product is "hog fuel'', 
which consists of bark, slabs23

, and sawdust. The pulp- and paper manufacturing industries produce on 
the one hand hog fuel, which consists of bark and sawdust only, and on the other hand "black liquor'', a 
pulping process fluid containing biomass solids. The sugar manufacturing industry produces "bagasse", 
containing the fibre content of cane. Hog fuel, black liquor and bagasse enable industries to generate 
heat and power at their production site. 

When the generation of power exceeds factory demand, export to a regional-, national- or international 
grid could be attractive. The viability of this option depends on a number of aspects. One of most 
important factors that influence the financial feasibility, is the price that the utility pays for this 
electricity. In the United States, this is formalised by law. The Public Utility Regulatory Policies Act 
(PURP A) of 1978 gives various legal rights to owners of co-generation- and small power production 
facilities that meet the standards required and which are not owned by power utilities. Each power 
utility is required to offer to purchase available electric energy from these facilities at rates equal to- or 
less than the utility's avoided cost. The net effect of these rights is to make on-site generation a viable 
alternative for large industrial users of steam and to open up the generation sector of the power industry 
to competition. 

In Swaziland, there is no legislation like PURP A in the United States. In South Africa, the utility has 
constructed a framework to facilitate participation of generating third parties. However, the price that is 
offered by ESKOM, about 0.03 R/k.Wh, is far too low to justify any investment aiming at supply to the 
grid. Subsidies and the abundance of coal are among the aspects that induce extremely low production 
costs and hence, there is no production facility other than ESKOM that is able to sell excess power in a 
cost-effective manner. 

22 Based on an announcement by SEB in the Times of Swaziland, 24 February 2000. However, it is also stated elsewhere in the 
very same newspaper, that "work will continue beyond the month of September, (but that) the country will start benefiting from 
the project by September" (Mamba, 2000b). 
23 The term "slabs" is used for all kinds of timber residues which are produced on-site, except bark and sawdust. In the timber 
industry, and the sawmilling industry in particular, slabs include edgings, shavings, trimmings, offcuts, sanderdust and split 
wood. Residues that are left in the forest are branches, leaves, needles, roots, slashings, stumps, sawdust, and low-grade- and 
decayed wood (FAO, 1990a). 
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4: Power generation, transmission and distribution in Swaziland 

Another option to make a contribution to national energy supply, is the production of molasses-based 
ethanol for blending with motor fuels24

• However, the variability of the molasses- and crude oil prices 
is considered a critical factor. Nevertheless one sugar manufacturing company has already erected an 
ethanol plant to produce industrial ethanol for the export. 

4.4 Estimating marginal supply cost 

When a factory is able "to meet its own power needs", it is suggested that power import does not take 
place. This is not per definition true. It is possible that, for example, a factory exports during hot 
summers, and imports during cold winters, or that it imports power at high-voltage, and exports at low
voltage. Hence, to arrive at a value for net factory export during a certain period of time, factory import 
must be deducted from gross factory export. To calculate the value of power, be it the cost of purchased 
electricity or the avoided cost of power by means of on-site generation, one must know the marginal 
cost price. When a firm increases its output in the short run by increasing its use of existing facilities, 
the change in production cost is called "short rua marginal cost" (SRMC). When a firm increases its 
output by increasing plant capacity, either by addition to existing facilities or building entirely new 
facilities, changes in total production cost are called "long run marginal cost" (LRMC). SEB utilises a 
"flat-rate" rate structure, which represents a set fee each month, plus a certain rate per unit of energy 
consumed25 and is different for every type of customer. The most relevant types are given in table 3. 

Table 3. Power charzes, as set by the Swaziland Electricity Board("-" = not applicable) (SEE, 1999). 

CHARGES 
Minimum charge Facility charge Energy charge Demand charge 

(E/month) (E/month) (E/k:Wh) (E/kVA) 
Domestic users 23.06 6.18 0.3074 -
Small commercial- and industrial users a 79.43 6.18 0.4087 -
Large commercial- and industrial users 0 36.68 6.18 0.1579 51.19 

II Irrigation c 36.68 6.18 0.1579 51.19 
a) Applicable when maximum demand does not exceed 20 kVA at any time of the year. 
b) Applicable when maximum demand does exceed 20 kVA at any time of the year. 
c) Eventually, power cost of irrigation may diffur from large commercial- and industrial charges, since maximum demand is 

not recorded over the year, but over two different periods, which are April to September, and October to March. 

The power factor is defined as the ratio of maximum consumption, expressed in MWe, and 
corresponding production, expressed in MV A. Since the utility charges actual consumption on the basis 
of kWh and capital cost on the basis of the power factor, the latter must be as close as possible to 1. No 
connection shall operate at a power factor ofless than 0.94 (SEB, 1999), although in large industries, 
this might happen during start-up operations26

• If the power factor as measured by SEB over any 30 
consecutive minutes is found to be less than 0.94, SEB may require the consumer to pay a surcharge of 
20% on each 0.1 or proportion thereof of the power factor under 0.94. Apart from the power factor, 
marginal cost depends on the so-called "load factor". The load factor is defined as the ratio of actual 
energy consumption in kWh over a unit of time, and peak power consumption in kW multiplied by the 
same unit of time. Hence, the load factor is a value between 0 and 1. Large commercial- and industrial 
users in Swaziland, with load factors in excess of0.60 are rebated 1 % on demand charge for the period, 
while those with a load factor of less than 0.30 will be surcharged 1 % (SEB, 1999). Essentially two 
power charges are important for this opportunity-study: 

24 Blending ethanol with motor fuels has been introduced on a massive scale in Brazil. The ProAlcool project, which started in 
1981, was the largest biomass project financed by the World Bank, and consisted of a loan of US$ 250 million. The objective 
·was to develop an economic, renewable liquid fuel energy source as a substitute for imported petroleum products. In 1991, all of 
Brazil's 11 million passenger vehicles used alcohol as a fuel. About 4 million cars used a hydrated form, which is a mixture of 
96% ethyl alcohol and 4% water. About 7 million cars used an anhydrous form, which is ethyl alcohol at 0.7% moisture that is 
added to gasoline in a proportion of 22% of anhydrous alcohol by volume and 78% of gasoline. The substitution of gasoline by 
hydrated or anhydrous alcohol covered some 60% of the country's gasoline demand (Monaco, 1991). It is stated, however, that 
the project has suffered substantial losses due to the collapse of the oil price in 1986 (Terrado, 1995). 
25 In the past, electricity tariffs have more or less followed the general rate of inflation (Lasschuit, 1995). However, it was 
claimed that, as at February 2000, SEB was carrying out a thorough review of its tariffs. This would "take several months to 
complete, but SEB will be engaged in discussions with principal customers to develop a range of tariffs that more appropriately 
meet their needs" (Mamba, 2000c). 
26 Based on an unpublished paper ofUbombo Sugar Ltd. 
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• Apart from the negligible minimum- and facility charges, the demand charge for large commercial
and industrial users, on a monthly basis, is often as high as the energy charge. Hence it is assumed 
that the large commercial- and industrial users purchase their power from SEB at a price of 0.30 
E/kWh27

• 

• In compliance with the PURPA-concept, power that could be sold to SEB is valued at the utility's 
SRMC. In the case of SEB, when electricity would be purchased from a co-generator, the avoided 
cost is reflected by the price per kWh that is not paid to ESKOM. In 1998, about 605.6 GWh were 
purchased from ESKOM at a total cost ofE 72.4 million (SEB, 1999). This equals 0.12 E/kWh. 

Hence power that is purchased by industry from SEB is valued at 0.30 E/kWh. Power that is purchased 
by SEB from industry is valued at 0.12 E/kWh. 

27 
According to an unpublished paper ofUbombo Sugar Ltd., this figure is realistic indeed. From April 1999 to September 1999, 

the company purchased power from SEB at prices ranging from 0.25 to 0.37 E/kWh. 
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5.1 Introduction 

OUTLINE OF TIMBER- AND PULP 

MANUFACTURING PROCESSES 

Wood is used for a variety of purposes and is the basic raw material for the production of timber, pulp 
and paper. In this chapter however only the manufacture of sawn timber and woodpulp is described. 
The reason is, as will become clear, that the paper manufacturing sub-sector in Swaziland is not forest
based but wastepaper-based, and hence biomass residues are not produced. 

High-quality wood may be used, among others, for veneer, furniture, and boat- and structure building. 
Thin stock and lower grades are used for turnery, fencing, fencing-stakes, garden furniture, rustic work, 
general estate work, mining timber, chipboard, fibreboard, wood wool, packing cases and pulp 
(Toosey, 1982). After the trees are felled, they are hauled, often up- or down steep slopes, to loading 
points where they are collected by trucks that deliver them to the mill. In all cases, trees have to be de
barked, using mechanical- or hydraulic methods. The wood is then cleaned from dust and other foreign 
matter. Timber must be seasoned before further treatment takes place, since freshly felled timber is 
useless. Seasoning involves storing in free moving air, under cover to lower the water content to 
species. Seasoned timber is lighter, slightly stronger and much less liable to shrinkage or change in 
shape. An important feature of raw material preparation is to ensure the quality of the material, whether 
it is fed to a sawmill or a digester. This implies the requirement of a proper storage area and quality 
control of the incoming raw material. 

Timber manufacturing 

The timber manufacturing process is fairly simple. Timber is grown, maintained and prepared as 
described above. In the wet mill, the logs are sawn by means of band-saws and edgers. Consequently, 
the sawn timber may be dried to reduce the moisture-content28

• Timber may be air-dried to a moisture
content of about 24%, but it may also be kiln-dried to a moisture-content of about 12%. Drying kilns 
are of two basic types: the box- or compartment type, in which the timber is loaded in batches, and the 
progressive type in which the timber travels through on cars. Sawn timber should be dried indirectly by 
air. In that case, air of controlled temperature and humidity is passed over- and through the stack, often 
with circulating fans. Fuelwood may be dried directly by flue gases (Encyclopaedia of Science & 
Technology, 1997). 

Re-sawing to normal sizes and lengths29 is needed to produce marketable products. The scheduled log 
input per day for a typical sawmill is 160 m3 over eight hours. Graded sawn timber output is about 50% 
of daily log input, but can vary greatly due to the species being used, the choice of end-product, 
efficiency of equipment and of course, the quality of labour. The finished goods are stored and when 
appropriate, are sold on the market at an average selling price of 100 US$/m3 (F AO, 1990b ). Assuming 
an average density of 790 kg/m3 at a moisture-content of 12%, this corresponds to a selling price of 
about 125 US$/tonne. 

Wood residues are often used as a fuel for boilers. In this study, the options for utilising residue for fuel 
purposes will be investigated in a number of cases. However, there are other possibilities as well that 
may be feasible and viable, depending on type and volume of the residue and the location of the 

28 The moisture-content can be calculated on a dry- and a wet weight basis. For example, 1 tonne of wet wood that includes 200 
kg of water corresponds with 25% on a dry basis, or 20% on a wet- or "green" basis. It is stated that the dry basis is preferred in 
the forestry- and mechanical forest product industries, while the wet basis is preferred in the pulp- and paper industries (F AO, 
1990a). This is the case in Swaziland as well. However, in this study, only the moisture-content on a wet basis is used for the 
sake of consistency. Furthermore, it dominates literature and is related directly to the corresponding heating value. 
29 It is claimed that in some timber manufucturing industries of Swaziland, the products are specified according to the South 
African Bureau of Standards (SABS) (Vilakati, 1999). According to Mr. Andre van den Berg, General Manager of Peak Timbers 
Ltd., this is not required by law, facilitating timber manufacturing industries from South Africa to dump rejected timber on the 
market of Swaziland. 
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sawmill. To determine the most appropriate utilisation of this residue, one must know all utilisation 
possibilities. Some alternative suggestions for possible outlets for slabs and sawdust are given by the 
Food and Agriculture Organisation (FAO, 1990b): 
• Consider the feasibility of the production of plywood, as well as a briquetting system whereby the 

materials are processed into high-density fuel briquettes; 
• Consider the possibilities for the commercial sale of residues as a raw material for use in 

agriculture or horticulture30
; 

• Consider the likelihood of selling residues as a litter for high-density poultry or animal husbandry 
units; 

• Consider advertising the type- and volume of residue for the attention and consideration of other 
residue processing industries and potential users; 

• Consider exploring the possibility of getting local brick- or tile-makers to use the sawdust as fuel 
for kilns and as a mix for producing porous bricks of reduced weight; 

• Consider contacting local builders regarding the use of sawdust as a shield layer over concrete 
floors or roads to allow the concrete to obtain maximum strength; 

• Consider carrying out a feasibility study on compressing sawdust into plastic bags to reduce the 
volume and subse.quent transport cost that may attract a wider range of customers using small 
amounts. 

These suggestions will not be elaborated any further. They are given for the purpose of illustration 
only. However, as will become clear, in compliance with the suggestions mentioned above, there are 
companies indeed that utilise their residues for other purposes than that of energy provision. Sawmills 
produce three main types of residue: bark, slabs, and sawdust. It is stated that of a whole tree, the tops, 
branches and foliage account for 23%, the stump for 10% and sawdust that is produced during 
harvesting, for 5%. These residues are left in the forest and together equal 38%. On site, slabs account 
for 17%, sawdust for 7.5%, bark for 5.5% and other losses for 4%. Hence, sawn timber recovery should 
be about 28% (FAO, 1990a). Still, the exact quantities of each depend on the tree species being used, 
the end-product and the efficiencies of equipment. Therefore, the figures above will be simplified. It is 
assumed that together, residues amount to 50% of total quantity of wood processed on site (Foley, 
1985; FAO, 1990b), with 10% made up ofbark, 20% slabs, and 20% sawdust (Foley, 1985). 

In the industrialised countries, kiln drying is common. A drying kiln is essentially a space in which the 
wet timber is stored, and a flow of heated air is introduced. Timber supply may be a batch- or a 
continuous process. A drying kiln is essentially an indirect heat exchanger. Residues are burnt in 
boilers, while the steam heats the air that is actually blown into the kiln. Bark has the lowest economic 
value and its high moisture content, which is about 80%, makes it a poor boiler fuel. Sawmill practises 
in developing countries are often quite different. Kiln drying is less common, and since sawmills tend 
to be smaller, the manufacture of board is often not economic. Residue availability is therefore greater 
although the better quality residues are generally sold. With sawmills located near towns, for example, 
a demand will often exist for firewood, charcoal and other wood products. In more remote areas, this 
demand is usually not as strong and residues are frequently wasted (Foley, 1985). 

Pulp manufacturing 

The pulp manufacturing process is more complicated. Not all pulp is forest-based, which means that it 
is made from forest products like softwood, hardwood or bamboo. It can also be made from on the one 
hand agro-residues, like wheat straw, rice straw or bagasse and on the other hand, wastepaper. Hence, 
not all plants process virgin material. This is illustrated in figure 2. It is stated that in Asia, most of the 
large mills are forest based, while the small mills are predominantly agro-residue based. Worldwide, 
the end product, which is paper, is for almost about 65% made from cellulose fibres, for 30% from 
wastepaper and for about 5% from non-wood sources (FAO, 1996). Forest-based mills are significant 
producers of two forms of biomass energy: hog fuel, which is primarily sawdust and bark, produced 
during de-barking and chipping of logs, and black liquor, a lignin-rich by-product of cellulose 

3° F AO implies that agriculture and horticulture are two different or -supplementing entities. This is not true. Agriculture includes 
horticulture, as well as agronomy, agricultural engineering, agricultural economics and animal science. Horticulture embraces the 
cultivation of vegetables, fruits and ornamental crops (Herny, 1978). 
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extraction. Mills that are not forest-based do not produce these residues and are therefore not elaborated 
any further in this opportunity-study31
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Figure 2. Sources of fibre for pulp- and paper manufacture from 1965 to 1995. 

5.2 Forest-based pulping 

After the wood is cut into chips of about 50 mm in size (Bowen, 1988), the fibres in the wood are 
separated either mechanically or chemically, while combinations of the two are also possible. The 
quality of the pulp, represented by the fibre length and -strength, and the recovery of pulp from wood, 
vary with each process. Generally, long fibre species, essentially conifer softwoods like Cedar, Fir, 
Hemlock, Larch, Pine and Spruce are required for mechanical pulping, while (semi-) chemical pulping 
permits a wider use of short fibre species, essentially broad-leaved hardwoods like Ash, Aspen, Beech, 
Birch, Chestnut, Hornbeam, Oak, Poplar and Sycamore (Toosey, 1982). Eucalyptus may be added to 
the latter category as well (Vilakati, 1999). 

Chemical pulp is produced almost exclusively by the sulphate- or Kraft process. The chips are cooked 
in a highly alkaline aqueous solution. Two to five hours digestion is carried out at a temperature range 
of 170 to 175 °C (Berard, 1981). The process accepts all kind of wood and the resulting pulp is of high 
strength (Herzog, 1991). In the chemical- and semi-chemical pulping process about 50 and 75% of the 
treated wood respectively, is actually utilised as pulp (Berard, 1981 ). Furthermore, the process 
facilitates the materials dissolved from the wood to be burnt so they are not a disposal problem, and 
creates steam to drive the various processes within the mill. 

The "black liquor" is washed from the brown pulp and contains wood extracts and reacted cooking 
chemicals at a concentration of about 15% solids. This is called ''weak" black liquor. In a multiple
effect evaporator, the weak black liquor is concentrated to "strong" black liquor, containing 60 to 70% 
solids. This concentration allows the liquor to be burnt in a recovery boiler without supplementary fuel. 
The inorganic chemicals are recovered from the bottom of the boiler as smelt. Smelt essentially 
consists of sodium carbonate and sodium sulphide. The smelt is dissolved in water to form "green 
liquor". The green liquor is treated with calcium hydroxide to convert the sodium carbonate to sodium 
hydroxide. This is called causticising. The sodium hydroxide and sodium sulphide are recovered and 

31 According to Mr. Arnoud Wienese, Head Engineering Division of the Sugar Milling Research Institute, two pulp- and paper 
mills exist in South Africa that use bagasse, as an agro-residue from raw sugar manufacturing, as material. These pulp- and paper 
mills are close to the sugar mills offelixton, which is near Richards Bay, and Gledhow, which is near Stanger. 
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Figure 3. Principle of digestion. 

5.3 Pulp processing 

dissolved in water, the liquid being called "white 
liquor". The precipitated calcium carbonate is burnt in 
a lime kiln. The calcium oxide from the lime kiln 
reacts with water in a slaker. 

Mechanical pulping consists of grinding the raw 
material against an abrasive surface. These processes 
have about twice the yield of the Kraft process, 
because mechanical pulp contains all the wood 
constituents and not just the cellulose. In that case, 
yields up to almost 100% must be possible. It is stated 
that "mechanical processes generate low polluting 
effects and are less capital-, but more energy intensive 
than the Kraft process since the non-cellulose 
components are not available for energy recovery'' 
(FAO, 1996). 

Pulp processing is performed after pulping and before bleaching, if performed, or stock preparation. 
The purpose of pulp processing is to remove residual cooking liquor, contaminants like sand and dirt, 
and uncooked material from the pulp. Primary pulp processing operations include brown stock 
washing, pulp screening and centrifugal cleaning. Brown stock washing consists of washing the 
residual spent cooking liquor from the pulp, using one of the several available technologies. The most 
common technology is a series of two to five drum washers where, in each stage, wash water is applied 
to displace cooking liquor in the pulp. Counter current washing is generally used to reduce wash water 
requirements. 

Black liquor is sent to the chemical recovery section, or drained out to the sewer in the case of small 
mills where chemical recovery is not practised. Pulp screening removes uncooked- and oversized 
objects from the pulp. The pulp is passed through a perforated screen and rejects are continuously 
removed by vibration, hydraulic sweeping, back flushing or other methods. Screening is typically 
performed after brown stock washing. Rejects from screening are either disposed as waste or recycled 
for pulping. Mills may operate open-, partially closed- or closed screen rooms. In open screen rooms, 
wastewater is discharged to wastewater treatment. In closed screen rooms wastewater is re-used in 
other pulping operations and ultimately enters the chemical recovery section. Centrifugal cleaning is 
used to remove relatively dense contaminants like sand and dirt. Fibre stock enters the centricleaner 
tangentially and rotates within the cleaner. Centrifugal force and shear, generated from fluid rotation, 
cause more dense contaminants to concentrate at the periphery from where it is removed. 

5.4 Co-generation of heat and power 

The capital cost of a plant that is fired with biomass residues, which generates electricity for sawmill 
use and the supply to other parties, can be expected to be 20 to 40% higher than an equivalent fossil
fuel fired plant. Factors contributing to higher capital cost include (FAO, 1981): 
• Excessive cost of receiving, storing, retrieving and firing of residues; 
• Larger furnace volumes, fans, ducts and stacks due to the lower heating value; 
• Fly ash collection; 
• Standby or supplementary fuel storage and -firing. 

Considering the above constraints, only large sawmills can support a plant that is fired with biomass 
residues. Studies have indicated that at 1981 oil prices32

, an initial log supply volume of at least 
180,000 m3/year is necessary to justify a power plant of this type (FAO, 1981). Furthermore, it is 
claimed that in the late 1970s, gasification in combination with gas engines and-turbines has been a 

32 In 1981 and 1999, the world crude oil prices, expressed in 1998 US$, were around 60 and 15 US$/barrel respectively (WEC, 
2000). 
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viable option. However, the same problems involving hog fuel, such as retrieving, storing, retrieval and 
firing, apply to gas producers. Parallel to the combustion of residues, a log supply volume of 180,000 
m3 /year is necessary to justify capital installation (F AO, 1981 ). 

Despite the fact that pulp- and paper plants require substantial amounts of process heat, some authors 
argue that the fraction that energy consumption in the pulp- and paper industry accounts for in the 
"manufacturing sector", is relatively small, although this proportion varies significantly from country to 
country (Diepstraten, 1995). However, the pulp- and paper industry is the fourth largest consumer of 
energy in the world, having a share of 4% in "industrial" energy consumption (de Beer, 1998). Hence, 
it is important is to notice that paper production is an energy-intensive process and that production 
volumes in developing countries are growing fast. In the twenty year period before 1980, average 
production growth in developing countries was over 7%, while in developed economies, this growth 
was 5.6% for the 1960 to 1970 period and 2.8% for the following 10 years (Diepstraten, 1995)33

• 

Paper and paperboard is produced in a wide variety of qualities, influencing the pulping process. 
Examples are paper for newsprint, for graphic purposes, coated paper, sanitary- and packaging paper, 
and corrugated board, bleached or non-bleached. Differences as high as 60% may occur in useful 
energy consumption between paper for newsprint and coated paper for graphic purposes (Diepstraten, 
1995). Presently, Swedish pulp mills are considered to be the most energy-efficient in the world. 
Studies indicate that an existing, conventional, typical large bleached kraft pulp mill, producing 1,000 
tonnes of air-dry pulp per day, should be able to meet on-site steam and electricity needs (Herzog, 
1991; Williams, 1993). Hog fuel would be burnt in "power"-boilers, producing steam at 60 to 100 atm 
(;:::; 60 to 100 bar) (Herzog, 1991), which is utilised by backpressure steam turbines, reducing the 
pressure to 5 to 12 atm (;:::; 5 to 12 bar). Black liquor would be burnt in "Tomlinson"- or ''recovery''
boilers, which produce steam at 1,200 °C (Berard, 1981) in a pressure range of 400 to 1800 psi (;:::; 30 to 
125 bar)34

• BIO/STIO-systems, or its variants, and adapted for both hog fuel and black liquor, should 
be able to produce three to four times more power per tonne of pulp. However, steam-economy 
improvement measures must be carried out before gas turbine co-generation systems can be installed. 
When, it is stated, a typical factory is characterised by a heat consumption of 16.2 OJ/tonne of pulp, 
steam consumption must be reduced by 40 to 50% to be able to meet on-site needs (Williams, 1993), 
thus arriving at a heat consumption of 8.1 to 9. 7 OJ/tonne of pulp. 

33 Despite the growing production statistics, per capita consumption in developing countries is still low. This can be illustrated by 
figures from 1984, when developing countries consumed 8 kg of paper and paperboard products per capita, compared to 133 kg 
in all industrialised countries and 290 kg in the United States, which is the world's highest consumption rate (Williams, 1993). 
34 Based on e-mail correspondence with Mr. Ron Baldus, Capstone Technology, USA 
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6.1 Introduction 

ASSESSMENT OF THE TIMBER

AND PULP MANUFACTURING SUB

SECTORS IN SWAZILAND 

The timber-, pulp- and paper manufacturing sub-sectors of Swaziland essentially deal with four kinds 
of parties. First of all, the growing of trees may be co-ordinated by individual farmers and -companies, 
but it may just as well be done by the industries that actually add value to the product. Having 
discussed the growers, there are two parties that are linked to the growing process, which are the 
timber- and pulp manufacturing industries. Together, these three categories employ about 4,200 people 
(Vilakati, 1999). It will become dear that the paper manufacturing industry in Swaziland may be 
considered a separate entity, having no links whatsoever with the other three businesses in the country. 

6.2 Forest inventory 

According to an inventory undertaken in 1990, total forest cover of Swaziland including endogenous as 
well as man-made forests, amounted 624,032 ha, representing almost 36% of Swaziland's total area. Of 
these 36%, endogenous forests cover 74%, while the remaining 26% are man-made forests (Hess, 
1990). These man-made forests include exotic species only. In 1993, softwood coniferous trees like 
Pine35

, which is largely used for pulp production, took up 78% of the area covered by man-made 
forests. Hardwood species like Eucalyptus took up 16%. The remainder was covered by Wattle36

• 

In Swaziland, Pine is subject to "pruning". In the case of pulpwood, pruning is limited to cutting off the 
side-branches from the trunk up to a height of 1.8 m to facilitate forest workers to move when a forest 
fire occurs. Pine that is grown for sawn timber is pruned even more to reduce the number of knots, 
which are caused by developing side-branches. Knots spoil the timber because they pose problems in 
processing. Eucalyptus and Wattle are not usually pruned. Forests may also be thinned. Trees that are 
grown for pulp and mining timber are not thinned. However, where timber is used for building 
purposes or furniture, trees may be thinned several times before all the trees are finally harvested. 
Hence, a forest that starts with for example 1,300 trees per ha may only have about 200 trees per ha left 
at the end of the growing cycle (Watson, 1990). 

6.3 Sub-sector performance 

Pulp accounted for 82.6% of total value of wood product sales, sawn timber for only 13.3% and mining 
timber for 3.6%. The sales from Eucalyptus oil and Wattle were negligible. While there were 
significant decreases in the sale of most wood products between 1992 and 1993, there was a substantial 
increase in the value of pulp. This pulp manufacturing sub-sector comprises a significant proportion of 
Swaziland's exports and foreign exchange earnings. The bulk of the pulpwood grown in Swaziland's 
man-made forests is processed locally. 

Various authors think, or at least suggest, that some companies that recycle wastepaper, use UBK to 
strengthen their products (Watson, 1990; MEPD, 1996; Forsyth Thompson, 1998; Vilakati, 1999). 
This, however, has never been the case37

, which is confirmed in table 4. The entire bulk of UBK 
produced is exported. Note that production and sales do not have to match since UBK can be stored 
and sold in another financial year. 

35 Pine is introduced from Central- and North America (Watson, 1990). 
36 Eucalyptus and Wattle are both introduced from Australia (Watson, 1990). 
37 

According to Mr. Jim Grundy, Mill Manager of Swazi Paper Mills Ltd., there are no mills in Swaziland that utilise UBK for 
paper manufacture. The entire bulk ofUBK is exported. 
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Table 4. UBK production and sales for the second half of the 1990s (Central Bank of Swaziland, 1998; Central 
Bank of Swaziland, 1999). 

YEAR 
1994 1995 1996 1997 1998 

Production volume (tonnes) 164,734 170,857 l15,045 179,560 163,229 
Local sales volume (tonnes) 0 0 0 0 0 
Export sales volume (tonnes) 174,909 160,296 130,635 170,616 256,549 
Export sales (FOB, E million) 252.9 440.7 240.1 341.7 310.5 

After experiencing a dive in 1996 due to industrial unrest and major problems with the new digester at 
the only pulp production facility of Swaziland, UBK production returned to normal levels. In 1997, 
production amounted 179,560 tonnes. However, the following year, production showed a 9.1% 
decrease to register 163,229 tonnes due to major technical problems. 

Market developments 

Export volumes increased by 50.4% in 1998. A rundown on stock, previously accumulated due to 
reduced demand in East Asian markets the previous year boosted export volumes (Central Bank of 
Swaziland, 1999). However, the traditional export markets for pulp will likely remain Far Eastern 
countries like Japan, Korea, the Philippines, Taiwan and Thailand, while others include the European 
Union, the United States and in the region South Africa and Zimbabwe (Central Bank of Swaziland, 
1998). Export revenues rose by 13.9% to E 310.5 million in 1998. The depreciation of the Lilangeni 
contributed significantly to the growth, despite the fall in international pulp prices, which had a 
negative impact on the industry's performance. 

Product developments 

Regarding stock growing, it is claimed that Swaziland will always have at least one comparative 
advantage over the large Scandinavian forest products businesses, which are considered important 
competitors. It is stated that Swaziland has "a much shorter wood cycle between planting and felling 
due to good rainfall and favourable temperatures" (Forsyth Thompson, 1998). Quantitative figures, 
however, vary significantly. A pessimistic view on this phenomenon gives 17 to 25 years for 
Swaziland, against 25 to 30 years in Scandinavia (MEPD, 1996). A moderate view quantifies the cycle 
as if it would be 17 years for Swaziland against 40 years in Scandinavia (Oyowe, 1994). An optimistic 
view estimates the cycle at 10 to 15 years against 40 to 50 years in "colder northern countries" (Bowen, 
1988). However, none of the sources consulted mentions for what purpose the trees are grown. Pine 
that is grown for pulp is harvested at 15 to 20 years, while Pine that is grown for timber, is felled after 
45 to 50 years (Watson, 1990). 

Price developments 

During the first nine months of 1995, the pulp industry experienced increases in prices, reaching a peak 
of 800 US$/tonne in September. Thereafter, the industry saw a turnaround in prices as the market 
experienced a correction. The decline was triggered by increased inventories following a decision by 
some producers, mainly from Indonesia, to expand capacity. By the end of the year, prices were down 
to about 600 US$/tonne (MEPD, 1996). The fall in prices ofUBK from a high 717 US$/tonne in the 
first quarter of 1996 to a low 374 US$/tonne in the second, due to bleached kraft pulp producers 
switching to the unbleached kraft pulp, export earnings fell significantly. It was then expected that the 
international market indicators for UBK were indicating recovery of pulp prices (MEPD, 1996). 
However, during 1997/1998, the pulp price reached a low of 365 US$/tonne during 1997/1998, later 
recovering to around 400 US$/tonne (Forsyth Thompson, 1998). In 1998, global pulp prices were at an 
even lower price of350 US$/tonne. Ironically enough, it is still expected that a positive turnaround in 
global prices will take place "due to production levels of the largest producers of UBK slowing down" 
(Central Bank of Swaziland, 1999). 
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6.4 Sub-sector composition 

Commercial forestry in Swaziland is dominated by two South Africa-based companies. Mondi Ltd., by 
means of its subsidiaries Mondi Forests Ltd. and Mondi Timber Ltd., controls the Pigg's Peak area, 
exporting to South Africa most of the wood from its forests for pulp production, as well as a small 
portion as mining timber to the mines. The rest is sold locally to the sawmills. Sawn timber sales are 
split between the domestic- and South African markets, with small amounts going to Botswana, 
Mozambique and Lesotho. The other major player is Sappi Ltd., which is active in pulp manufacturing. 

The pulp manufacturing sub-sector consists of only one company. The timber manufacturing sub
sector, however, includes many different ones. It is therefore impossible to investigate all companies 
involved. A criterion must be formulated, on the basis of which an adequate selection can be made. The 
selection is made on the basis of the scale of business. This is determined by the total productive area 
covered, which essentially reflects potential production. Thus, scale will not be represented by the total 
volume of products, because that could be biased by inferior production performance, to which this 
study tries to contribute. However, the construction of an objective list, prior to the field research and 
free of any bias, poses problems. Outdated sources have the risk of excluding recently established 
businesses (Bowen, 1988), while care has to be taken when assessing sources with a commercial touch, 
for which companies presumably have to pay to be included (Forsyth Thompson, 1998; SIPA, 1999)38

• 

Therefore, to construct the list, a combination of all sources will be made, of which the 
comprehensiveness is verified during the several discussions in the field of research. This list is 
presented in table 5 and has proven to be sufficient. 

Table 5. Inventory of the lar >est companies in the timber-, pulp- and paper manufacturinf! sub-sectors a. 

VALUE ADDED IN 1993 c IN-
PRODUCTIVE (E million) DEPTH 

SUB-SECTOR AREA (ha) b LOCAL EXPORT STUDY 
Usutu Pulp Company Ltd. Pulp 43,000 ° 0 196.1 Yes 

manufacturing 
Peak Timbers Ltd. Timber 26,000 e Yes 

manufacturing Sawn timber: Sawn timber: 
Shiselweni Forestry Timber 12,500 t 4.5 27.l Yes 
Company Ltd. manufacturing 
Swaziland Plantations Ltd. Timber 4,000 g Mining timber: Mining timber: No 

manufacturing 0 8.6 

Swaziland Treated Poles Timber 700 n No 
Ltd. manufacturing 
a) List of companies is a compilation ofliterature (Bowen, 1988; Forsyth Thompson, 1998; SIP A, 1999). 
b) Yield per ha is not considered relevant in this opportunity-study. 
c) Derived from a Government publication (MEPD, 1996). 
d) Total area covered is almost 68,000 ha, of which 43,000 ha is productive and entirely covered with Pine (Vilakati, 1999). 
e) A minority of total area is covered by Eucalyptus, which is sold to Shiselweni Forestry Company Ltd. or exported to South 

Africa (Vilakati, 1999). 
f) According to Mr. Tony Fraser, General Manager of the Shiselweni Forestry Company Ltd., about 10,500 ha is covered with 

Eucalyptus, and 2,000 ha with Pine. 
g) This is presumably the productive area, although this is not specifically confirmed by literature (Vilakat~ 1999). 
h) According to Mr. Peter Dixon, General Manager of Swaziland Treated Poles Ltd., total area covered is 4,000 ha, including 

600 ha of Eucalyptus and 100 ha of Pine. Furthennore, the estate includes 100 ha of Wattle and 150 ha that are under 
preparation. The remainder is not productive. Wattle cover is excluded from the table since from a macro-economic point
of-view, Wattle is not considered of relevant commercial interest (MEPD, 1996). 

Table 5 shows that three companies will be subjected to in-depth study. They are the largest ones in the 
country, and account for the largest share in value added. Those two companies that are excluded from 
in-depth study are briefly described in Appendix 11. 

38 One source lacks inclusion of one entire sugar manufacturing industry, i.e. the Royal Swaziland Sugar Corporation Ltd. 
(Forsyth Thompson, 1998). The other source does not include a major player in the timber manufacturing sector, i.e. Swaziland 
Plantations Ltd. (SIP A, 1999). 
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CASE ONE: 

SIDSELWENI FORESTRY COMP ANY LTD. 

7.1 Introduction 

Shiselweni Forestry Company Ltd. (SFC) was established in 1967 and is based in Nhlangano in the 
Shiselweni region. Fully owned by the Commonwealth Development Corporation (CDC) since 
operations commenced, the prime aims were to establish a sustainable forestry resource, and to provide 
employment in an underdeveloped area of the country. The core landholdings were originally bought 
from South African sheep fanners. Since then, areas have been purchased from Usutu Forest and 
adjoining farms have been added. In 1998, SFC purchased plantations in the Shiselweni region that 
were, until then, owned by Mondi Forests Ltd. from South Africa. Together with the incorporation of a 
number of smaller timber farms, productive forest area was increased by 15% to 12,500 ha39

• Two 
species are grown, being Eucalyptus and Pine. Correspondingly, SFC includes a Eucalyptus Mill and a 
Pine Mill. SFC works on average 5 days/week and 48 weeks/year. The company currently employs 
about 510 people. About 290 people are involved in private contracting. 

7.2 Timber manufacturing process 

Eucalyptus Mill operations 

SFC's plantations are predominantly made up of Eucalyptus and comprise 10,500 ha. These plantations 
produce about 100,000 tonnes/year. Eucalyptus is also supplied by three medium-size- and ten to 
twelve small-size individual growers, who often practise mixed farming, meaning that they combine 
Eucalyptus growing with, for example, cattle farming. It is stated that Eucalyptus trees are also 
supplied by Peak Timbers Ltd. (Vilakati, 1999). In 1985, SFC entered into a partnership with Hunt, 
Leuchars & Hepburn Ltd. (HL&H) from Johannesburg, South Africa, to construct and run a mining 
timber mill in Nhlangano40

• The arrangement ended in 1998 when SFC took over the entire ownership 
and management of the mill. The activities are incorporated in a subsidiary called Sawco Mining 
Timber Ltd. It is stated that "Sawco" is the only mining timber mill in Swaziland. 

About 60% of Eucalyptus production, equalling 60,000 tonnes, are used for mining timber. Mining 
timber is used for underground support in mining operations. Currently, about 80% of mining timber 
production are exported to the Harmony Gold Mining Company Ltd. in Virginia, South Africa. A 
secondary product is pulpwood. In that case, logs are exported to Richards Bay, South Africa. In 
Richards Bay the logs are chipped and consequently, the chips are shipped to pulp- and paper plants in 
the Far East. Biomass residues that are produced are not burnt for the generation of heat since mining 
timber is sold by weight and hence, does not have to be dried. Thus, mining timber even preferably has 
a high moisture-content. The remaining 40% of Eucalyptus production are used for a variety of 
purposes. Some logs are chipped on-site and exported to South Africa and especially to PG Bison Ltd. 
in Piet Retie±: South Africa, where pulp and paperboard are manufactured. Logs are also treated to be 
able to serve as fencing or telephone poles. 

Mass balance 
To construct the mass balance accurately, one must know the different densities for standing timber, 
bark and wet timber. These densities are calculated in Appendix 10. The mass balance itself is given in 
Appendix 12. The Eucalyptus plantations yield about 100,000 tonnes/year. It is expected that after 
harvesting and de-barking operations, log input, which is measured by volume, is about 75,000 

39 Based on an unpublished paper ofShiselweni Forestry Company Ltd. 
'
0 According to Mr. Tony Fraser, General Manager of the Shiselweni Forestry Company Ltd., HL&H has been the number three 

forestry business in South Africa through its subsidiary HL&H Timber Products Ltd. This company had large Eucalyptus 
plantations and lots of mining timber mills. Mondi Ltd. bought up the whole business at the end of 1996. The other sectors were 
hived off; and HL&H no longer exists as a listed or trading entity. 
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m3/year. Knowing that SFC operates 5 days/week and 48 weeks/year, this equals about 164.2 
tonnes/day. Assuming that the bark-content of standing timber is about 10% by volume, about 35.8 
tonnes/day of bark are produced. Hence, about 128.4 tonnes/year of de-barked logs are produced. It is 
not known exactly how much slabs and sawdust are produced since it depends on the product mix. 
Assuming a slabs- and sawdust-content of 5% by volume of initial log supply input, about 7.1 
tonnes/day of slabs and sawdust are produced. Thus, the process yields about 121.3 tonnes/day of solid 
finished products. Bark is left in the forest or dumped as landfill. The limited amounts of slabs and 
sawdust that are produced are not incinerated since there is no incentive for heat production. Slabs and 
sawdust are sold to local farmers, who use it for the breeding of chicken41

• 

Energy balance 
It does not make sense to make an energy balance of the process since there is no relevant process. 
Bark production accounts for 35.8 tonnes/day at an LHV of 1,540 kJ/kg. This represents 55.1 GJ/day. 
The production of slabs and sawdust has been estimated at 7.1 tonnes/day. At an LHV of7,600 kJ/kg, 
this corresponds to 54.0 GJ/day. Total heating value of the residues produced is 109.1 GJ/day or 26.2 
TJ/year. Electricity is entirely supplied by SEB. 

Pine Mill operations 

The Pine plantations cover about 2,000 ha and yield about 20,000 tonnes/year of standing timber. It is 
stated that after harvesting and de-barking operations, log input, which is measured by volume, is about 
15,000 m3/year. Wet sawn timber production is 6,750 m3/year. Assuming the initial log supply input to 
include 10% bark, sawn timber recovery is 40.5%42

• About 5% of the sawn timber are sold without 
being dried. About 55% are air-dried outside in stacks, bringing the moisture-content down to 24%. 
The remaining 40% are kiln-dried to a moisture-content of 12%. About 85% of Pine timber are sold 
within Swaziland, the customers being building companies and hardware stores. Short logs are usually 
exported to South Africa. The sawdust produced is burnt in boilers while the slabs are sold to local 
people and paperboard factories in South Africa. Electricity is not generated on-site. It is entirely 
supplied by SEB. It must be noted that since power cost is considered to be high, an interest exists in 
the possibilities for the installation of solar energy systems43

• 

Mass balance 
To construct the mass balance accurately, one must know the different densities for standing timber, 
bark, wet timber, air-dried timber, and kiln-dried timber. This is essential since usually, all products 
and by-products are expressed in m3

• The densities used can be found in Appendix 10. The mass 
balance is illustrated in Appendix 12. Initial log supply input is about 32.8 tonnes/day. After de-barking 
operations, about 90% of initial wood volume is available for further treatment (Foley, 1985). Hence 
bark production, whether it is in the forest or on-site, is about 7.1 tonnes/day. About 25.7 tonnes/day is 
available for processing. Sawing the wet timber yields 11.5 tonnes/day of wet sawn timber, as well as 
14.2 tonnes/day of losses in the form of slabs and sawdust. About 0.5 tonnes/day of wet sawn timber is 
immediately sold. From the remaining 11.0 tonnes/day, about 6.4 tonnes/day is air-dried, while the 
remaining 4.6 tonnes/day is kiln-dried. Eventually, 4.2 tonnes/day of water is evaporated, while 4.2 
tonnes/day of air-dried timber is manufactured as well as 2.6 tonnes/day of kiln-dried timber. 

Energy balance 
The Pine mill has a very limited drying capacity of which average properties for steam could not be 
given. Therefore, it is not possible to construct an energy balance. However, it is possible to estimate 
the heating value of the sawdust that is combusted. Sawdust production accounts for 7 .1 tonnes/ day at 
an LHV of 7,600 kJ/kg, which represents 54.0 GJ/day. Electricity is entirely supplied by SEB. To 
facilitate inclusion of SFC in the country's mass balance, average steam consumption is estimated at 
3.0 tonnes/day. This figure is estimated with the help of data from the Rocklands Mill of Peak Timbers 
Ltd., which is discussed in the next chapter. 

41 Based on discussion with Mr. Sam Hlope, Factory Manager ofSawco Mining Timber Ltd. 
42 Sawn timber recovery, as a percentage of initial log supply volume, is the definition that is used by the Food and Agricultural 
Organisation. However, SFC defines "sawn timber recovery" as a percentage of de-barked log input In that case, sawn timber 
recovery is 45.0%. 
43 Based on discussion with Mr. Tony Fraser, General Manager of the Shiselweni Forestry Company Ltd. 
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7.3 Projected growth 

SFC has not formulated any long-tenn expansion programme. The main reason is that there are 
virtually no possibilities for the expansion of the total area of forest cover. Expansion of mill operations 
can essentially only be realised when logs are purchased from third parties. Furthermore, shifting the 
product mix rather than increasing production volumes could just as well boost revenue generation. 
Doing so is, obviously, dictated by the market. 

Other difficulties that the company is facing, are the economic crisis in the Far East, hosting important 
customers, and the economic problems in South Africa and Swaziland, which has led to an oversupply 
of forest products. Another major problem is the risk of forest fires during the dry season, lasting from 
May until October, which are often set deliberately by angry or unsatisfied people from the region. 
Other problems include difficult negotiations with unions and the border closing hours that increase 
transport cost. However, especially since the incorporation ofSawco, SFC is convinced that it is ''well 
placed to survive the hard times, and will flourish when the markets recover'M. 

7.4 Opportunities for the sustainable production of energy 

There are a number ofreasons why the operations at SFC should not be investigated any further. First 
of all, as has already been recognised in this opportunity-study, SFC is the smallest industry by far. 
Knowing that SFC consists of two mills that operate entirely separate, the opportunities for the 
sustainable production of energy due to economies of scale become even smaller. Furthermore, since 
growth in production levels is not anticipated, the possibilities for expanding the production of energy 
are limited as well. Besides, Nhlangano is already served by SEB, so the social impact of electrification 
should be marginal anyway. The most important issues however, are the very existence as well as 
quantity of residue produced. These issues are discussed in the following, which is done separately for 
both the Eucalyptus- and Pine Mills. It will become clear that the current situation does not merit 
capital investment. 

Eucalyptus mill operations 

Manufacturing mining timber, accounting for 60% of all Eucalyptus operations, yields very small 
volumes of residue since they employ only limited processing. Furthermore, since mining timber is 
sold by weight, a need for heat to facilitate drying does not exist. There is simply no incentive to burn 
residues or any other fuel in the first place. The operations that process the remaining 40% of 
Eucalyptus, which are mainly the manufacture of chips and poles, do not produce much more residue. 
Furthermore, as mentioned before, the majority of residue is bark, which is basically a very poor boiler 
fuel because of its average moisture-content of 80% (Foley, 1985). 

Pine mill operations 

Manufacturing sawn timber usually yields much more residue, relative to total output, than for 
example, manufacturing mining timber. However, Pine mill operations at SFC are small-scale. The 
mass balance of SFC's Pine sawmill indicates that the initial log supply volume is only about 69.4 
m3/day. Knowing that SFC operates 5 days/week and 48 weeks/year, the Pine sawmill processes less 
than 17,000 m3/year. This is more than ten times less than the minimal initial log supply volume of 
180,000 m3/year, which was clarified in section 5.4, and considered a prerequisite in 1981 for capital 
investment. 

44 Based on an unpublished paper of the Shiselweni Forestry Company Ltd. 
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CASE Two: 
PEAK TIMBERS LTD. 

8.1 Introduction 

Peak Timbers Ltd. is a subsidiary of South Africa-based Mondi Timber Ltd. Located in Pigg's Peak in 
the Northwest part of Swaziland, "Peak" started operations in 1947. Mondi Forests Ltd., another 
subsidiary of the Mondi Ltd. holding company, maintains the forest, which covers an area of about 
26,000 ha. About 85% of the forest are Pine trees. Peak has two mills, the Main Mill, which was 
constructed in 1964 and the Rocklands Mill, originating from 1971. They are situated within the forest 
area and are 9 km apart. The company employs approximately 1,700 people (Vilakati, 1999) and works 
18 hours/day in two shifts, 5 days/week and 48 weeks/year45

• 

8.2 Timber manufacturing process 

All trees are harvested by chainsaw. Consequently, the logs are de-branched and sawn into smaller logs 
to facilitate transportation 46

• All branches, sawdust and those parts of bark that fall off during handling 
operations, are left in the field and essentially serve as fertiliser. When the logs are offloaded at the 
mill, they are de-barked and graded according to length and diameter. In the wet mill, the logs are sawn 
into rough timber. Then, the sawn timber is dried to reduce the moisture-content to an acceptable level. 
After drying operations, the timber is re-sawn. Products are used in making furniture, doors and 
coffins. Smaller Pine logs, which are more suitable for pulp- rather than timber manufacturing, are sold 
for pulping to Mondi Papers Ltd. at Richards Bay, South Africa and Sappi Ltd. in Ngodwana, South 
Africa. Eucalyptus trees are sold to SFC in Nhlangano or exported to South Africa for the production of 
poles, sawn- and mining timber. Chips for paper production are exported to Sappi Ltd. in Nelspruit, 
South Africa47

• Bark, which is mixed with the sawdust produced in the process, is burnt in boilers to 
raise steam. However, a shortage of fuel exists mainly due to improved sawing technologies that yield 
less residue. Therefore, heat requirements are met by burning sawdust that is purchased from 
Swaziland Plantations Ltd., which experiences surplus, while additional power is supplied by SEB48

. 

It has been stated that Peak harvests Pine- as well as Eucalyptus trees. However, only Pine logs that are 
large enough for sawn timber manufacture are of interest for the construction of the relevant balances, 
since they are actually involved in milling operations. Smaller logs and Eucalyptus trees are not, 
because they are directly sold to other parties. The construction of mass- and energy-balances will be 
done separately for both the Main- and the Rocklands Mill. 

Main Mill operations 

Mass balance 
Statistics that are known to Peak, regarding processed volumes and production recoveries are limited. It 
is known that the Main Mill processes about 475 m3/day of Pine that is already de-barked, be it in the 
forest, which is unintended, or at the mill, which is on purpose. Furthermore, production volumes are 
250 m3/day of solid product at a moisture-content of 12%, 75 m3/day of slabs, and the remainder is 
sawdust49

• However, the amount of sawdust is not 150 m3/day, since the timber has been dried and the 
volume has been reduced. Additional properties must be estimated with the help of literature. To be 

45 Based on discussion with Mr. Andre van den Berg, General Manager of Peak Timbers Ltd. 
46 

In principle, large logs always have to be reduced into small logs to fucilitate transportation. This is usually done by chainsaw. 
However, \vhen large logs instead of small logs could be transported, sawdust would be produced on-site instead of in the forest. 
In that case, sawdust would become available for heat- and power generation. Nevertheless, studies that have been carried out by 
Peak Timbers Ltd., have indicated that the marginal benefits incurred by increased on-site energy production, would be offset by 
the marginal investment that is necessary to fucilitate the proposed handling- and transport operations. 
47 

Based on discussion with Mr. Hein Radyn, Mill Technician of Peak Timbers Ltd. 
48 

Based on discussion with Mr. Hein Radyn, Mill Technician of Peak Timbers Ltd. 
49 

Based on discussion with Mr. Andre van den Berg, General Manager of Peak Timbers Ltd. 
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able to compare the actual recoveries with the recoveries that are given in literature, one must know 
initial log input of standing timber before de-barking. Bark is considered to account for 10% of total 
log volume (Foley, 1985). Since the daily volume processed is 475 m3/day, initial log input is estimated 
at 527.8 m3/day. Thus, as percentage of initial log input, sawn timber recovery, which is defined as the 
volume of sawn timber as a percentage of initial log input, is 4 7.4 %. This percentage corresponds very 
well with literature since it is about the average of the 45.2% that is given for a "typical sawmill" 
(FAO, 1990a), and the 50% that is given by two other studies (Foley, 1985; FAO, 1990b). 

The construction of the mass balance will be done on a daily basis. Log volume processed is 475 
m3/day. This corresponds to 195.2 tonnes/day. The sawing process results in about 164.4 tonnes/day of 
sawn timber and about 30.8 tonnes/day of slabs. After sawing operations, the timber is dried from an 
average moisture-content of 50% to a low 12%. Due to drying operations, the weight of the sawn 
timber decreases from 164.4 to 93.2 tonnes/day. Water evaporated is 71.2 tonnes/day. After the drying 
process, the dry timber is re-sawn. Sawdust generated is 29.5 tonnes/day. Re-sawing the dry timber 
results in 64.0 tonnes/day of solid, finished product. 

Energy balance 
Bark and sawdust are available from milling operations as well as from Swaziland Plantations Ltd. to 
meet requirements. Bark generated accounts for 54.4 tonnes/day, of which about half is available for 
combustion. Assuming an LHV of 1,540 kJ/kg for bark at 80% moisture, total LHV input is about 41.9 
GJ/day. Slab supplies consist of 30.8 tonnes/day. Assuming an LHV of 7,600 kJ/kg for slabs at 50% 
moisture, total LHV input is about 234. l GJ/day. Peak's own sawdust supplies consist of 29.2 
tonnes/day, but an unknown quantity is also supplied by Swaziland Plantations Ltd. It is assumed that 
total sawdust supplies are 50.0 tonnes/day5°. Hence, assuming an LHV of 15,280 kJ/kg for sawdust at 
12% moisture, total LHV input is about 764.0 GJ/day. Thus total residue input at an LHV-basis is 
1,040.0 GJ/day. This equals 16.0 MWth, taking into account that the company works 18 hours/day. 

The residues available are burnt in four boilers. Three boilers together supply 15.3 tonnes/h of 
superheated steam at 11 bar and 250 °C51

• The fourth boiler supplies 9.1 tonnes/h of wet steam at the 
same pressure. At a mean specific heat capacity of 4.2 kJ/kg°C52

, heating the feedwater from 42 °C to 
the boiling point of 183 °C, requires 4.0 MW th· Latent heat required for the production of steam at the 
corresponding pressure is about 1,998 kJ/kg. This corresponds with 5.1 MW1h for the 15.3 tonnes/h of 
saturated steam. For the production of wet steam at 80% dryness, about 0.80 times 1,998 is necessary, 
which equals 4.0 MWth. Superheating the saturated steam to 250 °C requires a rise in enthalpy from 
2,779 to 2,939 kJ/kg (van Kimmenaede, 1985). This corresponds with 0.7 MWth. Hence, from the heat 
available, only 13.8 MWth is actually transferred to boiler feedwater. This represents a thermal 
efficiency of 13.8/16.0, making the average efficiency of all boilers together about 86.2%. 

From the total amount of steam produced, which is 24.4 tonnes/h, about 2.5 tonnes/h of superheated 
steam is available for drying operations, as well as 9 .1 tonnes/h of wet steam. Steam is eventually 
condensed at 0.08 bar. In the four drying kilns, the superheated steam is degraded from 2,939 to 2,220 
kJ/kg, while the wet steam is degraded from 2,380 to 1,800 kJ/kg. This corresponds with 2.0 MW th· It 
is estimated that the air/wet biomass ratio is 10, and hence, air consumption is 1,644 tonnes/day. The 
air is heated from 20 to 70 °C, which is about the maximum for biomass dryers (Yamashita, 1989). At a 
mean specific heat capacity of 1.005 kJ/kg°C, heat transferred is about 1.3 MWth. Hence the efficiency 
of the steam/air heat exchanger is about 65.0%. Although the kiln-drying process is an integral part of 
mill heat consumption, it is not investigated any further. Investigating the relevant variables, though 
they may affect the calculations to a large extent, is beyond the scope of this opportunity-study. 
Examples of these variables are, among others, the ambient air temperature variability, air humidity, air 
speed, drying method, drying kiln characteristics and the mean specific heat capacity of wood. 

50 This means that about 20.5 tonnes/day is supplied by Swaziland Plantations Ltd. This is quite possible. Swaziland Plantations 
Ltd. processes about 150 m3/day, of which on average 40% may be lost as slabs and sawdust (FAO, 1990). This is about 60 
m3/day. If the company produces air-dry timber only, sawdust generated corresponds with 16.7 tonnes/day at the average density 
of278 kg/m3

. 
51 The temperature of the superheated steam is assumed, since according to Mr. Andre van den Berg, General Manager of Peak 
Timbers Ltd., this information could not be given. 
52 The heat capacity of solids, liquids as well as gases usually increases with temperature and pressure. However, the rise is 
generally negligible for solids and liquids. In the case of water, heat capacity is assumed to be about 4.2 kJ/kg"C (van 
Kimmenaede, 1990). 
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According to design specifications, about 12.8 tonnes/h of the superheated steam is available for power 
generation. However, about half of this quantity has to be let down due to technical problems53

, while 
the remaining 6.4 tonnes/his actually expanded in a turbine. At the inlet, steam enthalpy is 3,050 kJ/kg. 
Exhaust steam pressure is 0.08 bar. This corresponds with enthalpy of 2,220 kJ/kg. Thus, about 1.3 
MWth is available for power generation. However, only 1.2 MWe is generated. Thus, turbine efficiency 
is about 92.3%. Total power generated is 21,600 kWh/day. In 1998, total SEB consumption was about 
5.6 million kWh, which equals about 23,300 kWh/day or 1.3 MWe on average. Hence, total power 
consumption is about 44,900 kWh/day or 2.5 MWe. This is used by the Main Mill itself: accounting for 
1.7 MWe, the Rocklands Mill that accounts for 0.8 MWe and a small compound54

• 

Rocklands Mill operations 

Mass balance 
Analogous to the Main Mill, statistics regarding processed volumes and production recoveries are 
limited. It is known that the Rocklands Mill processes about 215 m3/day of de-barked Pine. 
Furthermore, production volumes are 100 m3 /day of solid product at a moisture-content of 12% and 35 
m3/day of slabs55

• The way of constructing the mass balance is identical to the one applied to the Main 
Mill. The results are in the following. Initial log input is estimated at 238.9 m3/day. Hence, sawn timber 
recovery is about 41.9%. This performance is significantly worse than the Main Mill's achievement. 
Log volume processed is 113.0 tonnes/day at a density of 473 kg/m3

• The sawing process results in 
about 74.0 tonnes/day of sawn timber and about 14.4 tonnes/day of slabs. Due to drying operations, the 
weight of the sawn timber decreases to 74.0 tonnes/day. Water evaporated is 32.1 tonnes/day. After the 
drying process, the dry timber is re-sawn. Sawdust generated is 16.3 tonnes/day. Re-sawing the dry 
timber has resulted in 25.6 tonnes/day of solid, finished product. 

Energy balance 
The Rocklands Mill has two boilers that facilitate the rough sawn timber to be dried. These boilers are 
fed with a mix of bark, slabs and sawdust. Bark yields about 10% of initial log volume at about 1,027 
kg/m3 and 80% moisture. This corresponds to 24.6 tonnes/day. Assuming an LHV of 1,540 kJ/kg for 
bark at 80% moisture, total LHV input is about 37.9 GJ/day. Slab supplies consist of 14.4 tonnes/day. 
Assuming an LHV of7,600 kJ/kg for slabs at 50% moisture, total LHV is about 109.4 GJ/day. Sawdust 
supplies are 16.3 tonnes/day. Assuming an LHV of 15,280 kJ/kg for sawdust at 12% moisture, total 
LHV available is about 249.1 GJ/day. Hence, total residue input at an LHV-basis is 396.4 GJ/day. This 
equals 6.1 MWth, taking into account that the company works 18 hours/day. It is not known to the 
company how much residue is burnt, but it is definitely not the entire bulk. 

Wet steam is produced at a rate of only 2.4 tonnes/hat 11 bar. Feedwater temperature is 42 °C, while 
the boiling point is at about 183 °C. The sensible heat required to reach this boiling point is 0.4 MWth. 
Latent heat required for the production of wet steam at 80% dryness corresponds with 1.4 MWih· It has 
been stated that it is not known to the mill how much residue is burnt in the boilers. It is likely that only 
the sawdust is burnt since it represents the highest heating value by far. Sawdust LHV corresponds with 
3.8 MWth. In that case, average boiler efficiency would still be a low 47.4%. In the two drying kilns, 
the wet steam is degraded from 2,3 80 to 1,800 kJ/kg. This corresponds with 0. 9 MWih· The flow of air 
required, at a wet timber flow of 74.0 tonnes/day, is about 11.4 kg/s. At a mean specific heat capacity 
of 1.005 kJ/kg°C (van Kimmenaede, 1990), a little less than 0.6 MWth must be transferred from steam 
to air. Hence heat exchanger efficiency is about 66.7%. 

The Rocklands Mill lacks generating power capacity. It is not supplied by SEB either. However, since 
the Main Mill does have generating capacity, as well as an SEE-connection, the Rocklands Mill is 
connected to the Main Mill by an 11 kV-supply line that crosses the 9 km in between. The Main Mill 
does not record how much power the Rocklands Mill actually consumes. Therefore, compared to Main 
Mill operations, power consumption is assumed to be proportional to the processed volume. Hence, 
since the Rocklands Mill processes 215 m3/day, being 31.2% of Peak's total processing capacity, which 

53 According to Mr. Hein Radyn, Mill Technician of Peak Timbers Ltd., the powerhouse includes two turbines, of which one is 
switched-off due to technical problems. The turbine is not considered repairable. 
54 According to Mr. Hein Radyn, Mill Technician of Peak Timbers Ltd., power consumed by the community is negligible 
compared to power consumed by the mills. Therefore, it is excluded from the energy balance. 
55 Based on discussion with Mr. Andre van den Berg, General Manager of Peak Timbers Ltd. 
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is 690 m3/day, power consumed is assumed to 31.2% of 43,900 kWh/day, which equals about 14,000 
kWh/day. Thus, the Main Mill consumes the balance, which is 29,900 kWh/day. 

8.3 Projected growth 

Peak has not formulated any long-term expansion programme. Furthermore, it is not likely that in the 
future the forest cover that is available to Peak, will be expanded. This, however, does not necessarily 
mean that the are no opportunities left for the mill to expand. The reason is that currently, Pine and 
Eucalyptus are grown for pulp as well as timber, the former business being more profitable than the 
latter. Hence, one could expect Peak to close the sawmills and concentrate on pulpwood production. 
However, since in that case timber supply to the market would decrease, the price for timber would 
increase. This is the reason why, according to Peak, the mix of growing trees for on the one hand the 
pulp manufacturing industry, and on the other hand, the timber manufacturing industry, in which Peak 
itself is included, is always determined by the considered economic optimum56

• 

8.4 Opportunities for the sustainable production of energy 

It has been mentioned before that studies have indicated that an initial log supply volume of at least 
180,000 m3/year is necessary to justify the on-site generation of heat and power. Neither of both mills 
meets this requirement. The fact that the two mills together produce 527.8 and 238.9 m3/day 
respectively, which equals about 184,000 m3/year, could yield opportunities. Especially the existing 
overhead powerlines could boost the interest in the sustainable production of power from residues at 
the Main Mill, combined with an efficient supply of power to the Rocklands Mill. However, both the 
Main- and the Rocklands Mill need the equipment as well as the biomass residues to dry wet timber. 
Therefore, both mills need to generate heat on-site and hence it is not possible to collect all residues at 
one mill in order to gain economies of scale. Furthermore, as will become clear, at Peak the size of 
heat- and power generation is still of a much smaller magnitude than the pulp- and sugar manufacturing 
industries. Also, the company works only 18 hours/day and 5 days/week, which must induce 
considerable losses of energy due to daily start-up operations. This means just as well that for example 
gasification, is not an option, provided that the process and system load are as constant as possible. 

Main Mill operations 

Regarding the production of steam, the Main Mill is currently performing very well. As demonstrated 
before, the boilers operate at an average efficiency of more than 85%, which is very high for wood
fired boilers. However, Peak's capabilities in the maintenance- and repair of advanced heat- and power 
generation equipment are limited. This has been demonstrated by the fact that one of the two steam 
turbines that broke down, can not be repaired on-site. It is possible that Mondi Ltd. could assist in a 
number of technical issues57

, but it is obvious that the cost of the training of local management and -
personnel should be massive. Therefore, it is suggested that the purchase of sawdust from Swaziland 
Plantations is maintained to facilitate the efficient production of steam. Furthermore, it is suggested that 
the turbine that has broken down is to be replaced in order to cut down on imports from SEB. 

Rocklands Mill operations 

As stated before, it is suggested that the Rocklands Mill should remain generating heat for drying 
purposes, while the existing powerlines facilitate the supply of power from the Main Mill. Still, it is 
possible that the Rocklands Mill can generate power in a cost-effective manner, but it will never take 
place at a scale that is relevant for Government's national energy policy. 

56 Based on discussion with Mr. Hein Radyn, Mill Technician of Peak Timbers Ltd. 
57 Mondi Timber Engineering Services is a new business unit of Mondi Timber Ltd. The name implies that this is a supporting 
unit for on-site engineering. This is not the case. The business unit is the marketing arm for all timber products that are used in 
construction engineering. 
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CASE THREE: 

USUTUPULP COMPANY LTD. 

9.1 Introduction 

The history of pulp manufacture in Bhunya goes back to 1948, when Usutu Forests Ltd. was 
established by the Commonwealth Development Corporation (CDC), which planted the first trees over 
40,000 ha. By 1959, CDC was joined by the Courtaulds Group to establish Usutu Pulp Company Ltd., 
essentially a dedicated mill for the production of unbleached kraft pulp (UBK). Construction of the mill 
in Bhunya commenced in 1960. It was finished in 1961. After the withdrawal in 1988 of the Courtaulds 
Group, Sappi Ltd., a South Africa-based forest products concern, became a major shareholder. During 
1997, Sappi Ltd. increased its share in ''Usutu" even more and presently owns the majority of the 
outstanding shares. CDC has retained a substantial amount of shares as well. Sappi Ltd. is one of the 
world's largest pulp- and paper manufacturers and a global leader in its field since the mid-1990s. 
Usutu has about 1,800 people on its payroll. 

Usutu Forest 

Following an agreement in 1990 between Government and Sappi Ltd., Usutu Forest was returned to 
Swazi ownership and is used by Sappi Ltd. on a long-term lease basis. Total area covered is almost 
68,000 ha, of which 43,000 ha is commercial forest and the remainder service buildings, gardens and 
paddock areas, roads, fire breaks and dams. The forest, containing some 70 million trees and 
comprising 4% of Swaziland's area, is one of the largest man-made forests in the world. In good years, 
about 2,800 ha of forest are harvested (Vilakati, 1999). 

It is stated that in Pine growing, the "advanced techniques allow for average growth of 25 m3 /ha each 
year with trees maturing at between 15 and 20 years" (Forsyth Thompson, 1998). This range could be 
narrowed to 15 to 17 years (Evans, 1998), but others state that it is more likely that they are grown in 
rotation of over 17 to 22 years, depending on species and site quality (Vilakati, 1999). Thinning is not 
practised. It is stated that at Usutu Forest yield records are probably the best data set in the world when 
successive rotations of tree plantations on the same site are compared. An important feature of this data 
set is that no genetic improvement, nor addition of fertiliser is applied from one rotation to the next. 
Furthermore, dry weather during the late 1980s and early 1990s have not affected the yield, as might be 
expected. It is also stated that the loss of organic matter and the consequent break in nutrient recycling 
are likely to lead to yield decline in the future. This is why whole tree harvesting techniques are not 
practised, and mules are used for hauling logs, to minimise extraction damage to the soil (Evans, 1998). 

Usutu Pulp Mill 

The mill is the third largest producer in the world ofUBK, supplying about 12% percent of the world's 
requirements (Forsyth Thompson, 1998). In mid 1996, the installation of a US$ 25 million digester unit 
provided by NDK Engineering, which is Sweden's Kvaerner Pulping agent in Southern Africa, was 
completed as part of a US$ 60 million plant upgrade. This investment increased plant capacity to 
220,000 tonnes/year. The UBK is used by companies that manufacture, among others, brown paper, 
cardboard, cement sacks and certain types of tissue paper. Usutu is one of the country's largest foreign 
exchange earners with markets mostly in the Far Eastern countries of Indonesia, Thailand, Taiwan and 
Japan, accounting for 80% of export volume (SIPA, 1999). Important markets are also the European 
Union and the United States. 

The company has also recently launched a programme aimed at involving local farmers in commercial 
tree-growing. The company provides the growers farming on land as small as one ha, with free 
seedlings, technical advice and financial support, as well as a guaranteed market for their timber when 
the trees reach maturity. Since the project started in 1996, over 40 growers have joined the scheme and 
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a total of about 220 ha has been planted. Furthermore, the company has implemented an environmental 
policy and announced that a two-phase forestry project is to run from 1998 to 2001. Funded by 
Government, this undertaking comprises of the development of a national forest action programme in 
order to achieve sustainable forest management through forest policy legislation. 

9.2 Pulp manufacturing process 

In Usutu Forest, pruning is carried out by saw in the seventh year and the lower branches are removed. 
After about 15 years, the trees are felled by chainsaw. Trees are de-branched, leaving the branches in 
the field, and dragged to the loading zone. Mobile cranes load the logs on trailers, which are then taken 
to the mill. At the mill, the load is weighed. On average, about 10,000 trees or 2,500 tonnes of wood 
are processed each day (Vilakati, 1999). This figure might be increased to 3,000 tonnes/day8

• Then, 
the logs are transported to the log deck at the woodyard, where forklift trucks off-load, and where the 
first steps in processing the wood take place. The bark is removed by mechanical equipment. The de
barked logs are then fed into a chipper. The chips are thrm sorted, screened and stored in an outside 
chip pile for cooking. 

The chips are cooked in chemicals in a series of processes that dissolve unwanted materials. The fibres 
can then easily be separated. The cooking process reduces the chips to pulp. The pulp is washed and the 
process of breaking down the fibre to pulp is completed. The pulp is then taken to a drying plant where 
it is dried, in a stream of hot air, to a moisture-content of 15%59

• Dry pulp is pressed into bales, which 
weigh an average of about 240 kg each. They start their journey by road transport to the Matsapha 
Industrial Estate, where they are loaded onto rail trucks. The train takes them to Richards Bay, South 
Africa. From Richards Bay, the pulp is taken by ship to the overseas markets. Markets within the 
region include South Africa and Mozambique. 

Mass balance 

The mass balance is given in Appendix 14. All boiler- and powerhouse statistics are based on a 
production capacity of 600 tonnes/day of pulp. This equals 25 tonnes/h of pulp. The pulp produced has 
been dried to 15% moisture, so the pulp must contain about 21.2 tonnes/h on an oven-dry basis. It has 
been mentioned before that pulp recovery is approximately 50% on a mass basis. At Usutu, oven-dry 
pulp production is about 48.2 tonnes/h. This corresponds with a low recovery of 44%. Assuming an 
average moisture-content of 50%, about 96.4 tonnes/h of chips are fed to the digester. At an average 
density of 411 kg/m3 for de-barked timber, this corresponds with 234.5 m3/h. It is assumed that 
chipping operations induce a loss of 5% on a volume basis in the form of sawdust. This corresponds 
with 5.7 tonnes/h. Bark production, which accounts for about 10% on a volume basis, is about 28.4 
tonnes/h. Mass balance properties other than those of the product are discussed in the following. 

Energy balance 

It has been stated that for fuel purposes, on the one hand, bark and sawdust are available, and on the 
other hand black liquor. Oil is utilised to raise steam in exceptional situations only and because so, is 
essentially not contributing to the mass- and energy balances. However, since it does represent 
capacity, the "maxicon"-boiler is included in the Appendix 14. Coal is not utilised. High-pressure 
steam production is 124.0 tonnes/h, the properties being 42 bar and 405 °C. This corresponds with an 
enthalpy of about 3,220 kJ/kg (van Kimmenaede, 1990). In the process, high pressure steam is 
eventually condensed at 0.08 bar, which corresponds with an enthalpy of 174 kJ/kg. Hence, specific 
heat consumption is 15.l GJ/tonne of pulp. This corresponds fairly well with the 16.2 GJ/tonne of pulp 
that characterises a "typical" pulp mill (Williams, 1993), but is about one-third less than the 23.5 
GJ/tonne of pulp as given by others (Herzog, 1991). 

Some 14.2 tonnes/h of bark, as well as 5.7 tonnes/h of sawdust are available for combustion in a so
called ''power boiler". All sawdust is burnt, but only half of the bark available is utilised. The other half 

58 Based on discussion with Mr. Daniel Schoeman, Process Engineer of the Usutu Pulp Company Ltd. 
59 Based on discussion with Mr. Mark Andrews, Senior Project Engineer of the Usutu Pulp Company Ltd. 

44 



9: Case Three: Usutu Pulp Company Ltd. 

is dumped as landfill. To calculate actual power boiler heat inflow, one must know the LHV of the 
wood flow. Assuming an LHV of 1,540 kJ/kg for bark, and 7,600 kJ/kg for wood at 50% moisture, 
total heat available is 18.1 MW th· 

The power boiler upgrades a water flow of 16.0 tonnes/hat 42 bar from 42 to 405 °C. The sensible heat 
required to heat water from 42 °C to the boiling point at 253 °C, at a mean specific heat capacity of 4.2 
kJ/kg°C, is 4.1 MWth. Latent heat required for the production of steam at 42 bar is 1,695 kJ/kg (van 
Kimmenaede, 1990). This corresponds with 7 .5 MW th· The rise in enthalpy from the boiling point at 42 
bar, which is 253 °C, to about 405 °C can be derived from the Mollier-chart for steam (van 
Kimmenaede, 1990). The rise is from 2,800 to about 3,220 kJ/kg. This accounts for 1.9 MWth. Hence, 
from the heat available, only 13.5 MWth is actually transferred to boiler feedwater. This represents a 
thermal efficiency of 13.5/18. l, making power boiler efficiency about 74.6%. The steam generated is 
essentially mixed in a manifold construction with steam from the recovery boilers. Together with the 
power boiler described above, both recovery boilers generate steam at 42 bar and 405 °C. Black liquor 
consumption, at an average LHV of 13,200 kJ/kg (Nygaard, 1984), is about 41.5 tonnes/h. Hence black 
liquor input is about 152.2 MWih· A mass flow of 108.0 tonnes/h of boiler foedwater is upgraded at 42 
bar from 42 to 405 °C. The calculation of heat transferred to the water is identical to the one applied at 
the power boiler. From the heat available, only 91. l MWth is actually transferred to boiler feedwater. 
This represents thermal efficiency of 91.11152.2, which equals only 59.9%. It becomes clear that the 
recovery boilers have a much lower thermal efficiency than power boilers. This is confirmed by 
literature. It is stated that recovery boiler have efficiencies in the region of 65% (Herzog, 1991), 
compared to 70% for power boilers (FAO, 1990b), and 80 to 85% for maxicon boilers (Herzog, 1991). 

Three steam turbines are available for power generation. Turbine 1 is condensing and has a generating 
capacity of about 1 MWe. It is utilised in exceptional situations only and because so, is essentially not 
contributing to the mass- and energy balances. However, since it does represent capacity, it is included 
in the figure. Turbines 2 and 3 both supply intermediate pressure and backpressure steam. Turbine 2 is 
fed with 50.0 tonnes/h of high-pressure steam at 42 bar and 405 °C. It supplies 19.0 tonnes/h of steam 
at intermediate pressure, which is at 14 bar and 250 °C, and 31.0 tonnes/h oflow pressure, which is at 4 
bar and 150 °C. The enthalpy in these three situations is 3,220, 2,925, and 2, 750 kJ/kg respectively. 
Thermal input corresponds with 44.7 MWth. Thermal output corresponds with 15.4 MWth and 23.7 
MWth for the intermediate- and low pressure outlets respectively. Hence, about 5.6 MWth is available 
for power generation. However, only 4.5 MWe is generated. Thus, turbine efficiency is about 80.4%. 
Steam properties in turbine 3 are identical to turbine 2. Only the mass flow and generating capacity are 
different. High-, intermediate- and low-pressure flows are 55.0, 16.0 and 39.0 tonnes/h respectively, 
corresponding with 49.2, 13.0 and 29.8 MWth. From the heat available, which equals 6.4 MWth, power 
generated is about 4.8 MWe, so turbine efficiency is about 75.0%. It is stated that Usutu generates 
about 75.0% ofits electricity requirements, while the rest is bought from SEB60

• This implies that total 
power consumption is about 13.5 MWe. 

9.3 Projected growth 

Substantial production growth is not anticipated in the near future. As illustrated in figure 2, market 
development is not positive. Furthermore, since demand for UBK is declining, the mill may be 
developed to improve the quality of the pulp being produced and to facilitate the production of 
bleached pulp that is used in the manufacture of newsprint. Customers for bleached pulp are 
particularly in Europe (Vilakati, 1999). More specifically, a major problem at Usutu is damage to 
machinery that prevents the mill from operating at full capacity. Following damage to a boiler, 
production in 1989 was reduced by no less than 15%, while reparation costs amounted a high E 35 
million. 

9.4 Opportunities for the sustainable production of energy 

The boiler- and powerhouse at Usutu currently employs a set of conventional boilers that operate at 
high pressures. In fact, the pressures are much higher than in the other major industries. From an 
energy-efficiency point-of-view, this obviously is a positive feature. However, this does not mean per 

60 Based on discussion with Mr. Daniel Schoeman, Process Engineer of the Usutu Pulp Company Ltd. 
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definition that the potential for heat- and power generation is fully exploited. Investigating what 
alternative technology is the "most promising'', as regarded by the literature available, is done in the 
following. Additional information is given in Appendix 9. 

It has been mentioned before that combustion and gasification of bark, sawdust, as well as black liquor 
are among the alternatives for heat- and power generation. Bark- and sawdust combustion should be 
able to generate steam at 60 to 100 bar. Modern recovery boilers, burning black liquor, should produce 
steam from 30 up to 125 bar. It is obvious that higher pressures could yield much higher efficiencies 
than is presently the case. Another option should be the gasification ofbark, sawdust and black liquor. 
It is claimed that BIG/STIG- or BIG/GTCC-configurations should save capital cost, improve safety by 
reducing the chances of explosion, and reduce environmental impacts like odour (Herzog, 1991). 
However, two problems arise when gasification is assessed. Firstly, it is reported that it is much harder 
to gasify black liquor than bark or sawdust . Secondly, it is stated that when steam consumption is in 
the region of 16.2 GJ/tonne of pulp, which is the case at Usutu, this must be reduced by 40 to 50% to 
be able to meet on-site needs (Williams, 1993). The latter target is very hard to achieve, and only 
considered feasible in newly built pulp mills. 

Therefore, in this opportunity-study, new boilers are proposed that operate at very high pressures, 
employing the conventional way of combustion. Since Usutu works 24 hors/day, they are considered 
suitable. Note that these kind of boilers were not considered appropriate at Peak Timbers Ltd. since that 
company does not work on a continuous basis. 

9.5 Technical feasibility 

Concept and selection of equipment 

It is suggested that one power boiler is installed that generates steam at the average of 60 and 100 bar, 
which equals 80 bar. The recommended steam temperature is about 500 °C, which is common in this 
range of pressure (van Kimmenaede, 1990). Power boiler throughput must be sufficiently large to be 
able to handle all bark and sawdust produced. Hence, the dumping of bark will no longer take place. 
Recovery boiler may operate between 30 and 125 bar, so the average of 80 bar and 500 °C should 
conveniently run parallel with the power boiler. Intermediate pressure extraction- as well as 
backpressure properties remain at 14 bar and 250 °C, and 4 bar and 150 °C respectively. Since a rise in 
production levels is not anticipated, the equipment is expected to meet all needs during the full life of 
the project. 

Mass- and energy balance 

Bark supplies are 28.4 tonnes/hat an LHV of 1,540 kJ/kg. Sawdust produced is 5. 7 tonnes/hat an LHV 
of 7,600 kJ/kg. Hence thermal input is 24.1 MWih· The power boiler upgrades a water flow of20.0 
tonnes/h at 80 bar from 42 to 500 °C. Assuming the mean specific heat capacity at 4.2 kJ/kg°C, heating 
the water from 42 to about 295 °C requires 1,063 kJ/kg. Thus, the sensible heat required to reach the 
boiling point is 6.1 MWih· Latent heat required for the production of steam at 80 bar is 1,443 kJ/kg (van 
Kimmenaede, 1990). This corresponds with 8.0 MW th· The rise in enthalpy from the boiling point at 80 
bar, which is 295 °C, to about 500 °C, is from 2,760 to about 3,399 kJ/kg. This accounts for 3.6 MWth. 
Hence, from the heat available, only 17. 7 MW th is actually transferred to boiler feedwater. This 
represents a thermal efficiency of 17.7/24.1, making power boiler efficiency about 73.4%. 

The available 41.5 tonnes/h of black liquor is burnt in modern recovery boilers. It has already been 
demonstrated that this quantity represents a thermal input of 152.2 MWth. The calculation of heat 
transferred to the water is identical to the one applied at the power boiler. It is expected that from the 
heat available, about 101.5 MWth is actually transferred to a boiler feedwater flow of 115 tonnes/h. 
This represents thermal efficiency of 101.5/152.2, which equals 66.7%. 

Assuming that intermediate- as well as low-pressure steam consumption remains the same, and 
provided that the let-down of steam can be prevented, power generation capacity can be substantially 
expanded. From the 135.0 tonnes/h that i.s generated at 80 bar, about 11.0 tonnes/h expands in a fully 
condensing turbine to a pressure of0.08 bar. In that case, enthalpy decreases from 3,399 to 2,220 kJ/kg. 
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This corresponds with 3.6 MWth, so at an average efficiency of 80%, it must be possible to generate 
some 2.9 MWe. From the other 124.0 tonnes/h that expands in a turbine, about 38.0 tonnes/h is 
extracted at 14 bar and 200 °C, while the remaining 86.0 tonnes/h expands to a low backpressure of 4 
bar and 150 °C. In these respective cases, enthalpy decreases from 3,399 kJ/kg to 2,925 and 2,750 
kJ/kg. The first- and second expansion stages correspond with 16.3 and 4.2 MWth respectively, so at an 
average efficiency, power generation should be about 16.4 MWe· This makes total power generating 
capacity about 19.3 MWe. Knowing that total on-site power consumption rate is about 13.5 MWe. it 
must be possible, on average, to sell at a rate of about 5.8 MWe to the national grid. 

9.6 Financial feasibility 

Costs 

Initial investment costs 
According to Appendix 22, together the boilers require an investment of US$ 1.6 million. The new 
configuration also requires a backpressure turbine, with extraction at intermediate pressure. It is 
suggested that the turbine is coupled to a generator with a capacity of about 18 MWe. The fully 
condensing turbine may be coupled to a 4 MWe generator. Hence, capital cost of the small turbine- and 
generator sets is estimated at US$ 1.6 million. Capital cost of the large set is estimated at US$ 2.7 
million. Both the boilers and the generating sets have to be imported from outside the SACU. Hence 
FOB-capital investment is US$ 5.9 million or E 35.4 million. Combined with the costs of insurance and 
freight, which have been assumed at 10% of FOB-capital investment, total CIF-price is E 38.9 million. 
Auxiliaries are assumed to be 25% of FOB-capital investment, which corresponds to E 8.9 million. 
Engineering, site preparation and installation are assumed at 50%, while contingencies are estimated at 
10%. This equals E 17. 7 million and E 3.5 million respectively. It has been claimed that initial training 
cost may account for 10 to 15% of initial investment. This can not be applied to Usutu since the 
proposed intervention is not that radical. Therefore, cost of training has been estimated at 5% of initial 
investment. This equals E 1.8 million. 

Operating and maintenance costs 
Marginal maintenance costs are very hard to estimate. Although it is expected that modem equipment 
require much less maintenance than old equipment, it must still be recognised that the heat- and power 
generating capacity is substantially expanded. Furthermore, maintenance on a frequent basis is a pre
requisite for a smooth production process. Therefore it is expected that maintenance requires a certain 
marginal investment. Fixed maintenance costs are assumed to increase by about E 1.0 million per year, 
while the variable maintenance costs are expected to increase some 0.005 E/kWh. Usutu has experience 
with boilers and on-site power generation, so it is not expected that labour has to be attracted from 
outside. Marginal labour costs therefore are not relevant. However, training is considered of the utmost 
importance for the success of the project. 

Benefits 

Operational benefits 
It has been stated before that power that is generated on-site, which substitutes for purchases from SEB, 
should be valued on its savings on other resources. Hence it should be valued at 0.30 E/kWh, which is 
the purchaser's price of power from SEB. The proposed project should facilitate Usutu to substitute for 
all power imported. In this project, the marginal benefit due to the substitution of 4.2 MWe, is about E 
10.6 million. Power that is sold to SEB, at a rate of 5.8 MWe. essentially substitutes for imports from 
South Africa. SEB purchases at its own avoided cost, which is about 0.12 E/kWh. This corresponds, on 
an annual basis, with E 5.8 million. 

Scrap values 
The remaining equipment is not expected to bring in significant residual value since in Swaziland there 
is no market for small wood-fired industrial boilers, nor is there for small steam turbines. More 
important is the scrap value of equipment in 2016, which is immediately after the project is planned to 
cease. In that case, the turbines, generators and boilers still have economic value since the economic 
life of all kinds of generating equipment may be considered to be 20 to 25 years (Faaij, 1995). SEB 
assumes that all its equipment regarding "substations, transformers, switchgear, distribution and 
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transmission" has a useful life of25 years. Therefore, the re-sale to third parties is an option. The FOB
value of equipment is depreciated on a linear basis, so after 2015, the hardware may be valued at about 
E 14.2 million. 

Financial Cost-Benefit Analysis 

The F-CBA indicates that the project is feasible. The proposed technological intervention, in 
combination with the assumptions made, results in a positive F-NPV in 2000 of about E 31.4 million. 
The F-IRR of 17. 7% is much higher than the discount rate used, which has been assumed at 10%. 

9. 7 Economic feasibility 

Costs 

All imported equipment, must be converted by the shadow exchange rate (SER). Therefore, all boilers, 
turbines, generators and auxiliaries that need to be purchased, are valued at a SER of 6.6 E/US$. The 
necessary engineering, site preparation and installation, as well as maintenance, training and 
contingencies are not re-valued. 

Benefits 

All economic benefits should be valued identically as their financial counterparts. Power that is 
generated on-site, whether it substitutes for imports from SEB or ESKOM in South Africa, should be 
valued at the avoided cost. Furthermore, equipment that has to be sold after the project is finished, is 
not expected to be sold abroad. This makes this kind of equipment a non-traded project output, of 
which only the scrap value on the market in Swaziland is relevant. 

Economic Cost-Benefit Analysis 

The E-CBA indicates that the project is feasible. The proposed technological intervention, at a shadow 
discount rate of 11 % and the assumptions made, results in a positive E-NPV in 2000 of about E 26.3 
million. The E-IRR of 16.1% is still higher than the shadow discount rate used, which has been 
assumed at 11 %. 

9.8 Social feasibility 

Equalisation of income and consumption due to employment opportunities 

It has already been demonstrated that Usutu has experience with boilers and on-site power generation, 
so it is not expected that new labour has to be ~1ttracted from outside. It is possible that employees, 
which have to be trained to be able to operate in the new working environment, will gain income since 
their market value increases. Hence it is obvious that only the people already employed benefit from 
this construction and that the equalisation of income and consumption is essentially not relevant. 

Equalisation of educational opportunities 

The training of boiler- and powerhouse personnel is extremely important. Although the proposed 
technology is not fundamentally different from the existing equipment, the way work is done changes 
especially in the field of grid-supply. Engineers, foremen and workers not only need to learn more 
about on-site power generation and consumption, but also about the interaction with SEB and its grid 
utilisation. It is claimed by Sappi Ltd. that the necessary training opportunities are there since "a 
training strategy is in place with a programme designed to equip its people with the skills they need for 
the new millennium". The strategy should address four different areas (Sappi Ltd., 1999): 
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• Training of managers, focusing on managers to participate in exchange programmes between units 
and between fields as production and administration; 

• Development of a sustainable skills pool, focusing on the development of a knowledgeable and 
competent workforce, mainly in upgrading technical knowledge and -skills; 

• Creation of an infrastructure to facilitate access to educational institutions that provide staff to 
progress through further studies and in-service training; 

• Identification of the strengths and weaknesses of employees through appropriate individual 
intervention, follow-ups, counselling and education. 

Furthermore, Usutu claims that it also actively recruits promising students by means of university 
bursaries. It is stated that "as a result of the people-oriented commitment, the Sappi Bursary Scheme is 
set up to offer opportunities to students in Accounting, Engineering and Forestry61

• 

Equalisation of lifestyles 

The improved supply of energy contributes to the harmonisation of lifestyles in that it affects one's 
behaviour and especially impacts personal health, environment, convenience and time usage. Usutu's 
employees basically live in two towns, which are Mhlambanyatsi and Bhunya. Senior staff resides at 
Mhlambanyatsi. Since this town is fully equipped regarding energy services, a social feasibility study is 
not of any relevance. Compared to other company towns, the community at Bhunya is medium-sized. It 
is stated that in 1993, Bhunya accounted for 4,623 people (Lasschuit, 1995). It is not investigated in 
detail what the energy services are like in the Bhunya area. However, it may be expected that these 
services do not have the same quality as those in Mhlambanyatsi. It is likely that woodfuel is a very 
important energy carrier in Bhunya for two reasons. Firstly, Usutu has massive resources in its Forest 
and since the community is not allowed in the Forest, it is expected that some kind ofwoodfuel supply 
for heating- and cooking activities exists. Secondly, coal is not distributed by the company, as is the 
case in the country's sugar manufacturing industries. Usutu essentially uses bark, sawdust and black 
liquor for energy generation. Hence only when Usutu utilises its energy generation potential for the 
electrification of the community at Bhunya, the lifestyles of the people can actually be improved. 

Social Cost-Benefit Analysis 

It has been suggested before that the S-CBA should be executed in a qualitative manner. The 
statements made before are therefore summarised in table 6. 

Table 6. Social Cost-Benefit Analysis in qualitative terms ("--" = very negative impact; "-" = negative impact; 
"O" . . " +" . ~ =no impact; + = posltlve impact; + = very positive impact . 

IMPACT OF PROJECT 
Equalisation of income and consumption due to employment onnortunities 0 
Equalisation of educational opportunities 0 
Equalisation of lifestyles + 

The proposed project is not expected to contribute to the equalisation of income and -consumption 
since net employment is not created. Analogue to this phenomenon, although it is expected that the 
market value increases of those individuals that will be trained, it does not contribute to the 
equalisation of the educational opportunities. Although the project itself does not contribute to the 
equalisation of the lifestyles of the people involved, one of the most important consequences of the 
project should be the further electrification of the community at Bhunya. The potential is there and 
therefore the indirect impact of the proposed project is considered ''positive". The S-CBA has shown 
that the proposed project does not disadvantage people, but that advantages are only expected to be 
generated in the project's follow-up. 

61 Based on an announcement by Sappi Ltd. in the Times of Swaziland, 7 April 2000. 
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9.9 Environmental feasibility 

Aesthetic-, fauna- and flora impact 

The aesthetic impact is expected to be zero since the proposed technology must be able to fit into the 
current boiler- and powerhouse. An increase in boiler- and powerhouse capacity is not anticipated since 
the projected growth in pulp production is limited as well. The fact that 14.2 tonnes/h of bark are not 
anymore dumped as landfill has a certain impact on fauna and flora. Although residues are no longer 
returned to the natural environment, the benefits were negligible anyway since the bark was all 
transported to the same dumping site, without spreading it out over a certain area and by doing so, not 
adding nutrients to the soil in a beneficial manner. Ash dumping is expected to increase from 3.1 to 3.8 
tonnes/h. 

Water- and river impact 

Water- and river utilisation affects the Usutu River to a very large extent. The mass balance in 
Appendix 14 shows that it provides condensing- as well as washing water. Although the mass-balance 
is made according to design specifications in which water losses are not relevant, in practice losses 
always take place. Usutu admits that it is a net consumer of water, but claims that it is used to make-up 
losses only62

• Assuming that this is true, the impact on the river flow in quantitative terms, is limited. 
Still, however, large amounts of process water are supplied by the river and fed back after it has been 
utilised in the actual pulp manufacturing process. Hence the risk of contamination is always present. 
The expected marginal impact of the proposed project is limited since steam production and -
consumption remains in the same order of magnitude while the modern equipment is just as well 
expected to lower make-up water requirements. 

Atmospheric- and airborne impact 

The atmospheric- and airborne impact of the proposed project is considerable, but remains in the same 
order of magnitude. Flue gas production increases from 325.5 to 400.7 tonnes/h. Assuming that the 
COrcontent is about 16.2% by weight, the emission as part of the flue increases to about 64.9 tonnes/h. 

Environmental Impact Analysis 

The EIA is executed in a qualitative manner. The statements made before are summarised in table 7. 

Table 7. Environmental Impact Assessment in qualitative terms ("--" = very negative impact; "-" = negative 
impact; "O" =no impact; "+"=positive impact; "++"=very positive impact). 

IMPACT OF PROJECT 
Aesthetic-, fauna- and flora impact 0 
Water- and river impact 0 
Atmospheric- and airborne impact -

Aesthetic-, fauna- and flora impact are not considered important, although ash dumping increases. 
Water- and river impact are not very substantial, provided that water consumption is only to make-up 
losses. However, atmospheric- and airborne impact increases substantially due to increased residue 
combustion. Hence the net environmental impact of the proposed project is negative although one 
should realise that the increased on-site production of power, ash and flue gas substitutes for the same 
products generated elsewhere. 

62 Based on discussion with Mr. Daniel Schoeman, Process Engineer of the Usutu Pulp Company Ltd 
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9.10 Conclusion 

The proposed project has turned out to be feasible. It is technically possible to install new high-pressure 
boilers, which are to be operated- as well as maintained by local personnel. The project requires an 
initial investment at market prices ofE 70.8 million. It has become clear that at the assumptions made, 
the project induces a positive net cashflow during all years off operations. The F-NPV and F-IRR 
account for E 31.4 million and 17.7% respectively. The E-NPV and E-IRR, numbering about E 26.3 
million and 16.1 %, indicate that the project is feasible as well from an economic point-of-view. Social 
costs are not expected, while benefits can only be generated from the electrification of the community 
at Bhunya. On the one hand, the dumping of bark reduces, but on the other hand, ash production 
increases although the same order of magnitude is maintained. Atmospheric impact is likely to increase 
at a same rate. 

It is questionable whether or not Usutu is able and willing to execute the project proposed. Especially 
the financing part could induce problems. However, in 1996, Usutu was just as well able to install a 
new digester at a total cost of E 300 million, so in principle, the possibilities are there. Problems may 
just as well rise in the interaction with SEB. Both parties should negotiate a Power Purchase 
Agreement (PP A), which is beneficial for both Usutu and SEB, provided that the eventual purchase of 
power is more advantageous than imports from ESKOM. Therefore, constructing an effective PPA is 
expected to be of major importance to the eventual feasibility of the proposed project. 
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10.1 Introduction 

OUTLINE OF SUGAR 

MANUFACTURING PROCESS 

The sugar manufacturing process is very complex and needs to be investigated from as early as 
harvesting operations. The reason is that in harvesting operations, as becomes clear, biomass residues 
are produced in massive quantities. Furthermore, knowledge of the sugar manufacturing process is 
necessary to understand the magnitude of the energy-intensity of this process. When, for example, a 
technology is proposed that needs substantial reduction in specific steam consumption, one must know 
which energy-intensive process steps should be dealt with. Furthermore, analogue to the pulp 
manufacturing process that processes black liquor, the vast majority of the energy required is supplied 
by the raw material itself Therefore, the sugar manufacturing process is described in detail in the 
following. 

10.2 Harvesting 

It is common practise in many developing countries that, when sugarcane is ready to be harvested, the 
tops and leaves are burnt off. This method returns ash to the fields, as well as eliminates insects, snakes 
and leaves that may harm the workers that manually cut the cane. The cane is then collected, bundled 
and picked up by a cane loader. When the truck or tractor is fully loaded, the sugarcane is driven to the 
mill where it is weighed. The amount of cane processed is expressed in "tonnes of cane per hour", 
which is abbreviated to ''tch". This property is the most important characteristic of a sugar mill in terms 
of processing capacity. 

Mechanical harvesting gains importance in Southern Africa. Especially in South Africa, where labour 
becomes more expensive, chopper harvesters are introduced. It is stated that they contribute to 
extracting the cane from the fields more efficiently and allow for a great deal of transport to be 
avoided. In chopper harvesting, the tops and leaves are not burnt off, but cut oft3

• Despite the fact that 
this practice increases the availability of biomass residues, it does not enhance the possibilities for 
energy generation. Cane tops and leaves are basically always left in the field to serve as fertiliser, 
limiting the consumption of artificial fertilisers. Furthermore, in wet tropical regions, the primary 
consideration for leaving the cane tops and leaves in the field, is protection of the soil from raindrop 
impact and subsequent topsoil erosion. One estimate of the residue fraction that should be left in the 
field is 25% (Williams, 1993). 

Growers in the area of Swaziland where sugarcane is cultivated, having a dry- instead of a wet climate, 
have a completely different consideration for leaving the tops and leaves in the field, provided that they 
are not burnt off. Since lack of rain from April to October necessitates irrigation, they are left in the 
field, acting as an isolating layer that prevents water in the soil from evaporation64

• Important factors 
for chopper harvesters that determine performance, are slopes, field layout and transport, which have to 
be dealt with in order to operate successfully (Dewey, 1999). 

63 An industrial-size pilot Dry Cane Cleaning Plant (DCCP) for the dry, pneumatic separation of tops and leaves from the cane 
before milling commences has been built in Mauritius (Rivalland, 1999). This method is not further elaborated because major 
problems occur \\--hen the cane is not dry, but wet. According to Mr. Arnoud Wienese, Head Engineering Division of the Sugar 
Milling Research Institute, wet cane carries more sand in the form of mud, which gives trouble in virtually all factory operations. 
64 Based on discussion with Mr. Martin Yeoman, Design Office Manager of Ubombo Sugar Ltd. It must be understood that 
Sv.aziland has only two distinct seasons. The summer, which starts in November and ends in March, is hot and rainy, the latter 
accounting for about 80% of annual and countrywide rainfall (Vilakati, 1999). The winter, which starts in April and ends in 
October, is cold and dry. During the summer, average rainfall and evaporation in the Lo\\-Veld are about 700 and 2,000 mm per 
annum respectively. Hence, the moisture deficit, which has to be compensated by means of irrigation, is about 1,300 mm per 
annum (SSA, 1999). Winter statistics are not given, but since during this season rainfall in the Lo\\-veld is negligible, irrigation 
requirements must be substantially higher. 
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10.3 Cane knives, crushers and shredders 

After unloading, the sugarcane is fed to the cane carrier, which conveys the cane into the factory and 
which assures the feed to the mills by transporting the cane from the yard to the first set of knives. 
Cane knives break the rind of the cane and so facilitate its disintegration and the extraction of its juice. 
They predominantly improve the capacity of the mill. The crusher is the first machine applying 
pressure that the cane encounters in arriving at the milling plant. It consists of a mill, generally of two 
rollers, which perform two main functions. First, the crusher assures the feeding of the whole tandem, 
and second, it prepares the cane in such a way as to facilitate the grip of the rollers and the extraction of 
juice by the mills. The shredder completes the preparation and disintegration of the cane. 

10.4 Milling and diffusing 

Juice extraction can be achieved by a milling process, or a diffusing process, the latter gaining more 
importance. Some raw sugar manufacturers have one mill tandem and one diffuser line. Both methods 
will be discussed below. 

Milling 

The milling process essentially starts by crushing cane between a number of 3-roller mills. The 
principle of a 3-roller mill is illustrated in figure 4. About 97% of the sugar in the cane goes into the 
juice although higher yields have been reported65

• This percentage is called the sucrose66 extraction. 
One of the most important developments in extraction is the addition of "imbibition-water". Since in 
practice, bagasse never gives up all 
the juice that it contains, it is 
necessary to resort to an artifice in 
order to extract as much of the sugar 
as possible. Because the lowest 
possible moisture-content can not be 
reduced, the effort is made to replace 
the juice by water. 

The juice from the mills is acid, 
turbid and dark-green coloured. The 
residues that remain from the last 
mill, called bagasse, contain the 
unextracted sugar, the woody fibre, 
and 40 to 50% of water. Depending 
on plant layout, all bagasse or just 
partly, goes to the boilers as fuel. 
Many particles ofbagasse drop from 
the mills, either falling through the 
space between feed plate and feed 
roller, or being extracted from the 
grooves by the scrapers or dropping 
between trash plate and delivery 

PRINCIPLE OF 3-ROLLER MILL 

imbibition water 

d 

mixed juice 

Figure 4. Principle of 3-roller mill. Note that d>d'>d". A mill 
tandem may consist of up to six 3-roller mills. 

roller. The quantity of such fine bagasse is very variable, but generally amounts to between I and I 0 g 
of dry material per litre of juice, taking into account, obviously, only the fine bagasse in suspension, 
and not large pieces. Bagasse that is not burnt in the boilers could be used as raw material for board 
production, the fabrication of paper pulp or the manufacture of various solvents utilised in industry 

65 According to Mr. Arnoud Wienese, Head Engineering Division of the Sugar Milling Research Institute, and Mr. Alastair 
Dougall, Engineering Services Manager of the Mhlume (Swaziland) Sugar Company Ltd., sucrose extraction in South African 
mills can reach yields ofup to 98% and 99% respectively. 
66 Sucrose is pure cane- or beet sugar, consisting of a carbohydrate and a disaccharide. The composition is shown by the formula 
C12H22011. It is converted by the action of acids and heat into two mono-saccharides, which are glucose and fructose. This 
process is called hydrolysis, since water is absorbed in the process. Glucose and fructose have the same composition, C6H 120 6, 

but differ in structure and behaviour. 
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(Hugot, 1960). In addition, bagasse can also be used in a mixture with filter cake, which, when 
composted, has the potential to substantially increase cane yield per ha (Mohee, 1999). 

Diffusing 

It is claimed that in the diffusing process a portion of the sucrose is obtained by true diffusion, but the 
quantity thus recovered is small in relation to the total. The advantages of diffusing are lower capital 
cost for a given throughput, a reduction in power requirements and an improvement in extraction and 
overall recovery when compared with ordinary milling plants. 

The first of four main stages for the recovery of sugar from cane, crushing or milling, is supplemented 
by diffusion. Diffusion uses specially designed equipment in which the prepared cane is subjected to 
treatment with hot- or cold water and dilute juice after passing through a conventional three-roller mill 
which expels juice containing 60 to 65% of the sucrose. The partially extracted bagasse is passed into a 
long tank of rectangular section with a conveyor in its lower part, or into what is known as a ring 
diffuser of circular construction. The principle of operation is the same for both types. The partially 
exhausted cane builds up into a mat several feet in thickness, from which the sugar with other soluble 
matter is extracted by a counter-current method of spraying by stages, beginning with hot- or cold 
water at the discharge end. The water is thus applied to the portion of the mat from which almost all of 
the sugar has been extracted. Percolating through the mass, the liquid passes down into a tank 
underneath, which consists of several compartments, and is pumped from the section immediately 
below for spraying onto the preceding part until at the feed end the richest solution is used on the cane 
as delivered from the mill. The solution entering the collecting compartment below that section of the 
mass, called diffusion juice, is screened and added to the screened juice from the mill, forming the 
mixed juice that passes to the clarification and recovery process. The time occupied from entry to 
discharge from the diffuser, called retention time, ranges from 30 to 70 minutes (Barnes, 1974). 

The bagasse discharged from the diffuser contains a high proportion of water, which must be reduced 
to about 50% to enable that material to be used for boiler fuel. There is a small amount of sugar in 
solution, some of which can be recovered. It s therefore essential to use a de-watering process, either by 
using one or two three-roller mills, or a specially designed press. The liquid thus separated from the 
wet bagasse, called press water, may be clarified and used to supplement the imbibition water applied 
in the diffuser. 

10.5 Clarification 

The clarification process, designed to remove both soluble- and insoluble impurities, can be performed 
in various ways, but there are only four methods that have industrial importance: 
• Defecation, using lime, CaO; 
• Sulphitation, using sulphuric acid from S02; 

• Phosphatation, using phosphoric acid from P20 5; 

• Carbonatation, using carbonic acid from C02• 

Defecation is the only method that is always practised and is predominantly physical. Precipitate forms, 
which is readily demonstrated in a test tube. The coagulated material entraps suspended impurities and 
brings them down with it. Defecation is a universal- and indispensable process. With sulphitation it is 
different. Most of the world's sugar factories do without it, but it is the most widespread process 
auxiliary to defecation. Sulphuric acid eliminates colouring matters, gums and reduces the ferric salts to 
colourless compounds, which have been formed by contact with mills, tanks and pipes. Phosphatation 
and carbonatation essentially have the same impact. After liming, the juice is pumped to a clarifier. A 
clarifier is a vessel into which the juice to be settled is fed continuously, and which is large enough to 
reduce the velocity of flow and circulation of the juice to such a low value that it does not prevent 
settling from taking place. 

The clear juice obtained, which is dark-brown coloured, is similarly withdrawn from the upper part in a 
continuous manner and pumped to the evaporators. The mud, which are withdrawn from the lower 
portion, has to be filtered in order to separate from the juice the suspended matter which it contains, 
with insoluble salts formed and the fine bagasse entrained with them. The principal types of equipment 
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PRINCIPLE OF MULTIPLE-EFFECT EVAPORATION 

Steam, 
170 t!h 

Juice, 350 

Vapour juice to 
heaters, 115 t!h, and 
second effect, 50 t!h 

I" EFFECT 

Vapour juice to 
heaters, 20 t/h, and 
third effect, 30 t!h 

2ndEFFECT 

t/h, 119 C, Condensate, 24 °Brix Condensate, 
13 °Brix 170 t/h 50 t/h 

Vapour juice to 
fourth effect, 30 t!h 

3'dEFFECT 

Condensate, 
30 t/h 

Vapour juice to 
condenser, 40 t/h 

4"'EFFECT 

Syrup,65 
Condensate, t/h, 55 C, 

30 t!h 65 °Brix 

Figure 5. Principle of multiple-effect evaporation. The configuration shown is a quadruple-effect, employing four 
vessels, and is commonly used in industry. However, triple-, quintuple- and sextuple-effect evaporators exist as 
well. A'ote that the different properties are given for illustration only. 

in which filtration is effected are filter presses, leaf filters and continuous rotary drum filters. Filter 
cake is normally spread out on the fields to serve as fertiliser. 

10.6 Evaporation 

The clarification process has given a clear juice. This juice consists of sugar dissolved in water, 
together with certain impurities. Since the impurities are removed as far as possible, it remains to 
remove the water. This process is separated in two phases: evaporation and sugar boiling. Evaporation, 
so called, deals only with a liquid material and proceeds from clear juice to syrup. Sugar boiling 
commences just before the stage where crystals appear in the syrup. 

A sugar evaporator basically consists of a tabular calandria that serves as a heat exchanger. The heating 
steam surrounds the outside of the tubes and the juice to be evaporated circulates inside the tubes. In a 
set of three-, four-, five- or six evaporators, the clarified juice is reduced to syrup by evaporating 2/3 of 
the contained water. This process takes place in vacuum-boiling vessels, which are arranged in series. 
This is illustrated in figure 5. The idea of this configuration is, that since steam is used for heating juice 
to evaporate the water it contains, this vapour is used to heat a further portion of juice or to finish the 
evaporation already commenced by ordinary steam. Each succeeding "effect" has a higher vacuum and 
therefore, the juice boils at a lower temperature. The vapours from one effect can thus boil the juice in 
the next one. This is called "multiple-effect evaporation". The syrup leaves the last effect continuously 
with a concentration of about 65 °Brix67

, the remainder being water. The vapour from the final effect 
goes to the condenser. Certain quantities, called "vapour bleeds", are also used in the heaters to achieve 
maximum steam economy. 

67 
The "Brix"-indication, expressed in °Brix, refers to the total number of solids in a solution. Hence, the Brix of a pure solution 

of sucrose represents its very own content. With impure solutions, the proportion of sucrose to the total solids in solution, 
expressed as a percentage, is called the "purity". 
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10. 7 Sugar boiling and centrifugal separation 

Since the juice has been concentrated to syrup, the viscosity has rapidly risen with the concentration of 
soluble solids. During the next process, when concentration will even rise from about 60 to 68 °Brix to 
78 to 80 °Brix, crystals begin to appear and the nature of the material changes. It passes from the liquid 
state to a part-solid, part-liquid condition. It loses its fluidity, and completely different methods are 
required for handling it. It is then called "massecuite". Its consistency no longer permits boiling in 
narrow tubes, nor circulating from one vessel to another. Therefore, sugar boiling takes place in single
effects only and in types of equipment similar in principle but better adapted to the viscous product that 
has to be concentrated. 

The massecuite when discharged from the pan is at a high super-saturation. If it is allowed to stand, the 
sugar still contained will continue to be deposited as crystals, but this massecuite is very dense and 
crystallisation will soon cease if the massecuite is left undisturbed. Therefore, the massecuite or 
"strike" is mixed for a certain time before passing on to the centrifugals. Hence, this process aims at 
completing the formation of crystals. When this formation has been completed, the massecuite from the 
mixer, or crystalliser, is drawn into revolving machines called centrifugals. The perforated lining of the 
cylindrical "basket" retains the sugar crystals. The mother liquor, called "molasses", passes through the 
lining because of the centrifugal force exerted. After further treatments, including a second recovery of 
a crop of crystals, the molasses remain. 

Molasses is a heavy, viscous material containing approximately 1/3 sucrose, 1/3 other kinds of sugar68 

and the remainder ash, organic non-sugars, and water. Molasses can serve as a base for cattle feed, 
yeast production or the manufacture of industrial alcohol. Ethyl alcohol is used for the preparation of 
acetic acid, ethyl ether and other derivatives in association with alcoholic distilleries. Industrial alcohol 
distilleries operate at efficiencies closely approaching theoretical recovery. Alcohol in the form of 
denatured rectified spirit is used as tractor and motor fuel. Anhydrous or absolute alcohol, distilled 
direct from fermented molasses or from rectified spirit is used in the chemical industry and as a motor 
fuel when mixed with petrol. 

10.8 Refining 

Some raw sugar manufacturers are equipped for refining, which is conducted in a separate section of 
the establishment. However, as a general rule, sugar refineries are located in places distant from the 
sugarcane-growing areas. The choice of location is of high importance, the main considerations being 
nearness to markets, convenience for receiving raw sugar and availability oflabour, -fuel and -power. 
Refineries are usually situated where raw sugar can be delivered by ship, with rail and transport 
facilities for the outgoing products and incoming supplies. 

In some respect, some of the stages of refining are closely similar to the raw sugar manufacturing 
process. The raw sugar is first treated with hot syrup, to soften the surface coating of molasses. This is 
conducted in a small tank in which the mixture is stirred, forming magma. This is passed to the 
centrifugals, which separate the syrup with the molasses, which have been removed, from the sugar 
crystals. During the final period of centrifuging, the sugar is washed with water to remove the 
remaining syrup. This stage of the process is called "affiniation'', the result being a light-coloured sugar 
with higher polarisation than the original, and a syrup. 

The syrup that has been spun off is boiled in vacuum pans to recover as much of the dissolved sugar as 
possible. The sugar from the affiniation process, together with that recovered from the syrup, is 
dissolved in hot water containing some sugar from later stages, called sweet water. The liquor thus 
obtained is purified to remove insoluble matter by a process similar to that conducted in a raw sugar 
manufacturing facility. Various methods are in use at different refineries, one being the continuous 
carbonatation process involving treatment with milk of lime and carbonic acid gas. The liquor then 
contains a precipitate consisting of calcium carbonate, in which is trapped the insoluble impurities and 
some of the soluble ones. The liquor is filtered, and the filtrate, which is clear and bright, is passed over 
bone-char to remove the colour and most of the remaining soluble impurities. The colourless liquor is 

68 These other kinds of sugars are so-called "reducing sugars". Reducing sugars are glucose, fructose and certain other sugars, 
that possess the property of reducing cupric salts in alkaline solution to cuprous oxide. 
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concentrated in a multiple-effect evaporator and finally boiled in vacuum pans to the point at which 
sugar crystals are formed, after which the mass is discharged to a mixer where crystallisation continues. 
The sugar is separated by centrifuging and washed, the products being a damp, as well as refined sugar 
which is dried in a granulator treated by warm air, thus producing a dry, white, free-flowing crystal 
sugar of a purity closely approaching I 00%. The liquor removed is re-boiled, the process being 
repeated several times until no more refmed sugar can be obtained from it because the impurities have 
become too concentrated. 

10.9 Co-generation of heat and power 

The fibre in the cane is generally sufficient to enable the quantity ofbagasse produced by the mills, to 
supply all the steam necessary for power production and for manufacture, when utilised as fuel in the 
boiler furnaces. It is stated, that bagasse consumption for fuel purposes accounts for 70 to 80% of the 
total amount ofbagasse produced (Berard, 1981 ). A very important note must be made. A lot of studies 
have concluded that most industries produce enough biomass residues "to meet the needs for heat ar:d 
power". These needs, however, are very often confined to factory needs, consisting only of the 
operations for raw sugar manufacture. Hence, in most cases, the company's power consumption on top 
of factory consumption also includes: 
• Power consumed by a refinery or distillery; 
• Power consumed by the water pumps for field irrigation; 
• Power consumed due to sugar storage; 
• Power consumed by the employees' compounds, which are often close to the factory, and which 

often get electricity for free or for a reduced tariff. 

Power consumed by sugar storage and the community is generally low. However, power needed by a 
refinery or distillery is usually substantial, while irrigation needs often exceed the needs of the entire 
factory. The latter are in most cases, or for the largest share, supplied by the national power utility. It 
must therefore be understood that even when factory-needs can be satisfied and excess electricity 
exists, there may be other priorities like substituting for supply from the national power utility, instead 
of, for instance, supply to the national grid. 

Combustion of bagasse 

Bagasse combustion is poor and incomplete when the quantity of air theoretically necessary is 
supplied. If only the theoretical quantity of air were used, the C02 content of the flue gas would be at a 
maximum. If there is excess air, the quantity of C02 will remain constant in a volume of air, which 
becomes greater as t11e excess of air becomes higher. Thus, the proportion of C02 will decrease as 
excess air increases. The theoretical maximum COrcontent of the flue gases is 19.6%. Research in 
South Africa has indicated that heat losses due to excess air are not serious as long as the C02 content 
is maintained above 12%. Below that figure the loss in efficiency becomes considerable. Furthermore, 
each percent of CO in the gases of combustion correspond to a loss of heat of 4.5%. Therefore, good 
combustion should correspond to a C02 content lying between 12 and 14% (Hugot, 1960). When a 
moisture-content of 50% is applied, as well as a 1.5-ratio of air used to the amount of air that is 
theoretically necessary, the composition by weight of the combustion gas can be calculated. It is found 
that N2 accounts for 62.5%, C02 for 16.2%, H20 for 15.0% and 0 2 for 6.3%. Under the same 
circumstances, the weight of the flue gas is about 5.3 times the weight of bagasse, having a COr 
content per unit of volume of about 13%. Ash is formed at about 1.5% on bagasse, which accounts for 
the balance69 (Hugot, 1960). The LHV of the bagasse, as clarified in Appendix I 0, already takes into 
account the loss of heat of the water vapour passing with the gases to the chimney. The most important 
of the losses that remain to be accounted for is that corresponding to the sensible heat lost in these 
gases. Other losses are losses in unburnt solids, losses by radiation, and losses due to incomplete 
combustion. 

69 In literature, when volumes are applied instead of weights, the situation should be reduced to standard conditions of 0 °C and I 
atm ("' l .O l 3 bar). This is nec.."'SSary when compliance to the emissions allowed is to be assessed. 
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11.1 Introduction 

ASSESSMENT OF THE 

SUGAR-MANUFACTURING 

SUB-SECTOR IN SWAZILAND 

The sugar manufacturing industry of Swaziland basically deals with three kinds of parties, which are 
the sugarcane growers, the sugar manufacturers, and the sugar traders and -marketers. Total number of 
people employed is in the range from 15,000 to 16,000 (Forsyth Thompson, 1998; Vilakati, 1999). 
About 80,000 people should be indirectly linked to the sugar manufacturing industries (SSA, 1999). On 
top of these three parties, a fourth one could be added. This is the group of supporting bodies. 
Supporting bodies are, for example, institutions that perform research in the field of sugarcane 
cultivation and sugar manufacturing. All parties are discussed in the following. 

11.2 Sugarcane growers 

The first sugarcane in Swaziland was planted in 1956 in the Ubombo area near Big Bend. In 1958, 
planting of sugarcane was started at Mhlume, while Simunye followed in 1977. These estates, which 
are still the largest producers of sugarcane and are all found in the Lowveld. The area under cultivation 
in the respective districts is in the following: · 
• Ubombo, comprising about 6,000 ha (Vilakati, 1999); 
• Mhlume, comprising about 9,000 ha (Vilakati, 1999); 
• Simunye, comprising about 10,000 ha (RSSC, 1999). 

These estates are all acquired as Title Deed Land (TDL), which is discussed in Appendix 3. The area 
that is covered by Mhlume includes the acquisition in 1994 of the more than 4,000 ha of sugarcane 
cultivation in Tshaneni7°. Other major areas where sugarcane is grown, are: 
• Nsoko; 
• Sivunga; 
• Sinhoye; 
• Tambankulu; 
• Tambuti; 
• Vuvulane. 

Sivunga and Sinhoye are both Tibiyo Taka Ngwane Sugarcane Projects and are managed by the 
Ubombo- and Mhlume-estates respectively. The sugarcane activities on the estates at Tambankulu, 
comprising more than 2,000 ha on a total of almost 13,500 ha (Bowen, 1988), have been acquired by 
Tongaat-Hulett Ltd. from South Africa. Furthermore, sugarcane is grown on Swazi Nation Land 
(SNL), discussed in Appendix 3, which facilitates subsistence agricultural activities in terms of 
traditional law and -custom. However, this category of farmers is tending to perform more on a 
commercial basis. Small cane growers are producing in co-operation with the Swaziland Sugar 
Association (SSA), and the major estates play a role in assisting them. The distance from the small 
growers to the sugar mills may, in some cases be relatively large. However, there are growers at about 
75 to 100 km from the of the mills, that are able to supply on a commercial basis71

• 

Sugarcane is a ratoon crop. This means that, in the case of Swaziland, sugarcane is planted once, while 
during six to eight successive seasons harvesting can take place. Hence, yields in one crop are largely 
determined by the weather feature of the previous summer. The latter phenomenon and the most 
important sugarcane growing statistics are illustrated in table 8. 

70 The acquisition at Tshaneni refers to the sugarcane activities as incorporated in the Inyoni Yarni Swaziland Irrigation Scheme 
(IYSIS). Within IYSIS, oranges and grapefruit are grown as well, and cattle are raised. IYSIS covers a total area of36,000 ha. 
71 According to Mr. Mike Reid, Factory Consulting Engineer of Ubombo Sugar Ltd., small-scale growers supply from as far as 
Malkems in the Middleveld. 
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Table 8. Sugarcane growing statistics for the second half of the 1990s (SSA, 1999), supplemented by the 
d" h fi t (C t l B k if'S "/ d 1999) correspon mg weat er ea ures en ra an o wazz an, 

SEASON 
1994/1995 1995/1996 1996/1997 1997/1998 1998/1999 

Area under cultivation (ha) 38,502 38,688 38,725 38,862 42,585 
Area harvested (ha) 37,867 38,264 38,010 38,494 40,474 
Cane production volume (tonnes) 3,797,749 3,439,744 3,693,967 3,885,574 3,887,010 
Cane yield (tonnes/ha) 100.29 89.90 97.18 100.97 96.04 
Sucrose content (% on cane) 14.28 13.83 14.34 13.82 13.88 
Weather feature Semi-drought Late rains Good rains Heavy rains • Good rains 
a) Regardmg the 1997/1998 season, "good rams" were reported (Central Bank of Swaziland, 1999), but the quahfication "heavy 
rains" is more appropriate (SSA, 1999). This is illustrated by the lower cane yield in the 1998/1999 season. 

The semi-drought in the 1994/1995 season affected the cane production in 1995/1996 significantly, 
resulting in a low cane yield. In the meantime, recovery has taken place. Table 8 indicates that recently, 
a quantum leap was realised in the area under sugarcane cultivation. Despite the fact that Government 
puts effort in diversifying the economy, the importance of sugar manufacturing as a key generator of 
income including foreign exchange is stressed. It will become clear that sugar yield has declined the 
last years due to lower cane yield and lower degree of mill performances. 

11.3 Sugar manufacturers 

The sugar manufacturing sub-sector was established at Big Bend in 1958 when a small mill started 
operations. Today there are mills at Big Bend, Mhlume and Simunye. At Big Bend and Mhlume, a 
large share of raw sugar production is reserved for refined sugar production. Simunye features a 
distillery for the production of absolute alcohol from molasses. A feasibility study to establish a fourth 
mill was completed in 1998 although no further developments have been reported. 

The in-crop period, during which harvesting- and milling operations take place, lasts 31 weeks on 
average (SSA, 1999), the remaining 21 weeks, or less, normally being used for maintenance. The exact 
duration of the in-crop period is limited by the weather since the rains, which start in November, 
usually prevent the tractors from entering the muddy fields to collect the cane. However, some mills 
manage to extend their in-crop period to reach their production targets. During the 1999/2000 season, 
the crop lasted no less than 41 weeks in Big Bend, 32 weeks in Mhlume and 30 weeks in Simunye. It 
must be noted that during in-crop, the mills operate 24 hours/day and seven days/week. 

Table 9. General characteristics of the existing sugar mills in Swaziland 

MILL PRESENT PRESENT PROJECTED 
OPERATIONS OWNERSHIP CAPACITY (tch) CAPACITY (tch) 

Ubombo Sugar Ltd. BigBend, 1958 Illovo Sugar Ltd. • 400 600 (in 2010) 0 

Mhlume (Swaziland) Mhlume, 1960 CDC/ 300 500 (in 2010) 0 

Sugar Company Ltd. Tibiyo Taka Ngwane c 

Royal Swaziland Simunye, 1980 Various parties 0 380 400 (in 2001) I 

Sugar Corporation Ltd. 
a) Ubombo Sugar Ltd. is owned by Illovo Sugar Ltd. from South Africa (60%) and Tibiyo Taka Ngwane (40%). 
b) Based on discussion with Mr. Mike Reid, Factory Consulting Engineer, Ubombo Sugar Ltd. 
c) The Mhlume (Swaziland) Sugar Company Ltd. is a partnership between the Commonwealth Development Corporation 

from the United Kingdom (50%) and Tibiyo Taka Ngwane (50%). 
d) Based on an unpublished paper of the Mhlume (Swaziland) Sugar Company Ltd., illustrating the "most likely scenario". 
e) The Royal Swaziland Sugar Corporation Ltd. is owned by a consortium. Tibiyo Taka Ngwane accounts for 38.1% of the 

outstanding shares, the Commonwealth Development Corporation for 20.1 %, the Government of Swaziland for 13.0%, the 
Government of Nigeria for 10.0%, Booker Tate for 7.3%, the Coca-Cola Corporation for 3.5%, the International Finance 
Corporation for 0.8% and others fur the remaining 3.0% (RSSC, 1999). 

f) Based on literature (RSSC, 1999). The capacity that is projected for 2010 may vary from 500 to 700 tch. This is further 
elaborated in chapter 14. 
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The most important sugar manufacturing statistics are given in table 10. Note that production volumes 
slightly differ from the ones given before. In this paragraph, statistics from the SSA are used because 
they are assumed to be consistent with each other regarding methods of quantification. 

Table 10. Sugar manufacturing statistics for the second half of the 1990s (SSA, 1999 ). Note that sugar production 
volumes differ slightly from the ones given in table 8. 

SEASON 
1994/1995 1995/1996 1996/1997 1997/1998 1998/1999 

Cane production volume (tonnes) 3,797,749 3,439,744 3,693,967 3,885,574 3,887,010 
SuQal" production (tonnes) 485,155 421,997 470,989 475,727 474,578 
Sugar yield (tonnes cane/tonnes sugar) 7.83 8.15 7.84 8.17 8.19 
Sucrose content (% on cane) 14.28 13.83 14.34 13.82 13.88 
Sugar recovered(% on cane) 12.77 12.27 12.75 12.24 12.21 
SuQal" yield from area (tonnes/ha) 12.81 11.03 12.39 12.36 11.73 

In the 1994/1995 season, sugar production amounted 485, 155 tonnes. The succeeding year, production 
figures decreased sharply to a low 421,997 tonnes due to low rains experienced resulting in low levels 
in dams for irrigation. In the 1996/1997 and 1997/1998 seasons, production levels recovered to 470,989 
tonnes and 475,727 tonnes respectively. Sugar production declined again during the 1998/1999 season 
to record 474,578 tonnes. Unfavourable weather conditions by way of excessive heavy rains impacted 
the industry negatively. This can be illustrated by means of performance figures. The sugar yield, 
measured in tonnes of cane per tonne of sugar, has increased, while sugar recovery has decreased. It 
must be noted that sugar yield from area is, of course, not only determined by mill performance but by 
sugarcane growers' performance as well. 

A large portion of raw sugar manufacture is refined. In the 1998/1999 season, refined sugar production 
in Big Bend and Mhlume amounted 66% of the country's total sugar production, equalling about 
313,221 tonnes. The remainder, amounting 161,357 tonnes or 34% of total sugar production, was raw 
sugar (SSA, 1999). Absolute alcohol production in Simunye during the 1995/1996 season amounted 
about 195,000 litres (MNRE, 1998). In the 1997/1998 season, when the new alcohol production facility 
came on stream, capacity was substantially increased. During that period, production was 6.4 million 
litres (Tibiyo Taka Ngwane, 1998), while in the 1998/1999 season, some 12.3 million litres ofabsolute 
alcohol were manufactured (RSSC, 1999). This is about the design capacity. 

At the very moment of this study, the Mhlume (Swaziland) Sugar Company Ltd. and the Royal 
Swaziland Sugar Corporation Ltd. (RSSC) meet to investigate the possibilities for a merge. It is 
expected that essentially, RSSC would take over its competitor. When this should happen, RSSC 
should become a holding company that includes two of the three existing sugar mills in Swaziland. In 
June 2000, the talks must have been finished. It has been stated that the acquisition was undertaken to 
consolidate the ownership of the company within the country, after the Illovo Sugar Ltd. from South 
Africa took over ''Ubombo". Furthermore, it is believed that net benefits could result from synergy in a 
number of areas. These areas include72

: 

• Optimising the physical allocation of existing sugarcane to the respective mills; 
• Optimising the physical allocation of sugarcane to be developed due to the development of the 

Maguga Dam in the Komati River; 
• Optimising the product mix between on the one hand, refined sugar at the Mhlume (Swaziland) 

Sugar Company Ltd., and on the other hand, absolute alcohol at the Royal Swaziland Sugar 
Corporation Ltd. 

The sugar that is manufactured is not marketed by the manufacturing industries themselves. The parties 
that are involved in this process are discussed in the following section. 

72 Based on discussion with Mr. Nigel Payne, Country Manager (Swaziland) of the Commonwealth Development Corporation. 
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11.4 Sugar traders and -marketers 

The Swaziland Sugar Association (SSA) is responsible for all Swaziland's sugar sales and marketing. 
Once sugar has been produced from the cane, it becomes the responsibility of the SSA, which then 
organises storage, transport and sales. Sugarcane growers and -millers belong respectively to the 
Swaziland Cane Growers' Association (SCGA) and the Swaziland Sugar Millers' Association (SSMA). 
These two bodies are of equal status and are represented as such on the Council of the SSA, which is 
the highest policy-making body of the SSA. The Council is chaired by an independent person, who has 
no direct- or indirect interest in the growing-, milling- or disposal ofsugarcane or sugar. The SSA pays 
the three millers and they, in turn, are responsible for paying the growers73

• The SSA has been 
instrumental in assisting small cane growers working on SNL through facilities as training and 
scholarships. The quota for this category has again been substantially increased in an effort to further 
encourage Swazi farmers. 

In the recent past, the South African Sugar Association (SASA), attacked the SSA by an allegation that 
the latter was flooding the South African market with its sugar. It resulted in SASA barring, the SSA 
from using the facilities at the Durban port, training and research facilities. In 1998, an agreement was 
signed between the two associations normalising relations. Sugar production and sales are summarised 
in table 11. Note that, compared to table 10, small differences in production volumes are reported by 
the different sources. In this paragraph, statistics from the Central Bank of Swaziland are used because 
the SSA did not specify local- and export volumes, while the figures are assumed to be consistent with 
each other regarding methods of quantification. Note as well that local- and export sales volumes do 
not have to equal total production since sugar can be stored and sold in the next financial year. 

Table 11. Sugar production and -sales during the second half of the 1990s (Central Bank of Swaziland, 1999). 

SEASON 
1994/1995 1995/1996 1996/1997 1997/1998 1998/1999 

Production volume (tonnes) 485,155 421,990 470,988 475,785 474,790 
Local sales volume (tonnes) 173,446 182,890 205,555 237,050 270,120 
Export sales volume (tonnes) 237,489 244,495 214,080 225,998 220,663 
Export sales (FOB, E million) 433.8 492.1 587.2 580.3 583.3 

During the 1994/1995 season, the industry lost its regional markets because of an increase in domestic 
consumption. It was stated that there was a possibility of acquiring the Namibian market. The 
Mozambican market, on the other hand, can no longer be expanded since there is high competition 
from South Africa and world market suppliers. During the 199711998 season, export volumes increased 
by 5.6%. The bulk of the exports were destined to the traditional markets of the European Union and 
the United States (Central Bank of Swaziland, 1998). Export volumes fell 2.4% to 220,663 tonnes 
during the 1998/1999 season. This was largely due to a loss ofregional markets, especially the one of 
Namibia. Export value recorded a marginal positive growth. As Swaziland maintained the European 
Union and the United States markets, growth in export revenue could be attributable to the depreciated 
value of the Lilangeni against their currencies. 

Market developments 

Access of new countries to the World Trade Organisation (WTO) will erode the advantages that ACP
countries currently have in the Lome IV Convention. This problem may gain importance when this 
agreement expires in the year 2000 and will be rewritten. Income to countries such as Swaziland would 
be affected and small growers would not survive when such treaties were to be abolished. Nevertheless, 
the Sugar Preferential Scheme (SPS) between the European Union and the ACP-states has an 
independent lifespan, so when the agreement is reviewed, that does not automatically mean a review of 
the sugar protocol. However, the WTO is of the opinion that protocols like the SPS create distortions in 
the world market. Therefore, it must be feared that the European Union will phase out these kinds of 

73 The total payment that a grower actually gets, includes an allowance for bagasse that is used by the miller as boiler fuel. It is 
argued that hence, bagasse is not a "free fuel", which strictly speaking, is true. However, this cost item is not considered any 
further since not a single project would change this situation. It is not a marginal cost item. 
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preferential trade arrangements (Morrissey, 1999b). Consequently, abolition of the European Union 
quota system will expose sugar from Swaziland to competition from other producers. Efficient low-cost 
industrial production in Asian countries has been able to compete in European markets. Manufactured 
exports from these countries have been quite successful in penetrating Western markets for industrial 
consumer goods without any preferential access (Szirmai, 1997). 

South Africa, which has a massive sugar manufacturing industry74
, is not a recipient of preferential 

access to the markets of the European Union or the United States. Therefore, it is claimed by the South 
African sugar manufacturing industry that it is in the region's interest that, until the preferential access 
schemes are dismantled, a sugar protocol for the entire Southern African Development Community 
(SADC) is put in place. It is stated that "in a market plagued by protectionist policies of the high cost 
producers, it is important that, as a SADC free trade agreement is implemented, the various sugar 
producers within the region do not expand at the expense of one another. Instead, they need to accept 
an equitable obligation to sell into the world market, which is subject to the dumping of production that 
is surplus to both preferential market access and SADC's domestic requirements" (Crawford, 1999). 

Product developments 

On top of the 42,000 ha that are currently under sugarcane cultivation, more irrigated fields will 
become available when the Maguga Dam in the Komati River becomes operational. This will, 
however, take place in steps, reaching full water potential in 201075

• The project consists of a 
hydropower dam with a generating capacity of 19 MWe (MNRE, 1998) and an irrigated area of7,400 
ha, of which about 3, 100 ha will be reserved for sugarcane and the remainder for mixed fruit orchards. 
It will become clear in the following chapters that regarding mill capacity, the sugar manufacturing 
industry is anticipating on the expected increase in sugarcane supply. Secondly, studies for the 
development of the Usutu River basin will be undertaken with the assistance of donor funds. It is hoped 
that up to 25,000 ha ofland will be developed, reserving about 12,000 ha for sugarcane cultivation76

• 

The demand for sugar is expected to continue growing in developing countries due to population 
growth. However, future growth in demand is expected to be much slower than in the past, largely 
because of the growing importance, especially in developed countries, of grain-based sweeteners and 
High Fructose Com Syrup (HFCS) in particular. Moreover, two developments may further erode sugar 
demand growth, which are the introduction of crystallised HFCS and new low-calorie sweeteners with 
physical- and taste properties close to sugar. However, to limit competition with sugar, the European 
Union has imposed quotas on the production of iso-glucose like HFCS. These quotas have effectively 
crippled the corn- and wet milling industries in Europe. As quickly as new technologies are developed 
to produce sweeteners outside the regime, the sugar industry moves to bring them under the regime to 
constrain the newcomers' growth (Earley, 1996). 

Price developments 

Export earnings remain vulnerable to the London Daily Price for raw sugar. During the 1996/1997 
season, the international prices of sugar varied in the range of 309 US$/tonne and 404 US$/tonne, 
influenced by a decrease in production by major sugar producers like Brazil, China, Cuba, India and 
Thailand, which all experienced drought. It was expected that there would be a further decline in sugar 
production on the international market, while sugar consumption is expected to rise at about 5% per 
year77

• However, this expectation did not become reality. The world sugar price fluctuated between 273 
US$/tonne and 247 US$/tonne in the 1997/1998 season (Central Bank of Swaziland, 1998). In the end 
of 1998, the price was at a low 146 US$/tonne (Central Bank of Swaziland, 1999), declining even 
further to 639 E/tonne (z 107 US$/tonne) as at February 2000. Sugar prices are expected to remain 
depressed on the international market for at least the next two years if a surplus of stock, amounting 1.2 
million tonnes, remains to exist. The price of sugar in the preferential access markets is linked to the 

74 In the 1998/1999 season, the sugar manufucturing industry of South Africa produced 2,646, 172 tonnes of sugar from 
22,930,324 tonnes of sugarcane (Crawford, 1999). Hence, it is between 5 and 6 times as large as the sugar manufucturing 
industry of Swaziland. 
75 Based on an unpublished paper of the Mhlume (Swaziland) Sugar Company Ltd. 
76 Based on discussion with Mr. Mike Reid, Factory Consulting Engineer ofUbombo Sugar Ltd. 
77 Based on infurmation from the Internet http://www.centralbank.sv'report97 /cbsrep97 _ l l .html. 
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London Daily Price for raw sugar. The price in the European Union dropped from 3,145 E/tonne (:::: 
524 US$/tonne) in the 1998/1999 season to 3,112 E/tonne (:::: 519 US$/tonne) in the 1999/2000 season. 
In the United States prices fell from 2,498 E/tonne (:::: 416 US$/tonne) to 2,005 E/tonne (;:::; 334 
US$/tonne) (Mamba, 2000a). The price developments have a negative effect on local production since 
venturing into the sugar manufacturing industry becomes more risky and unpredictable. Furthermore, 
as stated by the SSA, the quota on the European Union and United States might shrink further in the 
future, forcing the SSA to sell more sugar on the world market where prices are very low. 

11.5 Supporting bodies 

The Sugar Milling Research Institute (SMRI) claims to be the central scientific organisation involved 
in research work into the manufacturing problems of the South African sugar manufacturing industry. 
SMRI is located in Durban, the heart of the South African sugar belt. All fifteen South African sugar 
factories, the central refinery of the Tongaat-Hulett Group as well as the three sugar mills in 
Swaziland78 are mem hers of SMRI. In addition, SMRI provides technical service to a number of 
affiliated members in Malawi, Zambia and Zimbabwe. SMRI is financed by a levy on the sugar 
produced at member mills and by payment for contract research and technical service for individual 
mills. All research associated with the agricultural aspects of the cultivation of sugarcane is handled 
separately by the South African Sugar Association's Experiment Station (SASEX) at Mount 
Edgecombe. A close working relationship is maintained between SASEX and SMRI. 

With respect to research and development, SMRI is divided into five divisions. The institute has an 
analytical services division, a cane handling division, a chemical division, a processing division and an 
engineering division. The engineering division is the most important division for this opportunity
study. This division focuses on the construction of mass- and energy balances for both raw sugar and 
refinery operations. SMRI monitors all possibilities for electricity supply to the grid in South Africa. 
This has never been considered a viable option since there is an abundance of generating capacity 
operated by ESKOM and the low cost of fuel in the form of coal. 

78 The Swaziland Sugar Association has appointed Mr. Trevor Gothan, Business Development Manager of the Mhlume 
(Swaziland) Sugar Company Ltd., to represent the three sugar manufucturing industries (SMRI, 1999). 
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CASE FOUR: 

UBOMBO SUGAR LTD. 

12.1 Introduction 

Swaziland's first sugarcane milling operations commenced in 1958 in Big Bend, after a small mill was 
commissioned. The company that was established was known as Ubombo Ranches Ltd. Until 1997, 
"Ubombo" was jointly owned by Tibiyo Taka Ngwane, which accounted for 40% of the shares, and the 
Lonrho Sugar Corporation Ltd. (LSC), which kept 60%. LSC was a subsidiary ofLonrho PLC from the 
United Kingdom and incorporated in Swaziland. 

In 1997, Illovo Sugar Ltd. from South Africa acquired almost 95% ofLSC's shares when Lonrho PLC 
sold its entire interest in its subsidiary. Consequently, Illovo Sugar Ltd. bought out the remaining 
minority shareholders, including the 1.1 % interest of Tibiyo Taka Ngwane. This move effectively gave 
Illovo Sugar Ltd. a 60% shareholding in Ubombo Ranches Ltd., while the remaining 40% are still held 
in trust for the nation by Tibiyo Taka Ngwane. In the meantime, the company has been renamed to 
Ubombo Sugar Ltd. Following the change in ownership, Ubombo has become a member of the largest 
sugarcane growing- and sugar manufacturing group in Africa Illovo Sugar Ltd is active in Malawi, 
Mauritius, Mozambique, South Africa, Tanzania as well as the United States. 

12.2 Sugar manufacturing process 

During the 1999/2000 season, Ubombo harvested during 41 weeks. This is an exceptionally long 
period, because usually, the crop lasts 31 weeks (SSA, 1998). Due to problems in the manufacturing 
process, Ubombo was not able to stop crushing before the end of 1999 as planned, so the company had 
to crush until early February 2000 in order to meet production targets79

• During the season, all cane was 
manually cut, but in April 2000, trials are planned with a combine harvester. On top of managing its 
own estates, Ubombo is committed to assisting and encouraging small growers. The company also 
employs senior staff members who specifically support small grower development. The boilerhouse 
employs 47 people. This number is made up thirteen employees per shift of eight hours, while the 
remaining eight employees are day-shift maintenance workers. The powerhouse employs only eight 
people. This is made up of one employee per shift, while the remaining five workers have a normal 
day-shift80

• 

The company processed about 1,765,400 tonnes of cane in the 1999/2000 season, which is an increase 
of 14.8% compared to last season, resulting in about 113,000 and 85,500 tonnes of raw- and refined 
sugar respectively. A minor share of production, about 7 ,900 tonnes, was accounted for by other kinds 
of sugar. Extraction takes place in a mill tandem as well as a diffuser line. The mill tandem consists of 
a feeder carrier, an auxiliary carrier, a main carrier with three sets of knives, a shredder, and six three
roller mills. The diffuser line is identical, with the difference that the first five mills are replaced by a 
diffuser. All shredders, mills and diffusers are driven by high-pressure steam, while the carriers, knives, 
and conveyors are electrically driven. During the 1991/1992 season, the mill tandem had a crushing 
capacity of 120 tch, while the diffuser line accounted for 180 tch81

• Since then, the plant has been 
expanded from 300 tch to a total of375 tch and in the 1998/1999 season, a new boiler with a capacity 
of 100.0 tonnes/h of steam has been installed. This move has enabled the factory to increase the 
crushing capacity to about 400 tch. 

As stated in the outline of the sugar manufacturing process, virtually all sugar mills operate 7 
days/week and 24 hours/day. This is also the case for Ubombo: From the present crop of 41 weeks and 
a crushing capacity of 400 tch, we may calculate a theoretical annual crushing capacity of2,755,200 

79 Based on discussion with Mr. Mike Reid, Factory Consulting Engineer ofUbombo Sugar Ltd. 
80 Based on discussion with Mr. Antony Miranda, Boiler and Powerhouse Mechanical Engineer ofUbombo Sugar Ltd. 
81 Based on discussion with Mr. Peter Gibson, Chief Mechanical Engineer ofUbombo Sugar Ltd. 
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tonnes. However, the amount of sugarcane crushed during the 1999/2000 season was only 1,765,400 
tonnes. Hence, capacity utilisation during the harvest season was only 64.0%. 

In-crop 

At Ubombo, mass balances are always made in tonnes/h on the basis of design specifications instead of 
the figures that are actually realised. This is illustrated in Appendix 17. Currently, the design crushing 
rate 400 tch. Mixed juice production is 460.0 tonnes/h, which is heated in four stages before 
clarification takes place. Fibre production consists of bagasse and bagacillo. Bagasse production 
accounts for 105.4 tonnes/h, which is all burnt in boilers. It has been mentioned before that flue gas 
production is about 5.3 times bagasse consumption. This equals 558.6 tonnes/h. Knowing that ash 
production is about 1.5% on bagasse, which equals 1.6 tonnes/h, combustion air input must be about 
454.8 tonnes/h. The bagacillo, accounting for about 2.0 tonnes/h, is mixed with filter mud to serve as 
fertiliser. Ash is dumped as landfill on the sugarcane estates. Wet sluices transport the ash from the 
boilers to a series of settling dams. The water that is run-off is re-used for sluicing in the boilers. The 
dams are used in rotation, which means that some are used for settling, while others are drying and 
some are dug out to dispose the ash. 

According to design specifications, the combustion of bagasse only is sufficient to meet factory 
needs82

• A bagasse inflow of 105.4 tonnes/h corresponds with 222.5 MW1h, The boilers raise 190.4 
tonnes/h of steam at 30 bar from 42 to 380 °C. Assuming the mean specific heat capacity at 4.2 
kJ/kg°C, heating the water from 42 to about 234 °C, which is the boiling point at 30 bar, requires 806 
kJ/kg. Thus, the sensible heat required is 42.6 MW th· Latent heat required for the production of steam at 
30 bar is 1, 793 kJ/kg. This corresponds with 94.8 MW th· The rise in enthalpy from the boiling point at 
30 bar to about 380 °C, is from 2,802 to about 3,185 kJ/kg. This accounts for 20.3 MWth. Hence, from 
the heat available, only 157.7 MW1h is actually transferred to boiler feedwater. This represents a 
thermal efficiency of 157.7/222.5, which equals about 70.9%. This high-pressure steam expands to a 
low backpressure of 1.2 bar and 135 °C, which corresponds with an enthalpy drop to 2, 745 kJ/kg. 
About 64.1 tonnes/h of high-pressure steam is used by the mills, the shredders, the emergency 
feedwater pump and the air pump utilised in the boiler. About 81.2 tonnes/h expands in turbine- and 
generator sets, while 5.0 tonnes/his used by sundries. The remaining 31.7 tonnes/his let-down. The 
drop in enthalpy of the high-pressure steam that is available for power generation, is about 9.9 MWth. 
Generating capacity installed is about 9.5 MWe, but it is obvious that actual power production is lower. 

Off-crop 

During the off-crop period, bagasse is not available and hence, coal is burnt to meet the needs for steam 
that is used for power generation. Instead of the 9.5 MWe of power generation capacity during in-crop, 
about one-third of this quantity is generated to be able to supply the refinery, the irrigation pumps and 
the maintenance activities at the mill. Therefore, only 65.0 tonnes/h of high-pressure steam at 30 bar 
and 380 °C is generated. Assuming the mean specific heat capacity at 4.2 kJ/kg°C, heating the water 
from 42 to about 234 °C, which is the boiling point at 30 bar, requires 806 kJ/kg. Thus, the sensible 
heat required is 14.8 MWth. Latent heat required for the production of steam at 30 bar is 1,793 kJ/kg. 
This corresponds with 32.4 MW th· The rise in enthalpy from the boiling point at 30 bar to about 380 °C, 
is from 2,802 to about 3,185 kJ/kg. This accounts for 6.9 MWih· Hence, from the heat available, only 
54.1 MW th is actually transferred to boiler feedwater. Assuming boiler efficiency to remain unchanged 
at 70.9%, about 76.3 MWth is put in as coal. Since the coal variety used in Swaziland has an average 
LHV of about 28,000 kJ/kg (du Plessis, 1999), coal supply must be about 9.8 tonnes/h. 

12.3 Projected growth 

Ubombo has an ambitious expansion programme for the next ten years, which is subject to a number of 
aspects. The first aspect that affects expansion, is sugarcane availability. The latest development 
includes the approval- and development of 500 ha of new cane land under eight centre pivots. 

82 The boilers are co-fired with coal during start-up or when the heating value of bagasse is not sufficient. This is possible when 
the moisture-Content of the bagasse is extremely high due to heavy rainfull. 
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Furthermore, over the next three years, another 1,550 ha will be developed for cane (Forsyth 
Thompson, 1998). These developments, despite the fact that Government aims at a diversification of 
the manufacturing industry, are dwarfed by the developments in the Usutu River, which should result 
in the development of an irrigation scheme for 10,000 to 25,000 ha, of which 12,000 ha would be 
reserved for sugarcane cultivation. Anticipating on these developments, Ubombo has planned to 
increase crushing capacity to 600 tch within the coming ten years. An important condition for this is 
that Ubombo will have the exclusive right to process all cane from the Usutu River irrigation project. 
Ubombo's monopoly in its area has been endangered since Government has performed a feasibility 
study on the establishment of a fourth mill, which would be supplied by the same cane fields, but no 
further development on the establishment of that mill has been reported. The relatively large distance 
from the irrigated fields to the mill, which is about 35 km, is not an issue. There are growers from as far 
as Malkems in the Middleveld, at about 75 to 100 km from Ubombo, that are able to supply Ubombo 
on a commercial basis. 

Until August 1999, the powerhouse had an installed generating capacity of about 10.5 MW., supplying 
the factory with 6.5 MW. and the refinery with about 1.0 MW •. Irrigation works were supplied with 
about 2.0 and 3.0 MW. by the powerhouse and SEB respectively. Consumption by the community at 
Big Bend, silo's and storage buildings was negligible. However, in August 1999, one of the turbo
altemators broke down, reducing generating capacity to about 9.5 MW •. This turbo-alternator will be 
replaced by a much larger one with a capacity of 5.0 MW., realising a total generating capacity of 14.5 
MW •. About 5.0 MW. will be reserved for irrigation. The new turbine will presumably be operational 
in June 200083

• 

It is claimed that boilers, operating at 45 bar and 480 °C should facilitate the generation of20 MW. 
utilising bagasse only during in-crop and coal during in-crop84

• At these scales, it could be attractive to 
establish en entirely new powerhouse. At Ubombo's request, Duke Engineering & Services from South 
Africa has performed a feasibility study on a 72 MW. power plant, utilising bagasse and coal. During 
in-crop, a mix of coal and bagasse would be burnt, supplying heat and power to the mill as well as the 
grid, while during off-crop, just coal would be burnt, generating power only. It has become clear in that 
feasibility study that, at this moment, the low price of electricity from South Africa does not make this 
option feasible. However, keeping the year 2005/2006 and the expected rise in electricity demand in 
the back of the mind, the proposed concept may become an attractive altemative85

• · 

12.4 Opportunities for the sustainable production of energy 

It has been mentioned that it is estimated that in 2010, Ubombo will crush 600 tch. Apart from the 
feasibility study by Duke Engineering & Services, Ubombo has already anticipated on future heat- and 
power requirements. A new 100.0 tonnes/h boiler i's installed, while in June 2000, a new 5 MW. 
turbine- and generator set must have been installed. From these figures, it becomes clear that not only 
the crushing capacity, but also high-pressure steam- as well as overall power consumption, are 
expected to increase with about 50%. It looks like it does not make sense to investigate any further the 
opportunities for the sustainable production of energy. 

However, since steam production remains to be done at a relatively modest pressure of 30 bar, it is 
investigated what the potential is for power production when the boilers should operate on pressures 
that are at least twice as high. During the in-crop and off-crop periods, bagasse and coal are combusted 
respectively86

, while only backpressure turbines generate power. Condensing turbines are not 
considered suitable since they are essentially of no value during in-crop, with all steam being needed at 
backpressure. 

83 Based on discussion with Mr. Mike Reid, Factory Consulting Engineer ofUbombo Sugar Ltd. 
84 Based on discussion with Mr. Mike Reid, Factory Consulting Engineer ofUbombo Sugar Ltd. 
85 Based on discussion with Mr. Mike Reid, Factory Consulting Engineer ofUbombo Sugar Ltd. 
86 In Nicaragua, two sugar mills have initiated interesting projects. During in-crop, the mills should bum bagasse and export a 
limited amount of electricity. During off-crop, the mills should become power plants by burning wood that is grown ou dedicated 
Eucalyptus plantations (van den Broek, 1997). This concept is not considered appropriate for Swaziland, since it does not 
fucilitate integration with the use of coal in both industrial- and household activities. 
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12.5 Technical feasibility 

It has already been mentioned that, at a crushing rate of 600 tch, it is suggested that in the new 
configuration steam is raised at 80 bar and 500 °C. Provided that steam production and consumption 
increases on a linear basis from 190.0 to 290.0 tonnes/h, and the let-down of steam can be prevented, 
power generation capacity can be substantially expanded. 

In-crop 

Heat production 
In 2001, the mill is expected to have a crushing capacity of 420 tch and hence, the bagasse inflow 
corresponds to 233.6 MWth, The boilers raise 203.0 tonnes/h of steam at 80 bar from 42 to 500 °C. 
Assuming the mean specific heat capacity at 4.2 kJ/kg°C, heating the water from 42 to about 295 °C, 
which is the boiling point at 80 bar, requires 1,063 kJ/kg. Thus, the sensible heat required is 59.9 MWth. 
Latent heat required for the production of steam at 80 bar is 1,443 kJ/kg. This corresponds with 81.4 
MWth· The rise in enthalpy from the boiling point to about 500 °C is from 2, 760 to about 3,399 kJ/kg. 
This accounts for 36.0 MWth. Hence, from the heat available, only 177.3 MWth is actually transferred 
to boiler feedwater. This represents a thermal efficiency of about 75.9%. 

Steam production is projected to increase on a linear basis until the period from 2010 to 2015, when the 
boiler- and powerhouse raises 290.0 tonnes/h of steam. Assuming boiler efficiency to remain the same, 
from the heat available, which is about 333.8 MW1h, some 253.3 MWth is actually transferred to boiler 
feedwater. 

Power production 
In the period from 2010 to 2015, the full 290.0 tonnes/h ofhigh-pressure steam, at 3,399 kJ/kg, expand 
in the first stage to 30 bar and 380 'C, which corresponds with 3,185 kJ/kg. At that point, about 95.0 
tonnes/h is extracted to facilitate prime-mover equipment to operate. The remaining 195.0 tonnes/h 
expand in the second stage to a low 1.2 bar and 135 °C, which corresponds with 2,745 kJ/kg. At an 
average turbine efficiency of 80%, it must be possible to generate 32.8 MWe from the available 41.0 
MW th· Power consumption of the mill and refinery is also expected to rise with 50%. Power 
consumption ofUbombo's irrigation pumps are expected to remain the same since the future sugarcane 
supply is the responsibility of the small-scale farmers. Though, the 3.0 MWe that was purchased from 
SEB, will be substituted for in the new configuration. 

Off-crop 

Heat production 
During the off-crop period, coal must be combusted since bagasse is not available. Heat production 
must be lowered in such a manner that only the turbine- and generator sets are supplied, but that actual 
power production is identical to that during in-crop. In 2001, an off-crop capacity of 136.5 tonnes 
tonnes/his necessary. To do so, about 119.2 MWth must be transferred to boiler feedwater. Assuming 
that the boiler efficiency in the coal-mode is the same as for the biomass-mode, about 157 .1 MW1h must 
be put in and hence coal supply must be about 20.2 tonnes/h. In the period from 2010 to 2015, coal 
supply must be about 28.9 tonnes/h. 

Power production 
In 2001, about 130.0 tonnes/h of steam expand from 80 bar and 500 °C to a low 1.2 bar and 135 °C. 
Analogue to in-crop power generating capacity, power production increases on a linear basis from 23.0 
MWe in 2001 to 32.8 MWe in 2010. Power consumption of the mill increases proportionally while 
consumption of the refinery as well as well as the irrigation pumps remains the same. Hence excess 
power generating capacity during off-crop increases from 16.9 MWe in 2001to25.3 MWe in 2010. 
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12.6 Financial feasibility 

Costs 

Initial investment costs 
According to Appendix 22, the boilers require an investment of US$ 3.5 million. The new 
configuration also requires a backpressure turbine, with extraction possibilities. It is suggested that the 
turbine is coupled to a generator with a capacity of about 35 MW e· The capital cost of the generator set 
is estimated at US$ 3.9 million. Both the boilers and the generating sets have to be imported from 
outside the SACU. Hence FOB-capital investment is US$ 7.4 million or E 44.4 million. Combined with 
the costs of insurance and freight, which have been assumed at 10% of FOB-capital investment, total 
CIF-price is E 48.8 million. 

Auxiliaries are assumed to be 25% of FOB-capital investment, which corresponds to E 11.1 million. 
Engineering, site preparation and installation are assumed at 50%, while contingencies are estimated at 
10%. This equals E 22.2 million and E 4.4 million respectively. It has been claimed that initial training 
cost may account for 10 to 15% of initial investment. This can not be applied to Ubombo since the 
proposed intervention is not that radical. Therefore, cost of training has been estimated at 5% of initial 
investment. This equals E 2.2 million. 

Operating and maintenance costs 
It has been calculated before that in 2001, coal supply must be about 20.2 tonnes/h. This increases on a 
linear basis to a maximum of28.9 tonnes/h in the period from 2010 to 2015. Without the project, coal 
consumption would increase from 10.3 tonnes/h in 2001 to 14.7 tonnes/h in 2010. This means that 
marginal coal consumption increases from 9.9 tonnes/h in 2001to14.2 tonnes/h in 2010. The cost of 
industrial coal is about 175 E/tonne87

• Hence during an off-crop period of 19 weeks/year, the marginal 
cost of coal increases from about E 5.5 million in 2001 to about E 7.9 million in 2010. 

Marginal maintenance costs are very hard to estimate. Although it is expected that modem equipment 
require much less maintenance than old equipment, it must still be recognised that the heat- and power 
generating capacity is substantially expanded. Furthermore, maintenance on a frequent basis is a pre
requisite for a smooth production process. Therefore it is expected that maintenance requires a certain 
marginal investment. Fixed maintenance costs are assumed to increase by about E 1.0 million per year, 
while the variable maintenance costs are expected to increase some 0.005 E/kWh. Ubombo has 
experience with boilers and on-site power generation, so it is not expected that labour has to be 
attracted from outside. Marginal labour costs therefore are not relevant. However, training is 
considered of the utmost importance for the success of the project. 

Benefits 

Operational benefits 
It has been stated before that power that is generated on-site, which substitutes for purchases from SEB, 
should be valued on its savings on other resources. Hence it should be valued at 0.30 E/kWh, which is 
the purchaser's price of power from SEB. The proposed project should facilitate Ubombo to substitute 
for all power imported. In this project, the marginal benefit due to the substitution of power is about E 
7.6 million. Power that is sold to SEB, at its own avoided cost, increases from El2.8 million in 2001 to 
E20.0 million in 2010. 

Scrap values 
In the current expansion plans of Ubombo, the existing equipment is planned to be fully operational. 
Hence it is still considered to have some economic life to Ubombo on top of its technical life. However, 
when this equipment should have to be removed in favour of the proposed project, it is not expected to 
bring in significant residual value since in Swaziland there is no market for small wood-fired industrial 
boilers, nor is there for small steam turbines. More important is the scrap value of equipment in 2016, 
which is immediately after the project is planned to cease. In that case, the turbines, generators and 
boilers still have economic value since the economic life of all kinds of generating equipment may be 
considered to be 20 to 25 years. (Faaij, 1995). SEB assumes that all its equipment regarding 

87 Based on discussion with Mr. Mike Reid, Factory Consulting Engineer ofUbombo Sugar Ltd. 
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"substations, transformers, switchgear, distribution and transmission" has a useful life of 25 years. 
Therefore, the re-sale to third parties is an option. Equipment is depreciated on a linear basis, so after 
2015, the hardware may be valued at about E 17.8 million. 

Financial Cost-Benefit Analysis 

The F-CBA indicates that the project is feasible. The proposed technological intervention, in 
combination with the assumptions made, results in a positive F-NPV in 2000 of about E 18.5 million. 
The F-IRR of 13.4% is still higher than the discount rate used, which has been assumed at 10%. 

12. 7 Economic feasibility 

Costs 

Imported equipment as well as coal should be converted by the shadow exchange rate (SER). 
Therefore, all boilers, turbines, generators and coal imports that need to be purchased, are valued at a 
SER of 6.6 E/US$. The necessary engineering, site preparation and installation, as well as maintenance, 
training and contingencies are not re-valued. 

Benefits 

All economic benefits should be valued identically as their financial counterparts. Power that is 
generated on-site, whether it substitutes for imports from SEB or ESKOM in South Africa, should be 
valued at the avoided cost. Furthermore, equipment that has to be sold after the project is finished, is 
not expected to be sold abroad. This makes this kind of equipment a non-traded project output, of 
which only the scrap value on the market in Swaziland is relevant. 

Economic Cost-Benefit Analysis 

The E-CBA indicates that the project is feasible. The proposed technological intervention, at a shadow 
discount rate of 11 % and the assumptions made, results in a positive E-NPV in 2000 of about E 1.6 
million. The E-IRR of 11.3% is a little higher than the shadow discount rate used, which has been 
assumed at 11 %. 

12.8 Social feasibility 

Equalisation of income and consumption due to employment opportunities 

Although implementation of the proposed technology changes the way work is done to a significant 
extent, it is not likely that the proposed technology will change the total number of jobs. It is possible 
that a higher level of automation will in the future, probably even make a limited number of workers 
obsolete. However, since it is anticipated that the Ubombo will increase capacity from 400 tch in 2000 
to 600 tch in 2010, this category oflabour may be allocated to other departments. 

Equalisation of educational opportunities 

The shift from conventional co-generation technology to state-of-the art conversion technology 
requires an intensive programme for the incorporation of technological capabilities. In the case of 
Ubombo, the South African holding company must play a pivotal role. To facilitate this, Illovo Sugar 
Ltd. incorporates a technical services department. Apart from project management, technical consulting 
and the development and application of new technology, the technical services department also focuses 
at technology transfer, putting into practise seminars, conferences and technical reports (Illovo Sugar 
Ltd., 1999). The most relevant experience of the Group's technical services department is that it co-
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ordinated the installation ofUbombo's new boiler, which was installed in 1999. The people involved 
must be subjected to: 
• Training in the field of overall process management; 
• Training in the field of mastering, adapting and maintaining high-pressure boiler-technology; 
• Training in the field of integrating the technology with the existing equipment on-site; 
• Training as a continuous process in order to keep up with overall technology development88

• 

Although training of personnel must be considered a prerequisite for the success of implementation, it 
also enhances personal development and the corresponding market value oflabour. However, it does 
not contribute to the equalisation of educational opportunities. 

Equalisation of lifestyles 

The improved supply of energy contributes to the harmonisation of lifestyles in that it affects one's 
behaviour and especially impacts personal health, environment, convenience and time usage. It is not 
investigated in detail what the energy services are like in Big Bend. However, it is known that only 
about 35% of the households are connected to the grid. Coal is provided for free to employees, since is 
imported in bulk at about half of the prevailing retail price. A large-scale fuel-switch from wood, coal 
and candles to electricity is not expected on the short-term for two main reasons (Lasschuit, 1995): 
• Since coal is provided for free, it is not likely that households will want to get rid of their 

expensive coal stoves, despite the related health- and environmental implications; 
• The initial lump-sum investment for connecting and wiring, as well as the cost of electric 

appliances, are too high. 

However, only when Ubombo utilises its energy generation potential for the electrification of the 
community at Bhunya, the lifestyles of the people can actually be improved. 

Social Cost-Benefit Analysis 

It has been suggested before that the S-CBA should be executed in a qualitative manner. The 
statements made before are therefore summarised in table 12. 

Table 12. Social Cost-Benefit Analysis in qualitative terms ("--" = very negative impact; "-" = negative impact; 
"O" . . H " • ~ =no impact; + = pos1t1ve impact; ++ = very positive impact . 

IMPACT OF PROJECT 
Equalisation of income and consumption due to employment onnortunities 0 
Equalisation of educational opportunities 0 
Equalisation of lifestyles + 

The proposed project is not expected to contribute to the equalisation of income and consumption since 
net employment is not created. Analogue to this phenomenon, although it is expected that the market 
value increases of those individuals that will be trained, it does not contribute to the equalisation of the 
educational opportunities. Although the project itself does not contribute to the equalisation of the 
lifestyles of the people involved, one of the most important consequences of the project should be the 
further electrification of the community at Big Bend. The potential is there and therefore the indirect 
impact of the proposed project is considered ''positive". The S-CBA has shown that the proposed 
project does not disadvantage people, but that advantages are only expected to be generated in the 
project's follow-up. 

88 It is claimed that in order to keep up with technology, Illovo Sugar Ltd.'s technical services department maintains close 
contacts with SMRI, as well as with other technical institutes, both local and international. Furthermore, it is stated that 
conferences are attended on a regular basis. Hence, "the feedback helps the department to keep abreast with technology and 
developments in other sugar industries around the world" (Illovo Sugar Ltd, 1999). 
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12.9 Environmental feasibility 

Aesthetic-, fauna- and flora impact 

The aesthetic impact is expected to be zero since the proposed technology must be able to fit into the 
current boiler- and powerhouse. The dumping of ash is expected to increase due to the larger 
consumption of coal during in-crop. This may become a major problem and hence more intensive 
treatment may be required. 

Water- and river impact 

The Usutu River is utilised for condensing water, while the Van Eck dam supplies water to the estate at 
Big Bend. Presumably make-up losses at the mill are also compensated by the Usutu River. The 
expected marginal impact of the proposed project is limited since the modern equipment is just as well 
expected to lower make-up water requirements. 

Atmospheric- and airborne impact 

The atmospheric- and airborne impact of the proposed project is zero during the in-crop period, but is 
considerable due to the increased utilisation of coal during in-crop. However, one should realise that 
the increased on-site production of power, as well as flue gas, substitutes for the same products 
generated elsewhere. 

Environmental Impact Analysis 

The EIA is executed in a qualitative manner. The statements made before are summarised in table 13. 

Table 13. Environmental Impact Assessment in qualitative terms ("--" = very negative impact; "-" = negative 
impact; "O" = no impact; "+"=positive impact; "++" =very positive impact). 

IMPACT OF PROJECT 
Aesthetic-, fauna- and flora impact 0 
Water- and river impact 0 
Atmospheric- and airborne impact -

Aesthetic-, fauna- and flora impact are not considered important, although ash dumping increases. 
Water- and river impact are not very substantial, provided that water consumption is only to make-up 
losses. However, atmospheric- and airborne impact increases substantially due to increased coal 
combustion. Hence the net environmental impact of the proposed project is negative although one 
should realise that the increased on-site production of power, ash and flue gas substitutes for the same 
products generated elsewhere. 

12.10 Conclusion 

The proposed project has turned out to be feasible. It is technically possible to install new high-pressure 
boilers, which are to be operated as well maintained by local personnel. The project requires an initial 
investment at market prices of E 48.8 million. It has become clear that at the assumptions made, the 
project induces a positive net cashflow during all years of operations. The F-NPV and F-IRR account 
for E 18.5 million and 13.4% respectively. The E-NPV and E-IRR, numbering about E 1.6 million and 
11.3%, indicate that the project is feasible as well from an economic point-of-view. The financial- and 
economic margins are, however, extremely small. Social costs are not expected, while benefits can only 
be generated from the electrification of the community at Big Bend. Ash production increases 
considerable. Atmospheric impact is likely to increase at a same rate. 
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Although the expected financial margins are small, it is likely that in principle Usutu is willing to 
execute the project proposed since recently the company had Duke Engineering & Services execute a 
similar kind of opportunity-study. Problems are not expected in the raising of funds since it has 
invested major amounts in the recent past. The latest major investments were a warehouse expansion to 
26,000 tonnes in 1998, and the installation of a 100.0 tonnes/h boiler and auxiliary equipment at a cost 
ofE 56 million in 1999. Though, problems may rise in the interaction with SEB. Both parties should 
negotiate a Power Purchase Agreement (PPA), which is beneficial for both Ubombo and SEB, provided 
that the eventual purchase of power is more advantageous than imports from ESKOM. Therefore, 
constructing an effective PPA is expected to be of major importance to the eventual feasibility of the 
proposed project. 

73 



Identification of the opportunities for the sustainable production of energy from biomass residues in Swaziland 

74 



13.1 Introduction 

CASE FIVE: 

MHLUME (SWAZILAND) 

SUGAR COMPANY LTD. 

Mhlume (Swaziland) Sugar Company Ltd., is located in Northeast Swaziland and employs nearly 2,000 
people. The Commonwealth Development Corporation (CDC) and Tibiyo Taka Ngwane, the latter in 
trust for Swaziland, jointly own the estate and mill which was founded in 1958. It was commissioned in 
1960 with a crushing capacity of 90 tch, which increased to 300 tch in 1980 through an expansion 
programme and the addition of a diffuser line. About two-thirds of the cane that "Mhlume" processes, 
is grown on its own estates. These estates feed the mill, with the balance coming from several medium
sized and around 320 small out-growers (Forsyth Thompson, 1998). Mhlume has performed a number 
of trials in combine harvesting. 

13.2 Sugar manufacturing process 

As stated in the outline of the sugar manufacturing process, virtually all sugar mills operate 7 
days/week and 24 hours/day. This is also the case for Mhlume. From the present crop of 32 weeks and 
a crushing capacity of 300 tch, we may calculate a theoretical annual crushing capacity of 1,612,800 
tonnes. However, during the 1999/2000 season, the amount of sugarcane crushed was l,288,799 
tonnes. Hence, capacity utilisation during the harvest season is 79.9%. 

In-crop 

The mill consists ofa mill tan.demand a diffuser line. The mill tandem, originating from 1958, consists 
of a feeder-carrier, an auxiliary carrier with two sets of knives, a main carrier, a shredder and six three
roller mills. The diffuser line, originating from 1970, incorporates the same components, with the 
diffuser replacing the first four three-roller mills. The mass balance is illustrated in Appendix 20. 
Mixed juice production is 345.0 tonnes/h, which is heated in two stages before clarification takes place. 
Wet fibre production consists ofbagasse and bagacillo. Bagasse production accounts for 79.0 tonnes/h, 
which is all burnt in boilers. The heating value of the bagasse available is not sufficient to meet factory 
needs and therefore coal is burnt at a rate of about 4.8 tonnes/h. It has been mentioned before that flue 
gas production is about 5.3 times fuel consumption. This equals 444.1 tonnes/h. Knowing that ash 
production is about 1.5% on bagasse and 15% on coal, which equals 1.9 tonnes/h, combustion air input 
must be about 362.2 tonnes/h. The bagacillo, accounting for about 2.0 tonnes/h, is mixed with filter 
mud to serve as fertiliser. Ash is dumped as landfill on the sugarcane estates. 

Fuel inflow corresponds with 204.1 MW1h, The boilers raise 200.0 tonnes/h of steam at 30 bar from 42 
to 350 °C89

• Assuming the mean specific heat capacity at 4.2 kJ/kg°C, heating the water from 42 to 
about 234 °C, which is the boiling point at 30 bar, requires 806 kJ/kg. Thus, the sensible heat required 
is 44.8 MWth. Latent heat required for the production of steam at 30 bar is 1,793 kJ/kg. This 
corresponds with 99.6 MWth. The rise in enthalpy from the boiling point at 30 bar to about 350 °C, is 
from 2,802 to about 3,117 kJ/kg. This accounts for 17.5 MWth. Hence, from the heat available, only 
161.9 MW1h is actually transferred to boiler feedwater. This represents a thermal efficiency of about 
79.3%. This high-pressure steam expands to a low backpressure of 1.2 bar and 135 °C, which 
corresponds with an enthalpy drop to 2, 745 kJ/kg. About 130.0 tonnes/h of high-pressure steam is used 
by prime-mover equipment. About 40.0 tonnes/h expands in turbine- and generator sets, while the 
remaining 30.0 tonnes/his let-down. The drop in enthalpy of the high-pressure steam that is available 

89 Based on discussion with Mr. Oscar Mashwama, Production Services Manager of the Mhlume (Swaziland) Sugar Company 
Ltd. 
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for power generation, is about 4.1 MWth· Power generating capacity installed is about 6.0 MWe, but it 
is obvious that actual power production is lower. SEB supplies about 2 MW/0. 

Off-crop 

During the off-crop period coal is burnt to meet the needs for steam. About 30.0 tonnes/h of high
pressure steam at 30 bar and 350 °C is generated. Heating the water from 42 to about 234 °C, which is 
the boiling point at 30 bar, requires 806 kJ/kg. Thus, the sensible heat required is 6. 7 MW th· Latent heat 
required for the production of steam at 30 bar is 1,793 kJ/kg. This corresponds with 14.9 MWth· The 
rise in enthalpy from the boiling point at 30 bar to about 350 °C, is from 2,802 to about 3,117 kJ/kg. 
This accounts for 2.6 MWth. Hence, from the heat available, only 24.2 MWth is actually transferred to 
boiler feedwater. Assuming boiler efficiency to remain unchanged at 79.3%, about 30.5 MW th is put in 
as coal. Since the coal variety used in Swaziland has an average LHV of about 28,000 kJ/kg (du 
Plessis, 1999), coal supply must be about 3.9 tonnes/h. 

13.3 Projected growth 

Mhlume has invested recently in a refinery, which commenced operations in 1996, at a cost ofE 81 
million. Also in 1996, a 100.0 tonnes/h boiler, a sugar conditioning tower and a warehouse at a totai 
cost of E 67 million were installed. At the end of 1997, the company embarked on a programme to 
reduce smoke emissions from the factory by installing scrubbers on its main boilers at a cost ofE 3.9 
million. It is claimed that emissions are now well below the South African limit (Forsyth Thompson, 
1998). In 1998, the warehouse was expanded to 40,000 tonnes. With the 2000-2010 expansion 
programme, Mhlume has embarked on a factory programme of routine replacement and expansion to 
increase capacity from 300 to 500 tch at a total investment cost ofE 450 million. This will enable the 
company to handle the expected increase in sugarcane supply from the 7,500 ha, following the Maguga 
Dam construction in the Komati River and related downstream developments. These downstream 
developments have become a controversial issue. The utilisation of the Komati River, facilitating 
irrigation at Mhlume, Sinhoye, Tambankulu and Vuvulane, see Appendix 3, has recently led to a 
dispute between Mozambique, South Africa and Swaziland. The last two countries have built large 
dams for industrial- and irrigation purposes, leaving nothing for Mozambique in terms of river life for 
fishermen or clean water for domestic- and industrial use91 (Matlou, 2000). 

13.4 Opportunities for the sustainable production of energy 

Putting effort in identifying an entirely new project is not justified. The reason is simple. The 2000-
2010 expansion programme has already commenced. The access roads and cane preparation lines will 
be upgraded, while a diffuser line with a capacity of 350 tch will be added to the existing extraction 
plant. The clarification-, evaporation- and crystallisation processes will be improved. The handling of 
bagasse-, the preparation of boiler-feedwater-, as well as the efficiency of piping will be improved. 
Five old boilers will be replaced by two new ones92

• The construction of a new power generation plant 
has already been constructed in April 2000, facilitating the installation of two 8 MWe turbines in 2000 
and 2007 respectively. The existing generating equipment will be relocated in 2001. Raw sugar drying 
capacity, as well as refinery operations will be expanded. The supply of power to the national grid is 
not considered cost-effective nor profitable. It should require an expensive rearrangement of the power 
lines and should be sold to SEB at their own low SRMC. Mhlume wants the exclusive right to control 
and maintain the electricity systems to guarantee quality and reliability, of which -as it is considered
SEB is not capable93

• 

90 Based on discussion with Mr. Trevor Gothan, Business Development Manager of the Mhlume (Swaziland) Sugar Company 
Ltd. 
91 As at March 2000, the Inkomati Shared River Basin Initiative (ISRBI) is developing a water management system that intends 
to promote a justifiable use of the river. Furthermore, it is stated that a solution to the issue could encourage Mozambique to 
withdraw its claim for compensation from the International Court of Justice in The Hague, the Netherlands (Matlou, 2000). 
92 According to an unpublished paper of the Mhlume (Swaziland) Sugar Company Ltd, the new boilerhouse should fucilitate 
processing- and refinery expansion, increase fuel efficiency, and reduce coal- and maintenance costs. 
93 Based on discussion with Mr. Trevor Gothan, Business Development Manager of the Mhlume (Swaziland) Sugar Company 
Ltd. 
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14.1 Introduction 

CASE SIX: 
ROYAL SWAZILAND 

SUGAR CORPORATION LTD. 

Sugarcane was first planted at Simunye in 1977, while the Royal Swaziland Sugar Corporation Ltd. 
(RSSC) commenced milling operations in 1980. RSSC is involved in activities related to sugar, cattle 
feed, and ethanol production. As a holding company, "Simunye" is owned by a consortium. Tibiyo 
Taka Ngwane accounts for 38.1 % of the shares, the Commonwealth Development Corporation for 
20.1%, the Government of Swaziland for 13.0%, the Government of Nigeria for 10.0%, Booker Tate 
for 7.3%, the Coca-Cola Corporation for 3.5%, the International Finance Corporation for 0.8% and 
others for 3.0%. Sugar manufacturing is the core activity. Ethanol manufacturing from molasses gains 
importance, which is mainly produced for the European market. Regional ethanol sales are co
ordinated by Royal Swazi Distillers Ltd., which is a subsidiary that operates from Durban, South 
Africa. During the 1998/1999 season, livestock operations were sold, while the joint venture that was 
involved in ostriches, was closed. Total number of jobs involved is about 3,500 (RSSC, 1999). 

14.2 Sugar manufacturing process 

In the past, Simunye used chopper harvesting, but has phased out this method altogether. The reason 
for this decision is not known. The milling tandem has a crushing capacity of380 tch, which is to be 
expanded in three off-crop periods, the first one being realised so far. The evaporation process takes 
place in a quintuple-effect evaporator. Taking into account that during 1999/2000 season the mill 
crushed 24 hours/day and 7 days/week during 30 weeks, the mill could have crushed 1,915,200 tonnes 
of cane. However, only 1,268,144 tonnes were milled. Hence, average capacity utilisation was 66.2%. 
Furthermore, during the 1999/2000 season, about 159,000 tonnes ofraw sugar were produced. Refined 
sugar is not produced at Simunye. Molasses are used as cattle feed, and raw material for alcohol 
production. This is facilitated by a distillery that came on stream during the 1997/1998 season, 
producing 6.4 million litres at that time (Tibiyo Taka Ngwane, 1998). In the meantime, production has 
increased to 12.3 million litres during the 1998/1999 season (RSSC, 1999), which is about the design 
capacity. The products are marketed in both the European Union and South Africa (RSSC, 1999). 

In-crop 

The in-crop mass balance is illustrated in Appendix 21. At a crushing rate of 380 tch, bagasse 
production accounts for 102.6 tonnes/h of which the majority is combusted. The remaining bagasse is 
kept in stock through the entire year since, together with a part of molasses production, it serves as 
cattle feed. It is assumed that about 75.0% ofbagasse production is actually combusted. Coal has to be 
added to meet steam requirements. To obtain the same boiler input in terms ofheating value, about 6.9 
tonnes/h of coal must be combusted. Assuming flue gas production to remain at about 5.3 times the 
fuel consumption, this equals 444.7 tonnes/h. Ash production is about 1.5% on bagasse and 15% on 
coal, which together equals 2.2 tonnes/h, hence combustion air input must be about 363.0 tonnes/h. Ash 
is dumped as landfill on the sugarcane estates after it has been treated 

The fuel inflow corresponds with 216.2 MWth, The boilers have a generating capacity of275.0 tonnes/h 
of steam, but assuming that specific steam consumption must remain low, steam production is expected 
to be in the order of 225.0 tonnes/h. Steam properties are 30 bar and 380 °C. Assuming the mean 
specific heat capacity at 4.2 kJ/kg°C, heating the water from 42 to about 234 °C, which is the boiling 
point at 30 bar, requires 806 kJ/kg. Thus, the sensible heat required is 50.4 MWth. Latent heat required 
for the production of steam at 30 bar is 1,793 kJ/kg. This corresponds with 112.1 MWth. The rise in 
enthalpy from the boiling point at 30 bar to about 380 °C, is from 2,802 to about 3,185 kJ/kg. This 
accounts for 23.9 MWth. Hence, from the heat available, about 186.4 MWth is actually transferred to 
boiler feedwater. This represents a thermal efficiency of about 86.2%. 
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This high-pressure steam expands to a low backpressure of 1.2 bar and 135 °C, which corresponds with 
an enthalpy drop to 2,745 kJ/kg. About 80.0 tonnes/h of high-pressure steam is used by prime mover 
equipment. About 20.0 and 60.0 tonnes/h expands in condensing- and backpressure turbine- and 
generator sets. The remaining 55.0 tonnes/his let-down. One turbine, which is condensing and from 
which a negligible flow is extracted, has a capacity of 10 MWe. Two backpressure turbines have a 
capacity of3.5 MWe each. From total generating capacity of 17 MWe however, usually only 10 MWe is 
generated, from which about 6 MWe is supplied to the mill and 4 MWe to the irrigation pumps. On 
average, net import of power from SEB is negligible. However, the community at Simunye, which is 
fully electrified, is entirely supplied by SEB94

• The distillery is supplied with 15.0 tonnes/h of 
backpressure steam. 

Off-crop 

During the off-crop period, bagasse is not available and hence, coal is burnt to meet the needs for steam 
of 30.0 tonnes/h at 30 bar and 380 °C is generated95

• Assuming the mean specific heat capacity at 4.2 
kJ/kg°C, heating the water from 42 to about 234 °C, which is the boiling point at 30 bar, requires 806 
kJ/kg. Thus, the sensible heat required is 6. 7 MWth· Latent heat required for the production of steam at 
30 bar is 1,793 kJ/kg. This corresponds with 14.9 MWth. The rise in enthalpy from the boiling point at 
30 bar to about 380 °C, is from 2,802 to about 3,185 kJ/kg. This accounts for 3.2 MWth. Hence, from 
the heat available, about 24.8 MW1h is actually transferred to boiler feedwater. Assuming boiler 
efficiency to remain unchanged at 86.2%, about 28.8 MW this put in as coal. Since the coal variety used 
in Swaziland has an average LHV of about 28,000 kJ/kg (du Plessis, 1999), coal supply must be about 
3.7 tonnes/h. Analogue to the in-crop period, the distillery is supplied with 15.0 tonnes/h of 
backpressure steam. 

14.3 Projected growth 

Simunye has embarked on a capacity expansion programme at a total cost of about E 93 million. The 
first phase, including the installation of a new 125.0 tonnes/h boiler, has been realised. In April 2001, a 
crushing capacity 400 tch must be realised (RSSC, 1999). Apart from this, the company does not yet 
have a comprehensive master plan for the coming decade. Currently, the most important issue in long
term planning is, undoubtedly, the merge with the Mhlume (Swaziland) Sugar Company Ltd. Since 
virtually all information is confidential, it is hard to predict what the effect will be on the operations in 
the respective mills. It is not likely that ethanol production capacity is going to be expanded since even 
at the current capacity, the disposal of effiuents poses substantial problems. This should worsen when 
annual ethanol production capacity should be doubled, which is claimed to be a desirable%. 

14.4 Opportunities for the sustainable production of energy 

To be able to construct a good picture of the opportunities, a base-case scenario has to be constructed. 
Doing so not only requires a good representation of the current situation, one needs realistic- and 
reliable details regarding long-term planning as well. However, the framework in which both merger 
partners will play pivotal roles, has not yet been presented and hence it is impossible to construct an 
base-case scenario. Especially the variability of the targeted crushing capacity in 2010 is illustrative. 
Factory-management can not predict with any certainty whether this variable, which is one of the most 
important characteristics of a sugar manufacturing industry, will be 500 or 700 tch97

• Furthermore, it is 
expected that grid-supply poses financial- rather than technical problems. SEB should have to review 
its tariff structure thoroughly before Simunye would become interested even considering the options98

• 

94 Based on discussion with Mr. Keith Lowe, Electrical Engineer of the Royal Swaziland Sugar Corporation Ltd. 
95 

Based on discussion with Mr. Bheki Nkwanyana, Boiler- and Powerhouse Engineer of the Royal Swaziland Sugar Corporation 
Ltd. 
96 

Based on discussion with Mr. Sifiso Dlamini, Assistant Process Engineer of the Royal Swaziland Sugar Corporation Ltd. 
97 

Based on discussion with Mr. Sifiso Dlamini, Assistant Process Engineer of the Royal Swaziland Sugar Corporation Ltd. 
98 

Based on discussion with Mr. Keith Lowe, Electrical Engineer of the Royal Swaziland Sugar Corporation Ltd. 
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15.1 Introduction 

CONTRIBUTIONS OF PROJECTS TO 

NATIONAL ENERGY POLICY 

Since all the relevant industries have been investigated, it is possible to identify the current potential for 
the sustainable production of energy from biomass residues from a national point-of.view. It is 
suggested that first the mass-balances of the different industries under study are combined. Figure 6, 
which incorporates the data from Appendix 23, should be interpreted as the reference mass balance. 
Where possible, this balance is verified by the Energy Bulletin that was published in 1998 by the 
Ministry ofNatural Resources and Energy (MNRE) of the Goverllllent of Swaziland (MNRE, 1998). It 
becomes clear in the following that the results obtained in this opportunity-study are realistic indeed. 
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Figure 6. Present input-, intermediate- and output flows in tonnes/year of the industries under study that are 
relevant to the mass- and energy balance of Swaziland. 

Currently, more than 116,000 tonnes/year of coal are combusted for the generation of steam. 
Government has given exactly the same figure for 1995 (MNRE, 1998). In the different manufacturing 
processes, substantial amounts of biomass residues are utilised for heat- and power generation. The 
utilisation of bark, slabs and sawdust are 125,808, 7,392, and 65,496 tonnes/year respectively99. 
Assuming the LHV's as given in Appendix 10, this corresponds with 748 TJ/year. Again, this 
corresponds very well with the 740 TJ/year as given for 1995 (MNRE, 1998). Potential bagasse 
production is estimated at 1,494,696 tonnes/year, which equals 11,360 TJ/year, This is a little lower 
than the 12,530 TJ/year that is given in literature. On top of this, an important note must be made. The 
season 1995/1996 was a bad year for the sugar manufacturing industry and hence the LHV of the 

99 This includes the transfer of sawdust from Swaziland Plantations Ltd to Peak Timbers Ltd. 
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bagasse available in 2000 should likely be higher than the one given for 1995. Regarding black liquor 
consumption, unfortunately no data were available for verification. 

It has become clear in this opportunity-study that SEB controls a maximum generated capacity of 146. 0 
MWe. On top of this, the six industries under study have a total power generating capacity of 43.7 
MWe. Together this equals 189. 7 MWe and hence, the industry accounts for about 23.0%. The fact that 
Government states that "self-generators are estimated to produce about 30% of the energy requirement 
in Swaziland" (MNRE, 1998) is still very well possible since they base their calculations on kWh
consumption instead of power generating capacity installed. 

15.2 Contributions of projects 

It has become clear in this opportunity-study that currently, it does not make sense to develop projects 
at the Shiselweni Forestry Company Ltd., Peak Timbers Ltd., the Mhlume (Swaziland) Sugar Company 
Ltd. or the Royal Swaziland Sugar Corporation Ltd. Projects can only be developed at Usutu Pulp 
Company Ltd. and Ubombo Sugar Ltd. 

Although the Usutu Pulp Company Ltd. does not anticipate on capacity expansion, the company could 
still increase its heat- and power generating potential by combusting all the bark available in high
pressure boilers. Bark should no longer have to be dumped as landfill, while the power generating 
capacity could be increased from 9.3 to 19.3 MWe. It is obvious that Usutu should substitute first for its 
own purchases from SEB. However, assuming that on-site power consumption remains the same at 
about 13.5 MWe, it must be possible to sell about 5.8 MWe. 

Ubombo Sugar Ltd. deals with a capacity expansion from 400 tch in 2000 to 600 tch in 2010. 
Correspondingly, steam consumption is expected to increase from 190.0 to 290.0 tonnes/h. Power 
generating capacity could be increased from 9.5 to 23.0 MWe at the start of project operations. This 
capacity is projected to increase on a linear basis to 32.8 MWe in 2010. During the project, power that 
is generated in excess is different for the in-crop and off-crop periods. During the in-crop period, 
excess power is expected to increase from 10.1 to 16.6 MWe. During the off-crop period, excess 
capacity will increase from 16.9 to 25.3 MWe. 

Before an Independent Power Producer (IPP) can actually supply to the grid, a Power Purchase 
Agreement (PPA) must be negotiated with SEB. They should negotiate a deal that is beneficial for all 
parties, provided that the eventual purchase of power is more advantageous than imports from 
ESKOM. Therefore, constructing an effective PPA is essential for the eventual feasibility of any 
proposed project. 

The impact of the two proposed projects should, however, not be overestimated. Provided that Ubombo 
experiences the off-crop period, power that is produced in excess and supplied to the grid, at the start of 
project operations, can not exceed 5.8 plus 16.9 MWe, which equals 22.7 MWe. This is less than one 
quarter of total power import capacity from ESKOM. However, keeping in the back of the mind that 
more opportunities exist for the generation of power when the merge between the Mhlume (Swaziland) 
Sugar Company Ltd. and the Royal Swaziland Sugar Company Ltd. is finished, the contribution of 
industry to the national supply of energy could become substantial. 
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CONCLUSIONS AND RECOMMENDATIONS 

16.1 Conclusions 

In this opportunity-study, the opportunities for the sustainable production of energy from biomass 
residues are identified in the timber-, pulp-, paper- and sugar manufacturing industries of Swaziland. 
The conclusions are grouped for every separate manufacturing sub-sector. 

Conclusion 1 

The timber manufacturing sub-sector does not have the potential to contribute to the national supply of 
energy. The production process at the Shiselweni Forestry Company Ltd. does not yield much residue 
and on top of that, the demand for heat is low. Pine mill operations, though they include kiln-drying by 
burning sawdust, have been considered too small to merit in-depth study. Peak Timbers Ltd. is able to 
generate heat and power on-site but however, the potential for supply to the national grid is negligible 
since it prefers to substitute for its import from SEB. Furthermore, economies of scale can not be 
achieved since the company consists of two separate production facilities. 

Conclusion 2 

The pulp manufacturing sub-sector has a better perspective from the point-of-view of the sustainable 
production of energy. When the Usutu Pulp Company Ltd. utilises all the biomass residues for the 
generation of energy, it is possible to double the power generating capacity to about 19.3 MWe, making 
about 5.8 MWe available for supply to the grid. The project has been qualified feasible from both a 
financial- and an economic point-of-view. The direct social advantages are negligible, but further 
electrification of the community at Bhunya must facilitate the improvement of the living conditions. 
The environmental impact is larger than currently is the case since ash and flue gas production have 
increased proportionally to the intensified utilisation of residue. 

Conclusion 3 

The paper manufacturing sub-sector has been considered irrelevant for this opportunity-study. One 
company produces corrugated cardboard containers from imported paper, while the other collects 
wastepaper for the production of tissue- and packaging paper. Since neither of both companies 
produce- or utilise biomass residue in their production process, they were not investigated any further. 

Conclusion 4 

The sugar manufacturing sector has proven to be of major importance to this opportunity-study. Two 
production facilities are linked to a refinery, while the third is linked to a distillery. The refineries as 
well as the distillery are major outlets for high-pressure steam. In principle, all three mills have the 
potential for the intensified production of heat and -power. However, since the Mhlume (Swaziland) 
Sugar Company Ltd. and the Royal Swaziland Sugar Corporation Ltd. are considering a merge that will 
have a significant impact on the respective operations, only Ubombo Sugar Ltd. is investigated. The 
proposed project has demonstrated that due to the expected rise in sugar production levels, it is possible 
in 2010 to generate up to 25.3 MWe of power in excess. The proposed project is also financially- and 
economically feasible although the expected margins are small. The direct social advantages are 
negligible, but further electrification of the community at Big Bend must facilitate the improvement of 
the living conditions. The environmental impact is larger than currently is the case due to the increased 
utilisation of coal during the off.crop period. 
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16.2 Recommendations 

This opportunity-study has led to a number of conclusions that have to be translated into useful 
recommendations. These recommendations are essentially of interest to four parties involved. These 
parties are the Ministry of Natural Resources and Energy (MNRE) as the representative of the 
Government of Swaziland; the Swaziland Electricity Board (SEB) as the national power utility; the 
pulp- and sugar manufacturing sub-sectors as the only relevant Independent Power Producers (IPP); 
and the Netherlands Energy Research Foundation (ECN) as the party that should act as the initiator and 
co-ordinator of the projects. ECN must also monitor- and boost project development. 

The recommendations are grouped according to four different priority areas. The first priority area is 
the actual recognition of the potential of the pulp- and sugar manufacturing sub-sectors to contribute to 
the national supply of energy. The second area of interest is, on the one hand, the construction of a 
framework similar to the Public Utility Regulatory Policies Act (PURP A) of the United States, and on 
the other hand, the negotiation and formulation of adequate Power Purchase Agreements (PP As). This 
framework is crucial to the development and feasibility of any project of this kind. The third area is the 
execution of full-size feasibility-studies in the pulp- and sugar manufacturing sub-sectors in Swaziland 
since this opportunity-study definitely needs to be refined. The fourth priority area is of interest when 
the generating potential for power is substantial in such a way that the position of Swaziland within the 
Southern African Power Pool (SAPP) needs to be re-evaluated. Note that the table does not include any 
recommendations regarding actual project implementation since the proposed projects had to 
demonstrate the energy generation potential rather than issue details about project implementation. 

Table 14. Recommendations for the relevant parties in Swaziland 

MNRE SEB PULP- AND SUGAR ECN 
MANUFACTURERS 

Recommendation 1 MNRE must consider SEB must consider the The actors involved must ECN must assist the 
the potential ofIPP's to potential ofIPP' s, to recognise their position parties involved in 

Recognition of supply SEB's grid, a supply the grid, a as key potential recognising the 
potential realistic alternative for realistic alternative for producers of excess potential. ECN must 

imports from abroad. imports from abroad. energy. The actors also, when possible, 
MNRE must also set involved must also, share experiences 

out the energy strategy where possible, put effort gained in the developed 
and co-ordinate the in reducing their as well as the 
link-up with other dependency on coal. developing world. 
sources of energy. 

Recommendation 2 MNRE must initiate the SEB must participate in The actors involved must -
development of the development of investigate- and negotiate 

Construction of legislation in which the legislation in which the under what conditions 
PURPA and PPA's interaction between an interaction between an they can- and will sell 

IPP and SEB is IPP and SEB is power on a commercial 
formalised. formalised. basis. 

SEB must discuss its 
own- as well as the 

IPP's conditions before 
the purchase of power 

can commence 
Recommendation 3 - SEB must investigate The actors involved must ECN must support with 

to what extent the co-o; ierate and actively expertise in the fields 
Execution of full-size national grid is participate in the of technology 
feasibility study sufficiently equipped execution. The feasibility assessment, the 

for the intensified study must not only execution of financial-
exchange of power. refine the opportunity- economic- and social 

study, it must also analysis as well as 
include a liquidity- and environmental impact 

sensitivity analysis. assessment. 
Recommendation 4 MNRE must, together SEB must, together - -

with SEB, re-evaluate with MNRE, re-
Re-evaluating the position of evaluate the position of 
position of Swaziland Swaziland within the Swaziland within the 
within SAPP SAPP. SAPP. 

Now that the energy generation of the manufacturing industry and correspondingly, the impact on the 
national supply of energy has been demonstrated, the parties involved must approach the future supply 
of energy with a long-term and integral vision. 
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APPENDIX 1: 
ABBREVIATIONS, PREFIXES, 

CONSTANTS AND CONVERSIONS 

Abbreviations 

ACP African, Caribbean and Pacific g gram 
countries GDP Gross Domestic Product 

AMC Afinta Motor Corporation GEF Global Environment Facility 
BIG/GTCC Biomass Integrated Gasifier/ GNP Gross National Product 

Gas Turbine Combined Cycle GTZ German Agency for Technical 
BIG/STIG Biomass Integrated Gasifier/ Co-operation 

Steam Injected Gas turbine h hour 
Btu British thermal unit ha hectare 
BU Business Unit HDI Human Development Index 
cal calorie HFCS High Fructose Com Syrup 
oc degree Celsius HHV Higher Heating Value 
Cao Calciumoxide HL&H Hunt, Leuchars & Hepburn Ltd. 
CBD Convention on Biological H10 Water 

Diversity HRSG Heat Recovery Steam Generator 
CDC Commonwealth IDE Implementation of Renewable 

Development Corporation Energy 
CI-4 Methane IFC International Finance 
CJ-11206 Fructose, glucose Corporation 
C12H22011 Sucrose IPP Independent Power Producer 
CIDA Canadian International ISRBI lnkomati Shared River Basin 

Development Agency Initiative 
CIF Costs, Insurance, Freight ITF Individual Tenure Farms 
CIG/GT Coal Integrated Gasifier/Gas IYSIS Inyoni Y ami Swaziland 

Turbine Irrigation Scheme 
CMA Common Monetary Area J Joule 
co Carbonmonoxide KDA Komati basin Development 
C02 Carbondioxide Authority 
CO MESA Common Market for Eastern kgoe kilograms of oil equivalent 

and Southern Africa lb libra (pound) 
DANCED Danish Co-operation for LDC Less Developed Country 

Environment and Development LHV Lower Heating Value 
DANIDA Danish International LRMC Long Run Marginal Cost 

Development Agency LSC Lonrho Sugar Corporation Ltd. 
DCCP Dry Cane Cleaning Plant m metre 
DK Krone (Danish currency) min minute 
E Emalangeni (plural ofLilangeni, MEPD Ministry of Economic Planning 

the Swaziland currency) and Development 
E-CBA Economic Cost-Benefit MNRE Ministry of Natural Resources 

Analysis and Environment 
ECN Netherlands Energy Research MOAC Ministry of Agriculture and Co-

Foundation operatives 
ECU European Currency Unit MOTRACO Mozambique Transmission 
EDM Electricidade de Moyambique Company 
EIA Environmental Impact NEI Netherlands Economic Institute 

Assessment NGO Non-Governmental 
E-IRR Economic Internal Rate of Organisation 

Return N10 Nitrous oxide 
EIS Environmental Impact NOx Nitrogenoxide and 

Statement Nitrogendioxide 
E-NPV Economic Net Present Value 02 Oxygen 
FAO Food and Agricultural OECD Organisation of Economic Co-

Organisation operation and Development 
F-IRR Financial Internal Rate of P20s Phosphateoxide 

Return PPA Power Purchase Agreement 
F-NPV Financial Net Present Value PPP Purchasing Power Parity, 
FOB Free On Board Public-Private Partnership 
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psi 
PTA 
PURPA 

R 
R&D 
RD&D 

RDP 

REASWA 

RMA 
RSSC 

SABS 

SACU 

SADC 

SADCC 

SAPP 
SASA 

SASEX 

S-CBA 
SCGA 

SEA 

SEB 
SER 
SFC 

SIDA 

SIDC 

Prefixes 

m 
k 
M 
G 
T 

Constants 

pound per square inch 
Preferential Trade Area 
Public Utility Regulatory 
Policies Act 
Rand (South African currency) 
Research and Development 
Research, Development and 
Demonstration 
Reconstruction and 
Development Programme 
Renewable Energy Association 
of Swaziland 
Rand Monetary Area 
Royal Swaziland Sugar 
Corporation Ltd. 
South African Bureau of 
Standards 
Southern African Customs 
Union 
Southern African Development 
Community 
Southern African Development 
Co-ordination Conference 
Southern African Power Pool 
South African Sugar 
Association 
South African Sugar 
Association's Experiment 
Station 
Social Cost-Benefit Analysis 
Swaziland Cane Growers' 
Association 
Swaziland Environmental 
Authority 
Swaziland Electricity Board 
Shadow Exchange Rate 
Shiselweni Forestry Company 
Ltd. 
Swedish International 
Development co-operation 
Agency 
Swaziland Industrial 

milli 
kilo 
mega 
giga 
tera 

10-3 
103 
106 
109 
1012 

Gravitational acceleration 
g 9.81 rn/s2 

Mean specific heat capacity 
Water 4.2 kJ/kg°C 

Development Company Ltd. 
SIPA Swaziland Investment 

Promotion Authority 
SMRI Sugar Milling Research Institute 
SNL Swazi Nation Land 
S02 Sulphurdioxide 
SPS Sugar Preferential Scheme 
SRMC Short Run Marginal Cost 
SSA Swaziland Sugar Association 
SSMA Swaziland Sugar Millers' 

Association 
s&T Science & Technology 
tch tonnes of cane per hour 
TDL Title Deed Land 
TNC Trans National Corporation 
TUE Eindhoven University of 

Technology 
UBK Unbleached Kraft Pulp 
UNCED United Nations Conference 

on Environment and 
Development 

UNDP United Nations 
Development Programme 

UNEP United Nations 
Environmental Programme 

UNFCCC United Nations 
Framework Convention on 
Climate Change 

UNIDO United Nations 
Industrial Development 
Organisation 

UNISWA University of Swaziland 
US$ Dollar (United States currency) 
v Volt 
VA Volt-Ampere 
w. Watt (electric) 
wth Watt (thermal) 
WEC World Energy Council 
Wh Watt-hour 
WTO World Trade Organisation 

(van Kimmenaede, 1990) 

(van Kimmenaede, 1990) 
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Conversions 

Area 
1 ha 10,000 m2 (Per definition) 

Weight 
1 lb 0.4536 kg (Hugot, 1960) 

Pressure 
1 psi 0.0703 kg/cm.2, at g (Hugot, 1960) 
1 atm 1.013 bar (van Kimmenaede, 1990) 
1 bar 100,000 N/m2 (Per definition) 

Energy 
1 Btu 1.05 kJ (World Energy Council, 2000) 
1 kgoe 42 kJ (World Energy Council, 2000) 
lkWh 3.6MJ (Per definition) 
1 kcal 3.9683 Btu (Hugot, 1960) 
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APPENDIX2: 

PROFILE OF THE NETHERLANDS 
ENERGY RESEARCH FOUNDATION 

Activities and performance 

The Netherlands Energy Research Foundation (ECN) is an independent organisation for scientific 
research and development, services and technology transfer in the field of virtually all kinds of energy. 
In this field, it is the leading institute in the Netherlands. ECN operates together with the commercial 
sector, the energy sector and Government The core activity is the development of technologies for a 
safe-, efficient- and environmentally friendly supply of energy. Revenues increased from NLG 179.0 
million in 1998 to NLG 186.7 million in 1999. Profits numbered NLG 7.6 million. The transfer of 
technology is an important aspect of all activities in the Netherlands and abroad. Apart from the nuclear 
activities, which are combined with those of KEMA, there are six priority-areas: solar energy, wind 
energy, energy from biomass, clean fossil fuel technology, energy efficiency and policy studies. Each 
priority area is embodied in a business unit (BU). 

Business units 

The BU Energy Efficiency focuses at large-scale energy reduction in industrial sectors. In 1998, the 
programme put more stress on the development of advanced separation technologies with ceramic 
membranes on the one hand and the use of residual heat on the other hand. 

The BU Fuels, Conversion and the Environment investigates the safe-, efficient- and environmentally 
friendly use of sustainable- and fossil fuels. The main reason for this research is that also in the future 
energy supply will depend on conventional fuels that will gradually be replaced by secondary fuels and 
renewable carriers. The unit has the ambition to contribute to a responsible use of these fuels and has 
formulated its mission and strategy accordingly. 

The BU Policy Studies offers a wide competence in scenario- and analysis studies of energy supply and 
-demand, and the assessment of energy technology. The international activities of Policy Studies are 
expanding. The general activities consist of the integration of energy/environment/economy models 
and scenarios, the evaluation of energy policy programmes, technology assessment and R&D policies, 
the formulation of energy policies for developing economies and economies in transition, and energy 
information services. 

The BU Solar Energy focuses primarily on the development of cells and modules on the one hand, and 
system technology on the other hand. It is stated that 1999 may be characterised by a more positive 
perception of the short- and medium term feasibility for solar energy applications. ECN claims to have 
played an important role in this process by participating actively in several technological- as well as 
market development projects. 

The BU Wind Energy, together with other specialised ECN groups and the Institute for Wind Energy 
of the Delft University of Technology, offer a unique combination of relevant expertise and facilities 
essential for manufacturers of wind turbine systems and project developers. The Group for Renewable 
Energy in the Built Environment has extensive expertise in selecting the best sustainable option in 
house- construction, utility building, maintenance, and restoration applications. The implementation of 
projects in Swaziland, as well as in other geographical areas, are facilitated by the group 
Implementation of Renewable Energy (IDE). IDE has the knowledge to assess the energy needs of 
developed- as well as developing countries and consequently, to select the most appropriate technology 
that could satisfy those needs. Recently, investigations in the field of solar energy have taken place in 
for example Namibia, Botswana and Zimbabwe. IDE will also co-ordinate the identification of 
opportunities for the sustainable production of energy from biomass in Swaziland. This research 
proposal is written as an introduction to that investigation. 
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APPENDIX3: 

GENERAL CHARACTERISTICS OF SWAZILAND 

Geography and climate 

Swaziland is an independent kingdom of 17,364 km2
, bound to the east by Mozambique and elsewhere 

by South Africa. The capital city is Mbabane, which has a population of about 48,000, but the 
commercial centre is Manzini, which has a population of about 60,000. Ecologically, Swaziland is 
divided in four distinct topographic regions, running in parallel belts from North to South: the 
Highveld, Middleveld, Lowveld and the Lubombo-plateau. The Highveld in the west is mountainous 
and has an average altitude of 1,200 m. The descent to the Middleveld at about 700 m and Lowveld at 
about 200 m is step-like. The Lubombo-plateau in the east forms a steep escarpment at about 600 m. 
Climate and rainfall patterns differ per region. The Highveld receives an average annual rainfall of 
1,270 mm and has a temperate climate. The Lowveld, which has a nearly tropic climate, receives the 
lowest annual rainfall, being 660 mm on average (Bowen, 1988). Rainfall is concentrated in summer, 
during which about 80% of the annual total are received (SSA, 1999). 

Population and employment 

Swaziland has an estimated 1997 population of about 913,000 people at an annual growth rate of3.2%. 
About 76% of the population live in rural areas (Forsyth Thompson, 1998). In the case of Swaziland, 
"rural" may be denoted as all areas except the official boundaries of the eight official- and fourteen 
company towns. Swazi's make up 90%, persons of other African-, European- or mixed descent the rest. 
The official language is SiSwati, although English is widely spoken in business and commerce. Life 
expectancy is 53 for men and 60 for women (Forsyth Thompson, 1998). 

A survey that was performed in 1991 resulted in the following figures. Total population was about 
752,000, while 503,000 were in the economically productive age of 12 to 65. Within the latter 
category, about 186,000 people were considered formally- or informally employed, which equals 37%. 
About one-third of this portion is unskilled labour, which is by far the largest group. The survey data do 
not give any indication of the level of underemployment, since the total number of employed persons 
recorded in the survey includes persons with temporary- and part-time jobs. Students made up 25%, 
housekeepers 20%, disabled persons 4%, persons involved in subsistence production 2%, those not 
seeking work 1%, and others 3%. Only 8% of the labour force were officially regarded as 
"unemployed" (MEPD, 1996). 

Since 1991 a lot has changed. In 1997, total population was estimated to be about 913,000 (Forsyth 
Thompson, 1998), while total population may exceed 1, 150,000 in 2000 (Vilakati, 1999). The figures 
that are derived from 1991 are the latest details available regarding population distributed by activity. 
However, it is estimated that in 1997, about 267,000 people were employed or engaged in some sort of 
income-generating activity. Thus, the portion of employed people has declined from 37% in 1991 to 
29% in 1997. The employment of labour in the South African mines, which are traditionally a fairly 
important source of income, has declined during recent years and by the end of 1997, employment 
stood at 12,960 jobs against 14,371 jobs in the previous year (Forsyth Thompson, 1998). 

Human Development Index 

The United Nations Development Programme (UNDP) defines human development as a process of 
"enlarging people's choices". The UNDP thus constructed a Human Development Index (HDI) which 
combines GDP per capita with measures of life expectance and adult literacy. Countries are then 
ranked in the HDI-index (the lower the number, the higher human development) and compared with 
their GDP per capita ranking (the lower the number, the higher GDP per capita). In 1998, no less than 
173 countries were investigated. Swaziland is ranked 105 in the GDP per capita-index and 115 in the 
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HDI-index. Table 15 includes a number of countries in the region to get an impression of the situation 
in 1998106

• 

Table 15. Data for the construction of the Human Development Index (HDI) for selected countries in Southern 
Africa in 1998. 

LIFE ADULT GDP PER RANK BY ~DP 
EXPECTANCY a LITERACY(%) b CAPITA (US$) c HDI -RANKum 

South Africa 64.1 81.8 4,334 89 -9 
Botswana 51.7 69.8 5,611 97 -31 
Namibia 55.8 76.0 4,054 107 -22 
Swaziland 58.8 76.7 2,954 115 -10 
Zimbabwe 48.9 85.1 2,135 130 -6 
Lesotho 58.1 71.3 1,290 134 12 
Mozambique 46.3 40.1 959 166 -7 
a) Lire expectancy at birth m years, 1995. 
b) Adult literacy rate, 1995. 
c) Measuredonthebasisofpurchasingpowerparity, 1995. 

From table 15, a number of phenomena can be derived. Firstly, for all countries, real GDP per capita 
are based on purchasing-power-parities (PPP). The purchasing power of developing countries tends to 
be three to four times higher than their income based on exchange rate conversions. Hence, PPP-based 
comparisons provide a more realistic picture of poverty, because they take into account the relative 
cheapness of services and basic necessities in developing countries. Secondly, Swaziland performs 
quite moderate with respect to human development. Adult literacy is average for the region. High life 
expectancy is offset by low real GDP per capita. The negative difference in ranks implies that a large 
income inequality exists. 

Infrastructure and communications 

Infrastructure is fairly well developed. The road system covers more than 2, 700 km and is in good 
condition. The main route between Mbabane and Manzini has been improved to accommodate the 
heavy flow of traffic on that corridor. The country has a railway system covering more than 300 km, 
connecting it with Maputo, Mozambique and Durban and Richards Bay, South Africa. The system 
provides an important link for imports and exports: 
• Timber may be directly exported by road, or first transported by road to the Matsapha Industrial 

Estate and consequently, exported by rail; 
• Pulp is transported by truck to the Matsapha Industrial Estate, from where it is transported by rail 

to Richards Bay; 
• Sugar that originates from the Mhlume (Swaziland) Sugar Company Ltd. and the Royal Swaziland 

Sugar Corporation Ltd. is transported by truck to the railway station at Mlawula. Production from 
Ubombo Sugar Ltd. is transported by truck to the railway station at Phuzumoya. Both freights are 
taken to Maputo. 

The telecommunications system has been upgraded during the recent years and a cellular network has 
been established. An inland dry port, located at the Matsapha Industrial Estate saves time and expense 
for Swaziland's importers and exporters that use the port in Durban. 

Types of land-tenure 

There are essentially three types of land-tenure in Swaziland. These are: 
• Swazi Nation Land (SNL); 
• Urban land; 
• Individual Tenure Farms (ITF's). 

106 Based on information from the Internet: http://www.undp.org/hdro/98hdi.html. 
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SNL is acquired in terms of traditional law and -custom. SNL is held in trust for the nation by the King 
and is not for sale. It is allocated to the people by local chiefs. Each family is normally given a piece of 
land to build a homestead and grow crops. Consequently, agricultural activities in these areas are often 
carried out on a subsistence basis, although there is a tendency towards commerce. Small cane growers, 
for example, are producing commercially on SNL, while the Swaziland Sugar Association and the 
major sugar estates play an active role in assisting them. However, the main crops that are grown on 
SNL remain cotton and maize. 

When someone buys land that is available as Title Deed Land (TDL), he is given a document that he 
owns a particular piece. This is called ''title-deed". TDL is registered in Mbabane at the title-deeds 
office. TDL may be urban land or an ITF. ITF's include a number of farms in the country. The very 
existence of these farms essentially originates from the late 19th century, when the country was nearly 
covered by TDL that was handed over to foreign settlers. In the 20th century, land was bought back 
from these "concession-holders" to become SNL, from about one-third in 1914, to 45% at 
Independence in 1968, and 57% in the mid-1980s (Davies, 1985). Some farms have become TDL of 
individual farmers or private enterprises, including Trans National Corporations (TNCs), while Tibiyo 
Taka Ngwane by 1992 had bought back about one million hectares that are nowadays held in trust for 
the nation (Vilakati, 1999). This, however, does not necessarily imply that they have become available 
for small-scale farming, be it on subsistence- or a commercial basis. Often, the opposite is the case. 
Examples of the latter are Tibiyo Shiselweni Forests, supplying the Shiselweni Forestry Company Ltd., 
and the areas that are reserved for large-scale sugarcane cultivation in Sinhoye and Sivunge. All these 
projects are fully owned by Tibiyo Taka Ngwane (Tibiyo Taka Ngwane, 1998). 

Regarding agricultural activities, the main difference between SNL and TDL is that production from 
TDL is market-oriented, with sugarcane and citrus being the most important crops. This is reflected in 
higher production per hectare due to scientific methods of cultivation, large-scale mechanisation and 
extensive use of irrigation. Even though SNL production is conducted on a larger area, yields are lower 
because of the farming methods used. Maize is primarily grown for subsistence purposes, while cotton 
is grown as a cash crop and thus a primary source of income. 
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APPENDIX4: 

ECONOMIC SETTING 

Historic developments 

Especially during the 1970s and 1980s, there was a substantial inflow of capital funds into Swaziland, 
mainly because international sanctions against South Africa induced investors to look elsewhere in the 
region. In this period, the biggest recipient of foreign investment has been the sugar manufacturing 
industry (Davies, 1985). This kept the economy floating, but now that the embargoes have been lifted 
and competition in other parts of Southern Africa has increased, the flow of funds has fallen drastically. 
Investment has only taken place in the expansion of existing businesses, showing the vulnerability of 
Swaziland's economy, which relies heavily on the pulp-, sugar- and soft drinks concentrate 
manufacturing industries. The economy is managed by a Government's laissez-faire policy, but it has 
been recognised, backed by the unions, that widespread economic reform is necessary to attract foreign 
capital and to build up domestic investment (Morrissey, 1999a). Adding urgency to the search for 
alternative revenue-generating sources is a decline in receipts from the Southern Africa Customs Union 
(SACU), contributing more than 50% of Government income (Morrissey, 1999a). 
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Figure 8. Inflation from January 1997 to December 1998 
(Central Bank of Swaziland, 1999). 

Compared to other sub-Sahara African 
countries, Swaziland is a prosperous 
country. Per capita income amounted in 
1995 US$ 1,100, while the related 
Purchasing Power Parity (PPP) has been 
estimated by the UNDP to be US$ 2,954, 
which categorises Swaziland as a "lower 
middle-income economy''. It is stated that 
the keys to this relative wealth have been 
the specialisation of the economy in areas 
in which it has a comparative advantage, 
the political stability, the homogenous 
nature of the country and the openness of 
the economy, providing a climate 
conducive to foreign investment (MNRE, 
1998). It can be seen in figure 8 that 
during 1997 and 1998, inflation has 
virtually always oscillated between 7 and 
9%. It is now expected that inflation will 
fluctuate at about 8.5% up to 2001, due to 
the implementation of higher civil 
services salaries and increased fuel tax 
and costs of health care facilities (Forsyth 

Thompson, 1998). Despite unfavourable international market conditions for most of the country's 
exports commodities, preliminary data point towards a 9.8% increase in export earnings (CIF) to E 
4,3 78 million in 1998107

• This is a slightly higher increase than the growth rate of 9% as recorded in 
1997. Imports (FOB) are expected to grow by 8.4% to E 5,201 million. Swaziland's trade balance 
developments are illustrated in figure 9. 

Sectoral performance 

Swaziland's diverse agricultural sector includes sugar, citrus fruit, maize, cotton, forestry and animal 
husbandry. Subsistence agriculture occupies more than 60% of the population. The agricultural sector 

107 As outlined in Appendix 3, the currency in Swaziland is the Lilangeni. The plural form is Emalangeni, which is abbreviated to 
"E". The Lilangeni is linked on a parity basis to South Africa's Rand. 
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is a typical example of forward 
linkage: agricultural output does not 
only meet final demand but is at least 
as important as input into other 
activities. Local consumption of sugar 
surged to 270, 120 tonnes in 
1998/1999 (SSA, 1999). Nationally, 
Swaziland has the highest sugar 
consumption per capita in the world, 
at 169 kg, compared to a world 
average of 20 kg. Obviously, this 
figure is so high because it includes 
sugar processed by local 
manufacturers in the production of 
soft drinks, fruit juices and canned 
fruit. Soft drink concentrate, sugar 
and wood pulp are mainly exported. 
Moreover, substantial export takes 
place as these products are the main 
earners of hard currency. 

The agro-processing industries are 
dominated by Trans National 
Corporations (TNCs) from all over 
the world, incorporating the latest 
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Figure 9. Trade balance from 1994 to 1998 (Central Bank oj 
Swaziland. 1999!. 

technology and producing value-added goods for export markets. Especially South African TNCs 
provide substantial investment and employment. In the early 1980s, South African based Anglo
American Corporation controlled 90% of citrus production (Davies, 1985). In 1997, Sappi Ltd., also 
from South Africa, involved in forest products, purchased the majority of the Usutu Pulp Company 
Ltd. 's shares. In the same year, Illovo Sugar Ltd., again from South Africa, acquired Ubombo Ranches 
Ltd., creating Africa's largest sugar manufacturer. Major parties in the sweets- and soft drink 
businesses are the Coca-Cola Corporation from the United States and Cadbury-Schweppes from the 
United Kingdom. 

Mining has declined in importance in recent years. High-grade iron ore deposits were depleted in 1978 
and recently, the diamond mines have been closed due to continuous losses. After Havelock Asbestos 
Mines, producing asbestos in the Northwest of the country, went into liquidation in 1991, this kind of 
mining came under control of the Consolidated Mining Corporation Ltd. from South Africa, resuming 
operations the same year. However, future is not promising since health concerns put pressure on world 
demand. 
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APPENDIX5: 
GENERAL DEVELOPMENT GOALS 

National agricultural- and forestry goals 

Government responsibility for the agricultural sector lies primarily with the Ministry of Agriculture and 
Co-operatives (MOAC). MOAC will continue to follow the broad sectoral policies laid down in the 
Agricultural Development Strategy of 1986, which identified a number of major objectives. These 
major objectives are presented below. Although it will become clear that not all objectives are relevant 
for investigating the possibilities for the sustainable production of energy from biomass residues in the 
timber-, pulp-, paper- and suga· manufacturing sub-sectors, it is necessary to know which objectives do 
have priority. Furthermore, knowing Government's objectives enables the relevant industries to judge 
what energy strategies can expect support in the future. The major objectives are (MEPD, 1996): 
• Improving nutritional levels; 
• Achieving basic self-sufficiency and food security; 
• Increasing agricultural exports; 
• Creating employment opportunities through promoting agri-business; 
• Boosting rural incomes; 
• Conservation and development of soil and water resources; 
• Establishment of an appropriate livestock development strategy which will ensure proper 

rationalisation and co-ordination of the livestock industry; 
• Improvement of management and conservation of the rangelands and the promotion of forage 

production and utilisation; 
• Commercialisation oflivestock development and implementation of a cost recovery policy; 
• Improvement and strengthening of disease control measures, surveillance and diagnostic 

efficiency. 

Although the performance oflarge farms and plantations remains crucial to export growth and overall 
economic development in Swaziland, increasing rural employment and income depends predominantly 
on the performance of these small-scale farmers. Accordingly, Government will continue to 
concentrate on small-scale farmers, ensuring that such support will not negatively affect agricultural 
production of the large farms and plantations {MEPD, 1996). The relevance for this opportunity-study 
lies in the fact that especially small-scale farmers facilitate expansion in the supply of raw materials 
like standing timber and sugarcane. The sub-sectoral objectives are summarised in the following. 

Timber-, pulp- and paper manufacturing development goals 

Swaziland's economy relies heavily on forest products, contributing over 20% to export earnings and 
employing 16 to 18% of the country's formal workforce. The revised mandate for Government with 
regard to forestry is to formulate and implement environmentally sound policies, plans and 
programmes aiming at sustainable development, proficient management and efficient resources in the 
country. Specifically the forest policy objectives are (MEPD, 1996): 
• To ensure sustainable management of the forest resource which encourages optimum productivity 

and utilisation with efficient marketing of forest products; 
• To encourage conservation of the forest environment and reclamation of degraded land; 
• To promote diversity of forest types and of forest products, integrating forestry with other land-use 

systems; 
• To increase public and institutional awareness, interest and knowledge of forestry matters through 

extension, training, research and education; 
• To make an inventory of the flora of Swaziland and to study their utilisation, ecology and 

taxonomy108
• 

108 
Taxonomy is the classification, description and naming of variations (Snaydon, 1973 ). 
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The present- and future focus of Government is on a number of issues. However, there are no projects 
that directly affect the timber-, pulp- and paper manufacturing industries. There is only an indirect link 
with national development policy. The commercial plantations face increasing pressure from the 
endogenous population, due to the ever increasing demand for firewood and charcoal, which are the 
cheapest types of energy for the majority of the people in rural- and a limited number ofurban areas. In 
attempt to match the demand for firewood with supply, several mainly community based activities are 
envisaged in which Government as well as the relevant industries are involved. It will become clear 
that forest companies launch programmes as well, which have a somewhat dualistic character. These 
programmes often support national development goals as a form of the sustainable management of 
commercial forests, but however, by doing so, they put even more pressure on the growing endogenous 
population who rely on the availability of firewood. 

Sugar manufacturing development goals 

In compliance with the main sectoral objectives, MOAC has not included the development of large 
sugarcane estates in its strategy. MOAC's major goals in crop production are achieving national self
sufficiency in maize; expanding fruit- and vegetable production to increase rural income and improve 
nutrition; and encouraging cash crop production among small-scale farmers. Cash crops are crops that 
satisfy commercial rather than subsistence needs. Examples that are typical for Swaziland are high
value crops like cotton, tobacco, beans, vegetables and sugarcane. Achieving these goals will involve 
the introduction of new crops to farmers as well as the intensification of production of existing crops, 
like sugarcane, and improving management and delivery of extension service to farmers. Two projects 
are important for this opportunity-study. Firstly, there is the Maguga Dam project in the Komati River, 
which will presumably be finished in 2001. This project will consist of a hydropower dam with a 
generating capacity of 19 MWe (MNRE, 1998) and an irrigated area of7,400 ha, of which 3,082 ha will 
be reserved for sugarcane and the remainder for mixed fruit orchards. Secondly, studies for the 
development of the Usutu River basin will be undertaken with the assistance of donor funds. It is hoped 
that between 10,000 and 25,000 ha of land will be developed exclusively for small farmers growing 
sugarcane. 

National energy policy goals 

The national energy policy goal is to increase the share of energy supplied from local sources as long as 
it is economically, ecologically and strategically justifiable. Since the awareness of energy issues is 
relatively new and not very widespread, Government will, among other aspects, concentrate on: 
• Energy conservation, considering efficient utilisation of energy carriers already in use and a switch 

to other energy carriers which are available in sufficient quantities to meet demand; 
• Energy policy and planning, aiming at the economically-, socially- and environmentally 

sustainable generation-, transmission- and distribution of energy. 

Two constituents of the energy policy and planning are very important, which are ''the drawing up of 
action plans for the various sub-sectors and preparing a suitable long-term energy policy'', as well as 
the aim ''to reduce the use of highly polluting energy sources like imported coal with a high sulphur 
content". It is stated that the national energy policy in the long run should have to "ensure the smooth 
functioning of the economy by satisfying all effective demand in the most economical manner taking 
into account social- and environmental concerns. Reliable energy supply to all consumer groups, in 
particular to the productive sectors, is considered a key infrastructural prerequisite to ensure economic
and social development" (MEPD; 1996). At the very time of this opportunity-study, the Energy Section 
of the Ministry of Natural Resources and Energy (MNRE) is developing the "Swaziland National 
Energy Policy''. This objective is that, as at September 2001, Government will have "an implementable 
national energy policy, which is approved by Cabinet, following sustainable-, social- and economically 
sound planning principles"109

• 

109 
Based on an unpublished paper of the Ministry ofNatural Resources and Energy. 
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APPENDIX6: 

VALUING PROJECT INPUTS AND -OUTPUTS 

Traded items 

Traded items refer to those project inputs or -outputs that affect the country's imports or -exports. The 
valuation of traded items depends on whether the item is a project input or output, and whether the item 
is usually imported or -exported. If a project input must be imported, or when a project output will 
substitute for imports, it is valued in F-CBA at the import parity price, which is the border ( CIF-) price. 
In E-CBA, the shadow price is its world market price, net of any import duties but adjusted for the 
relevant shadow exchange rate (SER). 

Traded items that are exported, or when a project input would be exported if it were not used in the 
project, should be valued in F-CBA at the export parity price. This would be the export border (FOB-) 
price. In E-CBA, they need to be adjusted by both export taxes and the relevant SER 

Non-traded items 

Non-traded items are those project inputs or -outputs that are not imported or exported. As for traded 
items, the treatment of non-traded items will depend on whether the item is a project input or -output. 
Non-traded project inputs can be classified as locally produced or non-produced. In F-CBA, market 
prices should be used. In E-CBA, locally produced non-traded inputs should be valued at the market 
price when the supplying industry is operating at full capacity. If this is not the case, the conversion 
factor should be less than one. Non-traded non-produced project inputs are land and labour. 

In F-CBA, non-traded project outputs should be valued at their market price. When these outputs 
replace other products in the market, in E-CBA the price should take into consideration savings on 
other resources. For non-traded project inputs that meet new demand, the price should be the 
willingness to pay if the product affects the market price, or it can be valued at the market price when it 
does not. 
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APPENDIX7: 

MEMBERSHIP OF INTERNATIONAL 

ORGANISATIONS 

Southern African Development Community 

The SADC, formerly known as the Southern African Development Co-ordination Conference 
(SADCC), was established in 1979 to harmonise economic development among the countries in 
Southern Africa. The SADCC had as key objectives to improve living- and working conditions, as well 
as to promote development on the basis of self-reliance and interdependence of member countries. 
Essentially, this included the reduction of their economic dependence on South Africa. However, 
following the institution of a full c.emocratic government in that country, South Africa became the 
eleventh member in 1994. Mauritius was added in 1995 as the twelfth member. Now that apartheid has 
been abolished and economic sanctions have been lifted, South Africa is able to play a constructive role 
in the SADC-region. First of all, to promote political stability and to entice political leadership 
elsewhere in the region to put in place a coherent set of well designed political and economic reforms. 
South Africa is the pivotal country to take up the major challenges of regional co-operation in areas of 
energy supply and energy demand management. 

One practical example of regional co-operation has been the establishment of shared power exchanges, 
known as the Southern African Power Pool (SAPP). Because of the high dependence on energy 
imports, Swaziland has to undertake particular efforts to harmonise its energy-related activities with the 
other SADC members. In chapter 4, SAPP is discussed more in detail. Regarding visible trade, South 
Africa is the only significant SADC member for Swaziland. This can be demonstrated with a number 
of figures. During the financial year 1998/1999, Swaziland continued to import more than 85% of her 
merchandise from South Africa, while the other 15% of imports continued to be supplied mainly by the 
industrialised economies. Exports to South Africa constitute more than 60% of total merchandise 
exports, while other SADC member states imported less than 5%. The remaining 35% of exports are 
destined for industrialised economies and East Asian countries (Central Bank of Swaziland, 1999). 

As a unit within SADC, the technical and administrative unit was established in June 1982. It is based 
in Luanda, Angola. The main objective is to co-ordinate the regional energy-development projects and 
technical co-operation programmes. It has a co-ordinating structure as composed by a Regional Co
ordinator, which is supported by five departments. These departments are involved in electricity; 
petroleum and coal; energy conservation; new- and renewable sources of energy and woodfuel; and 
planning110

• 

Southern African Customs Union 

The Southern African Customs Union (SACU) links Swaziland with South Africa, Lesotho, Botswana 
and Namibia, allowing the free movement of goods between the member countries. A revised revenue
sharing system came into force in 1998, in which customs- and excise revenues are pooled and 
distributed according to a certain formula, taking into account each country's share in imports and 
production. Swaziland's customs- and excise receipts accounted for an estimated 52.9% of government 
revenue in 1996/1997 because of rapid growth in reported imports. As a result, Swaziland remains 
extremely vulnerable to changes in the SACU-agreement and the level- and structure of SA CU-tariffs 
(Central Bank of Swaziland, 1999). 

Common Monetary Area 

Swaziland's Lilangeni is linked on a parity basis to South Africa's Rand through the Common 
Monetary Area (CMA), which followed the Rand Monetary Area (RMA) in 1986. The CMA provides 

"
0 Based on information from the Internet: http://www.ebonet.net/sadc/ 
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the free flow of funds between South Africa, Lesotho, Namibia and Swaziland. To some extent, parity 
limits Government in policy-making, but however, it facilitates trade and investment flows. 
Furthermore, within the CMA, parity also keeps bureaucratic- and administrative problems to a 
minimum. Membership of the CMA is also considered advantageous in terms of attracting tourism 
from within the CMA, and South Africa in particular. In the recent past, the Lilangeni continued its 
downward spiral against the major currencies. By October 1998, it was fluctuating at around 10 
EIUK£, and 6 E/US$ (Forsyth Thompson, 1999). Although Swaziland continuous to maintain the 
option to de-link from the Rand, economic analysis has, so far, revealed that the cost of de-linking 
would far outweigh any benefit of such move (Central Bank of Swaziland, 1999). 

Lome IV Convention 

The fourth Lome Convention, held in 1990 and revised in 1995, is an agreement between the European 
Union and the 70 African, Caribbean and Pacific (ACP) countries. It provides export commodities 
originating from ACP-strtes to enter the fifteen member states of the European Union free of customs 
and other duties. Following negotiations for a free trade area, South Africa recently secured qualified 
access to the Lome IV Convention, resulting in concern among other SACU-members and the 
commissioning of a study to assess the aspects of the proposed agreement (Forsyth Thompson, 1999). 
Under the agreement, Swaziland has contracted to export 120,000 tonnes ofraw sugar to the European 
Union (Morrissey, 1999b), slightly more than the quota in the early 1980s, set at 116,400 tonnes 
(Davies, 1985). The guaranteed price is currently almost three times that of the world market. There is 
also a special short-term arrangement, the Sugar Preferential Scheme (SPS), whereby Swaziland 
exports another 50,000 tonnes to the European Union. In addition to these quotas, Swaziland exports to 
the United States on preferential terms. The amount of sugar exported under this arrangement depends 
on demand and was 27,000 tonnes in 1997/1998 (Morrissey, 1999b). 

However, the agreement illustrates that preferential access to markets does not guarantee successful 
export performance. Efficient industrial production in Asian countries has been able to compete in 
European markets. Manufactured exports have been quite successful in penetrating Western markets 
for industrial consumer goods without any preferential access. Emphasising the right of developing 
countries to continue to protect their domestic industries indefinitely may prolong the existence of non
viable industries (Szirmai, 1997). This problem may gain importance when Lome IV expires in 2000 
and will be rewritten. Income to countries such as Swaziland would be affected and small growers 
would not survive when such treaties were to be abolished. Nevertheless, the SPS between· the 
European Union and the ACP-states has an independent lifespan, so when the agreement is reviewed, 
that does not automatically mean a review of the sugar protocol. However, the World Trade 
Organisation (WTO) is of the opinion that protocols like the SPS create distortions in the world market. 
Therefore, it must be feared that the European Union will phase out these kinds of preferential trade 
arrangements (Morrissey, 1999b). 

Common Market for Eastern and Southern Africa 

Swaziland is also a member of the Common Market for Eastern and Southern Africa (COMESA). 
COMESA, the former Preferential Trade Area (PTA), was established in 1994 as "an organisation of 
free independent sovereign states which have agreed to co-operate in developing their natural and 
human resources for the good of all their people". The organisation states that it is well on its way to 
achieving their target of removing all internal trade tariffs and barriers, which is to be completed by the 
year 2000. Within four years after that, COMESA will have introduced a common external tariff 
structure to deal with all third party trade111

• COMESA represents 21 member states from as far north 
as Ethiopia. An interesting and just as important fact is that two relatively prosperous countries, 
Botswana and South Africa, are not included. 

111 
Based on information from the Internet: http://www.comesa.int. 
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APPENDIX8: 

RELEVANT DEVELOPMENT BANKS 

The feasibility of a project is not determined by the kind of organisation that issues the necessary 
resources, since it does not affect the calculations on which it is based. However, the allocation of 
financial resources to a project constitutes an obvious and basic prerequisite for investment decisions, 
project formulation, and pre-investment analysis. Since development banks and --companies usually 
have their own unique business philosophies, the most important developmental organisations are 
discussed below112

• 

Tibiyo Taka Ngwane 

Tibiyo Taka Ngwane is an investment company from Swaziland that aims at social, cultural and 
economic development of the Swazi people. At Independence in 1968, "Tibiyo" was created by Royal 
Charter with the objective to complement Government's national development efforts. Tibiyo is a 
national development fund, which operates outside the auspices of Government and falls directly under 
the King. It is a private entity, owned by the Swazi Nation. Tibiyo conducts its business on the private 
sector principle, having the following objectives (Tibiyo Taka Ngwane, 1998): 
• To complement Government in fostering economic independence and-self-sufficiency; 
• To increase formal sector employment; 
• To increase income in the hands of citizens; 
• To earn and save foreign exchange; 
• To develop rural communities; 
• To foster and support the maintenance of Swazi tradition and cultural heritage; 
• To assist financially and materially in the education and training of citizens. 

To meet its objectives, Tibiyo actively promotes the establishment of commercially viable projects in 
all sectors of the economy. These projects must be desirable from a developmental point of view, 
technically- and economically feasible, and profitable. In playing its developmental role, Tibiyo co
operates with international and national investment organisations. It also invites suitable- and 
experienced foreign- as well as local partners to either form joint venture projects or to manage its 
wholly owned projects. Priority is given to projects that: 
• Create permanent employment opportunities; 
• Generate or save foreign exchange; 
• Transfer technical know-how; 
• Utilise- and add value to local inputs and raw materials; 
• Encourage linkages with existing industries; 
• Apply labour-intensive operations. 

Financial participation in any single project ranges between 20 and 50%, be it taking up equity or a mix 
of equity and loan funding. However, Tibiyo does not normally get involved in day-to-day 
management other than representation at Board-level. Thus, Tibiyo expects the joint-venture partner to 
provide leadership in technical project implementation as well as professional management. 
Agricultural activities, end especially sugarcane cultivation and sugar manufacturing, constitute 
Tibiyo's major involvement. This illustrated in table 16. 

112 In 1998, the Swaziland Investment Promotion Authority (SIPA) was established by Government. SIPA is responsible for 
promoting-, attracting- and assisting investment from national- and international sources. SIP A is not investigated any further 
since it is not a development bank. Furthermore, it focuses on new businesses rather than the expansion of existing ones. 
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Table 16. Involvement ofTibiyo Taka Ngwane in the timber-, pulp-, paper- and sugar manufacturing sub-sectors 
in Swaziland (I'ibiyo Taka Nf:[Wane, 1998). 

SUB-SECTOR EQUITY DEBT 
Ubombo Sugar Ltd. Sugar manufacturing Yes No 
Mhlume (Swaziland) Sugar Company Ltd. Sugar manufacturing Yes No 
Royal Swaziland Swmr Corporation Ltd. Sugar manufucturing Yes Yes 

Swaziland Industrial Development Company Ltd. 

The Swaziland Industrial Development Company Ltd. (SIDC) was established in 1987 to mobilise 
domestic- and external resources to finance private sector projects. SIDC was formed as a joint venture 
between Government and a number of international financial institutions. It is a private development 
company, committed to supporting its customers with quality services in the financing of projects 
through the provision of equity, loans and factory buildings for lease. SIDC is active in agri-business, 
manufacturing, mining, tourism, commerce and services. It is stated that from 1992 to 1995, SIDC 
played a significant role in the investment activities that were undertaken by Swaziland's industries. It 
is claimed that many existing industries, mainly resource-based industries, as well as a number of 
companies from the Matsapha Industrial Estate, embarked on capacity expansion projects, introduced 
new production lines or acquired their own premises (SIDC, 1996). 

SIDC's investment portfolio increased from E 82. 7 million in 1992 to E 115.9 million in 1995. Debt 
investments remained having the largest share of the company's financing activities, totalling 62.9% of 
the portfolio. Equity- and debt investments have been made in 53 companies, mainly in the 
manufacturing sector. New investments have been made in mining, tourism and agri-business. Major 
investments have been made in Pigg's Peak and the southern part of the country (SIDC, 1996). SIDC's 
involvement in the respective, for this study relevant industries, are summarised in table 17. 

Table 17. Involvement of the Swaziland Industrial Development Company Ltd. in the timber-, pulp-, paper- and 
su~ar manufacturing sub-sectors in Swaziland (SIDC, 1996) 

SUB-SECTOR EQUITY DEBT 
Usutu Pulp Company Ltd. Pulp manufacturing Yes No 
Neopac (Swaziland) Ltd. Paper manufacturing Yes No 
Swazi Paper Mills Ltd. Paper manufacturing No - Yes 

Commonwealth Development Corporation 

Succeeding the Colonial Development Corporation, the Commonwealth Development Corporation 
(CDC) from the United Kingdom has become an important international development finance 
institution, operating in developing economies since 1948, and through 27 offices outside London 
headquarters. At the end of 1997, CDC had invested UKf 1.6 billion in over 400 businesses in 55 
countries, of which about UKf 450 million was allocated to sub-Sahara Africa. CDC's objectives are to 
create- and grow long-term sustainable businesses in emerging- and pre-emerging economies, to 
implement ethical best practise, and to achieve full commercial returns. This commercial focus has 
been stressed since 1999, when CDC changed from being a public company, into a ''public-private
partnership" (PPP). This PPP~ exists between the Government of the United Kingdom, which owns 
40%, and private investors, which own the remaining 60% (CDC, 1999). 

CDC is a long-term investor, which provides equity and debt to the private sector, but may also assist 
the public sector where a privatisation programme is involved. The development role is not limited to 
the provision of finance, corporate management is also undertaken. Thus, CDC will invest in ventures 
implemented and controlled by outside parties as well as in projects that it develops, controls and 
manages itsel£ Projects only receive support from CDC when they are technically-, financially- and 
economically viable, environmentally sound and beneficial to the country's development. To achieve 
its goals, the organisation usually takes a minority equity investment accompanied, where appropriate, 
by a loan investment. Furthermore, it is stated that CDC, as a developmental organisation, charges very 
little interest on its loans, which stands at about 8 to 10% (Vilakati, 1999). However, this is a result of 
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the situation on the financial market rather than an investment philosophy113
• Normally, investments in 

a business take place between US$ 5 million and US$ 60 million, comprising not more than 30% of the 
funds required (CDC, 1999). 

The last years, CDC has experienced difficult economic circumstances in nearly all countries in which 
it invests due to falling primary product prices, reduced- or negative growth rates and severe currency 
devaluation in turbulent financial markets. This situation has made the corporation very cautious, 
resulting in CDC's preference for doing business with established businesses, extending already 
existing long-term relationships. It has been stated that the basis for doing business has become trust 
and experience with people, rather than faith in technology development. With respect to CDC 
investment in new technologies, facilitating the sustainable production of energy from biomass 
residues, CDC is quite sceptic. The corporation's criteria for judging the profitability of an investment 
are often different and more stringent than the criteria as formulated by the implementing organisation. 

CDC has played a role in Swaziland since 1948 when it became involved in the forestry business and 
sugar manufacturing industry. Today, CDC's investment portfolio for Swaziland stands at about UK.£ 
50 million (CDC, 1999) in eleven projects covering agriculture, forestry manufacturing, power, finance 
and investment promotion. Long-term loans to the Swaziland Electricity Board (SEB), for example, are 
issued at an interest rate of 9.5% and cover 15 to 18 years (SEB, 1999). CDC's involvement in the 
relevant sub-sectors are summarised in table 18. 

Table 18. Involvement of the Commonwealth Development Corporation in the timber-, pulp-, paper- and sugar 
manufacturing sub-sectors in Swaziland (CDC, 1999). 

SUB-SECTOR EQUITY DEBT 
Shiselweni Forestry Company Ltd. Timber manufacturing Yes No 
Usutu Pulp Company Ltd. Pulp manufacturing Yes Yes 
Neopac (Swaziland) Ltd. Paper manufacturing Yes No 
Mhlume (Swaziland) Sugar Company Ltd. Sugar manufacturing Yes No 
Royal Swaziland Sugar Corporation Ltd. Sugar manufacturing Yes No 

Danish Co-operation for Environment and Development 

The Danish Co-operation for Environment and Development (DANCED) is the developmental agency 
of the Danish Ministry of Foreign Affairs. It was established in 1994, and aims at contributing to the 
improvement of the global environment. Activities commenced in Southeast Asia, while in 1995 and 
1996, activities were expanded to Botswana, Lesotho, Namibia, South Africa and Swaziland. 
DANCED focuses on the promotion of environmentally sustainable utilisation of natural resources and 
the conservation of nature; the prevention and limitation of air-, water- and soil pollution; and the 
promotion of the sustainable use ofenergy114

• 

Projects will be selected on the basis of their ability to provide long-term solutions. Emphasis will be 
on projects that attempt to develop capacity in environmental administration and organisations; 
improve awareness of environmental problems and the solutions; establish demonstration facilities or 
pilot projects that provide environmentally sound solutions; and that facilitate environmental 
investments and private sector involvement. Furthermore, projects should emphasise local ownership 
and participation in the projects; involve the communities, Non-Governmental Organisations (NGOs), 
the public- and private sector, labour market organisations and universities; induce close co-operation 
between local expertise and Danish counterparts; and promote the role of women as well as regional 
co-operation in solving environmental problems. Environmental assistance to developing countries 
constitutes one fourth of the resources allocated to the Environment and Disaster ReliefFacility. In the 
year 2005, Danish contribution to international co-operation will amount to 0.5% of GNP- additional 
to the 1 % already allocated for ordinary development assistance. Of the resources for environmental 

113 Based on discussion with Mr. Nigel Payne, Country Manager (Swaziland) of the Conunonwealth Development Corporation. 
114 Based on information from the Internet: http://www.mst.dk/dancedOO/OOOOOOOO.htm. 
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assistance to developing countries, about 40% will be administered by DANCED115
• In 1999, total 

DANCED budget is DK 367 million. Assuming a rate of 8 DK/US$, this equals about 46 US$ million. 

Global Environment Facility 

The international community supports the fundamental life-support systems through a number of 
organisations and programmes. One of these programmes is the Global Environment Facility (GEF). 
The GEF acts as the financial mechanism for the Convention on Biological Diversity (CBD) and the 
United Nations Framework Convention on Climate Change (UNFCCC), by providing partial funding 
for projects that strive towards the goals stated in each Convention (UNDP-GEF, 1999). 

GEF operations are carried out by the United Nations Development Programme (UNDP), the United 
Nations Environment Programme (UNEP) and the World Bank. Projects that receive GEF co-financing 
are developed and implemented in partnership with one of these institutions, and may be proposed by 
any organisation, on the condition that it originates in an eligible country. GEF has three focal areas, 
which are bio-diversity, climate change and international waters. The field of climate change is most 
relevant for this study. One of the programmes is called "Reducing the long-term costs of low 
greenhouse gas-emitting energy technologies". It is stated, that a project in the field of biomass-based 
fuelling of advanced gas turbines, is an example of technology support (UNDP-GEF, 1999). Within the 
tripartite partnership, the World Bank is responsible for investment projects. Since biomass energy 
strategies for large private companies are characterised by substantial investment, World Bank 
involvement can prove to be of the utmost importance. However, it stated that with respect to projects 
for the conversion of biomass into liquid and gaseous fuels and electricity, the Bank's role has been 
more limited. The major reasons for this limited role include the still unfavourable economics of many 
of the technologies in comparison to the current cost of conventional fuels, the small size and dispersed 
nature of some of the already economic biomass projects. 

The World Bank has conducted various pre-investment studies on technologies for the generation of 
power from biomass resources but none of these studies have yet led to loans to governments. 
Furthermore, emerging biomass energy technologies can be assisted at the demonstration stage by 
GEF116

• It may be possible on environmental grounds to ''buy-down" the high capital- or transaction 
costs of near commercial renewable energy technologies to enable them to meet World Bank 
investment criteria and put them into practical operation now (Terrado, 1995). World Bank lending for 
renewable energy projects, including biomass is generally constrained by various factors. First, it must 
be realised that since World Bank loans must be repaid by the borrowing countries, the World Bank 
and the client governments require that the project are based on proven technologies. Furthermore, 
projects must meet criteria for both economic and financial feasibility, as measured by Internal Rate of 
Return (IRR)-calculations. Hence, high capital costs and inferior economics put up a huge constraint, 
but paradoxically, projects that have a high IRR, are not a priority for World Bank lending, because 
government can obtain financing from commercial banks for such projects. It is stated that this, in 
combination with the fact that single, large projects are preferred, is a reason why the World bank 
normally does not look at possibilities for projects in sugar mills (Terrado, 1995). 

The World Bank is not permanently present in Swaziland. Of the three actors in the tripartite 
partnership, only the UNDP is present on a continuous basis, but has no links with commercial 
industry. UNDP is involved in different programmes, including energy-efficient housing, small-scale 
renewable energy technologies and soil erosion and desertification. UNDP assists Government in forest 
tree policy as well, but private forests for timber-, pulp- and paper manufacturing are not included117

• 

115 
According to information on the Internet, on http://www.um.dk/udenrigspolitik/udVI1dingspolitik, the remaining 60% are 

administered by the Danish International Development Agency (DANIDA). DANIDA is not discussed any further since 
Swaziland is not included in the Agency's group of"programme countries", which are selected for bilateral assistance. 
116 

According to an unpublished paper of the World Bank, the Brazilian Biomass Power Demonstration project is the only project 
in the GEF-portfolio that involves Research, Development and Demonstration (RD&D). With US$ 8 million support from GEF 
and additional resources from the Brazilian public- and private sectors, a project was put together in 1992 to develop BIG/GTCC
technology further and build the world's first commercial-scale 30 MWe demonstration plant. The purpose is to resolve important 
engineering-, financial- and economic issues associated with adapting gasifiers for gas turbine applications. 
117 Based on discussion with Mrs. Mette Riisager, Programme Officer of the United Nations Development Programme. 

107 



APPENDIX9: 

RELEVANT BIOMASS 

CONVERSION TECHNOLOGIES 

Introduction 

Heat is a common form of energy in industrial production facilities. It is used, among others, for 
drying- and evaporating operations, but just as well as a prime mover for mills, pumps and fans. The 
recovery of residual heat can be done in various ways. An economiser recovers exhaust heat and 
transfers it to boiler feed water. In that case, typical heat recovery is equivalent to a 3 to 5% fuel 
saving. Heat can also be recovered with the concept of the co-generation of heat and power. If heat is 
not utilised in heat exchangers, it can often become available to generate power on-site. One ·way to do 
so is by using both the heat and power from a single thermodynamic cycle. This practice is called co
generation and is possible in many variations. In many industrial facilities, it is possible to use a 
process residual stream as a feedstock for power generation. Depending on the type of process and the 
availability and cost of commercial energy, designing- and constructing a co-generating facility can be 
a sound way to utilise available resources for a variety of purposes. 

In many parts of the world, the concept of biomass co-generation is already a commercial proposition 
at various scales. Among the possibilities are small-scale (50 to 400 kWe) technologies for village 
electrification, medium-scale systems for rural industrial (I to 10 MWe) or local and regional grid 
applications (5 to 30 MWe) and large-scale operations (30 to 100 MWe) to supply national grids118

• In 
the larger timber-, pulp-, paper- and sugar manufacturing industries, in developed as well as developing 
countries, co-generation is common. Steam is raised for prime mover equipment as well as steam 
turbines for the generation of power. 

Conversion technologies 

In industrial facilities, biomass may be converted by means of combustion, gasification or pyrolysis. It 
can also be used for the production of synthetic fuels, called liquefaction (EUREC Agency, 1996): 
• Combustion is the direct burning of biomass to produce heat that can be used directly for heating 

or drying, or it can be indirectly transformed into electrical energy by means of a steam turbine; 
• Gasification is the incomplete combustion of a solid and a gas, to produce a mixture of 

combustible gases, mainly carbon monoxide and hydrogen (diluted in nitrogen, except when it is 
performed with oxygen); 

• Pyrolysis is the process of decomposition through the effect of temperature in absence of oxygen. 
The products obtained by pyrolysis of lignocellulosic matter are solids (charcoal), liquids 
(pyrolysis oils) and a mix of combustible gases; 

• Liquefaction is a low temperature, high-pressure process in which a reducing gas, usually 
hydrogen, is added to a slurried feed. The product is an oxygenated liquid with a high heating 
value. 

There is long-term practical experience with combustion and considerable experience with gasification. 
The maximum efficiency for the main conversion step is for combustion 95% and for gasification 80%. 
There is little experience with pyrolysis-processes, having a maximum efficiency of 60%. Liquefaction 
is not yet economically feasible. In the case of industrial scales, only spreader-stoker combustion and 
fluidised-bed gasification are relevant. These two technologies are compared in table 19. 

Table 19. Comparison of spreader-stoker combustion and fluidised-bed gasification as two relevant biomass 
conversion technologies ("- "= not applicable). 

118 Based on information from the Internet: http://www.shell.com/about/content/O, 1369, 1506-3090,00.html. 
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Table 19. Comparison of spreader-stoker combustion and fluidised-bed gasification as two relevant biomass 
· h z · (" " r bt ~ conversion tee no o~zes - = not app zca e. 

CONVERSION CONVERSION POWER ADVANTAGES DISADVANTAGES STATUS OF 
STEP ONE STEP TWO PRODUCTION DEVELOPMENT 

Spreader-stoker - In generator High efficiency. High emission rates Spreader-stoker 
combustion. coupled to Possibility of co- when burning coal. combustion and 

Product is high- backpressure firing with coal. backpressure co-
pressure steam. turbine. Does not require generation are both 

constant loads. proven technologies. 

Fluidised-bed Gasturbine In simple-cycle High efficiency, Feedstock must be Gasification is in 
gasification. combustion. mode, in generator especially with dried. Black liquor developmental and 

Product is hot Power production. coupled to gas combined- cycle- gasification difficult. demonstration phase. 
syngas. Steam production turbine. In technology. Possibility of co- Gas turbine co-

from residual heat combined-cycle Emissions of CO gasification with coal is generation is proven 
inHRSG. mode also in and NO, are very limited.Requires syngas technology. 

condensing- low. cooling and cleaning. 
extraction turbine. Problems of particulates 

in flue gas. Requires 
constant foads. 

Combustion 

Essentially all biomass power plants today operate on a steam Rankine-cycle, a steam turbine 
technology that was already in commercial use about a hundred years ago. Co-firing biomass feedstock 
with coal is not completely environmentally sustainable because of the remaining existence of C02, 

NOx and SOremissions, but especially in the case of developing countries, limited addition of coal can 
be justified in terms of energy generation as a pre-requisite for sustainable economic development. 
However, it must be kept in mind that these so-called dual-fuel boilers always have a relatively low 
efficiency since they basically are a compromise between two types of boiler119

• In the case of steam 
turbine cycles, the higher the peak temperature and pressure of the steam working fluid, the more 
sophisticated- and costly the equipment, because at higher pressures and -temperatures, higher quality 
steels are needed and water purity must be higher. 

Gasification 

It is claimed that biomass gasification systems are more efficient, and incorporate more compact and 
less costly gas cleaning equipment than combustion units because the syngas120 is being cleaned before 
being combusted. However, to arrive at gasification that is thermodynamically attractive, the moisture
content of the biomass may not exceed 15%. Thus, fuel preparation is often necessary. Furthermore, 
the process of gas cleaning is still "one of the major technical challenges" (Rosch, 1998), if not one of 
the major problems. 

After the production of the syngas, it still needs to be combusted before the actual generation of energy 
can take place. For limited generation capacities, gas-fired engines may be the most suitable. For 
industrial application, the most promising technologies lie in the development of Brayton- or gas 
turbine cycles. Gas turbine technology is proven and hence, key advantages are the potential for 
substantially reduced capital costs, higher conversion efficiencies and greater modularity. Timber 
residues are easy to gasify. The gasification of black liquor may pose more problems, but it is also 
stated that they could make a plant economically competitive with only little or even without financial 
support (Rosch, 1998). The two principal gasification options for use with biomass are the fixed-bed 
and fluidised-bed gasifiers. In large industrial applications, fluidised-bed gasifiers should be chosen, 
while BIG/GTCC-technology should always be considered. This is discussed in many sources (Ogden, 
1991; Williams, 1993; Nussbaumer, 1998; Walter, 1998; SMRI, 1999). 

119 
Based on discussion with Mr. Trevor Gothan, Business Development Manager of the Mhlume (Swaziland) Sugar Company 

Ltd. 
120 

Alternative names for "syngas" (Walter, 1998), are "synfuel" (Ogden, 1991; Financial Mail, 1999) and "producer gas" (Foley, 
1985; Brouwer, 1999). 
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APPENDIX 10: 
DENSITY-AND HEATING VALUE OF 

WOOD AND BAGASSE 

Density of wood and -bagasse 

The density of a material is its weight per unit volume. In the case of wood and bagasse, which are both 
cellulose-based materials, two definitions may be used. These are the true- and bulk density. The true 
density of solid, oven-dry cellulose is fairly constant at 1,150 kg/m3

• The bulk density includes the 
solid- and pore volumes. The absorption of water affects the bulk density, and may exist in two 
different ways. Water may exist between cells, as well as in cells. The process of drying wood is linked 
to this phenomenon. Firstly, "free water", which exists between cells, is evaporated. Secondly, "bound 
water" is evaporated. However, only the second drying stage induces a loss in volume. Shrinkage due 
to lowering the moisture-content is usually between 10 and 19% (Encyclopaedia of Science & 
Technology, 1997). Apart from the moisture-content, the bulk density is also influenced by processing
and handling operations. 

In this opportunity-study, a number of assumptions are made regarding the density of wood and 
bagasse. These assumptions are: 
• The physical properties and -behaviour of the different cellulose-based materials are ignored for 

the sake of simplification; 
• Bark, containing 80% moisture on average (Foley, 1985; FAO, 1990), contains the maximum 

possible amount of bound- as well as free water; 
• Wood or bagasse that contains 30% moisture, contains the maximum possible amount of bound 

water, but no free water. This is called "saturation"; 
• Lowering the moisture-content from 30 to 0% results in a volume-reduction of 15%. This is the 

average of the range from 10 to 19% (Encyclopaedia of Science & Technology, 1997). 

Heating values of wood and -bagasse 

The heating value is the quantity of heat, which will be released by combustion of unit weight of the 
fuel under consideration. Two different kinds of heating values can be distinguished, which are the 
Higher- and Lower Heating Value, abbreviated to HHV and LHV respectively. The HHV is the heat 
liberated by combustion, while all products are reduced to the same conditions. The LHV, however, 
assumes that the water formed by combustion, as also the water of constitution of the fuel, remains in 
the vapour state. The LHV gives a more accurate indication of the heat practically obtainable and 
should therefore be used. Still, to calculate the LHV, the HHV is necessary. The HHV of dry cellulose 
is universally accepted to be 4,600 kcal/kg. This equals about 19,180 kJ/kg. However, dry cellulose still 
contains a mean 6.5% of hydrogen, so the LHV is 7,650 Btu/lb (Hugot, 1960). This equals about 
17,710 kJ/kg. 

For wet fuel it is necessary to take into account the heat removed, not only by the water vapour 
produced by combustion of the hydrogen constituent of the bagasse, but also by the water vapour 
originating in the moisture. The LHV of cellulose is 7 ,650 kJ/kg minus the product of 8, 730 kJ/kg and 
the relevant moisture-content. Hence in this formula, the following heat losses are already taken into 
account: 
• Latent heat of vaporisation in the water formed by combustion of the hydrogen contained, which is 

lost in the flue gases with this water vapour ifthe latter is not condensed; 
• Latent heat of vaporisation of the water content, which in the same way is lost with the flue gases. 

Losses have then to be taken into account, like sensible heat lost in the flue gases, losses by 
radiation, losses in unbumt solids and losses by incomplete combustion of carbon, giving CO 
instead of C02• 
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Table 20 shows the average densities and LHV's for the relevant moisture-contents: 

Table 20. Average density as well as Lower Heating Value (LHV) of wood and bagasse as a function of a number 
of relevant moisture-contents. 
MOISTURE CELLU- BOUND FREE TOTAL AV.DENSITY LHV 
(%) LOSE (kg) a WATER(kg) WATER(kg) VOLUME(m3) (kg/mJ) (kJ/kg) 
0 200 0 0 0.828 242 17,710 
12 200 27 0 0.886 256 15,280 
24 200 63 0 0.945 278 12,860 
30 200 86 0 0.974 294 11,650 
50 200 86 114 0.974 411 7,600 
80 200 86 714 0.974 1,027 1,540 
a) Cellulose content 1s given on an oven-dry basis. 

A number of notes must be made. Firstly, the estimated densities appear to be very low at first sight. 
However, the densities given are realistic indeed since according to literature, the density of commonly 
known woods, which contain 50% moisture on average, may vary from 320 to 720 kg/m3

• Balsa, which 
is one of the least dense species may be 160 kg/m3

, while Lignum Vitae may be l,040 kg/m3 (Bruhn, 
1989). Secondly, it becomes clear that Pine and Eucalyptus at moisture-content of 80%, just like 
Lignum Vitae at 50% moisture, are heavier than water. This is possible since bark is completely filled 
with water, while the density of oven-dry cellulose is higher than water. Thirdly, the average density of 
standing timber, which consists for 90% of timber at 50% moisture and 10% of bark at 80% moisture, 
is about 473 kg/m3

• 
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APPENDIX 11: 
COMPANIES EXCLUDED FROM IN-DEPTH STUDY 

Swaziland Plantations Ltd. 

Swaziland Plantations Ltd. is a forestry industry. The company was established in the 1940s, although 
literature disagrees on the first year of operations. Presumably operations commenced in 1942 (Bowes, 
1989) or 1947 (Vilakati, 1999) and is adjacent to Peak Timbers Ltd. The company has Pine plantations 
covering 4,000 ha (Vilakati, 1999) and processes about 150 m3/day ofwood121

• The products include 
shutterboards, which are used to form concrete, blockboards, which are used for furniture, and 
plywood. 

Most of the products from this company are exported to South Africa, while only a small fraction is 
sold locally. Sawdust is burnt in two boilers, which provides steam for the drying of wood and the 
generation of electricity, adding to the electricity that is generated by two nearby 400 kW hydropower 
stations. However, it is not known to the company how much is burnt. Excess sawdust is sold to Peak 
Timbers Ltd., having a shortage of this kind offuel122

• 

Swaziland Treated Poles Ltd. 

Swaziland Treated Poles Ltd., formerly known as Tonkwane Estates Ltd., is a medium-sized sawmill 
and is located between Mbabane and Mhlambanyatsi. Being established in the 1950s, "Tonkwane" is 
privately owned. The company has about 120 people on its payroll. Total estate cover is not known to 
the company, although literature assumes some 4,000 ha (Vilakati, 1999). Productive area includes 
about 600 ha of Eucalyptus, 100 ha of Pine and 100 ha of wattle. About 150 ha is under preparation. 
Tonkwane's sawmill manufactures tanelith treated building timber; laminated beams, shelving and 
fascia boards; pressure-treated creosoted transmission, building and fencing boards, and shutterboards. 

The wet timber is kiln-dried. Power is not generated on-site and thus all power consumed is supplied by 
SEB, although kWh-consumption is not recorded123

• All residues from the forest, except for the 
needles, are collected and sold to companies on the Matsapha Industrial Estate. Doing so does not only 
generate revenue, it also reduces the risk of forest fires, which are considered a big threat to the 
company. Needles are left in the field since they return valuable nutrients to the soil, having no 
commercial value and not posing any risk of forest fire since they bum up too fast to affect standing 
timber124

• 

121 Based on discussion with Mr. Neil Burgess, General Manager of Swaziland Plantations Ltd. 
122 

Based on discussion with Mr. Neil Burgess, General Manager of Swaziland Plantations Ltd. 
123 

According to Mr. Peter Dixon, General Manager of Swaziland Treated Poles Ltd., cost of electricity consumed is about 5,000 
E/month. Assuming average power cost of0.30 E/k:Wh, Tonkwane consumes about 17,000 kWh/month. 
124 

Based on discussion with Mr. Peter Dixon, General Manager of Swaziland Treated Poles Ltd. 
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APPENDIX 12: 
MASS BALANCE OF THE 

SIDSELWENI FORESTRY COMPANY LTD. 
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Figure JO. Mass balance in tonnes/day of the Shiselweni Forestry Company Ltd. (Eucalyptus Mill). 
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Figure 11. Mass balance in tonnes/day of the Shiselweni Forestry Company Ltd. (Pine Mill). 
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APPENDIX 13: 
MASS BALANCE OF PEAK TIMBERS LTD. 
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Figure 12. Mass balance in tonnes/day of Peak Timbers Ltd. (Main Mill). 
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Figure 13. Mass balance in tonnes/day of Peak Timbers Ltd (Rocklands Mill). 
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APPENDIX 15: 
FINANCIAL CASH-FLOWS PROJECT ONE 

To estimate the projected financial cash-flows accrued by Project One at the Usutu Pulp Company Ltd., 
a number of assumptions must be made. These assumptions are summarised in table 21. 

Table 21. Assumptions made.for.financial cash~flow statements. 

ASSUMPTION 
Exchange rate 6.0E/US$ 
Real discount rate 10% 
Duration of season 50 weeks (7 days/week and 24 hours/day) 
Price of power from SEB 0.30 E/kWh 
Price of power to SEB 0.12 E/kWh 
Fixed maintenance cost 1,000,000 E/vear 
Marginal maintenance cost 0.005 E/kWh 
Insurance and freight (CIF/FOB) 1.1 

Furthermore, turbines and generators, which have an economic life of25 years, have been acquired at 
an FOB-price of US$ 4.3 million. Boilers have the same economic life but have an FOB-cost of US$ 
1.6 million. Auxiliaries have an economic life of 5 years and have an estimated cost of 25% of the 
FOB-costs of hardware mentioned before. Engineering, site preparation and installation are assumed at 
50%, while contingencies and training account for 10 and 5% respectively. 

Table 22. Legend.for table 23. 

NUMBER ITEM UNIT 
1 Production rate tonnes/h 
2 Power generating capacity (old configuration) MW. 
3 Power generating capacity MW. 
4 Power generated GWh 
5 Power consumption rate MWe 
6 Power in excess MWe 
7 Turbine- and generator sets E 
8 Boilers E 
9 Auxiliaries E 
10 Engineering, site preparation and installation E 
11 Contingencies E 
12 Training E 
13 Coal E 
14 Maintenance (fixed) E 
15 Maintenance (variable) E 
16 Cashflow out E 
17 Power substitution E 
18 Power sold to SEB E 
19 Scrap value E 
20 Cashflow in E 

The net cashflows result in an F-NPV in 2000 ofE 31,430,707 at an F-IRRof 17.7%. 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Pl!OIJUCTION STATISTICS 
I 25 25 25 25 25 25 25 25 25 25 25 25 25 
2 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 
3 0 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 
4 0 162 162 162 162 162 162 162 162 162 162- 162 162 
5 0 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 
6 0 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 
COSTS 
7 28.380,000 0 0 0 0 0 0 0 0 0 0 0 0 
8 10.560.000 0 0 0 0 0 0 0 0 0 0 0 0 
9 8.850.000 0 0 0 0 8,850,000 0 0 0 0 8,850,000 0 0 
10 17,700,000 0 0 0 0 0 0 0 0 0 0 0 0 
II J.540,000 0 0 0 0 0 0 0 0 0 0 0 0 
12 1.770,000 0 0 0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 0 0 0 0 

14 0 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1 000,000 1,000,000 1,000,000 

15 0 810,600 810,600 810,600 810,600 810,600 810,600 810,600 810,600 ~10.600 810,600 810,600 810,600 

16 70,800,000 l,810,600 l,810,600 1 810,600 l 810 600 10 660,600 l 810,600 l BIO 600 1.810,600 l 810,600 10 660,600 l,810600 l,810 600 

HENEFITS 
17 o I 10,584.000 10,584,000 10,584,000 10,584,000 10,584,oooT 10,584,00~~84,ooo 10,584,000 10,584,000 I 10,584.000 I 10,584,000 I 10,584,000 

18 0 5,846,400 5,846,400 5,846,400 5,846,400 5,846,400 5,846,400 5,846,400 5,846,400 5,846,400 \ 5,846,400 5,846,400 5,846,400 

19 ol 0 0 0 0 0 ol 0 0 0 0 01 OI 
20 o I 16.430,400 16.430,400 16,430,400 16,430,400 16,430,400 16,430,400 116,430,400 I 16,430,41111 16,430,400 16,430,400 16,430,400 16,430,400 

:>;ET CASll l'LO\\' 
-70.800,000 14.619,800 I 14,619,800114,619,800114,619,800 I 5,769,80iiTi'4,619,800114,619,800114,619,8011 I 14,619,800 5,769,800 14,619.800 I 14,619,800 
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APPENDIX 16: 
ECONOMIC CASH-FLOWS PROJECT ONE 

To estimate the projected economic cash-flows accrued by Project One at the Usutu Pulp Company 
Ltd., a number of assumptions must be made. These assumptions are summarised in table 24. 

Table 24. Assumptions made.for economic cash-flow statements. 

ASSUMPTION 
Shadow exchange rate 6.6 E/US$ 
Shadow dirnount rate 11% 
Duration of season 50 weeks (7 days/week and 24 hours/day) 
Price of power from SEB 0.30 E/kWh 
Price of power to SEB 0.12 E/kWh 
Fixed maintenance cost 1,000,000 E/year 
Marginal maintenance cost 0.005 E/kWh 
Insurance and freight (CIF/FOB) 1.1 

Only the turbines, generators and boilers are acquired from outside SACU. Therefore, the prices have 
to be adjusted. Auxiliaries originate from within SACU and have an estimated cost of25% of the FOB
market price of the hardware costs mentioned before. Engineering, site preparation and installation are 
assumed at 50%, while contingencies and training account for 10 and 5% respectively. 

T. bl 25. L a e e~en dfi bi 26 or ta e 
NUMBER ITEM UNIT 
1 Production rate tonnes/h 
2 Power generating capacity (old configuration) MW0 

3 Power generating capacity MW0 

4 Power generated GWh 
5 Power consumption rate MW0 

6 Power in excess MW0 

7 Turbine- and generator sets E 
8 Boilers E 
9 Auxiliaries E 
10 Engineering, site preparation and installation E 
11 Contingencies E 
12 Training E 
13 Coal E 
14 Maintenance (fixed) E 
15 Maintenance (variable) E 
16 Cashflow out E 
17 Power substitution E 
18 Power sold to SEB E 
19 Scrap value E 
20 Cashflow in E 

The net cashflows result in an E-NPV in 2000 ofE 26,276,415 at an E-IRR of 16.1 %. 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

PllODllCTIOI'< STATISTICS 
1 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 

2 9.3 9.3 9.3 9.3 9.3 9.3 9.3- 9.3 9.3 9.3 9.3 9.3 9.3 9.3 9.3 

3 () 19.3 19.3 19.3 19.J 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 
4 0 162 162 162 162 162 162 162 162 162 162 162 162 162 162 

5 0 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 13.5 
6 0 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 
COSTS 
f---
7 31,218.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 11.616,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 9,735,000 0 0 0 0 9,735,000 0 0 0 0 9,735.000 0 0 0 0 
10 17,700,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
II ___ !)40,000 (I () 0 0 0 0 0 0 () 0 () 0 0 0 

12 1,770,000 0 0 0 0 
~· 

0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

* 
___ S! 

1,~~~:~~~ 1,000,000 
I ,~~~:~~l~ _!~'!2.~ 1,000,000 ~-_LQgo,ooo 4W~:~~~ 
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19 0 0 01 0 0 ol 0 0 0 ol 01 01 0 0 

20 0 16,430,400 16,430,4011 16.4311,400 I 16,4311.41111 I 16,430,400 16,430,400 I 16,430,400 I 16,430,4110 16,430,400 16,430,400 16,430,4011116,430,400 I 16,430,4110 16,4J0,400 
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APPENDIX 18: 
FINANCIAL CASH-FLOWS PROJECT Two 

To estimate the projected financial cash-flows accrued by Project Two at Ubombo Sugar Ltd., a 
number of assumptions must be made. These assumptions are summarised in table 27. 

Table 27. Assumptions made for financial cash-flow statements 

ASSUMPTION 
Exchange rate 6.0 E/US$ 
Real discount rate 10% 
Duration of season 31 weeks in-crop, 19 weeks off-crop, 2 weeks overall 

shut-down (7 days/week and 24 hours/day) 
Price of power from SEB 0.30E/kWh 
Price of power to SEB 0.12 E/kWh 
Fixed maintenance cost 1,000,000 E/year 
Marginal maintenance cost 0.005 E/kWh 
Insurance and :freight (CIF/FOB) 1.1 

Furthermore, turbines and generators, which have an economic life of 25 years, have been acquired at 
an FOB-price of US$ 3.9 million. Boilers have the same economic life but have an FOB-cost of US$ 
3.5 million. Auxiliaries have an economic life of 5 years and have an estimated cost of 25% of the 
hardware costs mentioned before. Engineering, site preparation and installation are assumed at 50%, 
while contingencies and training account for 10 and 5% respectively. 

Table 28. Lef?endfor table 29. 

NUMBER ITEM UNIT 
1 Crushing rate tch 
2 Power generating capacity (in-crop, old confi211ration) MW0 

3 Power generating capacity MW0 

4 Power generated GWh 
5 Power consumption rate (in-crop) MW0 

6 Power in excess (in-crop) MW0 

7 Power consumption rate (off-crop) MW0 

8 Power in excess (off-crop) MW0 

9 Turbine- and generator sets E 
10 Boilers E 
11 Auxiliaries E 
12 Engineering, site preparation and installation E -
13 Contingencies E 
14 Training E 
15 Coal E 
16 Maintenance (fixed) E 
17 Maintenance (variable) E 
18 Cashflow out E 
19 Power substitution E 
20 Power sold to SEB E 
21 Scrap value E 
22 Cashflow in E 

The net cashflows result in an F-NPV in 2000 ofE 18,480, 748 at an F-IRR of 13.4%. 
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2oof 2003 2004 2005 
-

2006 2007 2008 2009 2000 2001 2010 2011 2012 2013 2014 2015 

l'HOIHICTION STATISTICS 
I 400 420 440 460 480 500 520 540 560 580 600 600 600 600 600 600 
2 9.5 10.0 10.5 10.9 11.4 11.9 12.4 12.8 13.3 13.8 14.3 14.3 14.3 14.3 14.J 14.3 
) 0 23.0 24.1 25.I 26.2 27.3 28.4 29.5 30.6 31.7 32.8 32.8 32.8 32.8 32.8 32.8 
4 0 193 202 211 220 230 239 248 257 266 276 276 276 276 276 276 
5 9.5 12.9 13.3 13.6 14.0 14.4 14.8 15.1 15.5 15.9 16.3 16.3 16.3 16.3 16.3 16.3 

6 0 10.l 10.8 11.5 12.2 13.0 13.7 14.4 15.I 15.8 16.6 16.6 16.6 16.6 16.6 16.6 
7 0 6.1 6.1 6.2 6.2 6.3 6.3 6.4 6.4 6.5 7.5 7.5 7.5 7.5 7.5 7.5 
8 0 16.9 18.0 ' 19.0 20.0 21.1 22.1 23.2 24.2 25.3 25.3 25.3 25.J 25.3 25.J 25.J 
COSTS 
9 25.740,000 0 0 0 0 () 0 0 () 0 0 0 0 0 0 0 
10 23.100,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
II 11.100.000 0 0 0 0 11 100,000 0 0 0 0 11,100 OOO 0 0 0 0 0 
12 22,200.000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 4.440,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
14 2.220,000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 5,530,140 5 793,480 6,056,820 6 320,160 6,583,500 6 846 840 7,110,180 7,373,520 7 636,860 7,900,200 7 900,200 7,900,200 7,900 200 7,900,200 7 900,200 

16 0 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 l,000,000 1,000,000 1,000,000 1,000,000 1,000,000 1,000,000 l,000,000 1,000,000 1.000,000 1,000,000 

17 0 964,320 I 010 240 I 056 160 I 102 080 I 148 000 I 193 920 I 239 840 1,285,760 1,331 680 1,377 600 1,377 600 I 377,600 I 377,600 1,377,600 I 377 600 

18 88,800,000 7,494,460 7,803,720 8,112,980 8,422,240 19,831.~00 91040,760 9,350,020 9,659,280 9,968,540 21.377,800 10,277,800 10 277,800 10,277,800 111,277,800 10,277,800 
BENEFITS 
19 o I 7 ,560,000 7 ,560,000 I 7 ,560,000 7,560,ooo I 7,560,000 I 7 560,000 7,560,000 7,560,ooo I 7,560,ooo I 7,560,000 I 7,560,000 7,560,ooo 7,560,0i~,%0.ooo I 7 560,ooo I 

20 0 I 12 779,928113,628.496114,477064 15,325,632 I 6, 174,200 I 17,022 768 17871336 18 719 904 19 568.472 I 20 034 OOO I 20 034 OOO 20 034 OOO 20 034 OOO 20 034 OOO I 20,034 OOO 
21 Of o I o I 0 0 0 01 0 0 01 01 0 I 0 01 01 0 

22 o I 20.339.928121,188,496122,037,064 22,885,632 23,734,200 I 24,582,768 I 25,431,336 26.279,904 27,128,472 I 27,~94,000 127,594,000 27,594 OOO 27,594,000 I 27,594 OOO 27,594,000 

NET CASllFLOW 
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APPENDIX 19: 
ECONOMIC CASH-FLOWS PROJECT Two 

To estimate the projected financial cash-flows accrued by Project Two at Ubombo Sugar Ltd., a 
number of assumptions must be made. These assumptions are summarised in table 30. 

Table 30. Assumptions made for economic cash~flow statements. 

ASSUMPTION 
Shadow exchange rate 6.6E/US$ 
Shadow discount rate 11% 
Duration of season 31 weeks in-crop, 19 weeks off-crop, 2 weeks overall 

shut-down (7 days/week and 24 hours/day) 
Price of power from SEB 0.30E/kWh 
Price of power to SEB 0.12E/kWh 
Fixed maintenance cost 1,000,000 E/vear 
Marginal maintenance cost 0.005 E/kWh 
Insurance and freight (ClF/FOB) 1.1 

Furthermore, turbines and generators, which have an economic life of 25 years, have been acquired at 
an FOB-price of US$ 4.3 million. Boilers have the same economic life but have an FOB-cost of US$ 
1.6 million. Auxiliaries have an economic life of 5 years and have an estimated cost of 25% of the 
hardware costs mentioned before. Engineering, site preparation and installation are assumed at 50%, 
while contingencies and training account for 10 and 5% respectively. 

Table 31. Legend for table 32. 

NUMBER ITEM UNIT 
1 Crushing rate tch 
2 Power generating capacity (in-crop, old configuration) MW. 
3 Power generating capacity MW. 
4 Power generated GWh 
5 Power consumption rate (in-crop) MW. 
6 Power in excess (in-crop) MW. 
7 Power consumption rate (off-crop) MW. 
8 Power in excess (off-crop) MW. 
9 Turbine- and generator sets E 
10 Boilers E 
11 Auxiliaries E 
12 Engineering, site preparation and installation E 
13 Contingencies E 
14 Training E 
15 Coal E 
16 Maintenance (fixed) E 
17 Maintenance (variable) E 
18 Cashflow out E 
19 Power substitution E 
20 Power sold to SEB E 
21 Scrap value E 
22 Cashflow in E 

The net cashflows result in E-NPV in 2000 ofE 1,633,549 at an F-IRR of 11.3%. 
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2000 2001 2002 2003 

~1.'.!!.0DllCTION STATISTICS 
I 400 420 440 460 
2 9.5 10.0 10.5 10.9 
3 0 23.0 24.1 25.I 
4 0 193 202 211 

5 9.5 12.9 13.3 13.6 
6 0 JO.I 10.8 11.5 
7 0 6.1 6.1 6.2 
8 0 16.9 18.0 19.0 
COSTS 
9 28.J 14,000 0 0 0 
JO 25.410,000 0 0 () 

II 12,210.000 0 0 () 

..!.~ ,_E.200,000 () 0 0 

* 
,__4,440,000 0 0 0 

2,220,000 0 0 0 
15 ,__. 0 

6,083,154 6,372,828 6,662,502 
16 () 1.000,000 1,000,00!~ ~OOO 
17 0 964,320 1,010.240 1,056, 160 
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BENEFITS 
19 o I 7.560.000 I 7,560,ooo 7,560,000 
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15.1 15.8 16.6 16.6 
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0 () 12,210000 0 
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0 0 0 0 
0 0 0 fJ 

8,110,872 8,400,546 8,690,220 -S,690,220 
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APPEl\TDIX 22: 
CAPITAL COST OF BOILERS, 

TURBINES AND GENERATORS 

The main cost item in boiler- and powerhouse construction is often the capital cost of modern large 
equipment like boilers, turbines and generators. Capital cost may, however, vary between wide margins 
due to differences in, among others, capacity, materials used, configuration and operating principles. 
Furthermore, the further away the manufacturer of hardware components, the higher the cost of 
insurance and freight. Still, it is possible, with the help of literature, to make realistic estimates of the 
initial investment required. This is clarified in the following. 

Capital cost of boilers 

It is often expected that as the steam generating capacity of a boiler increases, the capital cost per unit 
of generated steam decreases. However, this is not confirmed by literature (Spiewak, 1994). In this 
publication, one large coal/biomass dual-fuel boiler and two coal-fired boilers, a relatively small- and a 
large one, were discussed. The dual-fuel boiler, having a steam generating capacity of 475,000 lb/h, 
should have cost US$ 10 million. Hence the specific capital cost should corresponds with 21.1 
US$(lb/h). This is illustrated in figure 21. One of the coal-fired boilers, having a steam generating 
capacity of 450,000 lb/h, should have cost US$ 9.5 million. The specific capital cost should also 
correspond with 21.1 US$/(lb/h). Most surprising, however, are the statistics for the small boiler. This 
boiler, having a steam generating capacity of 130,000 lb/h, should have cost US$ 2.25 million. The 
specific capital cost is even lower at about 17.3 US$(lb/h)! Hence the specific capital cost for coal-fired 
and coal/biomass dual-fuel boilers is, on average, about 20 US$/(lb/h). This equals about 9,000 
US$/(tonne/h). In this opportunity-study, it has already been stated that wood-fired boilers are about 20 
to 40% more expensive than fossil-fuel fired boilers. Therefore, it is assumed that the capital cost of a 
wood-fired boiler, irrespective of its size, is 30% more expensive than its fossil-fuel fired counterpart. 
This results in capital cost of about 12,000 US$(tonne/h). 
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Steam turbines and generators are often sold as one complementary set. As for most hardware 
equipment, it is widely recognised that as the power generating capacity increases, the capital cost per 
unit of generated power decreases. This is confirmed in literature (Spiewak, 1994), and illustrated in 
figure 22. They take into account different types of turbine, but it is not likely that this feature has 
substantially influenced estimated capital cost. 
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APPENDIX 23: 
INPUT-, INTERMEDIATE- AND OUTPUT 

FLOWS OF INDUSTRIES UNDER STUDY 

In table 33, the different mass balances of the six industries under review are combined. The input- and 
output flows of an industry illustrate the interaction with the environment, while the intermediate flows, 
which are essentially the relevant flows of different kinds of biomass within one production facility, 
illustrate the potential for on-site energy generation. 

Table 33. Present input-, intermediate- and output flows of the industries under study that are relevant to the 
mass- and energy-balance of Swaziland. 

INPUTS (tonnes/year) INTERMEDIATE FLOWS (tonnes/year) 

TIMBER/ COAL AIR BARK SLABS SAW- BLACK LIQ/ 
CANE DUST BA GASSE 

Shiselweni Forestry 47,280 0 7,412 0 0 1,704 0 
Company Ltd. 
Peak Timbers Ltd. 92,016 a 0 98,976 6,528 7,392 15,912 0 

Usutu Pulp Company 1,096,200 0 2,366,280 119,280 0 47,880 348,600 
Ltd. 
Ubombo Sugar Ltd. 2,083,200 31,282 2,507,770 0 0 0 548,923 

Mhlume (Swaziland) 1,562,400 37,447 1,941,878 0 0 0 411,432 
Sugar Company Ltd. 
Royal Swaziland Sugar 1,979,040 47,746 1,943,172 0 0 0 401,016 
Corporation Ltd. 

OUTPUTS (tonnes/year) 

PRODUCTS BARK SLABS ASH/CAKE/ FLUE STEAM WATER 
BA GASSE 

Shiselweni Forestry 30,864 10,296 3,408 85 9,031 0 1,008 
Company Ltd. 
Peak Timbers Ltd. 21,504 12,432 3,456 1,488 127,320 0 24,792 

Usutu Pulp Company 210,000 119,280 0 26,040 2,944,200" 0 162,960 
Ltd. 
Ubombo Sugar Ltd. 326,541 c 0 0 148,529 ° 3,074,854 177,240 895,087 

Mhlume (Swaziland) 244,776 e 0 0 115,970 r 2,378,947 168,000 634,032 
Su= Company Ltd. 
Royal Swaziland Sugar 307,272 g 0 0 265,440 h 2,378,561 126,000 892,685 
Corporation Ltd. 
a) Comprises timber as well as sawdust purchases from Swaziland Plantations Ltd., which account fur 87,024 and 4,992 

tonnes/year respectively. 
b) Comprises flue gas as well as pure C02 from the combustion of calcium carbonate, which account for 2,734,200 and 

210,000 tonnes/year respectively. Note that in figure 6, the pure C02 is an output of the production process rather than the 
boiler- and powerhouse operations. 

c) Comprises raw sugar as well as molasses, which account fur 254, 150 and 72,391 tonnes/year respectively. 
d) Comprises ash as well as filter cake, which account for 13, 12 l and 135,408 tonnes/year respectively. 
e) Comprises raw sugar as well as molasses, which account for 190,613 and 54, 163 tonnes/year respectively. 
f) Comprises ash as well as filter cake, which account fur l l,810 and 104, 160 tonnes/year respectively. 
g) Comprises raw sugar as well as molasses, which account for 239 ,568 and 67,704 tonnes/year respectively. 
h) Comprises ash, filter cake as well as bagasse fur cattle teed, which account for 13,373, 118,742 and 133,325 tonnes/year 

respectively. 
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APPENDIX 24: 
CONTACTS IN SWAZILAND 

The international telephone access codes for South Africa and Swaziland are + 27 and + 268 
respectively. Note that when calling from Swaziland to South Africa, one should dial 07 instead of 
0027. In Swaziland, area codes do not exist. 

Mr. Nigel Payne 

Mr. Pieter du Plessis 

Mr. Alastair Dougall 
Mr. Trevor Gothan 
Mr. Richard Kress 
Mr. Oscar Mashwarna 
Mr. Tom Lupton 

~ 
~ 

Mr. Sibusiso Dlamini 
Mr. Bjame 1 uul-Kristensen 

Commonwealth Development Corporation 
Sokhamlilo Building 
Corner Johnson & Walker Streets 
PO Box 133, Mbabane, Swaziland 
Tel: 404 2051, 404 2052 
Fax: 404 5185 
E-mail: 
Web: 

Swaziland@cdcgroup.com 
http://www.cdcgroup.com 

Countiy Manager Swaziland Tel: 404 2970 

Duke Engineering & Services 
3 Lester Avenue 
Kloof 
South Africa 
Tel: (03 l) 764 5300 
Fax: (03 l) 764 5992 
E-mail: duke-dbn@iafrica.com 
Web: http:llwww.dukeengineering.com 

General Manager Tel: (031) 764 5300 

Mhlume (Swaziland) Sugar Company Ltd. 
Mhlume Sugar Estate 
PO Box l 
MhlumeL309, Swaziland 
Tel: 313 1211 
Fax: 3131602,3131309 
E-mail: mhlume@msco.co.sz 
Web: http:llmbendi.co.za/orgs/ccOm.htm 

Assistant Factory Manager 
Business Development Man. 
Factory Manager 
Production Services Manager 
Managing Director 

Tel: NIA 
Tel: NIA 
Tel: NIA 
Tel: NIA 
Tel: NIA 

Ministry of Natural Resources and Energy 
PO Box 57, Mbabane, Swaziland 
Energy Section, 4th Floor Income tax building 
Mhlambanyatsi Road, Mbabane, Swaziland 
Tel: 404 6244, 404 6248 
Fax: 404 2436, 404 7252 

npayne@cdcgroup.com 

pieter@dukeengineering.co.za 

NIA 
tgothan@africaonline.co.sz 
NIA 
NIA 
NIA 

E-mail: 
Web: 

nergyswa@realnet.co.sz 
http:llwww.swazi.com/government/ministries/min-ener.html 

Renewable Energy Officier 
Chief Technical Adviser 
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Tel: 404 6244 ext 141 
Tel: 404 6244 ext 115 

NIA 
bjkswazi@realnet.co.sz 



Mondi 
Timber 

Mr. Andre van den Berg 
Mr. Hein Radyn 

Mr. Sifiso Dlamini 
Mr. Keith Lowe 
Mr. Bheki Nkwanyana 

Mr. Tony Fraser 

Mr. Arnoud Wienese 

Mr. Michael Dlamini 

Peak Timbers Ltd. 
Mondi Forest 
Private Bag 
Pigg's Peak, Swaziland 
Tel: 437 1596 
Fax: 437 1079 
E-mail: peaktimbers@iafiica.sz 
Web: http:/lwww.mondi.co.za 

General Manager 
Mill Technician 

Tel: 437 1188 
Tel: NIA 

Royal Swaziland Sugar Corporation Ltd. 
Simunye Sugar Estate 
PO Box 1 
Simunye, Swaziland 
Tel: 383 8600, 385 2646 
Fax: 383 8600 ext 4045 
E-mail: NIA 
Web: http://mbendi.eo.za/orgslcaw3.htm 

Assistant Process Manager 
Electrical Engineer 
Boilers and Powerh. Engineer 

Tel: NIA 
Tel: 383 8871, 383 8872 
Tel: NIA 

Shiselweni Forestry Company Ltd. 
Shiselweni Forest 
POBox98 
Nhlangano, Swaziland 
Tel: 207 8411, 207 8715 
Fax: 207 8713, 207 8791 
E-mail: sfc@iafiica.sz 
Web: NIA 

General Manager Tel: 207 8714 

Sugar Milling Research Institute 
University ofNatal 
Durban, 4041 
South Africa 
Tel: (031) 262 6882 
Fax: (031) 261 6886 
E-mail: smridir@smri.org 
Web: NIA 

Head Engineering Division Tel: NIA 

Swaziland Electricity Board 
Mhlambanyatsi Road 
PO Box258 
Mbabane, Swaziland 
Tel: 404 4982, 404 2521 
Fax: 404 6678, 404 2335 
E-mail: solly@seb.co.sz 
Web: http://www.seb.co.sz 

Distribution Engineer Tel: 404 2521ext156 
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NIA 
NIA 

NIA 
klowe@rssc.co.sz 
bnkwanyana@rssc.co.sz 

sfc@iafiica.sz 

awienese@smri.org 

NIA 



a 

Mr. Bheki Dlamini 

Mr. Neil Burgess 

Mr. Mike Boast 
Mr. Michael Matsebula 

Mr. Peter Dixon 

Mr. Simon Khumalo 

Swaziland Industrial Development Company Ltd. 
5th Floor Dhlan'ubeka House 
Comer Tin & Walker Streets 
PO Box 866, Mbabane, Swaziland 
Tel: 404 3391, 4043393, 404 4010, 404 4011, 404 4012 
Fax: 404 5619 
E-mail: info@sidc.co.sz 
Web: http:llwww.sidc.co.sz, sidc@iafrica.sz 

Swaziland Investment Promotion Authority 
7th Floor Mbandzeni House 
Church Street 
PO Box 4194, Mbabane, Swaziland 
Tel: 404 0470, 404 0472, 404 0473, 404 0474 
Fax: 404 3374 
E-mail: info@sipa.org.sz 
Web: http:llwww.sipa.org.sz 

General Manager Tel: NIA 

Swaziland Plantations Ltd. 
Swaziland Plantations 
POBox4 
Pigg's Peak, Swaziland 
Tel: 437 1344, 437 1565 
Fax: 437 1386 
E-mail: NIA 
Web: NIA 

General Manager Tel: NIA 

Swaziland Sugar Association 
MTN Office Park 
Smuts Street 
PO Box 445, Mbabane, Swaziland 
Tel: 404 2037, 404 2646, 404 5004 
Fax: 404 5005 
E-mail: 
Web: 

info@ssa.co.sz 
http:llwww.swazibusiness.com/ssa 

President 
Chief Executive Officer 

Tel:N/A 
Tel: NIA 

Swaziland Treated Poles Ltd. 
Tonkwane Estates 
Mblambanyatsi Road 
PO Box 151, Mbabane, Swaziland 
Tel: 472 8070 
Fax: 472 8037 
E-mail: NIA 
Web: NIA 

General Manager 

Tibiyo Taka Ngwane 
Lomawa House 
PO Box 181 
Kwaluseni, Swaziland 

Tel: NIA 

Tel: 518 4390, 518 4306, 518 4307, 518 4308 
Fax: 518 4399 
E-mail: ttn@iafrica.sz 
Web: NIA 

Manager Investments Tel: NIA 
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NIA 

penandneil@iafrica.sz 

NIA 
msmatsebula@ssa.co.sz 

robert@africaonline.co.sz 

NIA 



Mr. Peter Gibson 
Mr. Antony Miranda 
Mr. Mike Reid 
Mr. Martin Yeoman 

Mrs. Mette Riisager 

sap pi 
Usutu 

Mr. Mark Andrews 
Mr. Daniel Schoeman 

Ubombo Sugar Ltd. 
Ubombo Ranches 
POBox23 
Big Bend L3 l l, Swaziland 
Tel: 363 6511, 363 6577 
Fax: 363 6280 
E-mail: N/A 
Web: http:llwww.illovosugar.com 

ChiefMechanical Engineer 
B & P Mechanical Engineer 
Factory Consulting Engineer 
Design Office Manager 

Tel:N/A 
Tel: NIA 
Tel: NIA 
Tel:N/A 

United Nations Development Programme 
Lilunga House 
Gilfillan Street 
Mbabane, Swaziland 
Tel: 404 2301, 404 2302, 404 2303, 404 2304 
Fax: 404 5341 
E-mail: NIA 
Web: http://www.undp.org 

Programme Officer Tel:N/A 

Usutu Pulp Company Ltd. 
Usutu Forest 
Private Bag, 
Mbabane HIOO, Swaziland 
Tel: 452 6010, 467 4264 
Fax: 452 6022 
E-mail: NIA 
Web: http://www.sappi.com 

Senior Project Engineer 
Process Engineer 
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Tel: 602 0680 
Tel:N/A 

PeterG2@illovo.co.za 
AntonyM@illovo.co.za 
MikeR@illovo.co.za 
NIA 

mette.riisager@undp.org 

markan@za.sappi.com 
danielsc@za.sappi.com 



APPENDIX 25: 
M.SC. THESES IN TECHNOLOGY 
AND DEVELOPMENT STUDIES 

The following M.Sc. theses have been published by the Department of Technology and Development 
Studies since January 1996. If you would like to receive a copy of one of these theses, please contact 
Mrs. dr.ir. E.L.C. van Egmond, DG 1.02, PO Box 513, 5600 MB Eindhoven, The Netherlands. 
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96.12 

96.13 

96.14 

96.15 

96.16 

96.17 

96.18 

96.19 

96.20 

96.21 

96.22 

96.23 

96.24 

Myriam Derks: Aruilisis e identificacion de la problemlitica en el proceso de la ejecucion de vivienda de interes social en 
Costa Rica. 

Jan Willem Dijk: An appropriate Marketing Management Method that supports the Building Material Industrialization in 
Tanzania. 

Annemarie van Iwaarden: The quality of locally produced wood-based panels in the relation to market demand in 
Tanzania: an explorative survey of customer satisraction regarding the quality of wood-based panels fur the Tanzanian 
construction sector. 

Ivo Jongsma: Small scale cement production in Tanzania. 

Saskia Rijkenberg: Adaptations to a cost control system: cost control as a tool to achieve productivity improvement on 
building sites of Skanska Jensen Int. in Tanzania. 

Marten Treffers: The Informal Building Process in Dar es Salaam, Tanzania. A Contribution to the Upgrading of the 
Informal Construction Sector and to the Formulation of a Management Plan for Hazard Lands. 

Arjen Veltman: Pre-feasibility study on the Establishment ofa Furniture Factory. An assignment ofFUNBAMBU San 
Jose, Costa Rica. 

Anita van Dalen: Analysis of the provision of economic infrastructure related to industrialization, in large regional towns 
in Tanzania. 

Raymond Duijsens: Metal Industry and Technical Education in Tanzania: model for matching demand and supply of 
knowledge and skills. 

Donne van Engelen: Public policy making and the rise and full of the Tanzanian manufucturing sector. 

Wessel Schulte: Technology and quality of care in Muhimbili Medical Centre, Tanzania. Methodology to study the role of 
technology from the viewpoint of total quality. Factors marring total quality and possible management actions. 

Gijs van Haastrecht: Training Courses for Logistic Improvement. 

David Gonsalves: Energy conservation opportunities at Tanzania Bottlers Ltd. The position of the soft drinks industry in 
the Tanzanian industry: an exploration. 
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