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Abstract 

The majority of low income households in South Africa have limited access to electricity, and 

typically cook on stoves fuelled by paraffin. Paraffin represents a fossil fuel. It is a relatively 

cheap fuel in South Africa. Another fuel that can also be used for cooking is wood pellets, which 

is a renewable fuel. It can be used in a similar way to that of paraffin and is relatively cheap 

compared to other renewable energy sources. To investigate if living conditions among low 

income households can be improved the focus of the study was to evaluate the sustainability of 

cooking on paraffin and wood pellets. This was done by comparing social, environmental and 

economic aspects associated with the two cooking fuels. The social aspects were investigated 

through an interview study, the environmental aspect through a comparative life cycle 

assessment (LCA) and the economic aspects through a partial life cycle cost analysis (LCCA) 

focusing on the user phase. 

 

The interview study showed that paraffin users considered four aspects as the most important 

when cooking, namely safety, health, affordability and quality. The study also found that the 

majority were willing to change to another cooking fuel if these aspects were fulfilled. The LCA 

showed that both systems score the highest on 9 out of 18 environmental impact categories 

over a 16-year perspective. The economic analysis showed that the user phase of the wood 

pellet system is more economically beneficial during the 16-year time period than the paraffin 

system. It was concluded that wood pellets could be used as an option to paraffin for cooking 

and would most likely increase living conditions for low income households. 

 

Key words: Minor Field Study (MFS), sustainability, wood pellets, paraffin, life cycle 

assessment, low income households, South Africa 
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Sammanfattning 

Majoriteten av låginkomsthushåll i Sydafrika har begränsad tillgång till elektricitet och vanligtvis 

sker matlagningen på paraffinspisar. Paraffin är ett fossilt bränsle. Det är ett relativt billigt 

bränsle i Sydafrika. Ett annat bränsle som också kan användas för matlagning är träpellets som 

är ett förnyelsebart bränsle. Det kan användas på liknande sätt som för paraffin och är ganska 

billigt i jämförelse med andra förnybara energikällor. För att undersöka om levnadsförhållanden 

för låginkomsthushåll kan förbättras låg fokus för denna studie på att utvärdera hållbarheten för 

att laga mat på paraffin och träpellets. Detta genomfördes genom att jämföra sociala, ekologiska 

och ekonomiska aspekter associerade med dessa bränslen för matlagning. De sociala 

aspekterna undersöktes genom en intervjustudie, de miljömässiga aspekterna genom en 

jämförande livscykelanalys (LCA) och de ekonomiska aspekterna gjordes genom en 

livscykelkostnadsanalys (LCCA) för användarfasen.  

 

Intervjustudien visade att paraffinanvändare anser att fyra aspekter är de viktigaste vid 

matlagning, nämligen säkerhet, hälsa, kostnad och kvalitet. Studien visade också att majoriteten 

var villiga att byta till ett annat bränsle för matlagning om dessa aspekter var uppfyllda. 

Livscykelanalysen visade att båda systemen hade högst miljöpåverkan i 9 av 18 

miljöpåverkanskategorier vardera inom ett 16-årsperspektiv. Den ekonomiska analysen visade 

att under en 16-årsperiod var användarfasen mer kostnadseffektiv för matlagning på träpellets 

jämfört med paraffin. Studien visade att träpellets kan användas som ett alternativ för paraffin 

vid matlagning och kommer troligtvis öka levnadsförhållanden för låginkomsthushåll. 

 

Nyckelord: fältstudie (MFS), hållbarhet, träpellets, paraffin, livscykelanalys, låginkomsthushåll, 

Sydafrika. 
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1.   Introduction 

1.1 Problem-setting 

There is an ongoing global debate about climate change and what consequences it will have in 

the future. The weather conditions are expected to become more extreme all over the world and 

this will affect everyone on the planet (Carr, 2013). One consequence may be that people will 

be forced to move from their homes (Black et al., 2011). Furthermore, when the world’s 

population is getting larger, resource depletion will most probably affect developing countries 

more extensively than developed countries. The population increase is expected to result in a 

greater energy demand and subsequent carbon emission rate worldwide (Das Gupta, 2014). 

Most energy today is produced from fossil fuels which generate greenhouse gas emissions and 

contribute to the natural progression of a shorter climate change cycle (IPCC, 2007). Thus, 

producing the future’s additional energy demand from fossil fuels is not a sustainable option and 

therefore it is necessary to find other energy supplies that come from renewable energy 

sources, e.g. from biomass. 

  

Renewable energy is a vital component in the present and future energy supply in all countries 

of the world in order to decrease the greenhouse gas emissions. Investing in production of 

renewable fuel and/or electricity increases the job opportunities within a country (UNEP et al., 

2008). The proportion of renewable energy demand and supply varies in different countries and 

areas. Presently, South Africa has a low renewable energy consumption of less than one 

percent. This can be compared with their consumption of fossil fuel of almost 97 percent. The 

remaining three percent comes from nuclear power (EIA, 2015). The South African Government 

has set a target to supply the grid with 19 GW generated by renewable energy sources by 2030 

(SARi, 2011). This is estimated to correspond to nine percent of the electricity supply from 

renewable energy in 2030. In order to reach this target the consumption of fossil fuels in South 

Africa must be decreased and replaced by renewable energy. 

  

One renewable resource is wood pellets which are made from biomass. Biomass is the fourth 

largest energy source worldwide (IEA, 2014). Wood and/or agricultural waste are compressed 

into pellets to produce the fuel wood pellets. Wood pellets can be used for producing electricity 

as well as for heating and cooking (Sikkema et al., 2011). Wood pellets are not as dependent on 

weather conditions as other renewable energy sources, such as solar and wind power. These 

are directly affected by sunshine and wind conditions to supply energy, while wood pellets can 

produce energy immediately upon demand (Danish Energy Association & Danish District 

Heating Association, s.d.). Wood pellets are to some extent dependent on weather for the forest 

cultivation. Severe drought and wind may affect the trees. 

  

South Africa has favourable growing conditions when it comes to cultivation. The reason is due 

to the location of the plantations, where the rainfall exceeds 800mm annually. This makes the 

growing cycle of the plantations short and therefore, the cultivation productive. Furthermore, the 

plantations represent an area of 1.5 hectares which corresponds to 1.2 percent of the total land 

area in South Africa (Garforth & Mayers, 2005). In 2003, the forestry industry yielded 19.2 
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million m3 of timber. Of this, 60 percent was for the pulp and paper industry, 33 percent went to 

the sawmill industry for sawlogs and the last 7 percent went to the mines and other purposes.  

Waste from sawmills and forestry thinnings are primarily used to make wood pellets in South 

Africa (Sugar Milling Research Institute, 2004). Of this waste, about 500 000 tonnes of wood 

pellets per year could be produced. However, the production is much lower as there is only one 

operating wood pellet plant in the country today. The produced wood pellets could be used as a 

relatively cheap and safe cooking and heating fuel for the domestic market in the future 

(Guilfoyle, 2014). 

  

Presently, low income households in South Africa predominantly use paraffin as a fuel for 

cooking and heating (Kulati, s.d.). Paraffin is relatively cheap, but at the same time it is harmful. 

It can cause burn injuries, since it is highly flammable and explosive when mixed with water or 

other fuels. Paraffin is also poisonous and very easy to confuse with water as it has the same 

consistency and appearance. Thus, paraffin is not a safe energy source, neither is it 

sustainable, since it is made of petroleum (Schwebel et al. 2009). 

  

The many issues associated with paraffin require that a substitute is provided for the 

households. The alternative fuel must be safe, environmentally friendly, socially accepted and 

economically affordable for low income households. Wood pellets could be such an alternative. 

To investigate if cooking conditions can be improved in low income households and meet the 

requirements of sustainable development, the focus of this study will be to evaluate the 

sustainability of wood pellets contra paraffin. 

1.2   Objective 

The aim of this study is to compare the sustainability of cooking on wood pellets and paraffin for 

low income households in South Africa. All aspects of sustainability will be included, i.e. 

environmental protection, economic and social development. In order to carry out the research 

the following subqueries will be further investigated: 

1. Investigate the social acceptance of a conversion from cooking on paraffin to wood 

pellets by interviewing representatives of low income households to get a better 

understanding of their point of view and living situation. 

2. Determine which of the cooking fuels, paraffin or wood pellets, is the most 

environmentally sustainable by carrying out a life cycle assessment (LCA). 

3. Investigate which cooking alternative of paraffin and wood pellets is the most 

economically beneficial in a long term perspective by carrying out a partial life cycle cost 

analysis (LCCA).  
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1.3   Research Approach 

The body of the report is divided into four core chapters (2-5), including a literature review, an 

interview study, a life cycle assessment and an economic analysis. These chapters, which differ 

remarkably from each other, also rely on fairly different methodological approaches. Therefore 

the report will not contain one full chapter on methodology, results or discussion, instead they 

are divided as parts for each core chapter (2-5). This is done to facilitate the reader. 

Furthermore, in chapter 6 the learnings from all preceding chapters are interpreted in an overall 

discussion and chapter 7 comprises of the conclusion. 

 

In order to answer the objective a minor field study was executed in South Africa from the end of 

March to the end of May 2015. Data collection and investigations were carried out in the 

province KwaZulu-Natal. 
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2.   Literature Review 

2.1 Review approach 

A literature review was performed in order to collect general information about the demographic 

and socio-economic situation, the energy situation and cooking habits in South Africa. 

Thereafter, paraffin and wood pellet stoves for low income households are more specifically 

presented, and also, the issues with these fuels. 

  

Information was collected by researching peer reviewed journals in the database Primo and 

additional information was collected through internet sources. The main search terms used 

were; “South African living conditions”, “Energy situation in South Africa”, “Eskom load 

shedding”, “Reconstruction and Development Programme”, “RDP houses”, “Paraffin 

production”, “Kerosene production”, “Paraffin stove”, “South Africa paraffin”, “Wood pellet 

production”, “Pellet stove” and “Disadvantages with wood pellets”. 

2.2   Demographic and Socio-economic Situation 

Statistics South Africa (2014a) estimated the South African population to 54 million people in 

2014. Of these, 80.2 percent were black African, 8.8 percent coloured, 8.4 percent were white 

and 2.5 percent Indian or Asian. The country faces an unemployment rate of 24.3 percent. The 

coloured and black African population groups have a higher unemployment rate and it 

correlates with the level of education (Statistics South Africa, 2015). The government has 

assigned job creation as a top priority agenda for the next four years in order to decrease this 

problem (Government of South Africa, 2015). 

  

The unemployment causes gaps in the society. In 2011, the total income from all household 

income groups in South Africa amounted to two trillion Rand (167 billion United States Dollar, 

current rate 11 May 2015). The distribution of this amount among different income groups is 

shown in Figure 1. Nearly ten percent of the total income can be attributed to the low income 

group with an annual household income of less than R54 344 ($4 435). The highest income 

group with an annual household income of more than R1 329 845 ($110 969) earned just over 

ten percent of the total R2 trillion. To put this in perspective, a household in the lowest income 

group earned about 71 times less than a household in the highest income group (Masemola et 

al., 2012).  

 
Figure 1. The total household income divided into income groups (Masemola et al., 2012). 
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A way of expressing the inequality in a country is through the Gini coefficient, also known as 

Gini index. The Gini coefficient measures the distribution of household income and to what 

degree of inequality the income is in a country. A country with absolute equality will have a Gini 

coefficient of 0, while a country with total inequality has a coefficient of 100 (World Bank Group, 

2015). The World Bank Group (2015) estimated the income Gini Coefficient in 2011 for South 

Africa to 65. This makes South Africa one of the most unequal countries in the world. The 

inequality in income and consumption essentially follows along racial lines (Statistics South 

Africa, 2011). 

  

The White Paper on the Reconstruction and Development Programme (RDP) aims to decimate 

the socio-economic issues the country has to face after the Apartheid regime. One of the main 

aims is to provide basic needs, of which one is housing. Approximately 77.7 percent of the 

households in the country were living in formal dwellings, while 13.6 percent were living in 

informal dwellings. The remaining 8.7 percent of the households live in traditional or other 

dwellings (Statistics South Africa, 2014b). The RDP provides state-subsidised formal dwellings, 

so called RDP houses, to low income households that live in informal settlements and do not 

earn more than R3 500 per month ($292) (Department of Human Settlement, 2009). These 

houses have an average size of 36 m2 and consist of one room and a lavatory. The house walls 

are most often built with bricks and mortar and the roof of galvanised iron. There are usually two 

to three windows and a metal door to every house. Each house also has clean, running water 

access and a sewage system connected to it (Moolla, Kotze & Block, 2011). More than 15 

percent of South African households live in state-subsidised dwellings and about 13 percent 

were on the waiting list in 2013 (Statistics South Africa, 2014b). 
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A family’s housing situation, before the RDP house has been provided, is often in informal 

shack settlements. These shacks are often self-constructed, as e.g. the shack shown in  

Figure 2. Many informal shack settlements have access to running water only through street 

taps or on community stand. Sanitation facilities can vary greatly, but most often it is a non-

flushable toilet. About 68 percent do not have access to a flush toilet or ventilated pit toilet. Fire 

hazards are a threat to the inhabitants of the informal settlements as the shacks are often built 

in close proximity of each other (HDA, 2013). Crime and unemployment are the major issues in 

these areas, but poverty, HIV/AIDS and substance abuse also stand out (Richards, O’leary & 

Mutsonziwa, 2006). The electricity access in informal shack settlements was 43 percent in 

2011, but it is often only used for lighting to save on electricity costs (HDA, 2013). 

 

 
Figure 2. Self-constructed shacks in South Africa. 

2.3   Energy Situation and Cooking Habits 

The Department of Energy has a vision of supplying available and affordable energy to 

developing communities. To make this possible there is a need of providing the choice of 

different energy sources to an affordable price. The Department’s aim is to cover the basic 

needs of the developing communities, simultaneously, to make the usage of South Africa’s 

energy sources more effective (Government of South Africa, 2013). This is not an easy task due 

to the electricity situation today. 

  

The greatest supplier of the consumed electricity in South Africa is Eskom by approximately 95 

percent (Eskom Holdings SOC Ltd, 2015). During 2015 the imbalance between supply and 

demand has been so great in the country that it has forced Eskom to purposely disrupt the 
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electricity supply, so called load-shedding. This means that the electricity is switched off 

periodically in different districts. This is usually a last resort to minimise the risk of a complete 

national blackout of the supply grid (Eskom Holdings SOC Ltd, s.d.). Meanwhile, the electricity 

demand in South Africa is increasing year by year. On average 85.4 percent of all the 

households were electrified and 14.6 percent non-electrified in 2013. This ratio varies between 

the provinces. The provinces with lowest percentage of households connected to the mains 

electricity supply in 2013 were KwaZulu-Natal, Eastern Cape and Gauteng with 79.9, 81.3 and 

83.6 percent respectively (Statistics South Africa, 2014b). 

  

South African electricity production heavily relies on fossil fuels, and coal fired power stations 

make up 85.5 percent of the electricity capacity (EIA, 2015). Furthermore, South Africa has a 

large coal mining industry that currently provides about 72 percent of the total primary energy 

consumption. See Appendix A for an overview of South Africa’s total primary energy 

consumption. 

  

The energy sources mainly used for cooking in South Africa are electricity, firewood, paraffin 

and gas. The distribution between the different energy sources for cooking in South Africa is 

shown in Figure 3. The majority of the South African households use electricity for cooking, but 

6.8 percent use paraffin (Statistics South Africa, 2014b). The paraffin usage group consists 

almost entirely of black Africans (Statistics South Africa, 2014b) and it is mostly used in low 

income households, especially in informal settlements (Paulsen, Truran & Swart, 2010). 

However, due to the country’s electricity situation, electrified households are using a mixture of 

energy sources. It is not unusual for households to use electricity for electrical devices and 

another source, such as paraffin, gas or firewood, for cooking and heating (Paulsen, Truran & 

Swart, 2010). 

 

 
Figure 3. The average energy source for cooking in percent in South Africa in 2013 (Statistics South Africa, 
2014b). 
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The highest usage of paraffin for cooking, when looking at each province separately, was 

Eastern Cape and Gauteng. In 2013, Eastern Cape and Gauteng used more than ten percent of 

paraffin each (Statistics South Africa, 2014b). For low income households the percentage of 

paraffin usage for cooking is greater compared to the whole country. As shown in Figure 4, the 

usage of paraffin makes up 60 percent of all energy sources used by low income households 

(Swart, 2013). 

 

 
Figure 4. The energy sources used for cooking in percent in low income households (Swart, 2013). 

2.4   Paraffin 

Paraffin, also called paraffin oil or kerosene, can be used as a fuel for jet engines, a solvent for 

pesticides and greases and for cooking and heating (Kerosene, 2015). Paraffin is derived from 

petroleum, thus it is a fossil fuel. Paraffin stoves are used daily in South Africa to cook food 

which is done indoors (Gevaart-Durkin et al., 2014). 

2.4.1   Paraffin Production 

In order to produce paraffin the raw material needed is crude oil. South Africa imports crude oil 

mainly from Saudi Arabia, Nigeria and Angola, where it is extracted (EIA, 2015). From there, the 

crude oil is transported by tankers (Koroneos et al., 2005) and is refined locally.  

  

In the refinery crude oil undergoes many complex processes before it is converted to different 

petroleum products, where one of these is paraffin (Singh, Gundimeda & Stucki, 2014). 

Generally the process in the refinery can be divided into three steps; separation, conversion and 

purification. The crude oil consists of carbon and hydro atoms which are combined into different 

types of hydrocarbons. In the separation process these are separated into fractions through 

distillation. The crude oil passes through heat exchangers to raise the temperature above 

120oC. Fresh water is added to the crude oil and the mixture goes through a desalting drum to 

remove the salt to avoid plugging in the following processes. Thereafter the crude oil passes 

through a furnace where the temperature is increased between 315oC and 400oC before it 
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enters the fractionating column. The oil vaporizes and ascends the column which consists of 

trays with holes. As it rises, the gas cools and condenses into various liquids. These liquids are 

withdrawn at different points from the tower through a side-stream. Paraffin boils at a range from 

150-245 oC and is therefore collected at these temperatures in the column (petroleum refining, 

2015). 

  

The following process is the conversion with the purpose to increase the yield of hydrocarbons. 

The conversion of paraffin is divided into four sub processes; catalytic reforming, alkylation, 

catalytic cracking and hydro-processing. All of the four processes are used to control the carbon 

chain distribution, in order to chemically produce paraffin from the crude oil fraction (petroleum 

refining, 2015). 

  

In the purification process the impurities are removed. Different chemical components of sulphur 

and nitrogen are the most common contaminants (petroleum refining, 2015). When purification 

is completed, paraffin is distributed to bulk depots either by pipeline, rail or road and large 

distributors can buy the paraffin from there (Tait, Merven & Senatla, 2013). The distributors of 

paraffin for private use resell it to local shops in South Africa where a person from a low income 

household can purchase it for private use. 

2.4.2   Cooking on Paraffin 

Paraffin stoves are widely used in South Africa and there are a variety of types and brands on 

the market. The primarily used types in low income households are pressure stoves and wick 

stoves, the latter one shown in Figure 5.  

 

The pressure stove has a piston pump to pump up the paraffin to a burner head. The stove has 

a round single plate to hold the pot. It stands on three legs and has a fuel vessel at the bottom 

where the paraffin is filled (Bradnum, 2007). 

  

There are two main types of wick stoves primarily used for 

cooking. One of the types has two fibreglass mats that are 

crescent-shaped and a closed inner diffuser and a double 

outer diffuser (Makonese et al., 2012). This stove has the 

shape of a small barrel with a single round plate for the 

pot, as seen in Figure 5. Another wick model has ten thinly 

twisted cotton strings configured in a ring. It has a closed 

inner diffuser and a covered outer diffuser. This one has 

the shape of a box with a single or double square plate 

(Bradnum, 2007). 

  

All the above explained types of paraffin stoves are 

targeted at the low income market. As the affordability of 

the stove has been a priority, many of the stoves lack in 

safety. The South African Bureau of Standards has dealt 

with these issues by making it illegal to import and market 
Figure 5. Paraffin wick stove. 
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stoves that do not comply with their set of standards. However, the implementation of these 

standards has been difficult and illegal stoves are still sold on the market today which can be 

harmful (Makonese et al., 2012). 

  

There are three major problems with cooking on the banned paraffin stoves. Firstly, the stability 

of the stoves has been found insecure (Bradnum, 2007). If the stove is knocked over paraffin 

can easily leak out and instantly ignite. This makes it a risk for skin burns and other health 

issues, as well as, a risk of the house or shack and the surroundings burning down. Such 

accidents deplete property and opportunity and can lead to high medical bills. Young adults and 

children are the high risk group when it comes to burn injuries. Unintentional burn injuries are 

the most common in ages 1-2 years, while self-inflicting and assault burn injuries are more 

common in the later adolescent years (Gevaart-Durkin et al., 2014). 

  

Another problem with paraffin is that it is often mistaken for water, especially by young children. 

Ingestion of paraffin is poisonous and causes respiratory health issues. Unintentional ingestion 

is more common in ages 1-2 years. The reason for this is partly the non-existing regulation of 

labelling or packaging of paraffin as poisonous in South Africa. Thus, paraffin is often filled into 

used beverage bottles and due to the usually cramped space in low income households the 

bottle is stored in reach of children. On hot days these paraffin filled bottles may be mistaken for 

water filled bottles (Gevaart-Durkin et al., 2014). 

  

Thirdly, a major problem is poisoning by breathing poisonous fumes and air particles produced 

by paraffin combustion. Cooking often takes place indoors in poorly ventilated shacks causing 

health problems to anyone inside (Bradnum, 2007). On the other hand, a paraffin stove can be 

used when load-shedding occurs or during electricity blackouts and to cook energy demanding 

food, such as beans. 

2.5   Wood Pellets 

Wood pellets represent a renewable energy source and can 

be produced from wood and agricultural residues which are 

compressed into pellets. It can be used as a fuel for both 

heating and cooking (Sikkema et al., 2011). Wood pellets are 

not currently used as a cooking fuel in South Africa, but could 

become a possible contender to the common fuels today. 

Figure 6 shows South African produced wood pellets. 

2.5.1   Wood Pellet Production in South Africa 

The wood pellet production in South Africa uses a mixture of 

two different types of trees; Radiata Pine and Blue Gum 

(Eucalyptus). When the saplings are planted, fertiliser is 

added once to the soil during the whole growing period (Sappi Forests, s.d.). After two years 

gleening occurs, where dead branches are cut off. Thinning is done after 6-7 years (M. 

Guilfoyle, 2015, pers. comm., 27 March). The thinning process decreases the amount of trees, 

e.g. Pine trees are decreased from 1100 to 250 per hectare (York Timbers, s.d). The cultivation 

Figure 6. Wood pellets from South 
Africa. 
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cycle takes on average 15 years in South Africa. When it is time to fell the trees it is done by an 

automatic tree harvester and additionally a front end logger is used to collect all the tree trunks 

before it is transported to the sawmill (M. Guilfoyle, 2015, pers. comm., 27 March). 

  

At the sawmill the trees are cut into planks and the rest products are slats, sawdust and bark. 

The sawdust is seen as a waste product in South Africa, and is therefore, not handled in a 

proper way as it is in Europe for example. The sawdust is often stored outdoors on the ground 

where it can be mixed with soil. Thereafter, it is transported to the wood pellet plant. There is 

currently one wood pellet plant operating in South Africa and it is located in KwaMbonambi in 

the KwaZulu-Natal province (M. Guilfoyle, 2015, pers. comm., 27 March).  

  

When the sawdust reaches the wood pellet plant, the quality and the moisture content can be 

very different in different loads. In order to get the moisture content of 55 percent, different loads 

of sawdust are mixed at the pellet plant. Upon arrival, the sawdust is weighed on a 30 m long 

weigh bridge and thereafter the sawdust is tipped onto a concrete floor. Two front-end loaders 

heave the sawdust on top of a separating vibrating screen to separate smaller particles from 

bigger ones. The smaller particles are then transported on a conveyer belt into a rotary dryer 

where the moisture content of the sawdust is decreased. The rotary dryer uses hot air which is 

produced in a furnace in the factory. The furnace burns biomass to produce hot air. After the 

rotary dryer, the sawdust has a moisture content of 12-13 percent. The dried product is then 

transported on a conveyer belt to a dry hammermill (M. Guilfoyle, 2015, pers. comm., 27 

March). 

  

A dry hammermill homogenises the sawdust, making it even-sized. After the hammermill 

process the sawdust has a moisture content of 10-11 percent. Next, the sawdust is transported 

to a ten tonnes buffer silo. From the storage the sawdust passes through a conditioner system 

where water is added. The next step is the milling of the wood pellet, where the biomass is 

warmed up. This makes it more plastic which eases for the particles to stick together in the 

wood pellet mill to facilitate the pelletizing of sawdust into wood pellets. After the wood pellets 

have been produced they are transported on a conveyor to the cooler and vibrating sieve. The 

dust that is sifted is reused for the wood pellet production. The wood pellets are transported to 

the end-product silo and will then be poured into walking floor trucks by a conveyor belt. 

Afterwards it is transported to a warehouse for storage before it is transported overseas. The 

produced wood pellets have a moisture content below ten percent and can be used for both 

cooking and heating (M. Guilfoyle, 2015, pers. comm., 27 March). 

2.5.2   Cooking on Wood Pellets  

There are several models of wood pellet stoves that can be used for cooking, one of these is 

shown in Figure 7. Not only can it be used for cooking, but depending on the model, it can also 

have some additional features built-in or detached from the stove that operates on the heat 

energy. The features can be, e.g. a direct current (DC) connector for a light-emitting diode 

(LED) lamp, a Universal Serial Bus (USB) port that can be used as an additional power source 

and an add-on solar panel which can provide additional energy and light. The USB port can, 

e.g. be used to charge a mobile phone. All these additional features can simplify life due to the 
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poor electricity supply or lack of grid connection in low income areas (African Clean Energy, 

2015). 

 

When the wood pellets reach a high temperature in the 

stove it emits syngas, which is in turn burnt in the 

burning chamber (Prime Cookstoves, 2015a). 

According to two different wood pellet stove producers, 

the wood pellet stove emits no or little smoke while 

operating if the fuel is properly dried (African Clean 

Energy, 2015; Prime Cookstoves, 2015b). The stove 

works through a co-firing mechanism and thus only 

emits carbon monoxide and particulate matter (Prime 

Cookstove, 2015c). Not only can a wood pellet stove 

be used in non-electrified households, but could also 

act as a complement in households that are connected 

to the grid. In order to save electricity, e.g. energy 

demanding food could be prepared on a wood pellet 

stove. After using the stove the ash needs to be 

removed, which is easily done by tipping the stove 

over. It is possible to use the ash as a fertiliser (E, 

Lephallo, 2015, pers. comm., 1 April). 

  

There are a few issues with wood pellets that are important to consider before investing in the 

fuel. Wood pellets need to be kept dry, since wet wood pellets are useless for burning (Pellets 

Process, 2015). Storing wood pellet requires some space. A large storage room should 

preferably have a ventilation system to avoid oxidation of wood pellets. Incomplete oxidation of 

wood pellets causes carbon monoxide which is poisonous in high concentrations (Svanberg & 

Knutsson, 2011).  

2.6   Wood Pellets as an Alternative Fuel 

One step in converting the South African cooking conditions for low income households into a 

more sustainable one could be to substitute paraffin with wood pellets as a fuel. Substituting 

paraffin with wood pellets would make the energy consumption safer, especially in low income 

areas. 

  

One major issue that wood pellets faces is that there is no current domestic market for wood 

pellets in South Africa today. All of the produced wood pellets are shipped overseas (M 

Guilfoyle, 2015, pers. comm., 3 May). This is a non-existing issue for the paraffin usage, due to 

that it already is well-established on the domestic market. Thus, marketing will be necessary in 

order to raise awareness of wood pellets as a cooking fuel. Another problem with the non-

existing domestic market of wood pellets is the organisation of the local wood pellet distribution 

and how to ensure that the retailers and local distributors have enough wood pellets to meet the 

demand. 

 

Figure 7. Wood pellet stove without 
additional features. 
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The risk of getting poisoned from toxic gases due to storage of wood pellets is small since it is 

unlikely that low income households would store large amounts of wood pellets at a time due to 

the lack of space. If wood pellets become accessible to the same extent as paraffin the lack of 

space will probably not become a major problem since local shops are often situated close to 

the house and wood pellets could be bought frequently in small amounts. Smaller amounts 

facilitate the storage of wood pellets indoors, and thus, reduce the risk of getting the wood 

pellets wet and the emissions of smoke when burning wet wood pellets. 

 

Even though wood pellets seem to have some advantages over paraffin, it is still not obvious 

which of the two cooking fuels is the most sustainable and thus favourable for low income 

households. Hence, this will be investigated further through an interview study, a life cycle 

assessment and an economic analysis, as mentioned in the objective of the report (see chapter 

1.2). 
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3.   Interview Study 

The technical, economic and environmental aspects are often dealt with when implementing 

new projects. It is, nevertheless, also of significance to determine the social aspects related to a 

project in advance of the implementation. In South Africa many studies have already been 

written on health issues related to cooking on paraffin in low income households. Other social 

aspects have been brought up in the literature review. Therefore this chapter will focus on the 

social acceptance of converting from paraffin to wood pellets for cooking. This will be executed 

by an interview study with questions related to cooking habits in low income households. Other 

social aspects will not be investigated due to the limited time frame. 

3.1   Interview Method and Limitations 

The interview study involved semi-structured interviews with representatives from households in 

low income areas in South Africa. The semi-structured interviews took their basis in questions 

that were either qualitative or quantitative. A semi-structured interview encompasses in advance 

prepared open questions, but also allows subsequent questions which are improvised and not 

planned beforehand (Wengraf, 2001). The prepared questions can be found in Appendix B. 

Some of the questions in the interview study were asked to collect quantitative data about 

paraffin usage for the environmental and economic parts of this thesis. Therefore, these 

questions and answers will not be included in the interview result (3.2), but can be found in 

Appendix C. 

  

The location of the interviews was in KwaMbonambi and Howick West in KwaZulu-Natal. The 

reason for only interviewing in these two locations was to ensure the authors’ safety from the 

xenophobic attacks that occurred in the area during the time period, the lack of accessibility to 

other locations and the limited time period. 

  

The household representatives were not chosen beforehand, but were picked door by door 

depending on if they were at home while the interview study was carried out in the specific area. 

The areas were visited on different days at different times to include answers from both 

employed and unemployed representatives. The representatives answered the questions at free 

will and are kept anonymous.  

 

The main focus of the interview study was on household representatives using paraffin stoves, 

but interviews were also held with representatives using other fuels for cooking. This was done 

to get a broader perspective of the cooking situation in South Africa. The questions were 

changed to suit the current fuel and differed somewhat to those posed to the paraffin users. 

3.2   Interview Result 

In total 58 households were interviewed. A translator was provided when the language barrier 

was too high. Altogether 45 interviews were translated. There is a risk that some information got 

lost or confused during the translation which makes the interview study somewhat limited. 

 

Out of all interviews 70.7 percent used a paraffin stove, 15.5 percent used an electric stove, 

10.3 percent used gas and 3.5 percent used a firewood stove. All, but one, of the interviews with 
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paraffin users were performed with non-electrified households. Two interviews with paraffin 

users, all interviews with electrified households and all interviews with firewood and gas using 

households were held in Howick West. The rest of the interviews were held in KwaMbonambi. 

 

The results of seven of the questions, which were considered the most important, are 

summarised in Table 1, and elucidated in the following sections. Noteworthy is that the table 

only shows the answers from the paraffin users. The answers from paraffin users were first 

interpreted and then divided into thematic categories, namely: safety, health, quality, 

affordability, proximity and willingness to change. This is followed by answers from 

representatives that use another fuel for cooking than paraffin. The result chapter ends with the 

representatives’ awareness of wood pellets. 
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Table 1. Answers to seven selected questions in percentage from paraffin users 

Question Answer Percentage (%) 
What are the advantages of cooking with 
paraffin? 

Nothing 
Fast 
Cheap 
Can be used indoors 
Easy to use compared to firewood 
No need of collecting wood 
Provides a meal 

58 
16 
14 
3 
3 
3 
3 

What are the disadvantages of cooking 
with paraffin? 

Smoke 
Explosion risk 
Food smells and tastes of paraffin 
Inhalation is poisonous 
Flame bursts 
Burn down the house 
Pots get dirty 
Smell 
Dangerous for children 
Easily broken 

38 
14 
12 
10 
8 
6 
4 
4 
2 
2 

How safe do you feel when you are using 
paraffin for cooking? 

Not safe 
Safe 

90 
10 

If not safe, why? Inhalation of smoke 
Bursting flame/Explosion 
Burn risk 
Smells of paraffin in the house 
Dangerous for children 
Food smells and tastes of paraffin 
Easily knock over (pressure stove) 
Paraffin makes you sick 
Paraffin leaks out from stove 
Clean the pot from soot 

38 
24 
8 
8 
5 
5 
3 
3 
3 
3 

Would you like to use another energy 
source/fuel for cooking? 

Yes 
No 

90 
10 

If yes - what kind of energy source/fuel? Gas 
Anything that is better 
Electric 
Anything 
Anything, if it’s affordable 
Doesn’t know 
Solar 
Generator 

36 
19 
15 
10 
7 
7 
4 
2 

Have you heard about wood pellets as a 
fuel? 

No 
Yes 

71 
29 
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3.2.1   Safety 

The majority, 90 percent, of the paraffin users did not feel safe while using the paraffin stove. 

The reason varied between the representatives. One interviewee mentioned, “I feel very unsafe, 

because the stove explodes when it is old”. Other issues that were mentioned were that the 

stove sometimes bursts, but also the risk of burns and/or the risk of fire when using paraffin. 

Other disadvantages of the stove is that it can easily be knocked over (applies to the paraffin 

pressure stove), paraffin can leak out from the stove and a bad odour is emitted when the stove 

is used inside. 

3.2.2   Health 

Health was one of the themes that the majority of household representatives brought up during 

the interviews. Many complained about the smoke and how they felt it affected their lungs and 

health. An interviewee explained, “The smoke comes into my lungs when I cook and then when 

I have to run I feel it in my chest”. 

  

Many representatives were not content with cooking on paraffin as their food smells and/or 

tastes of paraffin. The health of the children was also a concern for many parents. 

Representatives with children in the household were worried about burn risks and the children 

digesting the paraffin, as well as, the inhalation of smoke. “Sometimes my child plays when I am 

cooking. If I look away for just a second, maybe she will fall on the flame”, a parent said. 

3.2.3   Quality 

The quality of the stove was also an issue that many representatives brought up. Many 

mentioned that the stove easily breaks and only lasts about a year or sometimes even less. 

Many times when the stove breaks it is not possible to repair it, and a new stove has to be 

bought. For example, the switch that regulates the wick and in turn the flame is also easily 

broken and the stove is useless when this happens. As one representative mentioned, “The 

switch is not working so the flame can’t be adjusted and I have to buy a new stove because of 

that”. 

  

Moreover, the wick is sometimes too short and needs to be replaced often. The quality is bad 

from the start and some parts are not working properly when it is new. Even though there is a 

lack of quality the paraffin stove is fast when cooking food and easy to use indoors, which is not 

possible with, e.g. firewood which many people use as well. 

3.2.4   Affordability 

Of the interviewed households using paraffin 63 percent had at least one working member, 

while the rest of the households were completely unemployed. The affordability of the stove and 

fuel was brought up regardless if the household had working members or not. The paraffin stove 

is relatively cheap and so is the fuel. Nevertheless, many households use a combination of 

firewood and paraffin to keep expenses low. An interviewee stated, “It takes a long time to cook 

beans, so I do that on firewood. It is the cheapest, but collecting firewood and heating up the 

stove takes a lot of time too”. 
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3.2.5   Proximity 

The majority, 82 percent, of the interviewed households bought their stoves in close proximity of 

the house. The majority went to grocer’s stores or hardware stores with a walking time of up to 

15 minutes one way. To purchase the paraffin 83 percent went to the local tuck shops or 

grocer’s store that are most often situated close to the settlements. 

3.2.6   Willingness to Change 

Most of the interviewed paraffin users (90 percent) were willing to change to another energy 

source for cooking. Many stated a willingness to try any other energy source than paraffin as 

long as it was safe and affordable. As one mentioned, “Yes, if it is better than paraffin I will 

change”. Some representatives had a wish to convert to gas, while others were as worried 

about using gas as they were of paraffin due to the explosion risk. The non-electrified 

households had mixed perceptions of the use of electricity. Some desired an electric stove, 

while others did not even see it as an option. 

3.2.7   Results from Other Fuel Users 

Of all the asked non-paraffin users, 17 in total, about 2/3 are willing to try another fuel for 

cooking. Most stated that this fuel has to be safe, affordable and easy to use. Different answers 

were given on the safety issue depending on what energy source the household used for 

cooking. The household representatives that had gas or firewood stoves did not feel safe while 

cooking. The gas users were particularly scared of the explosion and fire hazard risks when 

using their stoves. All the interviewed households that were connected to the grid used electric 

stoves. All of these representatives felt safe while using the electric stove in their homes. These 

households also stated a willingness to use a secondary fuel for cooking due to load-shedding 

problems or to save on electricity costs. “When load-shedding happens when I am cooking, the 

food gets destroyed so I would like to use another fuel. But I am scared of using paraffin and 

gas”, an interviewee explained. Some of the electricity users already had other non-electric 

stoves to cook on while load-shedding occurred in their area. Some also used these non-electric 

stoves to cook energy demanding food, in order to save electricity.  

3.2.8   Wood Pellets Awareness 

The majority of all respondents had not heard of wood pellets before the interview was held, 

even those households that lived right next door to the wood pellet plant. Some of these 

households knew that wood pellets are being manufactured next door, but did not know that it is 

an energy source that can be used for cooking and heating. 

3.3   Discussion 

The interview study involved some uncertainties. Firstly, interviews were held in two locations 

only, both in KwaZulu-Natal Province. Also, nearly all, except for two, of the interviews with 

paraffin users were done on one location. These factors limit the study since it is not 

representative of the whole country. There is a possibility that answers could differ in different 

regions. There is also the language barrier to take into account. The authors believe that some 

information was lost or changed to match what answers the translator believed would benefit 

the study. When this was suspected, e.g. through body language, the answers were deleted, 
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but there could still be some faults in the result. There is also an uncertainty when categorising 

the results into themes as this is a more subjective than objective approach. The answers have 

been sorted into the themes by interpretations drawn from the interview answers. Had a 

quantitative interview approach been used, the study would have been less subjective. 

However, some answers would not have been revealed since questions would have been set 

beforehand without a possibility of supplementary questions. A semi-structured quantitative 

interview approach was therefore more appropriate in this case. 

  

The result is evaluated as reliable since the number of interviewees is sufficiently high with 

regard to the type of interview method that was chosen. A qualitative interview method is most 

often done with few interviewees (Kvale & Brinkmann, 2009). A higher number was chosen in 

order to get a more varied perspective of the situation today and thus, the validity of the 

answers is believed to be better. 

 

The interview study found that safety and health are the most important aspects when using a 

cooking stove, particularly among paraffin users. The issues raised among the representatives 

were both concerning their own health and safety, but also the health and safety of their family 

members and especially the children. Many representatives were not content with gas stoves 

either due to the same reasons. Additionally, the lack of quality of the stove deteriorated the 

safety which caused stress. The results of the interview study also showed that the affordability 

was an important criterion. All of these aspects are in line with the South African study of Chris 

Bradnum (2007) who investigated the design and socio-economic problems with low-cost 

paraffin stoves which are mainly used in low income households. Similar as in our study, 

Bradnum (2007) also identified quality, safety and affordability as the most important attributes 

in a paraffin stove. When considering the aspects safety, health, quality and affordability, a 

conversion from a paraffin stove or a gas stove to a wood pellet stove could be possible and 

socially acceptable. Therefore, the wood pellet stove could improve living conditions in low 

income households.  

 

Smoke and respiratory health problems were said to be problematic in many homes in the 

interview study. When comparing the results in the studies of Shen et al. (2012), who 

investigated emissions from combusting biomass compared to raw fuel, and Singh, Gundimeda 

& Stucki (2014), who made a life cycle assessment of several fuels in India, it can be seen that 

the combustion of wood pellets emits less carbon monoxide and particulate matter than when 

burning paraffin for cooking. Thus, the wood pellet stove should inflict less respiratory issues 

since the indoor air conditions are improved. 

  

Many of the representatives did not see any advantages with using paraffin. The few that did, 

mentioned that paraffin is relatively cheap and faster to cook on than, e.g. firewood. A wood 

pellet stove has a similar efficiency as a paraffin stove and could thus fulfil the latter criterion.  

  

The interview study found that a combination of energy sources is often used for cooking, 

despite the fact of the house being electrified or not. A wood pellet stove could serve as an 

alternative to paraffin, gas and firewood stoves, but can also be used by electrified households 
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when load-shedding occurs. When cooking energy demanding food the wood pellet stove could 

be used to save electricity and to keep energy expenses down. 

  

Through the interview answers it can be concluded that there is a willingness to change cooking 

fuel in households using paraffin. There was even a willingness to change in households using 

firewood or gas. There were no answers of a willingness to change to wood pellets however. 

The authors believe that the reason for this is because there is no domestic market. The 

households do not know wood pellets as an option for cooking. Most are not even aware of that 

wood pellets exist. Even the households with a dwelling situated next to the plant lack the 

knowledge. Thus, for the wood pellet stove to be introduced to the domestic market, excessive 

marketing will be required. Households will need to be taught how the stove operates, what 

maintenance it requires and how the ash can be utilised for other purposes. 

  

Another aspect that will have to be addressed if a transition from paraffin to wood pellets is to be 

done in the country is the distribution and access of the stove and the fuel. The interview study 

showed that closeness and easy access are important aspects when households choose 

energy sources for cooking. Therefore, the same or very similar distribution channels to paraffin 

will have to be implemented to make a transition possible. 
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4.   Life Cycle Assessment  

Life cycle assessment (LCA) is a tool used for systematically evaluating the environmental 

performance and potential impacts of a product, system or service throughout its lifetime. This 

means following the product from the “cradle” (natural resource extraction), through all in 

between processes, to the “grave” (processing the disposed product into final waste). This 

indicates that an LCA can give a broad and overall view of the environmental performance. 

Several life cycles can be compared through this tool as well. Due to these two reasons LCA 

was chosen to evaluate the environmental sustainability of paraffin and wood pellets as cooking 

fuels. 

 

In order to perform the LCA, there is an international standard, the ISO 14040 series, to follow. 

The LCA should be transparent, and the goal and scope sets the level of detail for the 

assessment. LCA is also an iterative process and refinements in the goal and scope can be 

made during the process (Baumann & Tillman, 2004).  

4.1   LCA Goal and Scope 

The goal and scope definition specifies the why and how of the LCA. The goal description 

includes the reason for performing the study, the application of the study and the intended 

audience. The model of the study is stated in the scope. This includes the system boundary 

which presents everything that is included in the LCA. The model of a product’s life cycle is 

called the product system and consists of all processes that are needed to enable the functional 

unit (F.U.). Other parts that the scope contains are the type of data, assumptions and limitations 

and the chosen impact assessment method (Baumann & Tillman, 2004). 

4.1.1   Goal of the LCA 

As seen in Figure 4, paraffin is the dominant energy fuel for cooking in low income households, 

while wood pellets as a cooking fuel is not used in South Africa today. While the negative risks 

with paraffin have been stressed more and more (Gevaart-Durkin et al., 2014), wood pellets are 

being successfully used in other areas of the world (Prime Cookstoves, 2015a). Therefore, a 

comparison of paraffin and wood pellets will be executed. The reason for this LCA study is, 

thus, to settle which of the studied fuels is the most environmentally sustainable for cooking in 

low income households in South Africa from a life cycle perspective, in accordance with the 

environmental objective (chapter 1.2). 

  

The intended application of the LCA is for the wood pellet industry to use the result of this 

environmental assessment to strengthen their market in South Africa, together with the results 

of the social and economic analysis. The LCA results can also be utilised to convince policy-

makers which cooking fuel is more environmentally friendly, and in turn, improve living 

standards for low income households. 

  

This study does not have a commissioner, since the authors formulated the research topic 

themselves. The intended audience is foremost the wood and wood pellet industry in South 

Africa (however, the study may wake interest in wood pellet industries worldwide) and the 

Government of South Africa and its political decision makers. The report, in which the LCA is 
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included, will be distributed to stakeholders of the wood and wood pellet industry in South 

Africa. 

4.1.2   Scope of the LCA 

A comparative life cycle assessment on cooking with paraffin and wood pellets in low income 

households in South Africa will be carried out. The study will be an attributional LCA, since it 

compares two cooking fuel systems as they are at present time. The attributional LCA approach 

will be followed consistently throughout the analysis. The choice of method is based on the 

definition of attributional LCA by Finnveden et al. (2009), stating “Attributional LCA is defined by 

its focus in describing the environmentally relevant physical flows to and from a life cycle and its 

subsystems”. Thus, all the relevant environmental flows will be described for both systems and 

the results will be compared to each other to evaluate which system has the greatest 

environmental impact. The authors are aware of the debate concerning the difference of 

attributional and consequential LCA’s, concerning the definitions and choice of method. 

 

The standard of the ISO 14040 series will be followed, except for the requirement of an external 

review. A cradle-to-grave approach will be taken and the software SimaPro 8.0.4 will be utilised 

to model the system and its environmental impacts. 

4.1.3   Functional Unit 

The functional unit reflects the function of the product system and enables all quantitative LCA 

results to be expressed per functional unit. In this comparative study of two fuels used for 

cooking, the functional unit is defined as preparing daily food from the beginning of 2015 to the 

end of 2030 in an average low income household in present time South Africa. This time period 

of 16 years is chosen to evaluate the long term environmental impacts, in accordance with the 

economic analysis (chapter 5).  

  

The average energy consumed for cooking food for one person in a South African household 

per year is one gigajoule (GJ) (O’Sullivan & Barnes, 2006). The average household size in 

South Africa is 3,4 persons (Statistics South Africa, 2012). Thus, the energy required for 

cooking for one household during 16 years is 54.4 GJ. Due to energy losses in the stoves, a 

larger amount of fuel will be modelled than what corresponds to the energy required for cooking. 

The stoves are assumed to have the same efficiency of 30 percent based on Chris Bradnum 

(2007) and Prime Cookstoves (2015c) and thus the required energy is 180.8 GJ for each 

system. These quantities are required to enable the functional unit, likewise, there are other 

processes that need to be contemplated within the product systems and system boundaries. 

4.1.4   Product System and System Boundaries 

There are five inputs needed for cooking food to deliver one functional unit. These are the 

production and combustion of paraffin and wood pellets, the stove manufacturing, the cookware 

manufacturing, the maintenance and the production of food ingredients, as illustrated in Figure 8 

and Figure 9. Three inputs are considered as the same for both cooking on paraffin or wood 

pellets. These are cookware manufacturing, maintenance and the production of food ingredients 

and were based on an interview with Erick Lephallo (2015, pers. comm., 1 April). It is assumed 
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that the same type and quantity can be used for both systems, therefore these inputs will not 

influence the comparison and are not modelled. So only the processes differing between 

cooking on wood pellets or paraffin, and thus influences the comparison, will be included in the 

system boundaries. These are the production and combustion of paraffin and wood pellets and 

their respective stove processes. 

 

The system boundaries for the paraffin production are from crude oil extraction to the 

combustion of paraffin. For the wood pellets production, it is from the plantation of trees to the 

combustion of wood pellets. Furthermore, for the production of the stoves for both fuels, the 

LCA is considered from “cradle” to “gate”. This includes the steps from the extracted natural 

resources used for the production until it is used in the household for cooking. The waste 

handling of the stoves is disregarded, because in low income areas waste is often dumped or 

reused for other purposes. The stove will thus not land on a landfill or be taken care of at a 

waste treatment plant. This makes it difficult to acquire data and so, it is cut off from the 

analysis. 

  

The location for this comparative LCA is South Africa which represents the geographical 

boundary for where both product systems provide their function. However, resources could be 

produced or delivered from outside the country’s border. 

4.1.5   Time Horizon 

This LCA focuses on the use of two different fuels for cooking during 2015 to 2030. It is 

assumed that no changes occur to the two systems during this time period. If any large changes 

do occur, then the results from the comparison could possibly change. The validity of the LCA 

will decrease with the increase of improvements made in the systems.  

4.1.6   Cut-off Criteria  

The environmental impacts related to staff activity are cut-off from the analysis since it is difficult 

to model and not relevant for the comparison. The waste and waste handling of the stoves and 

rest products after combustion are also excluded. This is due to that the households most often 

dump the stoves instead of paying for municipal treatment or reuse them for other purposes.  

4.1.7   Allocation Procedure 

In attributional LCA allocation is used for multifunctional processes, in contrast to a 

consequential LCA which usually uses system expansion to avoid allocation (Baumann & 

Tillman, 2004). The allocation procedure of this LCA will be through partitioning the 

environmental loads by mass ratio. Later on, the allocation procedure for the wood pellet system 

will be changed in a sensitivity analysis to an economic allocation. 

  

A multi-output allocation problem is found in the refining process in the paraffin system where 

paraffin is produced as well as other petroleum products. From the crude oil, 10-15 percent is 

converted into paraffin (University of York, 2013). This allocation issue will be partitioned by the 

mass ratio of 15:85. 
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In the wood pellet system there is a multi-output allocation issue in the sawmill, where wood 

planks, slats, sawdust and bark are produced. These will be partitioned by the mass ratio of 

produced wood planks 50 percent, slats 30 percent, sawdust 15 percent and bark 5 percent (S. 

Ramduth, 2015, pers. comm., 15 June).  

4.1.8   Type of Data and Method for Inventory Analysis 

The data used in this LCA for the inventory analysis is numerical data as well as qualitative 

data. Numerical data consists of data which describes the processes shown in the flow charts 

and the amount of their inputs and outputs. Examples of numerical data are raw materials, 

energy, products, different kinds of emissions etc. Qualitative data is more descriptive, to get a 

greater understanding of the technological system (Baumann & Tillman, 2004). It includes, e.g. 

the origin of the inflows, the location of the process etc. All data in this LCA was obtained by 

searching for information for each process unit together with the associated inputs and outputs 

for the process, these are described further below. The inventory data collection was performed 

during the 23rd of March until the 15th of June. 

  

For the paraffin life cycle, numerical and qualitative data for the inventory data, including crude 

oil extraction, paraffin production, packaging, storage and transport was derived from the 

EcoInvent Database v2.2, due to lack of other relevant sources. Additionally, numerical data for 

the paraffin stove and combustion emissions was collected either from previous LCA reports or 

from internet sources. Qualitative data for the paraffin stove, such as lifetime and where the 

stove and fuel are bought, were collected on site through interviews with the local population. 

  

The inventory data for the wood pellet life cycle was mostly collected on site in South Africa, 

through communications with experts and with workers on the Kwambo Wood Pellets Plant in 

KwaMbonambi. This covers data from the plantations, partly the sawmill operations, the 

manufacturing, storage and transportations. The data that was not collected on site for the 

sawmill activities were taken from the EcoInvent Database v2.2. This was done since it was not 

possible to get the required data from sawmills on site in South Africa. Data for the packaging of 

wood pellets were based on both on site data in South Africa and from internet sources. 

Furthermore, the numerical data and associated qualitative data for the wood pellet stove and 

combustion emissions were collected through the website of a wood pellet stove producer.  

 

Present and past data from the late 1990’s was used to model the paraffin and pellet cooking 

systems. The data used for modelling the paraffin life cycle is generic data. It is assumed that 

the paraffin production process is similar around the world, and therefore, generic data can be 

used. The data for the wood pellet life cycle is on the other hand site-specific, average data. 

There only exists one operating wood pellet plant in South Africa and therefore the data is site-

specific. Average data is used due to the choice of LCA method. 

 

A model is a simplification of reality and so has limitations that are partly affected by the quality 

of the data. The limitation of the data quality for this model concerns both systems in different 

ways. For the pellet system, there is only one operating pellet plant in South Africa, so there 

was no opportunity to compare the collected data with other plants to ensure reliability. The data 
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that was not collected was complemented by data in the Ecoinvent Database v2.2. The 

Ecoinvent Database v2.2 does not have data specific for South African conditions, thus limiting 

the model and result. In some cases, the lack of data was compensated by simplifying the 

process, e.g. the stove models. 

4.1.9   Assumptions and Limitations 

The LCA consists of several assumptions and limitations that affect the outcome. These are 

outlined according to the affected system, in order to keep the study transparent. 

  

Assumptions for the paraffin system: 

 The mass ratio between paraffin and other petroleum products is assumed 15:85. 

 The crude oil is extracted in Saudi Arabia. 

 The crude oil is transported 7900 km from Dammam Port to Port of Durban by tankers. 

 The refinery is located in Durban. 

 The paraffin stove is manufactured in China and transported by a freight ship 11 500 km 

from Zhuhai Terminal to Port of Durban. 

 A barge tanker transports the crude oil 3 km from the freight ship to the harbour. 

 The crude oil is transported from the harbour to the refinery by a 12 km long pipeline. 

 The distance from the refinery in Durban to a retailer in KwaMbonambi is 200 km. 

 The storage of paraffin is assumed to be the same as regional storage for oil products. 

 The lifetime of the regional storage is 80 years and the average storage time is two 

months. 

 The retailer uses a LDPE plastic container with a weight of 1 kg and a lifetime of three 

years to store the paraffin. 

 A paraffin stove of the wick type is modelled, see Figure 5. 

 The paraffin wick stove is assumed to be made out of steel entirely. 

 It takes the same amount of electric power to manufacture a paraffin stove as it does for 

a wood pellet stove. 

 The lifetime of the paraffin wick stove is assumed to one year. 

 The efficiency of the wick stove is assumed to 30 percent (Bradnum, 2007). 

 A two litre bottle is used for one year by a household to store paraffin and is made out of 

LDPE plastic with a weight of 40 g. 

 The locations of the households are in KwaMbonambi. 

 It is assumed that the consumer walks home with the fuel from the retail distributor and 

thus, emits no emissions. 

  

Assumption for the wood pellets system: 

 Commercial fertiliser is used once when planting the sapling and the same amount is 

used for Radiata Pine as for Blue Gum trees. 

 The lifetime of the sawmill building is assumed to 50 years. 

 The lifetime of the wood pellet plant is assumed to 50 years. 

 The lifetime of the conveyor belt is assumed to 10 years. 

 The lifetime of the warehouse is assumed to 50 years. 



A Comparative Study of Social, Environmental and Economic Aspects of Paraffin and Wood Pellets Used for 

Cooking in Low Income Households in South Africa 

 

27 
 

 The size of the warehouse is 50 m x 30 m x 7 m. 

 EUR-pallets are used to transport the packaged wood pellets. 

 The transportations between the plantations, sawmill, wood pellet plant, warehouse and 

retail distributer is done by diesel driven trucks. It is assumed that the trucks return 

empty. 

 The assumed distance between the plantation and sawmill is 100 km round-trip. 

 The assumed distance between the sawmill and the wood pellet plant is 100 km round-

trip. 

 The warehouse is located in Richards Bay, 30 km from the wood pellet plant. 

 The assumed distance between the warehouse and the retailer is 30 km. 

 The wood pellet stove is manufactured in Singapore and is transported by a freight ship 

9000 km to Port of Durban. 

 The modelled wood pellet stove does not have additional features, see Figure 7. 

 The wood pellet stove is assumed to be made out of steel. 

 The lifetime of the wood pellet stove is assumed to be four years (M. Guilfoyle, 2015, 

pers. comm., 27 March). 

 The efficiency of the wood pellet stove is estimated to 30 percent (Prime Cookstoves, 

2015c). 

 The locations of the households are in KwaMbonambi. 

 It is assumed that the consumer walks home with the fuel from the retail distributor and 

thus, emits no emissions.  

4.1.10   Impact Assessment Method and Impact Categories 

In the life cycle impact assessment the environmental data collected in the life cycle inventory 

(LCI) is converted to environmental impacts in order to make the data more relevant, 

comprehensive and easier to communicate. The life cycle impact assessment method used for 

the interpretation of the LCI results is the ReCiPe method. This method translates the inventory 

results into indicator scores. The relative contributions of the environmental impact categories 

are defined by these indicator scores. Furthermore, the midpoint methodology with a hierarchist 

perspective will be used in this LCA. The ReCiPe method at midpoint level involves 18 

environmental impact categories (Goedkoop et al., 2013): 

  

- Climate Change   -    Freshwater ecotoxicity  

- Ozone depletion   -    Marine ecotoxicity  

- Terrestrial acidification   -    Ionising radiation  

- Freshwater eutrophication   -    Agricultural land occupation  

- Marine eutrophication   -    Urban land occupation  

- Human toxicity    -    Natural land transformation  

- Photochemical oxidant formation  -    Water depletion  

- Particulate matter formation  -    Mineral resource depletion  

- Terrestrial ecotoxicity  -    Fossil fuel depletion  
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The midpoint methodology is chosen due to that there are fewer uncertainties compared to the 

endpoint methodology. However, this in turn means that it is more complicated to analyse the 

midpoint methodology than the endpoint methodology due to the higher number of impact 

categories (Goedkoop et al., 2013). 

 

All mandatory steps in the LCIA will be performed. For the optional steps, only the data quality 

analysis step will be taken into account. The reason for this is that the robustness of the data 

and model needs to be analysed. Normalisation, weighting and grouping will, thus, not be 

performed. This is a comparative LCA and weighting is not permitted in such studies according 

to the ISO standards (Finnveden et al., 2009). The data quality analysis will performed through 

a sensitivity analysis where certain parameters are checked with a one-at-a-time technique. 

4.2   Life Cycle Inventory Analysis 

In the inventory analysis the flow model of a technical system is created with regard to the goal 

and scope definition. Only the relevant environmental data and flows are considered for the 

processes within the system boundary. These are natural resources, products and emissions. 

There are three main parts that should be included in the life cycle inventory analysis. These are 

detailed flow charts, data collection and calculations of the processes within the system 

boundary in relation to the functional unit (Baumann & Tillman, 2004). The inventory data will be 

used to model the environmental impacts in SimaPro 8.0.4. 

4.2.1   Process Flow Chart 

The detailed flow chart in Figure 8 and Figure 9 show all processes and their relationships 

according to the system boundaries. The processes with a light blue background colour 

represent the foreground system and the other processes, with a white background colour, 

represent the background system in the flow charts. 
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Figure 8. Flow chart over the paraffin system. 
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Figure 9. Flow chart over the wood pellet system 
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4.2.2   Data Inventory 

The data inventory presents the collected data and data used from the Ecoinvent Database v2.2 
for the two cooking systems in separate tables. Some processes from the Ecoinvent Database 
v2.2 have been modified and are commented in the concerned tables. 

Table 2 shows the percentage of electricity production sources in South Africa used when 
modelling both cooking systems. Table 3 presents the collected data and Table 4 shows the 
processes used from the Ecoinvent Database v2.2 to model the paraffin system. The collected 
data for the wood pellet system is presented in Table 5. Table 6 presents the processes used 
from the Ecoinvent Database v2.2 to model the wood pellet system. Table 7 shows the 
processes used to model the manufacturing of the two stove types for each of the two cooking 
systems. 

Table 2. Data for the electricity production in South Africa 

System part Data Source 

Electricity production 85.5 percent coal-fired 
4.3 percent nuclear power 
3.2 percent pumped storage power 
1.5 percent hydroelectric 
5.5 percent gas turbines 

EIA, 2015 

 

 
Table 3. Collected data for the paraffin system 

System part Data Source 

Density of paraffin 790kg/m
3
 Lloyd, 2010 

The calorific value of paraffin 43 MJ/kg Lloyd, 2010 
Weight of paraffin wick stove 1.1 kg Asian Products, s.d. 
Emissions from paraffin combustion: 
carbon dioxide, CO2 

146.09 kg/GJ Singh, Gundimeda & Stucki, 2014 

Emissions from paraffin combustion: 
carbon monoxide, CO 

3.08 kg/GJ Singh, Gundimeda & Stucki, 2014 

Emissions from paraffin combustion: 
methane, CH4 

0.036 kg/GJ Singh, Gundimeda & Stucki, 2014 

Emissions from paraffin combustion: 
nitrogen oxides, NOx 

0.05 kg/GJ Singh, Gundimeda & Stucki, 2014 

Emissions from paraffin combustion: 
non-methane volatile organic 
compounds (NMVOC) 

0.66 kg/GJ Singh, Gundimeda & Stucki, 2014 

Emissions from paraffin combustion: 
particulate matter, PM 

0.15 kg/GJ Singh, Gundimeda & Stucki, 2014 

Emissions from paraffin combustion: 
Sulfur dioxide 

0.127 kg/GJ Singh, Gundimeda & Stucki, 2014 
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Table 4. Processes used for modelling the paraffin system 

System 

process 

Component Input process in 

SimaPro 

Database Amount Comment 

Crude oil 
extraction 

Crude oil Crude oil, at 
production 
onshore/RME S 

Ecoinvent 
v2.2 

1753 kg Includes oil for 
paraffin and 
other 
petroleum 
products  

Transport of 
crude oil to 
Port of Durban 

Shipping 
tanker 

Transport, 
transoceanic 
tanker/OCE S 

Ecoinvent 
v2.2 

13849 tkm  

Transport of 
crude oil to 
refinery 

Transport to 
harbour 

Transport, barge 
tanker/RER S 

Ecoinvent 
v2.2 

5.3 tkm  

 Pipeline to 
refinery 

Transport, crude oil 
pipeline, onshore/RER 
U 

Ecoinvent 
v2.2 

21 tkm Modified: ZA 
electricity mix 

Paraffin 
production 

Paraffin Kerosene, at 
refinery/kg/RER U 

Ecoinvent 
v2.2 

263 kg Modified: 
crude oil 
production, 
transport 
(freight) and 
naphtha 
excluded 

Storage Regional 
storage 

Regional distribution, 
oil products/RER/I S 

Ecoinvent 
v2.2 

6.9E-8 p  

Transport of 
paraffin to 
retailer 

Truck Transport, lorry 16-
32t, EURO3/RER S 

Ecoinvent 
v2.2 

52.6 tkm  

Combustion Emissions Carbon monoxide Ecoinvent 
v2.2 

0.003 kg per MJ heat 
from 
combustion 

 Emissions Carbon dioxide Ecoinvent 
v2.2 

0.146 kg per MJ heat 
from 
combustion 

 Emissions Methane Ecoinvent 
v2.2 

3.6E-5 kg per MJ heat 
from 
combustion 

 Emissions Nitrogen oxides Ecoinvent 
v2.2 

5E-5 kg per MJ heat 
from 
combustion 

 Emissions NMVOC, non-
methane volatile 
organic compounds, 
unspecified origin 

Ecoinvent 
v2.2 

6.6E-4 kg per MJ heat 
from 
combustion 

 Emissions Particulates, < 2.5 um Ecoinvent 
v2.2 

1.5E-4 kg per MJ heat 
from 
combustion 

 Emissions Sulfur dioxide Ecoinvent 
v2.2 

1.27E-4 

kg 

per MJ heat 
from 
combustion 
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Table 5. Data for the wood pellets system 

System part Data Source 

Tree type Radiata Pine trees, Blue 
Gum trees (Eucalyptus) 

M. Guilfoyle, 2015, pers. comm., 
27 March 

Density of Radiata Pine 480kg/m
3
 Forest Product Commission, s.d. 

Density of Blue Gum 825 kg/m
3
 Ecoinvent v2.2 

Tree ratio for wood pellets Pine to Gum 80:20 M. Guilfoyle, 2015, pers. comm., 
27 March 

Fertiliser, nitrogen, N 14 g/tree Sappi Forest, s.d. 
Fertiliser, phosphorus, P  10 g/tree Sappi Forest, s.d. 
Diesel consumption in harvester 0.53 l/m

3
 de Oliveira  & Seixas, 2012 

Transport of felled trees 36 t rib flatbed truck M. Guilfoyle, 2015, pers. comm., 
27 March 

The mass ratio of the outputs of the 
sawmill operation is  

Wood planks 50 percent,  
Slats 30 percent,  
Sawdust 15 percent, 
Bark 5 percent 

S. Ramduth, 2015, pers. comm., 1 
April 

Moisture content of sawdust 55 percent M. Guilfoyle, 2015, pers. comm., 
27 March 

Transport of sawdust 28 t  truck with bins M. Guilfoyle, 2015, pers. comm., 
27 March 

Capacity of pellet plant 4 000 t/month M. Guilfoyle, 2015, pers. comm., 
27 March 

Electricity consumption of wood 
pellet plant 

150 kWh/tonnes pellets M. Guilfoyle, 2015, pers. comm., 
27 March 

Furnace 10 MW M. Guilfoyle, 2015, pers. comm., 
27 March 

Wood fuel for furnace 250 kg/t pellets M. Guilfoyle, 2015, pers. comm., 
27 March 

Length of conveyor belt  130 m  S. Ramduth, 2015, pers. comm., 1 
April 

Transport of wood pellets 36 t walking floor truck M. Guilfoyle, 2015, pers. comm., 
27 March 

Size of plastic packaging for 15 kg 
bag 

470 mm x 695 mm x 85 
µm Polyethylene 

Biodela, s.d. 

EU-flat pallet size 800x1200x144mm Chep, s.d. 
Electricity to manufacture wood 
pellet stove 

1.4 kWh R. Walker, 2015, pers. comm., 20 
April 

The net calorific value of wood 
pellets 

17 GJ/t Biomass Energy Centre, s.d. 

Weight of wood pellet stove 3.5 kg Prime Cookstoves, 2015c 

Emissions from combustion of 
wood pellets in wood pellet stove 

5.6 g/MJ CO and 11 
mg/MJ particulate matter 
(PM2.5) 

Prime Cookstoves, 2015c 
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Table 6. Processes used for modelling the wood pellets system 

System 

process 

Component Input process in 

SimaPro 

Database Amount Comment 

Plantation Eucalyptus 
tree 

Eucalyptus ssp., 
standing, under bark, 
u=50%, in 
plantation/TH S 

Ecoinvent 
v2.2 

2.4E-4 m
3
 per kg felled 

trees 

 Pine tree Softwood, standing, 
under bark, in 
forest/RER S 

Ecoinvent 
v2.2 

1.7E-3 m
3
 per kg felled 

trees 

 Fertiliser Fertiliser (N) LCA Food 
DK 

0.016 g per kg felled 
trees 

  Fertiliser (P) LCA Food 
DK 

0.011 g per kg felled 
trees 

Tree felling Harvester Excavation, hydraulic 
digger/m3/RER U 

Ecoinvent 
v2.2 

1.9E-3 m
3
 per kg felled 

trees. 
Modified: 
amount of 
diesel 

 Front end 
logger 
forwarder 

Excavation, skid-steer 
loader/RER S 

Ecoinvent 
v2.2 

1.9E-3 m
3
 per kg felled 

trees 

Transport of 
trees to 
sawmill 

Rib flatbed 
truck 

Transport, lorry >32t, 
EURO3/RER S 

Ecoinvent 
v2.2 

0.05 tkm per kg felled 
trees 

Sawmill 
process 

Sawdust 
production 

Sawdust, 
Scandinavian 
softwood (plant-
debarked), u=70%, at 
plant/m3/NORDEL 

Ecoinvent 
v2.2 

4.3 m
3
 Modified: ZA 

electricity mix. 
Wood 
resource and 
transport 
excluded. 

Transport of 
sawdust to 
pellet plant 

Truck with bins Transport, lorry 16-
32t, EURO3/RER S 

Ecoinvent 
v2.2 

34 tkm  

Wood pellets 
manufacturing 

Wood pellets 
machine 

Wood pellet 
manufacturing, 
infrastructure/p/RER/I 
U 

Ecoinvent 
v2.2 

2.8E-7 p  

 Rotary dryer Technical wood 
drying, 
infrastructure/RER/I S 

Ecoinvent 
v2.2 

2.8E-7 p  

 Conveyor belt Conveyor belt, at 
plant/RER/I S 

Ecoinvent 
v2.2 

1.8E-4 p  

 Furnace Wood chips, from 
industry, softwood, 
burned in furnace 
1000KW/CH U 

Ecoinvent 
v2.2 

2.1 GJ Modified: 
electricity 
excluded 

 Electricity Electricity, low 
voltage, at grid/CH U 

Ecoinvent 
v2.2 

100 kWh Modified: ZA 
electricity mix 

Transport of 
wood pellets to 
storage 

Walking floor 
truck 

Transport, lorry >32t, 
EURO3/RER S 

Ecoinvent 
v2.2 

20 tkm  

Storage Warehouse Building, hall/CH/I U Ecoinvent 
v2.2 

2E-6 m
2
 Modified: ZA 

electricity mix 
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Packaging Plastic 
packaging 

Packing, lime 
products/CH U 

Ecoinvent 
v2.2 

670 kg Modified: ZA 
electricity mix, 
amounts for 
packaging film 
(LDPE) and 
EUR-flat 
pallet. Kraft 
paper, 
unbleached, 
excluded. 
Disposal of 
plastic and 
kraft paper 
excluded. 

Transport of 
wood pellets to 
retailer 

Truck Transport, lorry 16-
32t, EURO3/RER S 

Ecoinvent 
v2.2 

20 tkm  

Combustion Emissions Carbon monoxide Ecoinvent 
v2.2 

5.6 g per MJ heat 
from 
combustion 

 Emissions Particulates, < 2.5 um Ecoinvent 
v2.2 

11 mg per MJ heat 
from 
combustion 

 

 

Table 7. Processes used for modelling the stove manufacturing in both cooking fuel systems 

System 

process 

Component Input process in 

SimaPro 

Database Amount Comment 

Paraffin stove 
manufacturing 

Paraffin wick 
stove 

Steel, low-alloyed, at 
plant/RER S 

Ecoinvent 
v2.2 

1E-4 kg per MJ heat 
from 
combustion 

 Electricity to 
produce the 
stove 

Electricity, medium 
voltage, production 
UCTE, at grid/ U 

Ecoinvent 
v2.2 

1.2E-4 

kWh 

per MJ heat 
from 
combustion. 
Modified: ZA 
electricity mix 

 Freight ship Transport, 
transoceanic freight 
ship/OCE S 

Ecoinvent 
v2.2 

1.1E-3 

tkm 

per MJ heat 
from 
combustion 

Wood pellet 
stove 
manufacturing 

Wood pellet 
stove  

Steel, low-alloyed, at 
plant/RER S 

Ecoinvent 
v2.2 

7.7E-5 kg per MJ heat 
from 
combustion 

 Electricity to 
produce the 
wood pellet 
stove 

Electricity, medium 
voltage, production 
UCTE, at grid/ U 

Ecoinvent 
v2.2 

3.1E-5 
kWh 

per MJ heat 
from 
combustion. 
Modified: ZA 
electricity mix 

 Transport of 
wood pellet 
stove to RSA 

Transport, 
transoceanic freight 
ship/OCE S 

Ecoinvent 
v2.2 

7E-4 tkm per MJ heat 
from 
combustion 
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4.3   Results - Life Cycle Impact Assessment 

Figure 10 presents the environmental impact scores for the two cooking fuel systems. The 

environmental life cycle comparison of wood pellets and paraffin used for cooking shows that 

each system scores the highest on 9 of the 18 environmental impact categories. The figure 

shows the characterized results and the highest environmental impact of a system is illustrated 

as 100 percent. For each impact category, the environmental impact that is smaller for one 

system is illustrated as a percentage of the other system. The greatest differences in 

percentage where paraffin has the greater effect are in the ozone depletion, climate change and 

ionising radiation. The greatest differences in percentage where wood pellet has the most 

impacts is in the categories agricultural land occupation, freshwater eutrophication and human 

toxicity.  

 

 
Figure 10. The result of the life cycle impacts of the two cooking fuel systems in percentage. 

Table 8 shows the actual values of the characterised results from the life cycle assessment of 

the two systems. Large differences can be seen in the same impact categories as mentioned 

above. Particulate matter formation is relatively high for paraffin compared to wood pellets, the 

reason being the combustion of paraffin. The metal depletion is mainly because of the electricity 

distribution network and the metal used to produce the stove for wood pellets. For the paraffin 

system the metal depletion is almost entirely due to the stove material and the extraction of 

crude oil. The fossil depletion is also due to the crude oil extraction for the paraffin system and 

due to the coal mining used to produce electricity in South Africa for the wood pellet system. 
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Table 8. The result values of the life cycle assessment impact categories of the two cooking fuel systems 
paraffin and wood pellets 

Impact Category Unit Paraffin 
result per 
F.U. 

Wood 
pellets 
result per 
F.U. 

Paraffin 
result 
per year 

Wood 
pellets 
result per 
year 

Climate change kg CO2 eq 28452 2627 1778 164 
Ozone depletion kg CFC-11 

eq 
0.0031 0.000096 0.00020 0.0000060 

Terrestrial acidification kg SO2 eq 42 16 2.6 1 
Freshwater eutrophication kg P eq 0.19 0.75 0.012 0.047 
Marine eutrophication kg N eq 1.1 2.6 0.068 0.17 
Human toxicity kg 1,4-DB eq 353 1098 22 69 
Photochemical oxidant 
formation 

kg NMVOC 167 59 10 3.7 

Particulate matter formation kg PM10 eq 38 9.6 2.4 0.6 
Terrestrial ecotoxicity kg 1,4-DB eq 0.27 0.33 0.017 0.02 
Freshwater ecotoxicity kg 1,4-DB eq 12 21 0.77 1.3 
Marine ecotoxicity kg 1,4-DB eq 10 22 0.65 1.4 
Ionising radiation kBq U235 eq 1373 165 86 10 
Agricultural land occupation m

2
a 30 37891 1.9 2368 

Urban land occupation m
2
a 20 44 1.3 2.8 

Natural land transformation m
2 1.4 0.33 0.089 0.02 

Water depletion m
3 6.8 4.9 0.42 0.31 

Metal depletion kg Fe eq 89 137 5.6 8.6 
Fossil depletion kg oil eq 4968 757 311 47 

 

Figure 11 and Figure 12 shows the impacts from the main processes in each system. Some 

processes are grouped together into one process in the figure. This is due to the way the 

modelling of the allocation procedures was done. For the first process in the paraffin system the 

extraction and refining procedure were grouped and in the last process the manufacturing of the 

stove and the combustion of the paraffin in the stove were put together. For the first process in 

the wood pellet system the plantation, cultivation, felling and sawmilling of the trees were 

merged. In the last process the manufacturing of the stove and combustion of wood pellets in 

the stove were grouped. 

 

In Figure 11 it is clear that the processes from the crude oil extraction and the production of 

paraffin contribute most to 12 of the impact categories. These processes especially dominate in 

the ozone depletion, ionising radiation, natural land transformation, water depletion and fossil 

depletion categories. The combustion of paraffin contributes to the highest environmental 

impact in five categories, namely climate change, terrestrial acidification, photochemical oxidant 

formation, particulate matter formation and metal depletion. This is due to that the burning of 

fossil fuels, such as paraffin, has a great impact on the environment. The metal depletion is due 

to that the stove is made out of steel and the metal needed to extract crude oil. In the urban land 

occupation category the crude oil extraction and paraffin production has the greatest impact, but 

storage also plays a role. The containers for the paraffin do not affect the environmental impact 

categories substantially in comparison to the other processes. 
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*Includes the process of stove manufacturing 
Figure 11. The results of the main processes that contribute to the impact categories in the paraffin system 

As Figure 12 shows, wood pellet manufacturing is the process that has the highest 

environmental impact in 14 categories for the wood pellet system. The main reason for this is 

because this process consumes a lot of electricity, which is mainly produced from coal, and also 

because it uses a furnace which consumes a great amount of wood chips. All the 

transportations contribute to environmental effects, especially in the categories ozone depletion 

and natural land formation. Another process that also contributes to the environmental impacts 

is the activities linked from the plantation to the sawmilling of the trees. It has the greatest 

impact on agricultural land occupation of the compared processes. Packaging of wood pellets 

has a great impact on marine eutrophication compared to the other processes. At the same 

time, the combustion of wood pellets has a great impact on photochemical oxidant formation. 

The storage of wood pellets has little impacts on the environmental impact categories in 

comparison to the other processes. 
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* Includes the process of stove manufacturing 
Figure 12. The results of the main processes that contribute to the impact categories in the wood pellet 
system. 

4.4   Sensitivity Analysis 

A sensitivity analysis was performed in order to assess the robustness of the model. This was 

done by a one-at-a-time technique, which involves altering one parameter and keeping the rest 

fixed to see how it affects the result and conclusion. The parameters that were chosen in this 

study are values with a degree of uncertainty in them and are often values that have been 

estimated or that can change in the future. 

 

The sensitivity analysis comprises of five different scenarios. In the first scenario the allocation 

procedure was changed from a mass to an economic allocation for the wood pellet system. The 

second scenario alters the transport distance from the storage to the retailer for both systems so 

it is equal. The transport distance to the household was changed in scenario three. In scenario 

four the wood pellet stove was given a different efficiency. Lastly, the electricity mix was altered 

to a more renewable one in scenario five. All scenarios are described in more detail below and 

the results of the sensitivity analysis are illustrated together with the original result as a 

reference in Figure 13. In each scenario different parameters were altered to investigate if the 

result would change significantly. In three of five scenarios, the paraffin and wood pellets 

systems respectively had the highest impact in 9 of the 18 environmental impacts each, which is 

in line with the original result.  
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Figure 13. The result of the sensitivity analysis of all scenarios including the original result as a reference for both systems. 
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The first sensitivity analysis was through an alteration of allocation procedure for the wood 

pellet system from mass to economic allocation for the multi-output from the sawmill. The 

parameters for the paraffin system were kept the same as in the original scenario. Since the 

sawdust is seen as a waste product, it is given away for free to the wood pellet producer (M. 

Guilfoyle, 2015, pers. comm., 27 March). This means that the economic allocation disregards 

all the processes preceding the transportation of sawdust away from the sawmill. All the 

processes after the sawmill are kept the same as in the original scenario, resulting in a 

slightly smaller total environmental impact for wood pellets comparing to the result. The 

greatest changes were for the environmental categories water depletion, urban land 

occupation and terrestrial ecotoxicity, which decreased in relation to the original result, as 

seen in Figure 13. For one environmental impact, terrestrial ecotoxicity, the impact from both 

systems is almost the same, as illustrated in Figure 14. This results in that the paraffin 

systems scores the highest in 9 categories, while the wood pellet system scores the highest 

in 8 categories and one category has the same impact for both systems. The result of this 

sensitivity analysis is thus slightly different compared to the original result.  

 

 
Figure 14. Scenario 1, alteration to economic allocation for wood pellets. 

An alteration of the distance between the storage and retailer was made for both systems in 

the second and third sensitivity analysis. In the second scenario the distance was changed to 

90 km in order to avoid favouring the location of any system in South Africa. This resulted in 

a longer distance for wood pellets and at the same time a shorter distance for paraffin 

compared to the original scenario. This alteration slightly improved the environmental 

impacts for the paraffin system. The environmental impacts that changed the most were 

terrestrial ecotoxicity, urban land occupation and marine ecotoxicity in relationship to the 

original result. Overall, the alteration did not show any significant changes. The systems still 

score the highest in nine impacts each, as illustrated in Figure 15. 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Paraffin

Wood pellets



A Comparative Study of Social, Environmental and Economic Aspects of Paraffin and Wood Pellets Used for 

Cooking in Low Income Households in South Africa 

 

42 
 

 
Figure 15. Scenario 2, alteration to same distance from storage to retailer for both systems. 

In the third case the location of the retailer was changed to a village in Eastern Cape, named 

Lady Grey. For the transportation of wood pellets the new distance was changed from 30 km 

to 820 km from the storage in Richards Bay to a retailer in Lady Grey. For paraffin, the 

distance from the storage in Durban to a retailer was changed from 200 km to 650 km. The 

distance was changed since Eastern Cape was the province with the highest usage of 

paraffin in 2013 in South Africa (Statistics South Africa, 2014b). This was done in order to 

investigate the environmental impact of a possible existing situation of paraffin usage today 

in other provinces than KwaZulu-Natal. This alteration did not change the result, 9 of the 18 

environmental impacts were still dominated by each system, as illustrated in Figure 16. The 

environmental impacts that changed the most were terrestrial ecotoxicity, natural land 

transformation and urban land occupation, compared to the original result. The lengthened 

distance was favourable for the paraffin system and its environmental impacts decreased 

compared to the wood pellet system. 
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Figure 16. Scenario 3, alteration of distance to retailer to Eastern Cape for both systems. 

In the following sensitivity analysis, scenario number four, the efficiency of the wood pellet 

stove was changed from 30 percent to 42 percent based on personal communication with 

Ruben Walker (2015, pers. comm., 23 April). Currently, there are different wood pellet stove 

companies producing stoves with different efficiencies, but there is no market of wood pellet 

stoves presently in South Africa. Therefore, there is an uncertainty of which stove might be 

implemented in the future. For this case it is assumed that the different stoves are produced 

in the same way and the same amount of materials is used, which is a simplification. 

Furthermore, the reason for not changing the efficiency of the paraffin stove is because the 

paraffin wick stove was the most commonly used stove (based on the interview study). 

Therefore, the uncertainty of the type of stove used among low income households was 

considered small. The change to a wood pellet stove with a higher efficiency resulted in a 

decrease in the environmental impacts for the wood pellet system in relation to the original 

results, as seen in Figure 13. The environmental impact categories that changed the most 

compared to the original results was metal depletion, freshwater ecotoxicity and water 

depletion. This alteration resulted in that the paraffin systems scores highest in 10 categories 

and wood pellets scored highest in 8 categories (illustrated in Figure 17). The environmental 

impact that wasn’t dominated by the paraffin system before, but is after this change, is 

terrestrial ecotoxicity.  
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Figure 17. Scenario 4, alteration of the wood pellet stove efficiency to 42 percent. 

In the last sensitivity analysis, scenario five, the South African electricity production mix was 

altered. It was modelled to meet the South African government’s goal for 2030 of supplying 

the grid with nine percent of electricity from renewable sources. Currently, South Africa 

supplies the grid with 4.7 percent electricity produced from hydropower (EIA, 2015). The 

remaining 4.3 percent (to reach the goal of 9 percent renewables) is assumed to be supplied 

from wind power and solar photovoltaic systems, based on the report from The South African 

Renewables Initiative (SARi, 2011). For this case the electricity mix is assumed to resemble 

the conditions of the electricity supply in South Africa in 2030. Therefore, the electricity mix 

was altered to 81.2 percent coal, 4.3 percent of nuclear power, 3.2 percent pumped-storage 

hydroelectricity, 2.15 percent wind power, 2.15 percent power from solar photovoltaic 

systems, 1.5 percent hydropower and 0.55 percent from natural gas. The results of this 

alteration are shown in Figure 18 and did not differ significantly from the main result in any of 

the impact categories. 
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Figure 18. Scenario 5, alteration of electricity to nine percent renewable energy sources. 

4.5   Discussion - Life Cycle Interpretation 

The LCA is limited due to the unbalanced data collection between the two systems. The input 

to the paraffin system is mainly from the Ecoinvent Database, while the wood pellets system 

has detailed, site-specific data. The systems have been simplified in this LCA, however, the 

wood pellet system is modelled in a more complex way than the paraffin system. This could 

affect the result, making it favourable for the paraffin system. 

 

The attributional LCA approach was used for the analysis. With another definition of 

attributional and consequential LCA, a consequential LCA method could have been used 

instead. This could or could not have given a different outcome. The choice of method is both 

due to the definition used, but also due to what data was available in South Africa. 

Furthermore, many assumptions were made and a consequential LCA is more sensitive to 

assumptions due to its complexity (Finnveden et al., 2009). Moreover, allocation procedures 

were used since system expansion was not applicable for this study as it would have been 

an infinite process. This would probably result in a very complex model and time was a 

constraint that needed to be considered.   

 

The waste and waste handling of the stove and rest products after combustion were not 

included in the analysis. This was done due to that the households often dump waste instead 

of sending it to municipal treatment or reused it for other purposes. The exclusion may 

however be misleading since dumped material and waste have worse impacts than not 

accounting for the waste treatment in the model at all. The reuse of the stove and materials 

is on the other hand difficult to model and would lessen the environmental impacts. 

 

The result shows that the processes dominating the paraffin life cycle were the crude oil 

extraction and paraffin production. For the wood pellet life cycle the dominating process was 

wood pellet manufacturing. In general, combustion of fuels dominates the life cycle in many 

studies of energy conversion. An example can be seen in the study by Enrico Benetto et al. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Paraffin

Wood pellets



A Comparative Study of Social, Environmental and Economic Aspects of Paraffin and Wood Pellets Used for 

Cooking in Low Income Households in South Africa 

 

46 
 

(2015) where the dominating process of heat production of grape marc pellets is the 

combustion phase. In the study by Singh, Gundimeda & Stucki (2014) this is also valid for 

the life cycle of cooking with coal and charcoal. However, according to the same study this is 

not the case for cooking with paraffin. The dominating processes are the extraction and 

refining of paraffin. This is in line with the result in this LCA which could be due to that the 

same amounts of emission were used for the stove incineration in both studies but in all the 

other processes different data was used. The reason for why the combustion is not the 

dominating process for both systems could be due to the South African electricity mix which 

is mainly produced from coal. 

 

The comparative result shows that out of the 18 environmental impact categories, the 

paraffin system contributes the most to half of the impact categories, and the wood pellet 

system contributes the most to the other half of the categories. Which of the two systems is 

the more sustainable one cannot be drawn without some kind of weighting of the categories. 

Weighting is not allowed according to ISO standards, due to subjectivities involved 

(Finnveden et al., 2009). The following categories will be discussed further; climate change, 

fossil depletion, human toxicity, photochemical oxidant formation, particulate matter 

formation and agricultural land occupation because these categories are considered to 

impact low income families the most. This can also be interpreted as implicit weighting and 

as a subjective way to assess the LCA. However, this was done in order to restrict the extent 

of the life cycle interpretation and as an attempt to assess which of the systems has the 

smallest environmental impact. 

 

To start with the impact categories climate change and fossil depletion will be discussed. 

They are to some extent connected to each other. The paraffin system has the greatest 

environmental impact in these categories and is caused by the combustion of paraffin and 

the extraction of crude oil. For the wood pellet system, the impact on climate change is 

caused by the electricity production and fossil depletion is due to the extraction of coal. The 

wood pellet system has a lower score which may be due to the wood pellets being a 

renewable fuel. Moreover, the wood pellet system has a potential for improvement in the two 

impact categories, especially within the manufacturing process which contributes the most. 

The wood pellet plant could improve their manufacturing process by changing from its 

current electricity mix to another with renewable energy sources instead. This could be 

possible if the plant started to produce their own electricity at the plant by, e.g. installing solar 

panels, windmills or using wood pellets. To improve the impacts from these categories is 

probably not possible for the paraffin system, since the impact is from the crude oil extraction 

and combustion of paraffin which is needed for enabling cooking food. These cannot be 

substituted with something that is more environmentally friendly without changing the whole 

product system. The wood pellet system is thus favourable in these two categories and the 

degree of sustainability can be improved even more. 

 

The wood pellet system has a higher impact on human toxicity than the paraffin system. The 

human toxicity category involves the chemical inhalation and uptake of chemicals in the food 

chain (Goedkoop et al., 2013). The impacts on human toxicity are caused by the crude oil 

production for the paraffin system. The disposal of wood ash from the plant’s furnace and the 

electricity production and distribution network causes the impacts on human toxicity for the 

wood pellet system. To make the systems more sustainable waste products should be 
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minimised and the processes producing these should be made more efficient, e.g. the 

furnace in the pellet plant. Additionally, the quality of the raw material could be increased to 

produce less contaminated ashes. Changing to a greener electricity production can also 

decrease the impact on human toxicity. The paraffin system is beneficial in this category, 

however, amendments in the wood pellet system can be made. Noteworthy, no 

investigations have been performed in this study to show if such amendments make the 

wood pellet system environmentally better than the paraffin system. 

 

Photochemical oxidant formation and particulate matter formation are categories in which the 

paraffin system has a higher impact on compared to wood pellets. The impacting substances 

involve eye and respiratory problems and may even damage lungs (Goedkoop et al., 2013). 

These are linked to the combustion of paraffin, the incineration of wood chips in the furnace 

at the wood pellet plant, the incineration of wood pellets and the electricity production. Low 

income households are vulnerable to such health issues since health care may be too 

expensive or inaccessible. Generally, by using a more efficient stove less fuel will be needed, 

thus the impact on the categories could decrease. However, the combustion of paraffin 

contributes to more photochemical oxidant formation and particulate matter formation than 

the combustion of wood pellets, even if the stoves become more efficient. The wood pellet 

system could also minimise these impacts by making the furnace more efficient and by using 

technological solutions, e.g. by using a filter to minimise the emissions of particulate matter. 

The wood pellet system is in favour when it comes to these impact categories since it has a 

greater improvement potential compared to paraffin. 

 

The impact from agricultural land occupation is much greater for the wood pellets system 

compared to the paraffin system because of the tree plantation. This can be explained by the 

forestry requiring fertile land, while the paraffin system hardly occupies any agricultural land. 

The occupied agricultural land could possibly be used for something else, e.g. food 

production. The low income households could maybe benefit from a food production, but the 

produced food could just as well be exported. However, even if the wood pellet production 

stopped, the wood industry would probably still be operating because it is already well 

established. This means that the area would be occupied by trees, but without using the 

waste product, sawdust, which is a waste of material. At the same time, when the trees are 

growing they work as a carbon dioxide sink in contrast to using the land for other agricultural 

purposes.  

 

The choice of discussing only these six impact categories is somewhat subjective, but the 

authors believe that these are the categories that affect low income households most. This 

was done in an attempt to assess which system has the least environmental impact on low 

income families. Even after this was discussed it is still difficult to answer. If changes are 

made in the wood pellet system it may have less environmental impacts than paraffin. If 

improvements are not made it is not possible to assess which system has the greatest 

environmental impact only through this LCA. Further investigations will need to be performed 

in order to answer this. 

 

The reliability of the model is evaluated as relatively high due to the results of the sensitivity 

analysis. For scenarios 2, 3 and 5, the number of categories that were dominated by each 

system did not change, while there was a change for scenarios 1 and 4. Scenario 3 and 4 
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varied the most within the impact categories when comparing with the original result for each 

category. Overall, the results did not change significantly when parameters where altered 

compared to the original result, thus the model is considered robust.  

 

When an economic allocation procedure was applied the result changed so that the wood 

pellet system had smaller impacts. A reason for this is that some processes were excluded 

which resulted in less environmental impacts. 

 

The transportation of resources and goods had little impacts on the environment. Longer or 

shorter distances will affect the result and be favourable for the alternative with shorter 

transportation distances. Furthermore, the fuel plays a role in the systems as well. If the road 

transport fleet is developed into biogas driven trucks the environmental impacts will 

decrease. The environmental impact could also decrease if it is replaced by railway. The 

transportation distances have all been assumed in this analysis, which is an uncertainty for 

the results.  

 

As seen in the sensitivity analysis using another stove efficiency does alter the result of the 

LCA. The reliability of the model could lessen if the efficiency of the stove is improved even 

more, due to decreased environmental impacts from the system. One uncertainty with this 

scenario is that only the efficiency of the stove was altered, the modelled material was kept 

the same which may not be the case in reality.  

 

Wood pellets is a renewable fuel, but has environmental impacts as has been shown in the 

result. These are mostly connected to the manufacturing processes since the wood pellet 

plant requires an amount of electricity to produce the wood pellets. If the South African 

electricity mix had been much greener, the outcome of the LCA would have been different. A 

greener electricity mix would have decreased the environmental impacts for all processes in 

both systems, particularly in the wood pellet system since it consumes more electricity. This 

is however unlikely to happen in the near future since the government has set the target of 

nine percent renewables in 2030 (SARi, 2011). The sensitivity analysis shows that an 

increase to nine percent renewables does not change the result considerably. Consequently, 

a higher percentage needs to be targeted to affect the results positively.  
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5.   Economic Analysis 

As seen in the interview study, the one advantage mentioned about the paraffin cooking 

system is the affordability of paraffin. The fuel is however not the sole factor affecting the 

affordability of the cooking system. The stove and the use etc. also play a role. Therefore it is 

of interest to evaluate which cooking system is the most beneficial through an economic 

analysis. The economic analysis will contain a partial life cycle cost analysis (LCCA) of only 

the user phase of cooking with paraffin or wood pellets. The analysis will thus follow the 

methodology of a LCCA, but only include the operation of the stoves used for cooking. The 

reason for this is that the focus is on low income households. LCCA is suitable for evaluating 

the effectiveness of long-term costs. Therefore LCCA is suitable to investigate if the 

economy of low income households can be improved in a longer time perspective. LCCA 

takes into account the costs considered as important for the decision making throughout a 

product's lifetime (Fuller & Petersen, 1996). This economic analysis will mainly follow the 

LCCA method given by Dhillon (2010), which focuses on LCCA for engineers. The steps 

taken into consideration are defining the goal and scope, model selection, data collection, 

reliability check of inputs and outputs and sensitivity analysis. 

5.1   Goal of the Economic Analysis 

The goal of the economic analysis is to determine the life cycle costs of the user phase of 

cooking with the two fuels, paraffin and wood pellets, in order to evaluate which alternative is 

the most economically beneficial for low income households in South Africa. The analysis will 

assist in evaluating if the transition from paraffin to wood pellets is affordable for the 

households. 

  

The intended audience is the same as for the LCA study (see chapter 4.1.1), i.e. the wood 

and wood pellet industries in South Africa and the Government of South Africa and its 

political decision makers. The analysis can support decision makers in determining which 

energy source to invest in. 

5.2   Scope of the Economic Analysis 

The economic analysis will compare the user phase costs associated with cooking on a 

paraffin wick stove and a wood pellet stove. The time period that will be studied is from the 

beginning of 2015 to the end of 2030. This means that the costs associated with cooking on 

paraffin and cooking on wood pellets will be evaluated during 16 years. 

  

The definition of the life cycle for this study will be during the user phase. Other life cycle 

stages, i.e. design, development, natural resource extraction and the manufacturing of the 

stoves, will not be evaluated. The production of the two fuels will not be assessed either. The 

reason for this is that these will not affect the costs for low income households, whom are the 

focus in this thesis. 

  

The two alternatives differ in the types and amounts of stoves and fuel needed during the 

user phase. The costs associated with the two alternatives are; the investment costs, the 

operational costs, the replacement costs and the residual costs, and are explained further in 

sections 5.4.1-5.4.4. It is assumed that no repair costs will occur, since stoves are rather 

replaced than fixed with new repair parts (based on the interview study, see chapter 4). 

According to Erick Lephallo (2015, pers. comm., 1 April), the same cleaning equipment and 
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the same types of pots can be used for both stoves. It is assumed that the same amounts for 

these are used for both alternatives through the whole user phase. These costs will not affect 

the result and are therefore excluded from the analysis. Disposal costs are also disregarded 

since rubbish and unwanted things are often dumped. 

  

The Net Present Value method will be applied in this analysis. This method compares the 

costs over a lifetime and adds initial costs with future costs at an equivalent value of today. 

The future costs are, in other words, calculated to match the present time since an amount of 

money today is not worth as much as the same amount on a future day (Davis Langdon 

Management Consulting, 2007). 

  

The economic analysis will be a deterministic study, meaning that a defined value will be 

assumed for each specific parameter that is used in the calculations. The deterministic 

method entails that uncertainties and variations, such as changes in the discount rate or 

changes in future prices, are not accounted for. A sensitivity analysis will be made to 

evaluate the reliability of significant defined parameters. 

  

The data collection was performed by visiting local stores where stoves and fuel are bought, 

searching for specifications of the stoves on cooking stove websites, through personal 

communication with representatives from stove companies and also, through interviews with 

low income households in South Africa (see chapter 4). This was done in order to get a 

variety of views from different stakeholders. 

5.3 Data 

A short description for each cost used to estimate the total cost of cooking will be given, 

followed by the data collected for each alternative. The costs are divided into four parts, 

followed by a description of the discount rate and escalation rate. 

5.3.1   Investment Costs 

The investment cost is the one-time cost related to the purchase of the stove needed to start 

cooking expressed in today’s value. The price of a paraffin wick stove is R85 (Local shop, 

Kwambonambi, 2015-05-07). The wood pellet stove has a price of R290 (E. Lephallo, 2015, 

pers. comm., 1 April). Included in the price for the latter stove is a 15 kg bag of wood pellets. 

However, it is not taken into account for in the economic analysis to model a worst case 

scenario. 

5.3.2   Operational Costs 

The operational costs are all costs related to operating the stove during the studied time 

period. This includes the fuel consumption for cooking on the stove and the wick 

consumption for the paraffin wick stove. The price of the paraffin fuel is currently R13 per litre 

and the cost of a wick is R8 per pair (Local shop, Kwambonambi, 2015-05-07). The wick 

needs to be replaced twice a year, based on the answers in the interview study (chapter 3). 

The paraffin stove has an efficiency of 0.30 (Bradnum, 2007). This implies that the heat 

demand is 11.3 GJ to suffice the 3.4 GJ needed by the household to cook for one year. 

  

The operational costs for the wood pellet stove include the cost of fuel only. Wood pellets are 

delivered in 15 kg bags and costs R60 each (M. Guilfoyle, 2015, pers. comm., 3 May). The 

price for one kg is R4. The wood pellet stove has an efficiency of 0.30 (Prime Cookstoves, 
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2015c) which corresponds to 11.3 GJ as mentioned above. All the operational costs, the 

amount of fuel and wick needed annually and the total operational costs in today’s value are 

presented in Table 9. 

 
Table 9. Data for the operational costs for each alternative 

Alternative Paraffin system Wood pellet system 
Stove efficiency 0.30 0.30 
Fuel cost R13/l R4/kg 
Annual fuel amount 333 l 665 kg 
Annual fuel cost R4 324 R2 659 
Wick cost per pair R8 - 
Annual wick amount 2 packets - 
Annual wick cost R16 - 
Annual cost in today’s value R4 340 R2 659 

5.3.3   Replacement Costs 

Replacement costs are all costs related to the replacement of the whole stove during the 

time period. The stoves need to be replaced when their lifetime runs out. The lifetime for the 

paraffin stove is one year (based on the interview study in chapter 4), thus it will need to be 

replaced 15 times during the time period. The wood pellet stove has a lifetime of four years 

(M. Guilfoyle, 2015, pers. comm., 28 March) and will need replacement three times during 

the studied time period. The replacement cost in today’s value is the same as the investment 

cost for each stove. 

5.3.4   Residual Values 

The residual value is the net worth of the stove at the end of the studied time period (Mearig, 

Coffee & Morgan, 1999). Neither the paraffin stove nor the wood pellet stove have any 

residual costs as the lifetimes of the last stoves end in 2030. 

5.3.5   Discount Rate 

The discount rate is used to determine the present value of future cash flows. It is the interest 

rate at which the investor accepts the time value of money, but also, the uncertainty of the 

cash flows in the future. When using the so called real discount rate, the inflation rate is 

excluded (Davis Langdon Management Consulting, 2007). In this economic analysis, the real 

discount rate will be used in order to evaluate the user phase costs of the two systems. This 

is due to the complexity that the inflation rate causes to the calculations when using the 

nominal discount rate. The real discount rate is held constant for the two systems and 

constant Rand are used for the calculations. 

 

For this study, the real discount rate is assumed to 5.75 percent, which is the same as the 

interest rate set by the South African Reserve Bank (2015). This is motivated by the relatively 

high risks associated with the two fuels. At present time, wood pellets have not yet been 

established on the domestic market. There is, thus, an uncertainty in the supply and 

distribution possibilities. Economic depressions and changes in political priorities are also 

high risks for the two systems. For example, changes in the price for paraffin strongly follow 

the oil price, thus, the risk of high future operational costs. There is also a possibility that 

renewable fuels will get subsidised in the future, also making this a high risk for the paraffin 

alternatives. 
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5.3.6   Escalation Rate 

The real growth escalation rate is the difference in price for a product or service over a period 

of time. It is not as general as inflation and deflation since it is specific to a product or 

service. Therefore, the escalation rate can vary due to many factors, such as supply and 

demand (Pennsylvania State University, 2014). However, if the supply and demand for a 

certain product is estimated to be the same as for other goods or the general prices are 

assumed to change according to the inflation rate, then, the escalation rate is zero (Fuller & 

Petersen, 1996). It is assumed that the price rates for the different stoves will grow 

consistently with the inflation. Thus, the real escalation rate is assumed to be equal to zero in 

this economic analysis. 

5.4   Equations 

The Net Present Value method was chosen for the analysis. The following equation (see  

equation I) was used to calculate the life cycle costs for the alternatives. 

  

LCC = CI + CO + CRepl - CRes                                                           (I) 

  

LCC           = Present value of the total life cycle cost 

CI               = Investment costs in present value 

CO              = Operational costs in present value 

CRepl           = Replacement costs in present value 

CRes            = Residual values in present value 

  

The costs described in section 5.3 can be divided into initial costs, recurring costs and non-

recurring costs in order to calculate present values. The difference between recurring and 

non-recurring costs is that the first occurs frequently during the time period, while the second 

is a one-time cost which can occur more than once during the time period. Recurring costs 

are, e.g. the cost of fuel per year. Non-recurring costs are, e.g. the replacement of stoves. 

The division in initial, recurring and non-recurring cost types is done, because in some cases 

a parameter, e.g. replacement costs, can include both recurring and non-recurring costs (see 

Table 10 and  

Table 11). 

 

To determine the future costs (given in present value) of the initial, non-recurring and 

recurring costs, three different equations are used (see equation II, III and IV), then the total 

life cycle cost is calculated through equation I. 

  

Equation for initial costs: 

  

𝐶𝑃𝑉 = 𝐶𝑇     (II) 

 

Equation for non-recurring costs: 

  

𝐶𝑃𝑉 =  𝐶𝑇
(1+𝑒)𝑡

(1+𝑑)𝑡    (III) 
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Equation for annually fixed recurring costs: 

  

𝐶𝑃𝑉 =  𝐶𝑇 
(1+𝑑)𝑡−1

𝑑(1+𝑑)𝑡     (IV) 

  

CPV             = Costs in present value 

CT               = Costs in today’s value 

e                 = Real growth escalation rate 

d                 = Real discount rate 

t                  = Year 

 

Equations II, III and IV were used depending on which type of cost was to be calculated in 

equation I. Table 10 and  

Table 11 show which equation is used for different costs for both cooking systems. 

 
Table 10. Equation used for different types of costs in the paraffin cooking system 

Costs Investment Operational Replacement Residual 

Initial x    

Recurring  x x  
Non-recurring     
 

Table 11. Equations used for different types of costs in the wood pellet cooking system 

Costs Investment Operational Replacement Residual 

Initial x    
Recurring  x   
Non-recurring   x  

 
5.5   Results 

The user phase costs were calculated for both alternatives with a discount rate of 5.75 

percent. The wood pellet stove has a cheaper user phase cost than the paraffin stove of 

almost 40 percent. The results are summarized in Table 12 and expressed in present value. 

 
Table 12. User phase costs with a discount rate of 5.75 percent 

Alternatives Paraffin system Wood pellet system 
CI R85 R290 
CO R42 848 R26 252 
CRepl R839 R566 
CRes R0 R0 

LCC R43 743 R27 108 
LCC* $3 647 $2 190 

*expressed in US$, R1 = US$0.083433 (11 May 2015) 

  
CI                      = Investments costs in present value 
CO                     = Operational costs in present value 
CRepl                  = Replacement costs in present value 
CRes                  = Residual values in present value 
LCC                  = Present value of the total life cycle cost 
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5.6   Sensitivity Analysis of the Economic Analysis 

A sensitivity analysis was performed in order to evaluate significant defined values in the 

economic analysis. The values were altered to assess the reliability of the parameters. 

Alterations were made in the real discount rate, the fuel price and the lifetime of the wood 

pellet stove. The results of the five sensitivity analyses are expressed as present values of 

the total user phase costs and are presented in Figure 19 together with the original result to 

make an easier comparison of the outcome. The actual result values, as well as, the 

investment costs, operational costs, replacement costs and residual values are presented for 

each scenario in Appendix D. 

 

 
Figure 19. Summarized result of sensitivity analysis with the original result as a reference. 

In the first sensitivity analysis, a scenario without a discount rate was calculated and in the 

second analysis another scenario was set where a higher discount rate of eight percent was 

used. As seen in Figure 19 the user phase cost of the wood pellet stove is still cheaper than 

the costs for the paraffin stove when a discount rate is not used. The same applies with a 

high discount rate. 

  

The fuel price was altered due to the possibility of future changes in price. Firstly, the price 

for paraffin was reduced to R9.50/l due to an interview with a salesperson in Howick West, 

who stated that this was the price that the Spaza shops bought the paraffin for. Secondly, the 

wood pellet price was increased to R5.50/kg. This was done to resemble the percent that 

local sellers increase the paraffin fuel price with. In Figure 19 it can be seen that when the 

paraffin price is reduced it is still more expensive than the wood pellet alternative. The 

increased wood pellet price did not change the fact that the costs for the paraffin alternative 

are higher, however, the gap has been shortened between the two stoves. 

  

The last analysed scenario was with a different lifetime for the wood pellet stove. The lifetime 

was halved to assess the impacts of the replacement cycles in the analysis. This alternative 
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was halved, because the stove’s lifetime is considered as more uncertain than the lifetime of 

the paraffin stove. The lifetime of the paraffin stove was kept the same due to the outcome of 

empirical studies (See interview study in chapter 4) and is evaluated as correct. The data on 

the lifetime of the wood pellet stove is based on personal communication with stove 

suppliers. This data is tested to check the reliability of the replacement cycle. Figure 19 

shows that halving the wood pellet stove’s lifetime does not change that it is the cheaper 

option. 

  

In Figure 19 it can be seen that the economic analysis is relatively robust, because the 

results do not change significantly. The wood pellet stove is the most beneficial between the 

two systems for all scenarios. 

 

5.7 Discussion 

The economic analysis is based on a LCCA approach investigating the long-term economic 

effects of two cooking fuels for a low income household. An economic analysis with a short-

term perspective would be misleading since some significant parameters would be missed in 

the calculations, e.g. the lifetime of the stove and its replacement costs. This study focuses 

on low income households and thus, only the user phase of the two cooking systems was 

economically assessed. A whole LCCA would have included the whole system giving a more 

societal perspective on costs. 

 

The results and the sensitivity analysis show that cooking on a wood pellet stove is cheaper 

than cooking on a paraffin wick stove. Changing from a paraffin stove to a wood pellet stove 

will thus be beneficial for the economy of a household. The key factor for this result is the fuel 

price, as it is the parameter that affects the outcome the most.  

 

The sensitivity analysis shows that the original assessment is robust. The chosen 

parameters are sound and altering them did not change the result significantly. The paraffin 

alternative was consistently more expensive than the wood pellet alternative when altering 

the real discount rates, the fuel prices and the stove lifetime. The validity and reliability of the 

parameters and calculations are therefore found robust. It should be noted that a fuel price of 

R9.50/l for paraffin is unlikely to occur at the local stores. This is the supplier's price and most 

probably the local stores will want to earn money, and therefore, the selling price will be 

higher. The analysed price for wood pellets is also uncertain since there is no operating 

domestic market. It is possible that the sellers will increase this price with a higher 

percentage than that for paraffin. 

  

Even though wood pellets would lessen the economic expenses for a household, there are 

still some challenges that need to be addressed. The fact that wood pellets are not currently 

on the market will require a lot of marketing and infrastructural work for the producers. This 

has to be done in a proper way in order to convince the low income families that wood pellets 

are a cheaper option in the long run. This can be a challenge since the initial cost of a wood 

pellet stove is more expensive compared to the popular paraffin wick stove. Furthermore, 

before households start to invest in a wood pellet stove, the local shops should have a 

secure delivery of fuel. The organisation is still at start-up level, therefore, there is a higher 

risk with the wood pellet alternatives. The paraffin alternative has a well-established market 
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in their favour and has a secure distribution channel from the big cities out to the smaller 

villages. 

  

There is a risk that the wood pellet plant ships all wood pellet reserves overseas due to a 

higher market price. This could, in a worst case scenario, result in a stop of the domestic 

sales. If this is a threat, the government could implement subsidization in order to avoid that 

the wood pellets are shipped overseas. This will both benefit the domestic wood pellet 

production and low income households since they could buy a cheaper and safer fuel for 

cooking. 

  

There is an informal proposal that the wood pellet stove could be given away or sold at a 

subsidised price (M. Guilfoyle, 2015, pers. comm., 3 May). This would make the wood pellet 

stove even more beneficial for the households, since the investment costs are then zero or 

small. 

 

The pellet plant obtains the sawdust from sawmills around the area for free. Since the 

sawdust is seen as a waste product, the sawmills are eager to get rid of it (M. Guilfoyle, 

2015, pers. comm., 27 March). Should this change and the pellet plant would have to start to 

pay for the sawdust, it is possible that it would affect the price for the consumer. This study 

does not take this into consideration and it is therefore a limitation in the study. 
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6.   Overall Discussion 

From a socio-economic perspective wood pellets are preferable in comparison with paraffin. 

From the environmental perspective, it is not clear which fuel is preferable since both 

systems score the highest on 9 out of 18 environmental impact categories. When discussing 

potential environmental improvements in the wood pellet system, many amendments can be 

made to decrease the negative environmental impacts, especially in the manufacturing 

process. Such improvements do come with a cost. This could result in an increased wood 

pellet price, which could affect low income households. The economic analysis did however 

show that cooking on wood pellets is more economically beneficial and can tolerate an 

increase in fuel price. 

 

Wood pellets is overall seen as a renewable energy source. It can be questioned to what 

extent the South African wood pellet is a renewable energy source due to the way it is 

produced today. The electricity that is required is mainly produced from coal and implies a 

great impact on the environment. Even though this is the current situation, the authors 

believe that the wood pellet system can be improved and become more environmentally 

friendly in the future.  

 

South Africa has critical social aspects that need to be dealt with. For instance, the gap 

between poor and rich people and between ethnic groups and regions are aspects that have 

not yet been solved (Statistics South Africa, 2011). To decrease these gaps the living 

conditions for the poorest people must be enhanced. The living conditions could possibly be 

improved by implementing a wood pellet stove because it is cheaper in a long term 

perspective compared to a paraffin stove and does emit less toxic emissions. Furthermore, a 

new wood pellet industry can create job opportunities (Abbasi & Abbasi, 2009) which could 

also contribute to increase the living conditions and decrease the unemployment that the 

country is facing. 

 

Wood pellets could not only substitute paraffin in low income households, even electrified 

households could use wood pellets. During the fieldwork it was found that paraffin does not 

seem to be a good alternative to the solution of electricity scarcity. Load-shedding problems 

and the relatively cheap fuel price of wood pellets are incentives to using a renewable fuel. 

South Africa is in a situation where electricity needs to be saved and wood pellets could be a 

part of the solution to this as well.  

 

In all studies improvements can be made, this one is not an exception. To improve the social 

part of the study, the representation of the whole country could have been more diverse by 

extending the location of the interviews to all provinces. Additionally, interviews could have 

been made with low income households using wood pellets in the pilot study in Port 

Elizabeth in order to get an opinion from wood pellet users. Furthermore, for the 

environmental part of the study some data collection for the paraffin system could have been 

made on site instead of using the data in Ecoinvent v2.2. Also, more sensitivity analyses 

could have been performed on the suggested improvements for the wood pellet system to 

investigate if this system could become more environmentally friendly compared to the 

paraffin system. Lastly, the economic analysis could have been developed further by using 

more than one economic method to calculate the costs to ensure the results. Due to the time 

limit these improvements could not be made during the work of this project. 
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7.   Conclusion 

As the results have shown cooking on wood pellets is more sustainable in a socio-economic 

perspective compared to cooking on paraffin in low income households. For the 

environmental perspective it is not possible to say which cooking system is the most 

environmentally sustainable. However, it can be concluded that wood pellets can be a 

possible substitute to paraffin for cooking in low income households. One important criterion 

for the substitution is that it should be socially acceptable among low income households. As 

this study shows there is a willingness to change to another fuel if it is affordable, safer and 

does not induce more health issues than paraffin. It is also economically beneficial to change 

to wood pellets even if the price of wood pellets should increase. However, when considering 

a life cycle perspective it was not possible to assess which cooking system has the greatest 

environmental impact. They both score the highest in 9 out of 18 impact categories and 

weighting of the categories is not allowed. A substitution from an environmental perspective 

can thus not be justified without further investigations. For a substitution from cooking on 

paraffin to wood pellets to take place a lot of work needs to be done considering marketing, 

distribution and improving the environmental impact. On the whole, a change to wood pellets 

will likely increase the living conditions among low income households.  
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Appendix A 

Overall energy situation in South Africa 

 

Currently, South Africa is dependent on its large coal mining industry as it represents about 

72 percent of its total primary energy consumption. Consequently, the economy heavily relies 

on the coal industry. South Africa was in 2012 the ninth-largest coal reserve holder in the 

world and its coal reserves were estimated to 30.2 billion short tonnes (EIA, 2015). In 2013 

South Africa was the seventh-largest coal producer, producing 256 Mt (World Coal 

Association, 2014). Approximately 25 percent of the coal production was exported (EIA, 

2015). The largest importers of South African coal are India and China, followed by Europe. 

The department of energy aims to decrease the country’s coal consumption to 60 percent by 

2030 (Government of South Africa, 2013). To make this possible solar, hydro and nuclear 

power have to increase. 

 

At the same time as South Africa has a large-scale coal mining industry, it has limited oil 

reserves. Therefore, the country imports most of its oil, which is mainly used in the transport 

sector. The oil consumption represents about 22 percent of the total primary energy 

consumption. The crude oil is imported from the Middle East and West Africa, but is refined 

locally. (EIA, 2015) 

 

The remaining about six percent of the total primary energy consumption is split evenly 

between natural gas and nuclear power. Most of the natural gas consumed in South Africa is 

imported via a pipeline from Mozambique, the rest is excavated offshore. The nuclear power 

comes from one single nuclear plant, but the government wants to expand the nuclear power 

by 2030. The primary energy consumption from renewables is less than 1 percent which is 

mainly from hydropower. The distribution of the primary energy consumption of South Africa 

in 2012 is illustrated in Figure A1. (EIA, 2015) 

 

 
Figure A 1. The distribution of South Africa's primary energy consumption in 2012 (EIA, 2015). 
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Appendix B 

Interview questions for the interview study 
 

1. How many adults and children live in this household? 

2. Who of them is working? 

3. Who is cooking the food in the household? 

4. Is your household connected to the electricity grid? 

5. What are the good/bad things with paraffin 

6. Do you feel safe when you are cooking on paraffin? 

7. Have you tried any other energy source/fuel for cooking? 

8. Would you like to change to another energy source/fuel for cooking? 

9. If yes - what kind of energy source/fuel? 

10. Have you been disturbed by load shedding? 

11. Have you heard about the wood pellets as fuel? 
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Appendix C 

Interview questions and answers for the data collection for the LCA and economic analysis 
Table C 1. Interview questions and answers for the data collection 

Question Answer Percentage (%) 
What kind of stove do you use for cooking? 
 

Paraffin Wick 
Paraffin primus 

95 
5 

Where did you buy the stove? Grocer’s store 
Hardware 
Other town 
Tuck shop 
Found it 

56 
23 
15 
3 
3 

How much did the stove cost? 
 

R50 
R60 
R70 
R75 
R80 
R85 
R90 
R100 
R110 
R120 
R250 (Primus) 

2 
5 
2 

10 
40 
2 

10 
10 
2 

12 
5 

How often do you have to buy a new stove? 
 

6-7 months 
8 months 
Less than 1 year 
1 year 
More than 1 year 
2 years 
3 years 
4 years 
5 years 
9 years (primus) 
Don’t know 

6 
6 

25 
14 
14 
17 
6 
3 
3 
3 
3 

What do you usually have to fix with the stove? 
 

Wick 
Nothing 
Switch 
Burner head 
Upper plate 
Lid 

73 
10 
8 
5 
2 
2 

How often do you have to fix the stove? 
 

1 month 
2 months 
3 months 
4 months 
5 months 
6 months 
9 months 
Never 
One year 
Doesn’t know 

8 
4 

14 
18 
4 

18 
4 

18 
4 
8 

How much does it cost to fix the stove? 
 

R4 
R5 
R6 
R7 
R10 
R15 
R20 

6 
10 
6 

10 
21 
10 
21 
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R25 
R30 

6 
10 

What kind of pots do you use? 
 

Stainless Steel 
Aluminium 

44 
56 

How many pots do you have in your household? 2 
3 
4 
5 
6 
7 

29 
26 
21 
12 
7 
5 

How often do you have to buy a new pot? 
 

Hasn’t bought new ones 
After 3 months 
After 4 months 
After 6 months 
After one year 
1,5 year 
2 years 
3 years 
More than 10 years 
Don’t know 
When it is broken 
When he/she has money 

10 
5 
2 
2 

34 
10 
13 
10 
5 
5 
2 
2 

Where do you buy paraffin? 
 

Tuck shop 
Grocer’s store 
Hardware 

45 
38 
17 

How much does it cost? 
 

R9 
R12 
R12.50 
R12.80 
R13 
R13.50 
R14 
R15 
R18 

2 
10 
2 
2 

73 
2 
5 
2 
2 

What kind of container do you use for paraffin? 
 

1l plastic bottle 
2l plastic bottle 
5l plastic bottle 

3 
81 
16 
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Appendix D 

Sensitivity analysis of the economic analysis 

Table D 1. User phase costs without a discount rate expressed in present value 

Alternatives Paraffin system Wood pellet system 

CI R85 R290 

CO R69 440 R42 544 

CRepl R1 275 R870 

CRes R0 R0 

LCC R70 800 R43 704 

LCC* $5 907 $3 646 

*expressed in US$, R1 = US$0.083433 (11 May 2015) 

 

Table D 2. User phase costs with a discount rate of eight percent expressed in present value 

Alternatives Paraffin system Wood pellet system 

CI R85 R290 

CO R37 148 R22 760 

CRepl R728 R485 

CRes R0 R0 

LCC R37 961 R23 535 

LCC* $3167 $1964 

*expressed in US$, R1 = US$0.083433 (11 May 2015) 

 

Table D 3. User phase costs with reduced paraffin price to R9.50/l expressed in present value 

Alternatives Paraffin system Wood pellet system 

CI R85 R290 

CO R31 445 R26 252 

CRepl R839 R566 

CRes R0 R0 

LCC R32 369 R27 108 

LCC* $2 701 $2 262 

*expressed in US$, R1 = US$0.083433 (11 May 2015) 
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Table D 4. User phase costs with increased wood pellet price to R5.50/kg expressed in present value 

Alternatives Paraffin system Wood pellet system 

CI R85 R290 

CO R42 848 R36 194 

CRepl R839 R566 

CRes R0 R0 

LCC R43 743 R37 050 

LCC* $3 647 $3 091 

*expressed in US$, R1 = US$0.083433 (11 May 2015) 

 

Table D 5. User phase costs with halved wood pellet stove lifetime expressed in present value 

Alternatives Paraffin system Wood pellet system 

CI R85 R290 

CO R42 848 R26 252 

CRepl R839 R1 331 

CRes R0 R0 

LCC R43 743 R27 873 

LCC* $3 650 $2 326 

*expressed in US$, R1 = US$0.083433 (11 May 2015) 

 

 

 


