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Abstract 10 
South Africa’s renewable energy programme has been widely considered a success. 11 
Biomass is one of the selected technologies, on which capacity and tariff caps are set in 12 
place. It is unclear whether the price caps allow for sufficient profits for private role-13 
players. The aim of the study is to investigate the potential profit margins for biomass 14 
power plant companies entering the programme. Costs throughout the lifespan of the 15 
power purchase agreement were determined by using the Levelised Cost of Electricity 16 
(LCOE) metric. The method used cost inputs which were determined using a mixture of 17 
local and international indicators for three scenarios, the worst case (WC) scenario 18 
representing highest input costs, the most likely case (MLC) scenario representing median 19 
costs, and best case (BC) scenario representing lowest input costs. The results show that 20 
that the WC, MLC and BC LCOE for biomass power plants in South Africa are 3.53 21 
ZAR/kWh (0.235 USD/kWh), 1.30 ZAR/kWh (0.086 USD/kWh) and 0.78 ZAR/kWh (0.052 22 
USD/kWh), respectively. In all three scenarios, the bulk of the cost constitutes delivered 23 
fuel costs. Considering sales tariffs at ZAR1.475/kWh, profit margins for WC, MLC and BC 24 
scenarios were determined as -139%, 12% and 47%, respectively. These figures compare 25 
favourably with China, the United States of America, and Europe in general, opposed to 26 
Canada, where higher profit margins are achievable.  27 
 28 
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 31 
1. Introduction 32 
 33 
South Africa’s current renewable energy programme based on an auction-based model 34 
was initiated in 2011 and is still on going. The programme caters for six different 35 
renewable technologies of which biomass is also included. The initial seeds of South 36 
Africa’s energy policy took shape following a White Paper published in 1998 (Martin and 37 
Winkler, 2014), stating the following objectives: increase access to affordable energy, 38 
improve energy governance, stimulate economic development, manage energy-related 39 
environmental impacts, and secure energy supply through diversity (Martin and Winkler, 40 
2014). With these objectives in mind, government plans its long-term policy outlooks 41 
based on its Integrated Resource Plan (IRP), promulgated in 20111 (Department of 42 
Energy, 2013). The IRP projects future electricity demand within South Africa (the Base 43 
Case) and prescribes the technologies (and in what proportion) that should make up the 44 
generation mix. These technologies include traditional coal, nuclear, gas and renewable 45 
energy (RE). 46 
 47 
In South Africa, Independent Power Producers (IPPs) facilitate most of the RE capacity, 48 
which takes some of the investment burden off the government, indicated by the R245bn2 49 
worth of private investments in RE procured between 2011 and 2016 (Fin24, 2017). 50 
Further to this, severe electricity supply constraints, and increasing environmental 51 

 
1 2013 and 2016 versions are available, but has not officially been adopted with the 2016 version 
still in draft form 
2 1 US dollar (USD) = 15 South African Rand (ZAR), based on September 2018 exchange rates. 
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awareness, has led to fast-tracking the procurement and construction of RE in South 52 
Africa. Under the Renewable Energy Independent Power Producer Procurement 53 
Programme (REIP4)3, prospective IPPs are invited to submit a tender for the delivery of 54 
energy output (kWh) from a specific technology for a period of 20 years at a specific price 55 
(ZAR/kWh). As at the end of 2017, substantial renewable energy has been procured 56 
through the REIP4 under four (4) bidding windows as shown in Table 1 (Department of 57 
Energy, 2016; Department of Energy, 2015a). 58 
 59 
Table 1: Renewable energy procured under the REIP4 60 

 MW procured per bidding round 
Technology BW 1 BW 2 BW 3 BW 3.5 BW 4 BW1S 
Onshore Wind 649 MW 559 MW 787 MW - 1 363 MW 9 MW 
Solar PV 627 MW 417 MW 435 MW - 813 MW 30 MW 
Solar CSP 150 MW 50 MW 400 MW 200 MW -  
Landfill Gas - - 18 MW - -  
Biomass - - 17 MW - 25 MW 10 MW 
Small Hydro - 14 MW - - 5 MW  
Total 1 426 MW 1 040 MW 1 657 MW - 2 205 MW 49 MW 
BW= Bid window; BW1S = Small projects 61 

Under the REIP4, a bidder must compile a tender document that adheres to certain 62 
technology, financial, legal, environmental, and socio-economic criteria (Eberhard and 63 
Naude, 2017). Once a tender has been submitted, the proposal is evaluated according to 64 
a 70/30 price/non-price determination, where price determinations are evaluated 65 
according to the price in ZAR/kWh tendered by the bidder, and non-price determinations 66 
are primarily of socio-economic value that are qualified through thresholds and scored 67 
through targets. 68 

One of the technologies from which RE is procured is biomass power plants. Biomass 69 
power plants usually range from 5 MW to 50 MW and meet approximately 1% of global 70 
electricity demand (Lako, 2010). In South Africa, the application of biomass has been slow 71 
and isolated on a rural scale (Röder et al, 2017; Mamphweli & Meyer, 2009).The REIP4 72 
attempts to change this and defines biomass as any one of six types: forest biomass 73 
(derived from forests), woody biomass (derived from grass- and croplands), non-woody 74 
biomass (derived from grass- and croplands), biomass residue (by-products derived from 75 
operations), waste biomass (derived from domestic, commercial, industrial or medical 76 
waste) and invasive plant biomass (derived from non-indigenous plant species) 77 
(Department of Energy, 2015c). 78 
 79 
Since prices tendered constitute a large portion of the tender evaluation procedure, 80 
bidders must know with great certainty the cost associated with the plant over its entire life 81 
cycle. One method to obtain such costs is the LCOE metric (Sklar-Chik et al., 2016). 82 
LCOE (ZAR/kWh) entails breaking the system into different phases and costing each 83 
phase. Once all costs have been calculated (in real terms) a LCOE (ZAR/kWh) may be 84 
determined to provide a true reflection of return on investment and profits of the original 85 
investment. Many papers have attempted to determine the LCOE for biomass power 86 
plants (Ouyang and Lin, 2014; International Renewable Energy Agency, 2012; Lako, 87 
2010; Kumar et al., 2008; Kumar et al., 2003). There exist differences in these papers, as 88 
to what costs to include under the different costing factors (such as harvesting costs), but 89 

 
3 The REIP4 is a government programme used to procure renewable energy between 2010 and 
2030 and, therefore, decrease dependence on fossil fuels for the country’s energy needs as 
discussed in Walwyn, D. & Brent, A. (2015). 
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the amount and type of cost factors seem to remain consistent throughout the various 90 
investigations. 91 
 92 
It is unclear what the LCOE is for a South African biomass power plant, in ZAR/kWh, 93 
when considering requirements as determined under the REIP4, and how these costs 94 
relate to the ZAR/kWh offered as a maximum by the Department of Energy (DoE) under 95 
the REIP4. Since the REIP4 aims to attract direct foreign investment, it is also unclear 96 
whether the potential profit margins associated with biomass power plants under the 97 
REIP4 is sufficient to attract foreign investment. The objective of this paper is therefore to 98 
determine potential profit margins offered to biomass project companies through the 99 
REIP4, and how this profit margin compares with that of other countries. In order to 100 
address the research problem effectively it is argued that the price, in ZAR/kWh, offered 101 
by the DoE under the REIP4 allows for a profit margin to exist, and that the profit margin 102 
in South Africa is comparable to that of international countries similar to South Africa in 103 
terms of (biomass) fuel availability. The fact that two projects have been approved under 104 
the REIP4, makes this a reasonable argument. 105 
 106 
It is believed that the findings of this investigation will benefit policy making and price 107 
determination amongst decision making bodies as well provide private investors a better 108 
understanding of the utility scale biomass pricing structure in South Africa. Specifically, 109 
the LCOE metric can inform techno-economic analyses undertaken, not only in South 110 
Africa, but also in other regions (Limmanee et al, 2017; Abdelhady et al, 2018). 111 
 112 
The next section will include a discussion of the approach and background used for the 113 
study. Section 3 constitutes the methodological categorisation of LCOE that will involve 114 
identifying components critical to the LCOE analysis. This section will also include 115 
discussions of international literature relating to biomass LCOE components. Section 4 116 
provides a breakdown of the biomass LCOE component results along with international 117 
results for the three scenarios. A detailed discussion of the results in undertaken in 118 
section 5 where profit margins for multiple countries/regions are discussed for the each 119 
scenario with conclusions being made in section 6.   120 
 121 
2. Research approach 122 
In order to address the research objectives, four categories were determined and 123 
compared to each other. These are: (1) the South African LCOE using both local and 124 
international data, (2) international LCOE using international data, (3) South African sales 125 
using South African data, and (4) international sales using international data. The 126 
proposed approach is illustrated in Figure 1. 127 
 128 

 129 
Figure 1: Proposed conceptual approach 130 

 131 
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2.1. South African LCOE (including REIP4) 132 
A literature search conducted on South African-based biomass power plants revealed 133 
very few academic articles. In fact, authors investigating RE in South Africa (and more 134 
specifically RE policy), such as Eberhard et al. (2014), Eberhard (2014), Pegels (2010) 135 
and Winkler et al. (2009) only briefly mention biomass as a RE source, whist authors such 136 
as Scholvin (2014) and Sebotosi and Pillay (2008) fail to even mention biomass in their 137 
respective papers. The lack of academic literature is not surprising considering the 138 
generation capacity procured to date. In fact, only two biomass power projects have been 139 
procured under the REIP4, namely Mkuze’s 16 MW and the Ngodwana Energy Project’s 140 
25 MW (Department of Energy, 2015b), providing a total generation capacity of 41 MW 141 
procured. This represents 0.81% of the 5,037 MW procured under the REIP4 (Department 142 
of Energy, 2015b; Eberhard et al., 2014). Neither project has to date reached financial 143 
close, causing authors to discard biomass as insignificant. 144 
 145 
These small generation capacities may be attributed to South Africa’s biomass stocks. In 146 
comparison to countries such Canada, China, the USA and large portions of the European 147 
continent, South Africa does not have abundant biomass resources. For example, South 148 
Africa’s Department of Agriculture, Forestry and Fisheries (DAFF) estimate that South 149 
Africa has approximately 1.27 million ha of afforested areas (Department of Agriculture 150 
Forestry and Fisheries, 2015), compared to Europe’s total 140.15 million ha, as reported 151 
by Verkerk et al. (2011). Academic literature regarding biomass power plants in South 152 
Africa is thus not likely to increase substantially over a short period of time, although some 153 
attempts are being made. An example of this is the Bio-Energy Atlas (Hugo, 2016) 154 
published by the South African Department of Science Technology which, amongst 155 
others, investigates the potential of power generation through biomass. According to the 156 
report, South African biomass resources can contribute approximately 1,300 MWe 157 
towards South Africa’s energy mix. Besides the limited availability of South African 158 
biomass literature, it is still necessary to either derive a LCOE for biomass power plants in 159 
South Africa through primary data using surveys of existing or near-complete facilities, or 160 
secondary data using international studies. 161 
 162 
Besides traditional LCOE methodologies, and in order to fully address the research 163 
objectives, it is important to understand the REIP4 and what it aims to achieve. Following 164 
unsuccessful attempts at procuring renewable energy through RE Feed-In Tariff (REFIT) 165 
and CoGeneration FIT (COFIT) programmes (Martin and Winkler, 2014), the DoE 166 
initialised the REIP4. The REIP4 enables IPPs to generate and sell electrical energy, but 167 
only to the country’s single national utility through its Single Buyer Office (SBO), whilst at 168 
the same time fulfilling goals set out in government’s National Development Plan (NDP). 169 
Generating and selling power outside the REIP4 is possible through contracts, such as 170 
bilateral agreements (Amatola Green Power, 2016; Bosch Projects, 2015), but these 171 
contracts are usually negotiated on a per-project basis and is not considered here. The 172 
REIP4’s aim of ensuring renewable energy growth along with socio-economic 173 
development (Walwyn & Brent, 2015) differ with the RE programme of developed 174 
countries’ where supply security and reduction of Greenhouse Gas (GHG) emissions are 175 
prioritised (Meyer, 2003). Given the different set of goals between South Africa and 176 
developed countries, it is important to establish the REIP4-inclusive LCOE for South 177 
Africa and compare that to the rest of the world. 178 
 179 

2.2. International LCOE 180 
Unlike the South African case, international studies on the LCOE for biomass power 181 
plants are more abundant, and include the likes of Ouyang and Lin (2014), the 182 
International Renewable Energy Agency (2012), Lako (2010), Kumar et al. (2008), and 183 
Kumar et al. (2003). Although authors have subtle differences in reasoning, the general 184 
convergence to determine the LCOE is using the following parameters: capital costs, grid 185 
connection costs, use-of-system costs, plant availability and start-up costs, operations and 186 
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maintenance (O&M) costs, biomass costs, harvesting costs, transport costs, plant location 187 
costs, ash disposal costs (if not included in O&M costs), decommissioning costs, and 188 
discount rates. In addition to the above parameters, Roth and Ambs (2004) argue that 189 
externalities in the form of environmental impacts should also be included.  190 
 191 
Certain studies are based on actual power plants, such as the Chinese plants used in the 192 
paper by Ouyang and Lin (2014), whilst others are determined using data from suppliers 193 
and each country’s national agencies, such as the study conducted by the International 194 
Renewable Energy Agency (2012). The above-mentioned studies do not (explicitly) cost, 195 
or even name other factors, including social and political factors, which may or may not 196 
contribute to the LCOE of biomass power plants in those countries. It appears the studies 197 
are centred on an assumption that the biomass power plant is either set in a free-market 198 
environment with added government incentives, or in a regulated environment where the 199 
biomass power plant is protected with feed-in tariffs.  200 
 201 

2.3. South African sales 202 
The South African electricity market allows for a single buyer of electricity, the SBO, which 203 
is positioned within the System Market Operator Division, a division of the country’s sole 204 
and state-owned utility, Eskom (Khan et al., 2016). This single buyer concept is valid 205 
where the ownership boundary (or point of sale) of the electrical energy is situated on a 206 
point between the power station and the national grid, and is called a delivery point. 207 
Selling of electricity occurs at this point, with all electrical losses (due to reticulation to the 208 
delivery point and stepping up of voltages) being taken into account. For the REIP4, 209 
original prices and annual price increases are known and fixed at the date of financial 210 
close (contract signing) (Department of Energy, 2015c). Knowing the unit prices and 211 
availability of the plant over the lifetime of the PPA can result in a fairly reasonable sale 212 
forecasts, where possible degree of variability will be as a result of unplanned 213 
maintenance. 214 
 215 

2.4. International sales 216 
International electricity prices are more as a result of free-market principles with added 217 
government support from a policy perspective (Wang, 2006; Meyer, 2003; Joskow, 2001). 218 
Producing an accurate sales forecast is therefore difficult and uncertain from an 219 
international perspective. However, regional governments are securing additional (and 220 
more predictable) revenue for RE generation plants through initiatives, such as selling 221 
green certificates to carbon-intensive industries (European Commission, 2013). 222 
Considering the added support from government in the form of incentives, many 223 
international sales tariffs may actually be below the plant’s LCOE, and profit margins are 224 
sustained through the incentives. 225 
 226 
A simplistic way of determining profit margins is through subtracting cost from income. In 227 
South Africa’s case, this would mean subtracting the LCOE from the sales tariff. More 228 
complex ways may be used to increase accuracy. These complex methods account for 229 
the fact that sales tariffs are linked to Consumer Price Index (CPI) rates, whilst LCOE 230 
considers various longer term price risks (Silinga et al., 2015). Additionally, international 231 
case studies need to consider additional revenue streams when considering profit 232 
margins; the more complex revenue stream would require subtracting the LCOE from total 233 
income (sales tariff added to the incentive).  234 
 235 
Comparing results (tariffs as well as sales and subsequent profit margins) provides an 236 
insight into the current and potential success of South Africa’s REIP4. According to the 237 
South African Wind Energy Association (2015), as from October 2015 the REIP4 attracted 238 
R193bn worth of private sector investment across its 92 projects. From the R193bn, 28% 239 
or R53.2bn, came from foreign investment (South African Wind Energy Association, 240 
2015). Foreign investment of this magnitude provides insight into the LCOE and profit 241 
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margins of RE technologies globally; companies would not invest in South Africa if it was 242 
not economically beneficial to do so. However, investments in biomass power plants 243 
remain scarce, necessitating a comparison between South African and global potential 244 
profits in the technology. 245 
 246 
Considering that international biomass power plants have additional revenue streams in 247 
the form of potential heat clients and sales of green certificates (European Commission, 248 
2013), obtaining and comparing the LCOE and sales of biomass power plants 249 
participating in the REIP4 with international benchmarks may not be representative. It will, 250 
however, reveal whether South Africa’s biomass RE policies are favourable for 251 
investment, and provide the first step towards answering whether or not companies 252 
owning biomass power plants can do so economically without considering other 253 
synergies.  254 
 255 
3. Methodological categorisation of LCOE 256 
.  257 
 258 

3.1. RSA LCOE (including REIP4) 259 
Since only two biomass power plants (Mkuzi and the Ngodwana Energy Project) have 260 
been procured under the REIP4 (Department of Energy, 2015a), collecting and using 261 
primary data for determining the LCOE of South African biomass power plants is not 262 
possible (a sample size of two is non-representative). Furthermore, since many 263 
international biomass power plants do exist, the availability of abundant sources of 264 
secondary data can be used with a high degree of accuracy. Secondary data is generally 265 
used for analyses when primary data is not an option, usually due to cost or practicality 266 
(Vezzoni, 2015). Costs vary from country to country, making it difficult to compare 267 
countries’ costs purely using exchange rates. Exchange rates convert Gross Domestic 268 
Product (GDP) contributors along with their expenditures to a common currency. 269 
However, as noted by the World Bank Group (2011), using exchange rates cannot always 270 
be used to compare countries, since they do not take into account the relative purchasing 271 
power of currencies in their own countries. A more common method of comparing costs in 272 
different countries is by using Purchasing Power Parity (PPP) (World Bank Group, 2011). 273 
The LCOE for biomass power plants in South Africa was obtained by using secondary 274 
data from both local and international sources, and a combination of exchange rates and 275 
PPPs, as shown in Figure 2. 276 
 277 

 278 
Figure 2: Components and sources for determining RSA based costs 279 

Each component in Figure 2 is represented by three scenarios, namely: a WC scenario, 280 
an MLC scenario, and a BC scenario. Due to a number of LCOE components containing 281 
costs as a range, certain sources provided more than one value for a LCOE component, 282 
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based on data obtained and assumptions made. Sources containing more than one cost 283 
was categorised, with costs assigned to a scenario based on its impact on the LCOE, with 284 
the higher cost associated with the WC. Once costs from all sources were obtained for a 285 
component, the median cost for each scenario was determined and used as that 286 
component’s scenario (WC, MLC and BC) cost. Median costs, as opposed to average 287 
costs, were used to eliminate outliers. The three scenarios determine the range of values, 288 
and thus the uncertainties associated with the different parameters, and therefore the 289 
overall LCOE. 290 
 291 
Assumptions used for the analysis in the article were made to simulate as closely as 292 
possible a plant entered in the REIP4: 293 

• Net capacity of 25 MWe as this is the maximum allowable capacity under the 294 
REIP4 (Eberhard and Naude, 2017); 295 

• Gross capacity of 28 MWe assuming a parasitic load of roughly 10%; 296 
• Inflation rates used for different countries as shown in Table B.1 (Appendix B); 297 
• Currency exchange rates are predetermined according to the Expedited Bidding 298 

Window of the REIP4 and is displayed in Table B.2; 299 
• PPP rates were obtained from OECD.stat (2015) and shown in Table B.2; 300 
• A grid availability of 100% is assumed – this is the availability factor of the grid to 301 

take any energy produced by the biomass power plant. Although maintenance is 302 
required on these lines from time to time, it is assumed that this maintenance is 303 
coordinated in such a way as to coincide with maintenance done on the biomass 304 
power plant. Furthermore, it is assumed that unplanned outages will not affect the 305 
grid availability factor due to n-1 redundancy; 306 

• Turbine maintenance is expected as shown in Table 2. Minor overhauls last 672 307 
hours, with major overhauls lasting 1,344 hours (Latcovich et al., 2005) – overhaul 308 
hours are over and above plant availability factors; 309 

• Biomass power plants are situated in close proximity to commercial plantations 310 
and processing facilities, where forest biomass and biomass residue originate; 311 

• According to the PPA for the REIP4, the fuel supplier may supply biomass from 312 
any of the following sources: forest biomass from sustainable forestry practices, 313 
woody biomass mainly from croplands/grasslands, non-woody biomass mainly 314 
from croplands/grasslands, biomass residue from existing processing facilities, 315 
waste biomass accumulated on landfill sites and invasive plant biomass consisting 316 
of non-indigenous plants not specifically planted for honouring the fuel supply 317 
agreement with the IPP (Department of Energy, 2015c). Although publications 318 
such as the BioEnergy Atlas (Hugo, 2016) has recently seen the light, these 319 
publications are still theoretical in nature and has not been verified. Therefore, 320 
data contained in the atlas cannot be used and it is for this reason that only forest 321 
biomass and biomass residue (as used in the Ngodwana Energy Project) are 322 
considered here; 323 

• All costs are in 2015 real terms to coincide with cost assumptions made by the 324 
Department of Energy on its Expedited Bidding Window– it is assumed that costs 325 
as well as sales will increase with CPI annually; 326 

• The average distance for transporting biomass from source to plant site is 50km. 327 
Although significantly longer runs are possible it is assumed that possible 328 
processing residue is situated nearby and balances out the longer runs for forestry 329 
biomass and biomass residue; 330 

• Biomass ash is classified as hazardous (Government, 2013); and 331 
• No Value Added Tax (VAT) or any other form of tax has been taken into account. 332 
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 333 

Table 2: Typical steam turbine maintenance schedule  334 

Number of hours 
Years after 

commissioning 
Type of overhaul 

10,000 Maximum of 4 Minor 
25,000 Maximum of 8 Minor 
50,000 Maximum of 15 Major 
75,000 Maximum of 20 Minor 
Source: (Latcovich et al., 2005) 335 
 336 
Each component’s LCOE was determined as follow: 337 
 338 

• Capital costs and discount rates 339 
Estimations from sources used were inflated to 2014 prices and converted to ZAR 340 
using exchange- and PPP rates. Once inflated and converted to ZAR, prices were 341 
scaled to the gross capacity using equation (1) and a scale factor of 0.75, as 342 
proposed by Kumar et al. (2008): 343 
 344 

!"#$! =	!"#$"	'	(#$%$&'()!#$%$&'()"
)*&+,	.$&(/01"           (1) 345 

 346 
Once scaled, full estimations were determined using three (3) different exchange 347 
rate/PPP ratios, namely: 348 

Ø WC – 60/40, as given by the Department of Energy (2015c); 349 
Ø MLC – 45/55, which is the mid-point between the WC and BC; 350 
Ø BC – 30/70, which is considered the maximum local content possible, 351 

based on communication with turbine manufacturers. 352 
 353 
The capital costs LCOE was then determined using the sales predicted throughout 354 
the PPA.  355 
 356 
Discount rates are used to determine the present value of future costs. For this 357 
paper, discount rates were calculated on loan repayments for capital costs, 358 
including interest paid during construction. WC, MLC and BC capital costs were 359 
split into WC, MLC and BC debt/equity ratios (WC 77.5/22.5, MLC 75/25, BC 360 
72.5/27.5) as proposed by the Central Electricity Regulatory Commission (2013) 361 
and the United States. Minerals Management Service (2009). Interest was then 362 
calculated during construction on the debt portion of capital costs – interest rates 363 
were taken as the historical London Interbank Offered Rates (LIBOR) plus 3.5%, 364 
as observed by Eberhard et al. (2016). The LIBOR rates used are 0.5%, 0.3% and 365 
0.2% for WC, MLC and BC, respectively. Repayments were calculated using 366 
Excel’s PMT function and two discount rates per scenario. The first rate is the WC, 367 
MLC or BC discount rates, and the second discount rate was set to zero in order to 368 
calculate the effect of the discount rate on the LCOE. 369 

 370 
• Tendering costs, development fee and grid connection costs 371 

For tendering fees, percentage of capital costs spent on preparing tenders was 372 
obtained from Dalrymple et al. (2005), Sidwell et al. (2008) and the Engineering 373 
Council of South Africa (2014); WC, MLC and BC values were determined by 374 
calculating the median of WC, MLC and BC scenarios given by the authors.  375 

 376 
The REIP4 as run by the Department of Energy (2015c) requests a development 377 
fee for qualifying projects. This fee was calculated as 1% of total project costs. The 378 
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WC, MLC and BC scenarios for capital costs were used to determine the 1% fee, 379 
where after the LCOE was calculated. 380 
 381 
Grid connection costs are mostly determined through the vicinity of the power plant 382 
in relation to Eskom’s main infrastructure. Although Eskom does not disclose 383 
project-specific costs, overall costs are disclosed. These costs (from all RE 384 
technologies) were used to determine the average cost per project and average 385 
cost per MW. Costs were then compared with that of the Ngodwana Energy 386 
Project (grid connection costs are included in capital costs), where power is 387 
already being exported to the national grid through other means of power 388 
generation (TAPPSA Journal, 2013). The plant is situated in close proximity to the 389 
utility distribution line, meaning no/little additional infrastructure is required to 390 
evacuate generated energy. 391 

 392 
• Plant availability and start-up costs  393 

A plant availability of 92% was used throughout this paper (International 394 
Renewable Energy Agency, 2012). However, the REIP4 requires an availability of 395 
at least 75%, and Kumar et al. (2008) proposes an availability of 80% for the first 396 
year of operation. The effect of varying availability factors were analysed for the 397 
LCOE. The availability factor is taken as the availability factor for the conversion 398 
plant and does not include turbine overhauls. It is also expected that any grid 399 
outages will be covered in this availability factor, resulting in the 100% grid 400 
availability assumed. 401 

 402 
• Plant location and use-of-system costs  403 

Plants were assumed to be in close proximity to towns and distribution lines, 404 
meaning no additional costs are incurred. The REIP4’s PPA clarifies that these 405 
costs are to be recovered by the IPP on a monthly basis from the SBO.  406 
 407 

• Biomass costs  408 
Biomass costs in South Africa differ greatly from global prices (York Timbers, 409 
2013), since South Africa does not have an abundance of the resource. In contrast 410 
to this, residue prices are some of the lowest in the world (York Timbers, 2013). 411 
For this reason, only South African sources were used to determine the biomass 412 
LCOE. According to the REIP4, a fuel supply agreement has to be in place 413 
between the IPP and a fuel supplier guaranteeing a (biomass) fuel supply for at 414 
least three years to the biomass power plant (Department of Energy, 2015c). 415 
Although the fuel supplier will strive to supply lower value (residue) biomass, 416 
guarantees can only be given on whole plantations (including higher value 417 
lumber), and prices for both higher- and lower value biomass were therefore used.  418 
 419 
The biomass LCOE was derived through the process as stipulated in Figure 3. 420 
When converting from original unit (m3) to common unit (ton), the conversion 421 
factors as proposed by Forestry South Africa (2015) were used. LHV was 422 
determined using equation (2), as found in Boundy et al. (2011): 423 

 424 
                                    *+, = ++, × (1 −0!) − 2.447 ×0! ,             (2) 425 
 426 

where LHV is the Lower Heating Value, HHV is the Higher Heating Value, and MC 427 
is the Moisture Content on a wet basis. 428 
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 429 
Figure 3: Process for determining the biomass LCOE 430 

 431 
• Harvesting costs and transport costs 432 

Harvesting costs are considered confidential information to most companies, and 433 
are thus not easily obtainable. For the harvesting LCOE, 2014 annual results from 434 
the South African Forestry Company Limited (SAFCOL) (South African Forestry 435 
Company (SOC) Limited, 2014) were used. Although the rates used by SAFCOL 436 
may not be representative of the entire industry, SAFCOL rates may be used as a 437 
benchmark, due to the high volumes harvested and sold by the company. Volumes 438 
(in m3) were converted to ton, from where an average rate was determined to 439 
obtain the LCOE. 440 
 441 
Transport costs not only differ greatly depending on the plant’s geographical 442 
location, but are of a highly variable nature. WC, MLC and BC rates (ZAR/km/ton) 443 
were determined using available data (as discussed in section 4.1.6). From this 444 
and based on a 50km radius, the LCOE was determined. 445 

 446 
• O&M costs and ash disposal costs 447 

As with plant availability and start-up costs, these costs are primarily determined 448 
by the technology supplier. International results were obtained and converted to 449 
ZAR using exchange rates and not PPP. South African labour costs were also not 450 
obtained, since it is reasonable to assume that the majority of biomass power 451 
plants under the REIP4 will utilise O&M contracts from foreign companies 452 
(denominated in foreign currency) as in the case of the Ngodwana Energy project 453 
(Ngodwana Energy, 2015). 454 
 455 
Ash disposal costs are included in some studies as part of the O&M costs, and the 456 
BC scenario was therefore set to zero. Typical ash content was determined for WC 457 
and MLC figures (as discussed in section 4.1.7), and this was used to determine 458 
(along with the total fuel required) the total ash to be disposed of during the course 459 
of the PPA. An average truck payload was used to determine the number of trips 460 
required to the nearest hazardous waste dumpsite, from where the ash LCOE was 461 
determined. 462 
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 463 
• Decommissioning costs  464 

International sources provide a cost per unit capacity (kW) for biomass power plant 465 
decommissioning costs. The costs given were converted to ZAR and inflated to 466 
2014 values. The inflated values were then scaled using equation (1) to reflect a 467 
plant size of 28 MW and the maximum, median, and minimum values were 468 
determined to represent WC, MLC and BC, respectively. 469 
 470 

• Community spend  471 
According to the Department of Energy (2015c), 1% of the annual revenue has to 472 
be spent on the surrounding community. This was determined through taking sales 473 
and multiplying this by 1%. 474 
 475 

3.2. International LCOE 476 
The international LCOE was obtained by analysing existing literature. Although 477 
international LCOE figures comprise of the same components as those mentioned in the 478 
South African LCOE (with the exception of REIP4 specific costs), these were not 479 
individually considered. Each country has different factors influencing each component, 480 
making a component per component comparison irrelevant. WC, MLC and BC LCOE 481 
figures were obtained from mostly the same sources as those used in the South African 482 
LCOE analysis (this will ensure a continuity in assumptions) and include: Ouyang and Lin 483 
(2014), Kost et al. (2013), the International Renewable Energy Agency (2012), Laleman et 484 
al. (2012), Tidball et al. (2010), Borin et al. (2010), Frydas (2010), Kumar et al. (2008), 485 
Roth and Ambs (2004) and Kumar et al. (2003). LCOE figures were inflated in the study-486 
specific currency to 2014 figures, where it was converted to ZAR using 2014 exchange 487 
rates. The median of each scenario (WC, MLC and BC) was then used as a 488 
representative figure from international sources. 489 
 490 

3.3. South African sales 491 
South African sales were taken as the maximum allowable tariff under the REIP4 492 
presented by the Department of Energy (2015c). Tariffs are expected to be adjusted 493 
following macro-economic conditions once financial close is reached under the Expedited 494 
Bidding Window, but will not be adjusted to allow higher or lower Internal Rates of Return 495 
(IRRs). 496 
 497 

3.4. International sales 498 
International tariffs for biomass power plants do not only differ from country to country, but 499 
also within countries (Council of European Energy Regulators, 2015). As stated by the 500 
European Commission (2013), biomass power plant support schemes are extremely 501 
complex and differ from project to project, depending on the specific parameters. Average 502 
weighted tariffs were obtained and presented, and a special effort was made to obtain 503 
tariffs from the same regions as that of the international LCOE. The sources used include 504 
the Council of European Energy Regulators (2015), Xu and Yuan (2015), Lang and Lang 505 
(2014), Moore et al. (2013), the US Energy Information Administration (2013), Lapierre 506 
and Bellisaire (2011), Government of Nova Scotia (2011) and Couture and Cory (2009). 507 
 508 

3.5. Comparison 509 
Profit margins were determined by subtracting the LCOE from the sales tariff for both the 510 
South African and international scenarios. Determining profit margins in this manner 511 
allowed for a simple indication of the project company’s (equity holder’s) potential rate of 512 
return; this, in turn, may be used to assess the viability of the project should the expected 513 
return be higher than the project company’s Weighted Average Cost of Capital.  WC, MLC 514 
and BC LCOE, sales tariffs, and profit margins (arising from electricity sales) were 515 
compared between South Africa and international studies. It should be noted that not all 516 
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international biomass power plants have healthy profit margins due to electricity sales. In 517 
fact, allowing for free-market price determination (as is the case in most countries), 518 
biomass power plants would run at a loss if electricity sales provided the sole source of 519 
revenue. Most of these plants obtain income through the selling of green certificates in 520 
accordance with that country’s GHG emission target and trading certificates, as explained 521 
by Osterkorn and Lemaire (2009). This additional source of income is not evaluated in this 522 
article, since it does not have relevance to the South African case.  523 
 524 
4. Comparative Results 525 
Using the framework as outlined in the conceptual approach and research methodology, 526 
the categories as shown on Figure 1 were analysed. 527 
  528 

4.1. South African LCOE 529 
In order to determine the LCOE for South African biomass power plants, the expected 530 
sales over the lifetime of the PPA (20 years) need to be known. The expected sales (kWh) 531 
were determined through the capacity of the plant, the availability of the plant (both 532 
biomass conversion technologies and turbine), as well as the number of hours throughout 533 
the 20 year period, and was estimated at 3,945,600,000 kWh, which compares well with 534 
the Ngodwana Energy (2015) project’s statement, namely: 3,969,000,000 kWh.  535 
 536 
4.1.1. Capital costs and discount rates 537 
WC, MLC and BC values range significantly, depending on the source. Values originally 538 
denominated in US$ are slightly higher than those of other currencies – this may indicate 539 
strong PPP relationships between South Africa and the “cheaper” currencies. 540 
Furthermore, the average value is slightly higher than the median value in all three 541 
scenarios, indicating a heavier lean towards US$ denominated LCOE values. The 542 
Ngodwana Energy (2015) project has a total project cost of ZAR 1.2 million. Taking this 543 
into account and an appropriate exchange rate/PPP ratio, an approximate capital LCOE 544 
was obtained and estimated at ZAR0.36/kWh, which is higher than the calculated WC 545 
scenario and represents the new WC scenario.  546 
 547 
Discount rates can represent between 3.49% and 8.36% of the total LCOE, depending on 548 
the interest rate(s) obtained from the main debt provider(s), which is usually 5 to 10%.  549 
 550 
4.1.2. Tendering costs, development fee and grid connection cost (REIP4 cost) 551 
The tendering LCOE represent between 0.7% and 2.09% of the LCOE. For this paper, 552 
tendering costs are directly linked to capital costs, although not a direct correlation 553 
(environmental costs associated with the tender is likely to be as a result of not only 554 
project size but geographical location as well).  555 
 556 
The development fee represents between 0.07% and 0.21% of the LCOE. Although not 557 
significant, the development fee is directly coupled to the capital costs, and reducing 558 
capital costs will therefore drive down the development fee.  559 
 560 
The grid connection LCOE does not represent a large portion of the LCOE, making up 561 
between 0.14% and 0.57% of the LCOE. There is, however, a high level of uncertainty 562 
regarding these costs, with potential plants closer to national lines needing to invest 563 
significantly less than projects further away. 564 
 565 
4.1.3. Plant availability and start-up costs 566 
A worse availability factor (<92%) means the plant is running for shorter periods, and less 567 
energy is produced (and sold) than the base case of 92%. These reduced production 568 
figures results in larger LCOE cost components, since the normalisation factor decreases. 569 
The opposite is true for factors larger than 92%. As a result of the increased/decreased 570 
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LCOE factors, the plant availability factor is extremely important and the single biggest 571 
influencing factor when considering the LCOE. Assigning plant availability factors of 75% 572 
for WC (Kumar et al., 2008), 92% for MLC ,and 100% for BC results in sales forecasts of 573 
3,201,000,000 kWh, 3,945,600,000 kWh and 4,296,000,000 kWh, respectively. The new 574 
(adjusted) sales impact capital costs, discount rates, grid connection costs, biomass 575 
costs, harvesting costs, transport costs, ash disposal costs, decommissioning costs, and 576 
revenue. 577 
 578 
4.1.4. Plant location costs and use of system cost 579 
No additional location costs are assumed. The use-of-system costs are recovered from 580 
the SBO, and do not add to the LCOE.  581 
 582 
4.1.5. Biomass costs 583 
Biomass cost is the single biggest contributor to the overall LCOE, contributing between 584 
32.09% and 42%. Furthermore, the WC value is unlikely to realise since this represents 585 
76.85% of the maximum allowable sales tariff offered by the DoE. 586 
 587 
Comparing same-source prices over different periods (Forestry Economic Services, 2005) 588 
that biomass prices generally increase by rates larger than CPI. This may present a 589 
significant obstacle for potential bidders that do not own raw material for the biomass 590 
power plant. Unless a fuel supply agreement is entered into fixing biomass prices and 591 
price escalations (according to CPI), the biomass power plant will see an annual decrease 592 
in profit. Both current and historic biomass prices were included to account for any 593 
anomalies within a certain year.  594 
 595 
4.1.6. Harvesting and transport costs 596 
Harvesting is another significant LCOE element, contributing between 6.95% and 12.95% 597 
of the final LCOE. Various factors influence harvesting costs, such as chipping lumber in-598 
field or on-site and manual harvesting versus mechanised harvesting. It is therefore 599 
evident that no simple choice exists for the biomass power plant in terms of harvesting 600 
with the figures a highly variable one. 601 
 602 
Transport costs can represent between 4.74% and 18.80% of the final LCOE, based on a 603 
supply distance of 50 km and rates, as suggested by Kgope et al. (2015) and Mugido et 604 
al. (2014). Major contributing factors influencing the transport LOCE include the size of the 605 
plant (a larger plant will require more fuel, increasing the radius of supply), the location of 606 
the plant with relation to the fuel supply, and the road infrastructure.  607 
 608 
4.1.7. O&M costs and ash disposal costs 609 
The O&M LCOE represents between 3.17% and 12.58% of the overall LCOE, based on 610 
data from Ouyang and Lin (2014), Laleman et al. (2012), the International Renewable 611 
Energy Agency (2012), Borin et al. (2010), Kumar et al. (2008), Caputo et al. (2005), 612 
Kumar et al. (2003) and Voivontas et al. (2001). Plant sizes were not scaled, since the 613 
complexity of running biomass power plants are assumed to be consistent, regardless of 614 
size. The results indicate that O&M costs are neither correlated to the country of the plant 615 
or the size of the plant. With the BC ash disposal LCOE set to zero (some studies include 616 
this in O&M costs), the WC and MLC values represent between 0.25% and 0.75% of the 617 
LCOE. 618 
 619 
4.1.8. Decommissioning costs 620 
Decommissioning costs represent between 0.38% and 1.5% of the final LCOE. Some 621 
plants may opt to enter another PPA after the conclusion of the REIP4-offered PPA, 622 
resulting in decommissioning costs being replaced by refurbishment costs. 623 
 624 
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4.1.9. Community spend (REIP4 cost) 625 
Annual socio-economic spend is determined as 1% of total sales, and represent between 626 
0.42% and 1.96% of the LCOE. 627 
 628 
4.1.10. Summary of the South African LCOE 629 
Significant gaps exist between the WC, MLC and BC values. MLC and BC scenario 630 
components have more or less the same representation in the total LCOE, with the WC 631 
component contributions differing slightly.  632 
 633 
According to the International Renewable Energy Agency (2012), delivered fuel costs can 634 
make up between 46% and 70% of the LCOE, whilst Ouyang and Lin (2014) puts this 635 
figure at between 60% and 70%. The results are consistent with these findings, with WC 636 
representing 63.13%, MLC representing 63.26% and BC a lower 45.85% of the LCOE. 637 
The results are however not consistent with the assertion of International Renewable 638 
Energy Agency (2012) that O&M costs represent between 1% and 6% of the total LCOE; 639 
only the WC value is in this range. This could be due to over-valuing other components, 640 
bringing the total contribution down. The results are also not consistent with the assertion 641 
of Kumar et al. (2008) that capital costs will represent between 39% and 42% of the 642 
LCOE; current projections are a maximum of 20.86%. This will, however, change if 643 
harvesting equipment is purchased, bringing harvesting costs down but increasing capital 644 
costs. The single biggest component influencing the LCOE is the plant availability factor, 645 
as stated in section 4.1.6. This is due to the fact that the plant availability factor directly 646 
influences sales of electricity, which, in turn, directly influences the LCOE of a number of 647 
different components.  648 
 649 
Figure 4 and table 3 indicates the proportional LCOE values. As can be seen, similar 650 
patterns exist for the WC, MLC and BC scenarios, with only plant availability factors, 651 
harvesting, transport and O&M costs providing pattern differences. Overall, the WC and 652 
BC figures are deemed likely to represent outlier cases in true South African biomass 653 
power plants, with the MLC representing the possible median. 654 
 655 
Table 3: South African LCOE 656 

Component WC 
Portion of 
total - WC 

MLC 
Portion of 
total - MLC 

BC 
Portion of 
total - BC4 

Capital costs 0.364 10.30% 0.211 16.23% 0.186 20.86% 
Discount rates 0.123 3.49% 0.095 7.30% 0.074 8.36% 

Tendering costs 0.025 0.70% 0.021 1.63% 0.019 2.09% 
Development fee 0.003 0.07% 0.002 0.16% 0.002 0.21% 

Grid connection costs 0.005 0.14% 0.005 0.39% 0.005 0.57% 
Plant availability costs 0.616 17.44% - 0.00% (0.056) 6.32% 

Plant location costs - 0.00% - 0.00% - 0.00% 
Use-of-system costs - 0.00% - 0.00% - 0.00% 

Biomass costs 1.133 32.09% 0.545 42.00% 0.304 34.16% 
Harvesting costs 0.432 12.24% 0.168 12.95% 0.062 6.95% 
Transport costs 0.664 18.80% 0.108 8.31% 0.042 4.74% 

O&M costs 0.112 3.17% 0.112 8.63% 0.112 12.58% 
Ash disposal costs 0.027 0.75% 0.003 0.25% 0 0.0% 
Decommissioning 

costs 0.013 0.38% 0.013 1.02% 0.013 1.50% 

Community Spend 0.015 0.42% 0.015 1.14% 0.015 1.96% 
 

4 Absolute values for plant availability costs were used in the BC scenario to determine proportions 
in Figure 4 
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Component WC 
Portion of 
total - WC 

MLC 
Portion of 
total - MLC 

BC 
Portion of 
total - BC4 

LCOE 3.531  1.298  0.778  
 657 
 658 
Figure 4: LCOE proportion 659 
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 1 

4.2. International LCOE 2 

The range between international LCOE WC, MLC and BC figures are significantly less 3 

than the South African LCOE, with one possible reason being the fact that many 4 

international studies either work from primary data or have a bigger secondary data 5 

database. Taking this into consideration, one can still see the MLC values for South Africa 6 

are in the same region as the BC scenario of the international LCOE (as shown in Table 7 

4). For the international LCOE, the United States and China have comparable LCOE 8 

figures. Other regions, denoted as “Other”, indicate a large variety in LCOE values. 9 

 10 

Table 4: International LCOE (refer to Appendix A) 11 

Country WC (ZAR/kWh) MLC (ZAR/kWh) BC (ZAR/kWh) 
Europe 2.363 2.034 1.758 

Canada 1.012 0.883 0.840 

United States 1.524 1.359 1.194 

China 1.576 1.497 1.419 

Other 3.400 2.402 0.835 

OVERALL 1.671 1.577 1.306 
 12 

4.3. South African sales 13 

The WC, MLC and BC sales are set at ZAR1.475/kWh, which is the rate offered by the 14 

DoE under the REIP4. Using the maximum tariff is validated through the limited 15 

competitive bids received thus far under the REIP4. 16 

 17 

4.4. International sales 18 

Large differences exist between WC, MLC and BC values in Europe, with Canada, China 19 

and the United States not showing any difference (as shown in Table 5). It should be 20 

reiterated that most international biomass power plants rely on either additional revenue 21 

streams (such as green certificates) or government support, in addition to selling 22 

electricity at market prices. This has not been taken into account here. 23 

 24 

Table 5: International sales tariffs (refer to Appendix A) 25 

Country WC (ZAR/kWh) MLC (ZAR/kWh) BC (ZAR/kWh) 
Europe 0.794 1.325 1.855 

Canada 1.571 1.591 1.611 

China 1.546 1.546 1.546 

United States 1.280 1.280 1.280 

OVERALL 1.281 1.325 1.827 
 26 

4.5. Comparison of results 27 

Table 6 indicates a comparison between LCOE, sales tariff, and (potential) profit margin 28 

for various countries. 29 

 30 

Table 6: Comparison of LCOE, sales tariff and profit margin 31 

Country Description Worst Case Most Likely Case Best Case 

South Africa 

LCOE (ZAR/kWh) 3.531 1.298 0.778 

Sales tariff (ZAR/kWh) 1.475 1.475 1.475 

Profit Margin (ZAR/kWh) (2.056) 0.177 0.697 
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Country Description Worst Case Most Likely Case Best Case 

Profit Margin (%) -139% 12% 47% 

Europe 

LCOE (ZAR/kWh) 2.363 2.034 1.758 

Sales tariff (ZAR/kWh) 0.794 1.325 1.855 

Profit Margin (ZAR/kWh) (1.569) (0.709) 0.097 

Profit Margin (%) -197% -54% 5% 

China 

LCOE (ZAR/kWh) 1.576 1.497 1.419 

Sales tariff (ZAR/kWh) 1.546 1.546 1.546 

Profit Margin (ZAR/kWh) (0.030) 0.050 0.128 

Profit Margin (%) -2% 3% 8% 

Canada 

LCOE (ZAR/kWh) 1.012 0.883 0.840 

Sales tariff (ZAR/kWh) 1.571 1.591 1.611 

Profit Margin (ZAR/kWh) 0.559 0.708 0.770 

Profit Margin (%) 36% 44% 48% 

United States 

LCOE (ZAR/kWh) 1.524 1.359 1.194 

Sales tariff (ZAR/kWh) 1.280 1.280 1.280 

Profit Margin (ZAR/kWh) (0.244) (0.079) 0.086 

Profit Margin (%) -19% -6% 7% 

International 

(combined)
5
 

LCOE (ZAR/kWh) 1.671 1.577 1.306 

Sales tariff (ZAR/kWh) 1.281 1.325 1.827 

Profit Margin (ZAR/kWh) (0.390) (0.252) 0.521 

Profit Margin (%) -30% -19% 28% 

 32 

Considering REIP4 costs and rates, South African biomass power plants potentially have 33 

a profit margin of between -139% and 47%. According to the results, European biomass 34 

power plants can only make a profit of up to 5% with all BC values used. As stated, these 35 

profit margins only consider LCOE inputs and energy sales, and not additional revenue 36 

streams. Such additional revenue streams typically include additional energy sales in the 37 

form of heat for cogeneration plants, and government-backed incentives, such as tax 38 

rebates, lower borrowing costs, and sales of green certificates to carbon intensive 39 

industries. Such revenue streams are widely implemented and observed as attractive by 40 

IPPs, as evidenced by the proposed 300 MW biomass power plant in England (Rogers, 41 

2015). These additional revenue streams are not considered here, seeing as the REIP4 42 

specifically does not allow for them to be implemented. Including them in the costing 43 

analysis will result in additional costs being incurred (such as better lagging of steam 44 

pipes to preserve heat) and will ultimately result in skew LCOE figures. Chinese biomass 45 

power plants can either make a small loss with WC values, or make a reasonable profit 46 

(8%) using BC values. The values reported by Chinese sources for the LCOE and sales 47 

tariffs are based on actual values, ensuring a high degree of accuracy. Canadian plants 48 

can potentially make profit, no matter what values are used. This is likely due to large (low 49 

value) plantation areas available to biomass power plants. Biomass power plants in the 50 

 
5 Taken as the median of all global sources, see Table A.1 and Table A.2 in Appendix A 
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United States can either make a loss or small profit, depending on which of WC, MLC or 51 

BC values are used. Biomass power plants in the United States are governed by state 52 

law, as opposed to federal law, meaning a high degree of variability in results. Combining 53 

international results indicate profit margins ranging from -30% to +28, which indicates that 54 

global prices have a high degree of variability due to varying factors worldwide and that 55 

global prices cannot easily be compared.  56 

5. Discussion  57 

Gaining an understanding of the components comprising the LCOE of a biomass power 58 

plant in South Africa will help policy-makers determine the most appropriate programme 59 

for procuring these plants, as well as what the purchasing price should be to lure 60 

investors, whilst providing government with value for money. The current REIP4 has been 61 

widely hailed as a great success, due to its transparency and ability to drive down prices 62 

across multiple bidding windows (Walwyn and Brent, 2015). Indeed, the current research 63 

indicates that government can reduce maximum allowable tariffs for biomass-generated 64 

electricity under the BC scenario and this could still allow the technology supplier a 65 

reasonable profit margin. 66 

 67 

5.1. South African results 68 

The South African LCOE range from ZAR0.78/kWh to ZAR3.53/kWh, which suggests a 69 

wide range of variability. Considering the MLC, biomass costs (42%), capital costs 70 

(16.23%), and harvesting costs (12.95%) are the major contributing factors, accounting for 71 

over 71% of the total costs. This indicates that significant effort should be taken to define 72 

these costs, since capital costs comprise of multiple smaller costs, focussing on 73 

harvesting and biomass costs are deemed easier as these comprise of a single contract 74 

each. Decreasing harvesting costs through purchasing equipment (thereby possibly 75 

eliminating contractors) would result in increased capital and O&M costs for the biomass 76 

power plant, meaning careful consideration should be given. Biomass costs should be 77 

based on energy content and accepted in a size/format agreed by both the biomass 78 

supplier and power plant – this should be done to avoid external factors such as moisture 79 

content or biomass age, influencing the price. This price should also be fixed before 80 

signing the PPA to avoid above-CPI inflation; should this happen (as seen in industry) the 81 

biomass power plant’s profit margin will reduce until it ultimately runs at a loss.  82 

 83 

South African sales are set at a maximum of ZAR1.475/kWh when participating in the 84 

REIP4. Although biomass power plants can include tender bids for less than this, this is 85 

unlikely due to the limited competition experienced in the bids thus far.  86 

 87 

Profit margins for biomass power plants in the REIP4 range from -139% (WC) to 47% 88 

(BC). The MLC 12% profit margin may not lure too many (aggressive) investors on its own 89 

merits, whilst the BC 47% profit margin will result in many investors lining up to build 90 

biomass power plants. The factor influencing investors’ appetite to invest may well be the 91 

fuel supply agreement, since this not only represents the largest LCOE component, but is 92 

potentially not under full control of the biomass power plant. Since South Africa has limited 93 

biomass resources, there are not many entities owning biomass sources. If the investing 94 

company has links to this biomass source (either being the owner or shareholder) then it 95 

will gain significant sales to the biomass power plant. Considering that biomass power 96 

plants can burn residues (where there is a weak/no market with low prices) then it is not 97 

inconceivable to consider that the investing company does not mind low profit margins for 98 

the biomass power plant, as it views the power plant merely as a catalyst for selling its 99 

“low value” biomass. In this instance, profit margins for biomass power plants become 100 

less important for investors as long as the debt provider is satisfied, whilst the investor 101 

(equity holder) will strive to keep the biomass costs as high as possible. When considering 102 

the results, profit margins closer to 12% may support this theory, whilst higher profit 103 

margins do not.  104 



20 
 

 105 

5.2. International results 106 

The international LCOE ranges from ZAR1.31/kWh to ZAR1.67/kWh, which indicates low 107 

variability. A closer look, however, reveals significant differences in country/region specific 108 

LCOE values. For example, when considering most likely case values, Europe and 109 

“Other” have extremely high LCOE values, well over ZAR2/kWh. In the European case, 110 

this may be due to a number of factors, including higher biomass costs due to increased 111 

demand for available supply, increased transport costs, and increased grid connection 112 

costs due to a larger degree of grid interconnection between countries. Biomass power 113 

plants listed as “Other” may have larger LCOE values due to a number of factors, none of 114 

which may become apparent without knowledge of which countries are represented. What 115 

can be deduced from “Other’s” high LCOE range (ZAR0.83/kWh to ZAR3.40 kWh) is that 116 

LCOE values differ greatly from one country to another, with no single value representing 117 

the industry as a whole.  MLC values in the United States and China are more or less 118 

consistent with that of South Africa. As in Europe, the main factors influencing LCOE in 119 

the US may be biomass costs, transport costs and grid connection costs – the main 120 

difference, however, is the LCOE range. Whereas Europe has quite a large range 121 

between WC and BC values (ZAR 0.60/kWh), the US has approximately half of that (ZAR 122 

0.33/kWh). This could be due to more consistent state laws in the US than country 123 

specific-laws in Europe. The Chinese LCOE is higher than expected; the main contributing 124 

factor is escalating labour costs. Chinese biomass power plants generally employ 125 

significantly more people per MW than any other country, and this may largely be due to 126 

either perceived lower labour costs or less superior technologies installed. The Canadian 127 

LCOE is significantly lower than any other, and this could be due to an abundance of (low 128 

value) biomass, thereby decreasing the fuel cost significantly.  129 

 130 

Like the LCOE, international sale tariffs appear to be characterised by low variability 131 

(ZAR1.28/kWh to ZAR1.83/kWh). However, a closer inspection reveals differences in 132 

country-specific sales tariffs. Europe has by far the largest range in sales tariffs (ZAR 133 

0.79/kWh to ZAR 1.86/kWh), and this may largely be due to the fact that European plants 134 

can rely on the sale of green certificates, as well as electricity. Another possible reason for 135 

the large swing between WC and BC European values is the fact that a lot of biomass 136 

power generation plants are actually cogeneration plants, meaning there exists a heat 137 

client as well as an electrical client. Canadian and Chinese sales tariffs are more or less 138 

the same, with the United States not trailing far behind.  139 

 140 

Internationally, profit margins ranging from -30% to +28% can be expected. Although 141 

these profit margins are determined using the full LCOE and only sales from electricity 142 

(and not sales from green certificates or heat), the WC profit margin is unlikely. 143 

Specifically, European countries are likely to have multiple revenue streams, making an 144 

analysis of electricity-sales-only profit margins unreliable. Profit margins in the United 145 

States and China are more or less the same and do not invite investor confidence. It is 146 

likely that these plants either have additional revenue income (like Europe), or are likely 147 

the biomass source owner, meaning lower possible returns are acceptable. The only 148 

country with high returns is Canada, with profit margins ranging from 36% to 48%.  149 

 150 

6. Conclusion 151 

When comparing South Africa with the rest of the world in terms of biomass power plants, 152 

a few points are noticeable. 153 

 154 

Firstly, South Africa has a LCOE more or less in the same region as the United States, 155 

meaning possible comparisons may be made. On the other hand, the South African LCOE 156 

is not comparable with Europe (too expensive) or Canada (too inexpensive). Secondly, 157 

South Africa has a sales tariff that is comparable to China and, to a lesser extent, to the 158 

United States.  159 
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 160 

Lastly, it does not seem as though the REIP4-specific costs have penalised South African 161 

plants in any way when profit margins are considered. In fact, considering the MLC 162 

scenario and not taking additional revenue streams into account, South Africa has the 163 

second highest profit margin behind only Canada. This indicates that although the REIP4 164 

does place additional cost factors onto South African biomass power plants, they are 165 

rewarded justly.  166 

 167 

This paper set out to determine the LCOE of a biomass power plant in South Africa 168 

considering the REIP4 and how this compares to international plants. It was theorised that 169 

additional costs as requested by the REIP4 may negatively influence the possible profit 170 

margins of South African plants. It was found that the REIP4 does not penalise South 171 

African plants, but rather allow (potentially) for larger profit margins than elsewhere in the 172 

world. 173 

 174 

Although the research objectives have been met, this was done using a fixed exchange 175 

rate, and with secondary data. It is recommended that, when enough plants are in 176 

existence in South Africa, the same research be carried out using primary data and 177 

variable exchange rates, as this would allow for an up-to-date LCOE. 178 

 179 

It is theorised that investing companies do have some (financial) stake in the biomass 180 

sources supplied to the biomass power plant. It is recommended to investigate this claim, 181 

determining the relationship between biomass power plants and biomass source owners. 182 

Since only sales tariffs for electricity sold is used to determine international profit margins, 183 

it is recommended to conduct research that includes all revenue streams in the profit 184 

margins, allowing for better comparisons. The results of LCOE scenarios can be improved 185 

further by taking into account the thermal and exergy properties of the fuel type in 186 

combination with engine types, and performing either a thermoeconomic or 187 

exergoeconomic analysis (Lee at al, 2018; Mergenthaler et al, 2017). 188 

 189 
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Appendix A 509 

 510 

Table A.1: Determining international LCOE figures 511 

Country/Region Source WC MLC BC 

Europe 

Laleman et al. 

(2012) 
1.7654 1.65676 1.65676 

Kost et al. 

(2013) 
2.96145171 2.41048395 1.85951619 

MEDIAN 2.363425855 2.033621975 1.758138095 

Canada 

Kumar et al. 

(2003) 
1.082103807 0.863965421 0.810031993 

Kumar et al. 

(2008) 
0.942662867 0.902889681 0.870661891 

MEDIAN 1.012383337 0.883427551 0.840346942 

United States 

Roth 

 and Ambs 

(2004) 

3.105949009 1.740358205 1.589766738 

Borin et al. 

(2010) 
1.523638936 1.358921214 1.194203491 

MEDIAN 1.523638936 1.358921214 1.194203491 

China 
Ouyang and 

Lin (2014) 
1.575883063 1.497196699 1.418510336 

Global 

Tidball et al. 

(2010) 
1.290924947 1.139051424 0.835304377 

Frydas (2010) 3.400255082 3.138696998 2.877138915 

International 

Renewable 

Energy 

Agency (2012) 

3.980678302 2.402133458 0.823588614 

MEDIAN 3.400255082 2.402133458 0.835304377 

 512 
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Table A.2: Determining international sales tariffs 513 

Country/Region Source WC MLC BC 

Europe 

Council of 

European 

Energy 

Regulators 

(2015) 

0.18087125 1.20246838 2.522092008 

Lang and Lang 

(2014) 
0.79443 1.324729 1.855028 

Lapierre and 

Bellisaire 

(2011) 

1.52259479 1.67483552 1.827076254 

MEDIAN 0.79443 1.324729 1.855028 

Canada 

Moore et al. 

(2013) 
1.28058476 1.31998737 1.359389976 

Government of 

Nova Scotia 

(2011) 

1.86202645 1.86202645 1.862026445 

MEDIAN 1.571305603 1.591006907 1.610708211 

China 
Xu and Yuan 

(2015) 
1.54626034 1.54626034 1.546260338 

United States 

US Energy 

Information 

Administration 

(2013) 

0.41338135 0.77164518 1.129909009 

1.33138063 2.26334708 3.195313519 

Couture and 

Cory (2009) 
1.2797736 1.2797736 1.279773595 

MEDIAN 1.279773595 1.279773595 1.279773595 
 514 
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 516 

Appendix B 517 

 518 

Table B.1: Inflation rates used throughout study 519 

 Canada 
South 

Africa 
Germany 

United 

States 
China Italy England 

1998 1.00 6.86 0.36 1.55 -0.77 1.96 1.59 

1999 2.63 5.27 1.19 2.19 -1.4 1.66 1.34 

2000 3.2 5.33 2 3.38 0.35 2.54 0.79 

2001 0.72 5.73 1.61 2.83 0.73 2.79 1.24 

2002 3.8 9.47 1.14 1.59 -0.73 2.46 1.26 

2003 2.08 5.84 1.12 2.27 1.13 2.67 1.36 

2004 2.13 -0.68 2.22 2.68 3.84 2.21 1.34 

2005 2.09 2.06 1.41 3.39 1.78 1.98 2.05 

2006 1.67 3.24 1.39 3.24 1.65 2.09 2.33 

2007 2.38 6.17 3.17 2.85 4.82 1.83 2.32 

2008 1.16 10.04 1.13 3.85 5.97 3.35 3.61 

2009 1.32 7.26 0.81 -0.34 -0.72 0.78 2.17 

2010 2.35 4.1 1.31 1.64 3.17 1.52 3.29 

2011 2.3 5.01 1.98 3.16 5.53 2.78 4.48 

2012 0.83 5.75 2.04 2.07 2.71 3.04 2.83 

2013 1.24 5.77 1.43 1.47 2.62 1.22 2.53 
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2014 1.47 6.13 0.19 1.62 2 0.24 1.47 

2015 1.61 4.51 0.28 0.12 1.46 0.04 0.05 

Adopted from inflation.eu (2016) 520 

 521 

 522 

Table B.2: Exchange rates and PPP rates (2015) for South African rand 523 

Country Currency Exchange Rate PPP 
Canada C$1 9.73 4.37 

Germany 1 Euro 13.58 6.94 

Italy 1 Euro 13.58 7.20 

United States of America US$1 12.26 5.39 

China CNY 1 1.75 1.53 

Great Britain 
1 British 

Pound 

15.00 7.71 

Adopted from Department of Energy (2015c) and OECD.stat (2015) 524 

 525 


