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Highlights: 

We present a multidisciplinary analysis for bioenergy production assessment 

We include food security and sustainability considerations 

The methodology provides a set of Microsoft Excel based tools 

We analyze the case of bioenergy production for rural electrification in Malawi.  
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Abstract: 10 

In the bioenergy discourse that ties energy and agricultural markets closely together, evidence 11 

based policy formulation is key to ensure integrated food and energy systems are developed 12 

when viable. Bioenergy is a particularly complex form of renewable energy as it covers a 13 

broad range of disciplines thus requiring a multidisciplinary approach to ensure viability. If 14 

built in a specific manner it has the option to target and provide investments in agriculture, a 15 

key sector for a number of developing economies.  16 

Due to the complexity of the issue, generating information, especially when resources are 17 

limited, can be cumbersome. We present a multidisciplinary approach, the Bioenergy and 18 

Food Security (BEFS) Rapid Appraisal, that can provide a first level of information within the 19 

decision making process.  20 

The analysis within the BEFS Rapid Appraisal defines the country context, estimates the 21 

biomass available for bioenergy production and ties this amount to specific bioenergy supply 22 
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chains. Available biomass originating from agriculture is calculated net of current and 23 

foreseen uses and needs, thus accounting for food security. The bioenergy production 24 

potential is evaluated by quantifying the feedstock available, identifying income and 25 

employment opportunities, and energy access options. We present an application of the BEFS 26 

Rapid Appraisal for rural electrification options in Malawi.  27 

 28 

Keywords: biomass potential, bioenergy, renewable energy, food security, rural 29 

electrification 30 

 31 

1. Introduction 32 

Energy plays an essential role in modern life, is central to development and enables food 33 

security. In fact, both in the Post2015 debate and under the UN‟s Sustainable Energy for All 34 

Initiative, the central role of energy and the need to ensure universal energy access is 35 

recognized and targeted [1, 2]. 36 

  37 

At present, the energy sector heavily relies on fossil fuel supply and is the source of two-38 

thirds of global greenhouse gas emissions. Consequently, current and future energy pathways 39 

will be pivotal in determining whether or not climate change goals will be achieved [3]. This 40 

is especially important when considering the differences in current energy access levels across 41 

the globe. Energy policy decisions of emerging and developing countries will play an 42 

important role. Developing countries still use a lot less energy compared to developed 43 

countries, although differences are forecasted to reduce over coming years, but will still 44 

remain large. For example, average per capita energy consumption in Africa is estimated to be 45 

less than one third of the global average in 2035, while emerging economies and their energy 46 

strategies will become the center of gravity for future energy demand [3]. Finding alternative 47 
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energy strategies is vital to ensure climate change targets are met and that fossil fuels are not 48 

seen as the only solution to meet additional demand. As part of an alternative energy mix, 49 

bioenergy could play a role in developing countries, this could be especially attractive for 50 

those countries that are resource abundant and heavily rely on the agriculture sector [4-6]. The 51 

question to be answered is if, and what role bioenergy can play in contributing toward 52 

achieving energy security within the overall energy mix [7], while safeguarding food security. 53 

 54 

The debate on bioenergy has been controversial. On one hand, bioenergy is seen as a source 55 

of additional demand for agricultural feedstock, putting pressure on resources, competing with 56 

food production, resulting in increased food insecurity [8, 9]. On the other, some find that 57 

bioenergy can be a driver for increased agricultural production and productivity through 58 

investment in agriculture, rural development, job creation and income and contributing to 59 

climate change mitigation [4, 5, 10]. In addition, growth that targets the agriculture sector can 60 

better target poverty reduction [6]. The experience of those countries that have succeeded in 61 

reducing hunger and malnutrition shows that economic growth does not automatically ensure 62 

success – the source of growth matters too. Growth originating in agriculture, in particular in 63 

the smallholder sector, is at least twice as effective in benefiting the poor as growth in non-64 

agricultural sectors [11]. This is not surprising since most of the poor in today‟s developing 65 

countries live in rural areas, where their incomes are directly or indirectly tied to agriculture 66 

[12, 13]. 67 

It is generally acknowledged that the use of agricultural feedstock for energy production has 68 

strengthened the links between energy and agricultural markets [4]. Recent research in this 69 

area has also underlined how the idea of non-food competing feedstock is not the solution and 70 

that impact of biofuels on food security may not differ markedly from that of other agro-71 

industrial crops [5, 14, 15].  72 
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From an energy point of view, bioenergy is a particularly complex form of renewable energy 73 

with implications across a number of disciplines. From an agricultural point of view, 74 

bioenergy is a market outlet for agricultural production [14]. 75 

 76 

For a policy to be evidence based, it is necessary to have a clear understanding of the 77 

feedstock production potential, how and where the feedstock can be sourced and what 78 

conversion technology is the most efficient to fulfill the specific energy demands. This is 79 

particularly challenging because bioenergy bridges across natural resource sciences, 80 

economics and engineering. Combining these disciplines allows addressing the complexities 81 

involved, resulting in a more robust analysis and delivery of information and evidence for the 82 

policy formulation process [16, 17]. 83 

 84 

This paper presents a rapid appraisal multidisciplinary approach of in country bioenergy 85 

potential to meet energy needs, while considering the agricultural, economic and social 86 

context. Feedstock production is analyzed based on food production requirements and 87 

environmental considerations. All biofuel options are considered covering options for heating 88 

and cooking, electrification and transport.  The paper first discusses the methodology 89 

integrated in the Bioenergy and Food Security (BEFS) Rapid Appraisal tools and then 90 

presents their application for the assessment of bioenergy options for rural electrification in 91 

Malawi. 92 

 93 

2. Material and methods  94 

The BEFS Rapid Appraisal consists of a set of excel based tools that are globally applicable 95 

and are used for a first level of analysis of bioenergy options. The analysis can be tailored for 96 

country or area level assessment depending on country size and data availability. The BEFS 97 
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Rapid Appraisal has four areas of analysis [17], namely 1) Country context, 2) Natural 98 

Resources: Biomass Potential Assessment, 3) Energy end use options: Techno-economic 99 

Analysis and  4) Energy end use options: Socio-economic analysis. Area 3 and 4 of the 100 

analysis are presented jointly. Fig. 1 presents the areas of analysis and the interlinkages across 101 

sections of analysis. 102 

 103 

"Fig. 1 here" 104 

 105 

The analysis carried out within the BEFS Rapid Appraisal covers the whole biofuel supply 106 

chain from feedstock production to processing plant gate or the final consumer. The analysis 107 

starts with the description of the country context, within which key agricultural features and 108 

current energy supply and demand are described and bioenergy pathways of interest defined. 109 

Based on this biomass types for the analysis are identified, the potential feedstock availability 110 

is estimated, and the competitiveness of the bioenergy pathway options and respective socio-111 

economic implications and tradeoffs are assessed.  112 

 113 

 At the feedstock level, the biomass potential from forestry, crop production and agricultural 114 

residues can be assessed. At the energy end user level, heating and cooking options, rural 115 

electrification options and transport are covered. Outputs of one area of the analysis are used 116 

to define the underlying context, or are used directly as input parameters into the following 117 

step, of the analysis. Where possible, the tools provide default values which can support the 118 

analysis, when country specific data is not available. Default values are the result of literature 119 

research and reviews, relevant sources per set of default values can be found in the BEFS 120 

Rapid Appraisal Manuals [18-30]. Based on the BEFS Rapid Appraisal results, it is possible 121 

to define the areas for more detailed analysis that should support the policy formulation. 122 
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Food security considerations are interwoven throughout the framework. Based on FAO‟s 123 

definition [17], food security is related to production, access, utilization and the stability of 124 

the previous three dimensions. However, stability is not explicitly considered in the BEFS 125 

Rapid Appraisal.   126 

 127 

In line with this definition, the analysis aims to assess potential availability of biomass that is 128 

additional and/or complementary to food, feed and other uses, as to competition for resources 129 

and negative impacts on food production. Options for employment and income generation 130 

along the biofuel supply chain are taken into consideration. Options for heating and cooking 131 

are covered relating to food utilization.  132 

 133 

Environmental, economic and social sustainability is also built into the framework as the basis 134 

for ensuring the system developed is sustainable [31]. The sustainable use of natural resources 135 

is sought by prioritizing intensification of agricultural production over expansion of arable 136 

land, i.e. avoiding land use change [32], by excluding protected areas [6], and by excluding or 137 

enhancing uses of residues, such as for soil management. Economic and social sustainability 138 

is considered as well, by investigating economic competitiveness and financial viability of 139 

bioenergy investments, employment options and implications for energy access.  140 

 141 

The analysis is primarily static and descriptive and is based on current or foreseen production 142 

and consumption levels. As in the case for comparable static analysis in economics, the 143 

approach compares different scenarios in which key variables can be changed. Scenarios 144 

should be constructed around a targeted set of key parameters stemming from policy 145 

objectives. For example energy access targets, job creation or smallholder involvement 146 

targets, environmental targets, etc. Although not dynamic, the strength of the analysis lies in 147 
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the integration of results across disciplines relevant to bioenergy development. Results do not 148 

include impact on food prices, although in the longer term allowing for technology shifts to 149 

keep prices stable. It is important to recall also that food price changes are the result of a 150 

number of different drivers, such as weather shocks, and that the most vulnerable to the food 151 

price changes would be the urban poor. On the other hand rural households could benefit from 152 

the price increases if they were net producers of the crop [33-35]. As the analysis is static and 153 

not dynamic, second round effect such as multiplier effects are not captured and impacts on 154 

food prices are not part of the analysis. 155 

 156 

2.1. Country Context 157 

The country status tool of the BEFS Rapid Appraisal provides an overview of the country 158 

context in terms of key socioeconomic and natural resources indicators, agriculture sector and 159 

food security indicators and energy supply and demand requirements. Fig. 2 graphically 160 

represents the information contained and reported in the country status. This module identifies 161 

the role agriculture plays in the economy, the key food staples and their net trade position and 162 

the key agricultural export crops. Food staples are ranked on a calorie contribution basis. 163 

Agricultural exports are ranked on a value basis. On the energy side, information on the 164 

energy balance, electricity access, heating and cooking and transport sector is collated. 165 

Against this backdrop, the selected bioenergy options are screened.  166 

 167 

"Fig. 2 here" 168 

 169 
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2.2. Biomass potential assessment 170 

Within the biomass assessment part of the BEFS Rapid Appraisal, the availability of 171 

bioenergy feedstock originating from crop production, agricultural residues and forestry is 172 

assessed. Fig. 3 presents the structure and sections of the biomass assessment. 173 

 174 

"Fig. 3 here" 175 

 176 

The crops component covers both crop production and crop profitability, where a total of 25 177 

crops are covered in this section. For additional feedstock production, three options can be 178 

analyzed, namely intensification, extensification and change of crops. The intensification 179 

option assesses the additional amount of crops that can be produced through an increase in 180 

and how much of this calculated amount could be used as bioenergy feedstock after fulfilling 181 

food and other needs. The yield gap is estimated based on the current yield (which can be 182 

obtained from FAOSTAT or national statistics) and target potential yields that could be 183 

achieved under a defined level of agricultural production. The potential yields can be defined 184 

by the user of the tool or based on reference data provided in the tool. Three agricultural 185 

production levels are considered, namely low input, medium input and high input. If country 186 

or area specific information on the potential yield is not available, the potential yields 187 

estimated by Global Agro-Ecological Zoning Layers (GAEZ) [36] can be used. These values 188 

are calculated based on the three levels of agricultural production and on the crop specific 189 

land suitability of the country.  Land suitability maps support the definition of the target 190 

potential yield level and are based on  the GAEZ layers on land suitability and productivity 191 

[36], global land cover map Glob Cover 2009 [37] and the World Database on Protected 192 

Areas [38]. The analysis of the extensification option gives an indication of whether there is a 193 

possibility for sustainable expansion of arable land, based on trends in land-use change in the 194 
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analyzed area over the past 10 to 20 years. Changes in forest- and arable land area are used as 195 

key indicators [39, 40]. Finally, the change of crops option provides an indication of the 196 

amount of bioenergy feedstock that could be produced by substituting the production of a 197 

currently produced crop with a bioenergy crop. This level of analysis is purely descriptive as 198 

the economic implications of such a change should be further assessed. In addition to the 199 

biophysical potential, crop profitability, costs and labour requirements of crop production per 200 

hectare are estimated.  201 

 202 

Both crop and livestock residues are covered within agricultural residues. The availability of 203 

crop residues is estimated based on current crop production yields and the respective residue-204 

to-crop ratios, and takes into account current uses [41-56]. In total, 30 crop-residue types from 205 

staple and cash crops suitable for energy production can be analyzed. The default values for 206 

residue-to-crop ratios  are based on a detailed literature review, whereby the 10-year average 207 

annual production data is extracted from FAOSTAT [21, 40]. These default values are 208 

integrated into the tool. Residues currently used for feed and animal bedding, construction, 209 

industry and other uses and the amount of residues to be left in the field required for soil 210 

fertility and stability are excluded, while the amount of residues burnt in the field is 211 

considered as potentially available for bioenergy production [32]. The assessment of annual 212 

manure availability includes manure from dairy cows and buffalo, swine and chickens. The 213 

analysis is based on the number of heads in commercial and household production, and the 214 

estimated manure production per head per day [32]. In the case of cattle, it is assumed that 215 

only the manure collected in stables can be potentially used for biogas production, thus 216 

manure generated during grazing is not accounted for.  217 

 218 
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Within the woodfuel and wood residues component, the potential for additional forest 219 

harvesting, the availability of forest harvesting residues and wood processing residues is 220 

assessed. The additional forest harvesting assessment gives only an indication of possible 221 

additional harvesting based on trends in forest cover and roundwood removal rates [17, 40]. 222 

The available harvesting residues are estimated based on the annual roundwood production, 223 

rate of felling removal and the percentage of the residues that are already used. Thereby, it is 224 

assumed that tree foliage, small branches and stumps are left in the forest for soil fertilization 225 

and protection and biodiversity conservation. The wood processing residues assessment is 226 

based on the estimation of available sawdust, slabs and chips generated during sawnwood 227 

production. The assessment is based on the annual sawnwood production, average efficiency 228 

of sawmills [7, 57, 58] and current use of residues. The analysis can be based on the default 229 

values integrated into the tool [22] or sawmill efficiency factors defined by the user. In the 230 

case of forest plantations, the potential harvestable volume of wood from dedicated woodfuel 231 

plantations and costs and benefits of establishing plantations is assessed on a per hectare 232 

basis. 233 

 234 

2.3. Energy end use options 235 

In the energy end use option sections, the techno-economic and socio economic viability of 236 

different bioenergy production pathways is assessed. The end use options covered include 237 

heating and cooking, electricity generation and transport. Fig. 4 graphically represents the 238 

energy end use options covered within the BEFS Rapid Appraisal.  239 

 240 

"Fig. 4 here" 241 

 242 
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The assessments for each of the energy pathways were developed through a conceptual design 243 

approach based on „knowledge‟, e.g. mass and energy balances, physical properties of 244 

substances and other physico-chemical parameters [59-61]. Techno-economic coefficients 245 

were defined and used to carry out the mass and energy balance calculations, equipment size 246 

estimation and energy requirements for the equipment for each energy pathway. These 247 

coefficients were obtained through a technology specific literature review [62-76]. 248 

Representative plant sizes and technologies were selected for the analysis based on the 249 

literature review. The standardization of plant sizes and technologies was done to make the 250 

assessment globally applicable and their selection was based on a representative range of 251 

general plant sizes and technologies used in the global context. In this sense, the selected plant 252 

size and technologies may not be representative for a specific country but do allow for 253 

comparison across feedstock and type of technologies used within the energy pathway. At the 254 

more detailed level of analysis, plant sizes can be case specific and build based on location 255 

specific feedstock availability. The heating and cooking options cover biogas, charcoal and 256 

briquettes assessments. The rural electrification options include straight vegetable oil (SVO), 257 

direct combustion and gasification, while transport covers both biodiesel and ethanol. 258 

 259 

The analysis within the energy end use options‟ sections generates economic, operating and 260 

financial results. The economic set of results includes economic profitability, eg. production 261 

costs, production cost breakdown and investment requirements. Particularly, production costs 262 

are compared to the market price and/or costs of technologies commonly used in the country 263 

for the specific energy option. Operating results include a comparison of the biomass 264 

requirement for the different plant scales versus the biomass available as calculated in the 265 

biomass availability part of the BEFS Rapid Appraisal, number of plants that can potentially 266 

be supplied based on the amount of biomass available, number of jobs created, and potential 267 
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households supplied. Financial results illustrate the financial viability of the energy end use 268 

option based on net present value and internal rate of return indicators. Results are generated 269 

both at the single feedstock level and also as a comparison between feedstock. Within the 270 

transport tool, the analysis also accounts for commercial large scale versus outgrower 271 

production schemes and production for domestic versus international markets. 272 

 273 

3. Results and Discussion 274 

In this section the results for the analysis carried out for Malawi and options for rural 275 

electricity generation from selected bioenergy feedstock are presented.   276 

The analysis can be extended to include a variety of feedstock options ranging from crops to 277 

crop residues, livestock residues, etc. and for a number of energy applications related to 278 

heating and cooking, electricity and transport. The part of the analysis presented here is based 279 

on the country status, crop and crop residues tools and two of the rural electrification tools, 280 

namely straight vegetable oil (SVO) and gasification. The feedstock used are sunflower, 281 

soybean, maize cob and sorghum straw and stalk for reasons explained below. This set of 282 

analysis should be considered as a first round of analysis that is carried out at the national 283 

level. Other feedstock options to be considered could include ground nut, rice husks and 284 

pigeon pea. There could also be a focus on specific areas of the country, regions or districts, 285 

where particular crops, such as rice husk and pigeon pea, might be available. Agriculture 286 

growth projections could also be incorporated in the analysis in the form of projected yields or 287 

area coverage. 288 

 289 

3.1. Country status results and feedstock selection 290 

Malawi is a Southern African landlocked country and is amongst the world‟s least developed 291 

countries, classified as a Low Income Food Deficit Country. In 2011, GDP per capita was 363 292 



13 

 

$ capita
-1

 and the country experienced high poverty rates with 1 in 2 people below the poverty 293 

line. Moreover, 23% of the population was undernourished [77-79]. The economy of Malawi 294 

heavily relies on the agricultural sector for income and employment, with agriculture 295 

contributing just over 30% of GDP in 2011 [79]. About 60% of the land area in Malawi is 296 

classified as agricultural, of which 63% is arable land. Almost 35% is designated as forest 297 

land, but forest cover has been declining continuously over the past 20 years.  Malawi is 298 

generally considered to be rich in water resources, found around the country in the form of 299 

lakes, rivers and aquifers [77, 78]. Access to energy is problematic and biomass is the main 300 

source of energy accounting for 89% of the energy consumed, including fuelwood, charcoal 301 

and crop residues. Households are the main consumers of energy and account for 83% of total 302 

energy use [80]. The key food staples are maize, potato and cassava. Maize is by far the main 303 

contributor to calories as it provides 50% of calorie intake, followed by potato (8.4%) and 304 

cassava (5.8%). Maize occupies 60% of total arable land [78]. Malawi is mostly self-305 

sufficient in maize production but has fluctuated between being a slight net importer and 306 

exporter over the last ten years. Tobacco, tea and coffee are the main agricultural export 307 

commodities, with tobacco providing 70% of total export earnings in 2010 [78]. Ground nut 308 

production has steadily been increasing over the last ten years reaching a production of 309 

380,300 t in 2013 [78]. Malawi is currently investigating options for crop diversification [81], 310 

therefore bioenergy could represent an alternative option. 311 

 312 

The selection of feedstock for the analysis in Malawi was the result of a policy discourse with 313 

technical experts from a number of ministries including the Ministry of Natural Resources, 314 

Energy and Environment, Ministry of Agriculture and Food Security, Ministry of Industry 315 

and Trade, etc [82]. Access to energy, more specifically electricity, is a severe problem in 316 

Malawi where overall less than 1 in 10 people have access to electricity [81]. Due to the 317 
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agricultural production context and the country‟s interest in investigating alternative 318 

agricultural export strategies, the feedstock considered are sunflower, soybean, maize cob and 319 

sorghum straw/stalk. In 2013, the total production of maize was 1,676,758 t, 111, 977 t of 320 

soybean, 86,242 t of sorghum and 12,249 t of sunflower seed. [40]. 321 

 322 

The rural electrification options considered are SVO using sunflower and soybean, as well as 323 

gasification using maize cob and sorghum straw/stalk residues. These two options differ by 324 

technology and feedstock type used. SVO technology is based on the direct use of vegetable 325 

oils within modified diesel engines connected to electricity generators. Conversely, 326 

gasification technology converts biomass into a fuel-gas called syngas. This syngas is then 327 

burnt in a gas engine connected to an electricity generator.  Both technology options include 328 

the electricity distribution cost within their respective analysis. For sake of simplicity 329 

hereafter these two options will be called SVO and gasification. 330 

 331 

3.2. Calculations of feedstock availability 332 

Within the crop availability assessment, we first assess availability under intensification of 333 

production, secondly we assess availability under extensification and thirdly options for crop 334 

to crop change.  335 

 336 

The results for sunflower intensification are reported in Fig. 5. We first define the current 337 

yield level. In order to account for year to year fluctuations, we report average yields over a 5 338 

year period. The average yield for sunflower between 2005 and 2010 was 0.83 t ha
-1

. By 339 

comparing this yield level to the potential yield levels reported in the GAEZ database, we find 340 

that the current production level is comparable to a low level input system. We then compare 341 

this yield level with the next level up, i.e. the intermediate input level, with a potential yield of 342 
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1.73 t ha
-1

. Under current production conditions the total annual production is 7,902 t and the 343 

total production area is 9,520 ha. We assume that the production area is kept constant but we 344 

increase the average yield to the intensified yield level of 1.73 t ha
-1

. In this way we calculate 345 

a total potential production of 16,470 t, to be achieved while keeping the production area 346 

constant. Assuming that planned production for non-bioenergy purposes remains close to 347 

current uses, about 8,470 t of sunflower could potentially be available for bioenergy 348 

production through yield intensification. Following the same approach for soybean, results 349 

show that the average current yield over the past five years is 0.94 t ha
-1

. Production area is 350 

78,700 ha with an average total annual production of around 74,000. The potential yield that 351 

can be attained at rainfed intermediate levels is 2.12 t ha
-1

, resulting in a total production of 352 

91,344 t of soybean for bioenergy production. Note that the current area under soybean 353 

production is much larger than the one under sunflower, thus the amount attainable under 354 

intensification is considerably higher.  355 

 356 

"Fig. 5 here" 357 

 358 

The results are also supported also by the land suitability maps, Fig 6. These illustrate that 359 

suitability for soybean and sunflower are similar, while suitability is slightly higher for 360 

soybean.  361 

 362 

"Fig. 6 here" 363 

 364 

Results for extensification are shown in Fig. 7. We find that there has been a continuous 365 

decrease in forest cover over the period 2000-2010 and an increase in arable land. The BEFS 366 

Rapid Appraisal does not support spatially explicit analysis and therefore at this level of 367 
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analysis it is not possible to define the causes of deforestation and whether this was tied to 368 

expansion of arable land. Nonetheless, due to the reduction in forest cover, options for 369 

extensification were considered unsustainable at this level of analysis. 370 

 371 

"Fig. 7 here" 372 

 373 

Results for the change of crops option are reported in Fig. 8. In the context of efforts to 374 

diversify agriculture exports in Malawi away from tobacco, part of the area under tobacco 375 

production could be allocated to either sunflower or soybean.  376 

 377 

"Fig. 8 here" 378 

 379 

When looking at the crop budget results for sunflower and soybean at the intermediate input 380 

level, see Fig 9, we find that at the farmers‟ level soybean is preferred to sunflower. 381 

Cultivating soybean in fact results in higher gross margins and higher labour demand, when 382 

compared to sunflower. 383 

 384 

The analysis was undertaken for both soybean and sunflower, but for sake of the argument, 385 

we present the results for sunflower. The reasons for this are explained further on.  386 

Average tobacco production is 166,730 t between 2006/2007 - 2010/2011 based on an 387 

average yield of 1.05 t ha
-1

. For purely descriptive reasons, we assume a 25% reduction in the 388 

production of tobacco and reallocate the equivalent area to sunflower production. The 25% 389 

share can be part of the analysis whereby larger or smaller shares can be analyzed. We assume 390 

the area is put under the previously defined intensified yield of 1.73 t ha
-1

 and calculate that 391 
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this would result in a total additional production of 68,676 t of sunflower which could be 392 

available for bioenergy production.   393 

 394 

By adding up all feedstock calculated in the intensification and change of crop options, we 395 

conclude that a total of 77,146 t of sunflower and 91,844 t of soybean could potentially be 396 

available for bioenergy production on a per year basis. 397 

 398 

Fig. 10 presents the results for the calculation of crop residues available for bioenergy 399 

production. We estimate the amount of maize cob available based on current maize 400 

production levels and on the default value of 0.33 for the residue-to-crop ratio [21]. Maize 401 

cobs are residues generated away from the fields and therefore not left in the field. A total of 402 

90% of residues produced are currently used for cooking and heating based on discussions 403 

with the experts in the country [81]. This would leave 10% for bioenergy consumption i.e. 404 

84,500 t of maize cob per year. In the case of sorghum stalk and straw it is estimated that 405 

43,637 t of residues would be available for bioenergy. This value is based on current sorghum 406 

production, the default residue to crop ratio of 2.44, the default amount of 25% of residues left 407 

in the field and on the expert opinions‟ assessment that, of the remaining amount, 20% is used 408 

as fuel and 30% for construction material. 409 

 410 

"Fig. 10 here" 411 

 412 

In summary, the crop and crop residues tools allow us to calculate an annual amount of 413 

77,146 t of sunflower and 91,844 t of soybean and 84,500 t of maize cob and 43,637 t of 414 

residues of sorghum stalk and straw available for bioenergy production. 415 
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The user of the tools can decide how to allocate the total amounts of biomass generated 416 

between energy generation options. In the case of this specific example, we allocate all of the 417 

biomass to rural electrification. However, and based on the energy policy interests of the 418 

country, total sunflower produced could for example be allocated to biodiesel production.  419 

 420 

3.3. Rural electrification options 421 

For the two rural electrification options, namely SVO and gasification, results are reported 422 

based on three representative plant sizes, namely 10, 40 and 400 kW. In order to assess the 423 

economic sustainability of these options in off-grid areas, it is necessary to use a “non-424 

subsidized” comparison price which reflects the current costs of rural electrification. For this, 425 

the rural electrification tools offer an in-built calculator that estimates a proxy for the price of 426 

electricity. This proxy is calculated based on the steps required to operate a diesel generator 427 

such as transport of diesel to the specified area, the cost of the generator, and its operation and 428 

maintenance costs. Using this calculator, the comparison price was then estimated to be 96 $ 429 

MWh
-1

, see Fig. 11 for calculation. 430 

 431 

"Fig. 11 here" 432 

 433 

In Fig. 12, a snapshot of results page obtained using gasification and SVO tools is presented. 434 

For the sake of simplicity in upcoming results only selected charts comparing key results will 435 

be shown. 436 

 437 

 438 

 439 

 440 
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 441 

"Fig. 12 here" 442 

 443 

Results for production costs present a range to give a sentence of the initial level of 444 

assessment. As shown in Fig. 13, we find that both gasification options and the SVO-445 

sunflower option are competitive when compared to the 96 $ MWh
-1

 comparison price. The 446 

SVO-soybean option is most likely notcompetitive, as generally the range of production costs 447 

in around or above the comparison price.  This illustrates that the farmer level and the energy 448 

production level may be in contradiction with one another.  Farmers‟ will have less incentive 449 

to produce sunflower, while at the rural electrification level for electricity generation to be 450 

cost competitive the SVO plants will prefer to use sunflower. Increasing soybean production 451 

even further by shifting out of tobacco to soybean could increase feedstock production but 452 

still the plants might not be economical.  453 

 454 

"Fig. 13 here" 455 

 456 

When focusing on the three options that are more clearly competitive, the results show that 457 

gasification from maize cob is slightly more competitive than the other two. Nevertheless, 458 

investment costs for a single gasification plant are approximately 7 times higher compared to 459 

the same SVO plant size. The main reasons for this lie in differences in technology maturity, 460 

as well as differences in prices of equipment and the number of pieces of equipment required 461 

(see Fig. 14). 462 

 463 

"Fig. 14 here" 464 

 465 
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On a plant level basis, by construction, the number of households supplied for both 466 

electrification options is approximately the same. However, SVO options have the potential to 467 

generate more jobs as the equipment is more labour intensive and the larger availability of 468 

biomass would allow constructing a much larger number of sunflower based SVO generating 469 

facilities (Fig. 15 and Fig. 16). 470 

 471 

"Fig. 15 here" 472 

 473 

"Fig. 16 here" 474 

 475 

In the case of gasification, as illustrated in Fig. 17, a total of 366 plants of 10 kW could be 476 

built based on maize cob availability and 304 based on sorghum residue availability. In the 477 

case of SVO, for example a total of 3,470 of 10 kW plants could be built based on potential 478 

availability of sunflower and 1,781 plants for the case of soybean.  479 

 480 

"Fig. 17 here" 481 

 482 

This illustrates that, if considering feedstock availability in combination with the potential 483 

number of plants that can be constructed then, a much larger quantity of household could be 484 

supplied with electricity from sunflower-SVO and more jobs created. Therefore, from an 485 

investment requirement point of view, cost competitiveness, labour and household access 486 

characteristics, SVO-based electricity generation from sunflower could be the preferred 487 

option. Note also that it is assumed that the feedstock is purchased on the market and paid at 488 

the market price. Consequently there would be no difference for the farmer whether selling 489 
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their product to an SVO production plant or another outlet. Nonetheless, from the farmer‟s 490 

point of view, sunflower awards less returns when compared to soybean.  491 

 492 

4. Conclusions 493 

In the bioenergy discourse that ties energy and agricultural markets closely together, evidence 494 

based policy formulation is key to ensure integrated food and energy systems are developed 495 

when viable. Bioenergy is a particularly complex form of renewable energy as it covers a 496 

broad range of disciplines thus requiring a multidisciplinary approach to ensure viability. 497 

Nonetheless, it has the option to target and provide investments to a key sector for a number 498 

of developing economies, namely the agricultural sector, if built sustainably.  499 

 500 

Due to the complexity of the issue, generating information, especially when resources are 501 

limited, can be cumbersome. For this, we present a multidisciplinary rapid appraisal level 502 

approach, the BEFS Rapid Appraisal, that can provide a first level of information within the 503 

decision making process. This appraisal allows for the integration of the agriculture and 504 

energy sectors, while prioritizing agricultural sector needs and considering sustainability 505 

requirements. 506 

 507 

To illustrate the integrated approach, we present results from the analysis of biomass use in 508 

electricity generation in Malawi, an agriculture based economy with severe energy access 509 

problems. The analysis assesses options for rural electricity generation based on biomass 510 

availability. We first calculate the amount of biomass that could be produced without 511 

competing with current food and agricultural production needs, considering the yield gap 512 

potential and a partial shift out of tobacco production. We then tie this biomass produced to 513 

the requirements for energy generation. Of the options analyzed, at the rural electrification 514 
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level, we find that the most interesting option for Malawi would be sunflower-SVO based 515 

electricity generation, followed by maize cob and sorghum stalk and straw gasification. 516 

Sunflower-SVO is the most cost competitive, with comparatively lower investment 517 

requirements in technology, higher labour impacts, and due to a higher feedstock availability 518 

compared to the residues, would allow to build more SVO based facilities. Nevertheless, we 519 

find that these results are in juxtaposition with farmer level returns, as at the farmer level, 520 

soybean offers higher returns when compared to sunflower. In the case of residues, 521 

investment requirements in technology are much higher and the number of plants 522 

comparatively lower when compared to the SVO options. From a policy point of view, the 523 

analysis provides initial insights into the potential for biomass based rural electrification in 524 

Malawi. The next steps would require more location specific analysis, screening of other 525 

energy and feedstock options, and also screening of competitiveness of the biomass based 526 

electricity options with respect to other renewables. In addition, with reference to soybean and 527 

sunflower, one option that could be investigated might be to intercrop soybean and sunflower. 528 

This could potentially allow farmers to produce both. The impacts on costs and yields would 529 

need investigation. Having said that, if the selling price of soybean and sunflower were to 530 

change, the competitiveness at the farmer level might change. Therefore it would also be 531 

useful to investigate how prices of soybean and sunflower have changed over time. Yield 532 

changes, in combination with feedstock price changes and further work on the definition of 533 

the fossil fuel comparison price, might alter the competitiveness position of soybean with 534 

respect to sunflower and of sunflower-SVO and soybean-SVO with respect to fossil fuel 535 

based electricity production. 536 

 537 
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Fig. 1: Diagramme of the BEFS Rapid Appraisal 
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Fig. 2: Components of the country status module 

  



 

Fig. 3: Natural resources module and components 

  



 

Fig. 4: Energy end use options module and components. 

 

  



 

Fig. 5: Results for crop intensification section for Malawi. 

  



 

Fig. 6: Land suitability maps for Sunflower and Soybean in Malawi 

  



 

Fig. 7: Results for extensification section for Malawi 

 

  



 

 

Fig. 8: Results for change of crop section for Malawi 



 

Fig. 9: Results for crop budget section for Malawi 

  



 

Fig. 10: Results for crop residues section for Malawi 

 

  



 

Fig. 11: Snapshot of electricity price calculator in BEFSRA tools 

  



 

Fig. 12: Snapshot of a typical results page obtained using SVO and Gasification 

tools 

  



 

Fig. 13: Comparison of production cost results ($ kWh
-1

) obtained for SVO 

(Sunflower and Soybean) and Gasification (Maize Cob and Sorghum 

Straw/Stalk) 

 

  



 

Fig. 14: Comparison of Capital Investment ($) for SVO and Gasification  

  



 

 

Fig. 15: Comparison of Job Creation Potential for SVO and Gasification 

  



 

Fig. 16: Comparison of Households Potentially Supplied for SVO and 

Gasification 

 

  



 

Fig. 7: Comparison of potential number of plants supplied for SVO (Sunflower 

and Soybean) and Gasification (Maize Cob and Sorghum Straw/Stalk) 


