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Abstract:  9 

Biodiesel is an alternative fuel similar to conventional diesel. It is usually produced from 10 

straight vegetable oil, animal fat, tallow, non-edible plant oil and waste cooking oil. Its 11 

biodegradability, non-toxicity and being free of sulfur and aromatics makes it advantageous over 12 

the conventional petrol diesel. It emits less air pollutants and greenhouse gases other than 13 

nitrogen oxides. In addition, it is safer to handle and has lubricity benefits than fossil diesel. 14 

However, with all these environmental benefits, biodiesel could not be extensively applied as a 15 

complete substitute fuel for conventional diesel. The main reason, repeatedly mentioned by many 16 

researchers, is its higher cost of production. Reduction of the cost of biodiesel production (unit 17 

cost of production) can be attained through improving productivity of the technologies to 18 

increase yield, reducing capital investment cost and reducing the cost of raw materials. These 19 

demand a thorough execution of economic analysis among the available possible technology 20 

alternatives, catalyst alternatives, as well as feedstock alternatives so that the best option, in 21 

economic terms, can be selected. With this respect, there are a number of researches done to 22 

investigate economically better way of producing biodiesel as a substitute fuel. Accordingly, this 23 

paper is meant to review the researches done on economics of biodiesel production, emphasizing 24 

on the methods of assessment and determination of total investment cost and operation cost, as 25 

well as on assessment of economically better technology, catalyst and feedstock alternatives. It 26 

also gives emphasis on profitability of biodiesel production and the major system variables 27 

affecting economic viability of biodiesel production.  28 
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1. Introduction  65 

The world total energy consumption has been significantly increasing [1]. According to the 66 

International Energy Outlook 2016 (IEO2016) projection, the total world consumption of 67 

marketed energy expands by 48% from 2012 to 2040. The larger share of  such growth in world 68 

energy use goes to countries outside of the Organization for Economic Cooperation and 69 

Development (OECD) [1]. In these countries, economic growth and population expansion are 70 

driving forces for energy consumption. In an economy experiencing considerable economic 71 

growth, living standards improve resulting in demand for more energy per capita. This together 72 

with population growth inevitably boost up the total energy consumption.  73 

Currently the most dominant resources for world energy supply are crude oil, coal and gas 74 

[2]. However, the limited reserve of such fossil fuels prompts the consideration of alternative 75 

fuels from renewables. Most renewables do have environmental advantages over the 76 

conventional fuels, such as net greenhouse gas and pollution reduction [3]. These environmental 77 

advantages are additional points to strengthen the concept of replacing the fossil fuels with 78 

renewable energy sources. In line with this, the IEA Renewable Energy Medium Term Market 79 

Report 2016 indicated that the renewable energy share in the total world energy consumption is 80 

expected to have at least 39% increment by 2021 [4].  81 

According to the Organization of the Petroleum Exporting Countries, OPEC [5], by 2040 82 

world fuel oil demand will reach up to 109.4 million barrel per day from which, diesel fuel 83 

demand is expected to dominate by 5.7 million barrel per day as shown in Figure 1. 84 



 85 
Figure 1: Oil demand growth by type from 2015 to 2040 [5] 86 

 87 

However, this higher oil fuel demand is facing two major challenges, scarcity of the 88 

resource and negative environmental impact due to its use. These two challenges alone can 89 

impose an urge towards looking for better and long lasting substitute fuel. Accordingly, many 90 

researchers are becoming interested in investigating alternative energy resources. Among such 91 

alternatives, biodiesel is getting more emphasis for some reasons. It can be produced from a wide 92 

variety of resources including wastes like waste cooking oil, oily sludge from factories and waste 93 

animal fat [6, 7]. In addition, there are a number of technological choices to produce biodiesel 94 

based on the quality of the feedstock, giving possible alternatives to minimize overall production 95 

expenses [8]. 96 

When it is compared to conventional petrol diesel fuel, biodiesel has no sulfur. It also 97 

produces less carbon monoxide, particulate matters, smoke and hydrocarbons and has more free 98 

oxygen than the conventional petrol diesel [3, 9]. Having such more free oxygen results in 99 

complete combustion and reduced emission [10, 11]. Biodegradability, higher flashpoint and 100 

inherent lubricity are other worth mentioning advantages of biodiesel over the conventional  101 

petro diesel [12]. 102 

The major challenges associated with biodiesel as a fuel are, having higher cost of 103 

production, having relatively less energy content compared to fossil diesel and releasing nitrogen 104 

oxide emissions when it is burnt [13]. However, it is usually the higher cost of production that 105 

makes the fuel not to be extensively used [14-16]. Succinctly, there are three possible paths to 106 

attain unit cost reduction concerning biodiesel production processes such as improving the 107 



production technologies for better productivity/yield, reducing capital cost and reducing raw 108 

material cost for which feedstock cost is the most dominant [17, 18].  109 

All of these possible paths demand economic analysis to be done among various alternative 110 

production technologies, catalysts, feedstock types as well as various biodiesel and glycerol 111 

purification technologies to pinpoint economically better ones. There are a number of worth 112 

mentioning investigations performed to test economics of biodiesel production processes.  113 

Accordingly, in this paper more emphasis is given on reviewing the various studies done to 114 

investigate the economics of biodiesel production related to determination and comparison of 115 

total cost of investment, direct production costs as well as various system variables affecting 116 

profitability among different production technology types and production scales.   117 

 118 

2. Methods to assess Total Investment Cost for Biodiesel Production  119 

The total investment cost to produce biodiesel vary depending on a number of factors like 120 

the type of production technology chosen, the production scale (plant size), type and market 121 

price of raw materials used, among others. The total investment cost can be categorized in to 122 

fixed capital investment cost and operating (working capital investment) cost [19]. Fixed capital 123 

investment cost represents the capital necessary for the installed process equipment with all 124 

auxiliaries, which are desirable for comprehensive process operation whereas operating cost 125 

considers raw materials cost, utility cost, labor dependent costs, facility dependent costs and 126 

other similar variable expenses required for manufacturing of the biodiesel at a given rate.  127 

A number of studies have been done on estimation of the total investment cost of biodiesel 128 

production, one different from the other in terms of cost considerations and the approach to 129 

calculate the required cost categories for a given production scale.  130 

 131 

2.1. Capital Investment Cost  132 

There are five known classifications of capital investment cost estimation ways in chemical 133 

processing industries[20]. These are order-of-magnitude estimates (class 5), study estimates 134 

(class 4), preliminary estimates (class 3), definitive estimates (class 2) and detailed estimates 135 

(class 1) 136 

The capital cost estimates done using order-of-magnitude and study estimates are usually 137 

for preliminary feasibility analysis to compare process alternatives. The other two classes 138 



(preliminary estimates and definitive estimates) are employed to further carry out accurate 139 

estimation of the capital cost on the profitable process alternative screened using class 5 and/or 140 

class 4. Eventually, detailed estimates is usually applied as the final detail estimation of all the 141 

costs associated with the construction of the new plant so that a construction decision could be 142 

done based on the estimate[20].  143 

Various researches that are done to estimate the capital investment cost for biodiesel 144 

production, make use of the study estimate approach, which is usually performed to give an 145 

overview on the economic feasibility of potential technological alternatives [18, 21, 22].  146 

The major cost categories under capital investment cost are equipment purchasing cost and 147 

direct plant costs. Direct plant costs include those required for equipment installation, 148 

instrumentation, piping, electrical facilities, yard improvement, auxiliary facilities, among others. 149 

There are different techniques to calculate the fixed capital investment cost for biodiesel 150 

production processes. In all of these techniques, the primary activity demands estimation of total 151 

equipment cost for that the calculation of all other components of capital cost are based on total 152 

equipment cost, installed or purchased costs.  153 

Furthermore, the accuracy of the estimation of total capital investment cost is mainly 154 

dependent on how the total equipment purchasing cost is precisely determined. Concerning 155 

calculation of capital investment cost for a given biodiesel production process, there are very 156 

crucial activities to be performed prior to doing the cost estimation. These include designing the 157 

complete process flow, selecting the equipment type, determining required equipment size, 158 

selecting type of construction material for the equipment in question and performing material 159 

and energy balances [19]. It is obvious that the most updated and accurate value of equipment 160 

purchased cost can be found from relevant vendors or from data of previously purchased similar 161 

equipment. If such cost data are for different plant capacity and at different purchasing time, it is 162 

necessary to adjust the equipment purchasing cost based on the capacity of the equipment and 163 

purchasing time differences[20]. While scaling up or scaling down the equipment purchasing 164 

cost based on unit capacity of the equipment, one can use cost relation like the six-tenth rule or 165 

the thirds power law described by Remer et al. [23]. Similarly, cost indexes, such as Chemical 166 

Engineering Plant Cost Index (CEPCI) and Marshall & Swift Process Industry Index (MSPII) are 167 

the two commonly used indexes to update the purchasing cost of equipment in time [20]. Such 168 



indexes are used to account for price changes due to inflation.  For study estimates of equipment 169 

purchasing cost, however, cost summary graphs for various equipment can be used[20]. 170 

Different scholars follow different techniques for estimation of total equipment cost for 171 

specified production capacity. Apostolakou et al. [18] used a formula for each type of equipment 172 

considered in the design to calculate the Fixed on Board (FoB) cost of the equipment. For 173 

instance, the formula they used to estimate the purchasing cost of a reactor constructed from a 174 

stainless steel and having volume from 0.1 up to 20 m3, was  ; where V stands 175 

for volume of the reactor. Accordingly, using its own formula for each equipment considered in 176 

the process, the total purchasing cost could easily be determined.  177 

Another simple way to get estimates of equipment cost can be using a software such as 178 

Peters and Timmrhaus method [24] developed to calculate the estimated purchasing cost of 179 

equipment. This method requires specific design parameters for each equipment. Depending on 180 

the type of equipment, the parameters to be considered include the equipment size, material of 181 

construction, process method, power consumption, output capacity and process condition such as 182 

pressure. The approximate purchasing cost would then be determined when we enter the latest 183 

Chemical Engineering Plant Cost Index and its date to the software [24].  184 

Haas et al. [21] used Richardson Construction Estimating Standards (now known as Cost 185 

Data Online) and Chemcost Capital Cost and Profitability Analysis Software for estimation of 186 

purchasing cost of all equipment included in the design. These softwares enable to calculate total 187 

installed costs using Installation Factors, to convert the supply cost of equipment into total 188 

installed costs. Total installed cost considers equipment purchasing cost plus costs for transport 189 

and associated insurance, cost of purchase tax, installation cost as well as electricity and pipping 190 

costs in some cases. For such calculation, the initial cost of equipment can be found from similar 191 

projects, suppliers, or from designer’s own files.   192 

The total capital investment cost considers many cost categories in addition to the 193 

equipment purchasing cost. These include direct expenses such as cost of labor and materials for 194 

installation as well as indirect expenses such as transportation & associated insurance, purchase 195 

taxes, contingencies, contractor’s fee, construction overhead, auxiliary facilities among others.  196 

For preliminary economic feasibility analysis of biodiesel production processes, the 197 

calculation of these additional cost categories is usually done based on the percentage allocation 198 

of the total equipment purchasing cost [25]. A number of available methods can be used for the 199 



estimation of capital investment cost through estimating the additional cost categories from the 200 

equipment cost. Among the methods are Peters and Timmrhaus method, Chilton method, and 201 

Holland method [26]. Peters and Timmrhaus method considers the purchasing cost of equipment 202 

including delivery costs from which the other cost categories can be calculated using the 203 

percentage allocation of the equipment purchasing cost as shown in Table 1, which indicates 204 

different values of percentages of equipment purchasing cost for calculation of other investment 205 

cost categories.   206 

Table 1.  Direct plant cost categories and their percentage allocation with respect to equipment 207 
purchasing cost for biodiesel production processes 208 

 Percentage allocation with respect to equipment purchasing cost 
Direct Plant cost categories Peters &Timmerhaus 

Methoda [24] 
Karmee et al. 

[27] 
Marchetti 

[16] 
Chilton Method 

[26] 
Equipment cost 100 100 100 100b 

Equipment delivery cost - 10 - - 
Piping 66 20 35 60 

Installation  47 20 - 47 
Instrumentation  18 10 40 20 

Insulation - - 3 - 
Electrical facilities  11 15 10 - 

Building 18 15 45 20 
Yard improvement  10 10 15 - 

Auxiliary/ Service facilities 70 25 40 2 
Land acquisition 6 10 - - 

Unlisted equipment 
installation 

- - 50 - 

a The Peter and Timmerhaus method is for any fluid processing technology 209 
b equipment cost includes delivery cost (it is delivered cost)  210 

 211 

Santana et al. [28] followed a different approach in the estimation of the capital investment 212 

cost required for construction of a give plant size. This method is usually applied for initial 213 

projects since it considers all possible physical structures required for construction of process 214 

plant. In this approach, fixed investment cost is divided into direct and indirect costs. The direct 215 

fixed investment cost considers financial resources allocated in development of installations. 216 

These are again subdivided into ISBL (Inside Battery Limits) and OSBL (Outside Battery 217 

Limits). ISBL include the financial resources required for equipment purchase, transportation, 218 

structural supports, insulation, paint, instruments, pipes, valves, electrical supplies and 219 

installation. All these expenses are directly related to the process. Whereas, the OSBL includes 220 

financial resources required for development of the facilities outside the main processing area. 221 



These include investment for housing and auxiliary buildings, water treatment, land acquisition 222 

for building the process plant, among others. In this study done by Santana et al. [28], the authors 223 

took the value of OSBL to be equal to 45% of the value of the ISBL. But in another study, Van 224 

kasteren et al. [29] took OSBL to be 20% of ISBL.  225 

For preliminary design and study cost estimates, the value of ISBL can be determined from 226 

the total equipment cost using Lang factor especially for major expansion of existing project 227 

[20]. Similarly, Van kasteren et al. [29], took a factor of 5 to get the ISBL from total equipment 228 

cost. The authors pointed out that the factor 5 was in agreement with the Lang factor 4.74 for 229 

predominantly fluid processing plant [29] 230 

 231 

2.2. Operating Cost 232 

Operating cost of biodiesel production process include the expenses associated with raw 233 

materials, utilities, labor, repairs, maintenance, and depreciation among others. Raw materials 234 

mainly comprising of oil feedstock, catalyst, alcohol, washing water, and the like. In all of the 235 

biodiesel production technologies, the cost of raw materials took the upper share of the operating 236 

cost [15, 27, 30]. This is more magnified when pure vegetable oil is considered as the feedstock 237 

in the process at any production scale. Skarlis et al. [31] shown that the most crucial parameter 238 

affecting the operating cost in a small scale biodiesel production process plant is the cost of the 239 

vegetable oil feedstock constituting a 77% of the total operating cost. The cost analysis for 240 

biodiesel production done in this particular study, indicated that raw materials and utilities 241 

together took 86% of operating cost whereas labor and maintenance cost, depreciation cost and 242 

other costs took 5%, 5%, 4%  respectively [31].  243 

The amount of raw materials required are dependent on the biodiesel production capacity 244 

of the process plant. Moreover, the material balance of the biodiesel production process is used 245 

as a reference to calculate the amount of raw materials needed to achieve the desired production 246 

capacity. Similarly, the utilities consumption are dependent on the type of process routes and 247 

type and size of equipment employed and it is usually estimated based on the energy balance of 248 

the process [27]. Table 2 shows typical methods to calculate operating cost categories for a 249 

biodiesel plant. During calculation of the total operating cost, the values for the cost of raw 250 

materials and utilities are typically based on latest market prices. The labor cost estimation is 251 

entirely dependent on the type and number of labor required as well as the payment rate allocated 252 



for each labor type. The labor required can be estimated based on the number of workers 253 

required for the given plant capacity. The other cost categories included in operating cost such as 254 

repair and maintenance costs are usually taken as percentages of the operating cost [32]. 255 

Whereas, depreciation cost is usually expressed in terms of percentage of equipment purchasing 256 

cost.  257 

Many researchers argue that the expensiveness of the biodiesel production processes is 258 

largely attributed to the cost of the feedstock [17, 18, 21, 28]. In some cases, this cost 259 

contribution of the feedstock even increases as the production scale gets higher, making it less 260 

probable to scale up the production of biodiesel. According to the study done by Apostolakou et 261 

al. [18], the feedstock cost share of the total production cost can get as high as 75% for low 262 

production capacities and could get higher and higher up to 90% when the production capacities 263 

increase. In another study, Haas et al. [21] reaffirmed that, the higher contribution to cost of 264 

biodiesel production comes from cost of oil feedstock, scoring about 88% of the total production 265 

cost. In this study, it was indicated that the total production cost of biodiesel is linearly 266 

dependent on the cost of soy oil feedstock [21]. 267 

 268 
Table 2. Methods to calculate operating cost/annual production cost for a biodiesel plant [18]. 269 
 No Cost item Calculation methods used 
 1 Raw material cost From material balance 
 2 Miscellaneous materials 1% of FCI 
 3 Utility cost From material balance 
  Variable cost (1) + (2) + (3) 
 4 Maintenance 10% FCI 
 5 Operating labor Manning estimates 
 6 Labor cost 20% of operating labor 
 7 Supervision 20% of operating labor 
 8 Overheads 50% of operating labor 
 9 Capital charges 15% FCI 
 10 Insurance, local tax and royalties 4% FCI 
  Fixed costs (4) + (5) + (6) + (7)+ (8) + (9) + (10) 
  Direct production cost (Variable cost) + (Fixed cost) 
 11 General overheads + R&D 5% of the direct production costs 
  Annual production costs Direct production cost + (11) 
  Unit production cost Annual production cost/Plant capacity 

 270 

The total cost of investment for biodiesel production is expected to be different for 271 

different technological routes. This is usually due to the difference in the amount and type of raw 272 

materials and equipment used in the processes. Thus, it seems logical to determine and compare 273 

the total cost of such technologies to find out the most cost effective technological option.  274 



3. Alternatives to Economize Biodiesel Production  275 

Higher cost of production is the major barrier for extensive use of biodiesel as a substitute 276 

fuel for petroleum diesel [33, 34]. In this regard, a number of possibilities have been studied and 277 

being under investigation to lower the cost of biodiesel production at least to the point to make it 278 

better competitive fuel. Among these possible ways are using cheaper catalyst alternatives [33, 279 

35], as well as using technologies with minimum overall energy input and faster 280 

transesterification reaction [27, 36]. The other best viable option is using cheaper alternative 281 

feedstock material as it has the major share in cost of production [6, 37] . 282 

  283 

3.1. Alternative Feedstock for economic advantages   284 

As it has been repeatedly mentioned in this review, the higher percentage share of biodiesel 285 

production cost is from the feedstock. Thus, logically, using cheaper feedstock reduces the unit 286 

production cost [38, 39]. However, most of the cheaper feedstocks are waste oils or fats or non-287 

edible oil crops, which are usually associated with higher FFA and water content [40, 41]. 288 

Obviously, as far as biodiesel production for fuel use is concerned, higher FFA and water content 289 

of the feedstock jeopardize the yield and quality of biodiesel as there are side reactions 290 

producing unwanted products and reducing the yield from the transesterification reaction [42, 291 

43]. This, otherwise, demands the use of multiple chemical process steps or alternative 292 

approaches to produce biodiesel with better quality and yield, which in turn incur additional 293 

costs [44-46]. In addition, in economic terms, there is a wide variability on being profitable using 294 

these different low cost feedstock alternatives. With this respect, Olkiewicz et al. [6] studied the 295 

economic feasibility of producing biodiesel from liquid primary sludge. The study was done 296 

using scale up process model simulated using Aspen Hysys based on the data found from the 297 

laboratory scale experiment [6]. Due to using liquid primary sludge as feedstock, different lipid 298 

extraction steps were included in the process model incurring cost to the whole production 299 

process.  However, the economic analysis of the different configuration of the lipid extraction 300 

steps indicated that the optimized extraction process could provide better breakeven price of 301 

biodiesel and make the biodiesel as cheap as fossil diesel. [6].   302 

The alkali-catalyzed transesterification is the most economically viable process used at 303 

industrial scale to produce biodiesel from high quality oil [47-49]. However, when least cost 304 

feedstock types are considered, their high free fatty acid and water content make the alkali-305 



catalyzed transesterification process unprofitable. This is because there should be additional cost 306 

incurring steps for feedstock pretreatment and product separation and purification [47]. Acid 307 

catalyzed transesterification can esterify the FFA into biodiesel. However, acid catalyzed 308 

transesterification reaction is very slow, requires more alcohol, requires larger reactor and the 309 

corrosiveness of the acid impose equipment deterioration [50]. All of these do have cost 310 

implications. The other alternative is supercritical transesterification reaction as it has some 311 

technical advantages. It does not use catalyst so there is no additional step for pretreatment of the 312 

feedstock to minimize the FFA, and removal of soap [51, 52]. In addition, it takes shorter time to 313 

complete. However, it requires high amount of alcohol and high reaction pressure and 314 

temperature [53-55], which incur considerable cost. Therefore, when we choose a certain 315 

configuration of feedstock and production technology for its low cost option, there should be a 316 

compromise between the cost reduction due to using the cheaper configuration option and the 317 

cost incurred due to additional steps and/or techniques for pretreatment of the low value 318 

feedstock, product separation and product quality improvement. 319 

When large-scale production of biodiesel is considered, sustainable feedstock supply is the 320 

main issue [56]. Currently, edible oil crops produced through large-scale agricultural systems are 321 

considered as the main supply to produce more than 95% of the world biodiesel product [40]. 322 

However, enduring large-scale production of biodiesel from edible oil is not sustainable as there 323 

is clear controversy with crops for food, which also makes biodiesel an expensive fuel [57]. In 324 

this regard, potential substitutes are non-edible oil crops, which can be produced at large scale at 325 

relatively cheaper price.  326 

The assessment done by Gui et al. [40] compared economic performances of production of 327 

edible and non-edible oil crops so that to indicate the cheapest feedstock. The comparison was 328 

done in terms of cost of plantation. The plantation cost considers costs for fertilizer, herbicides 329 

and insecticides among others. According to their assessment result, the cost per kg oil required 330 

for plantation of non-edible oil crops is lower than that for edible oil crops. However, among the 331 

non-edible oil crops, the plantation cost for palm oil was found to be higher, which could 332 

actually be balanced by high oil yield [40]. The higher plantation cost associated with most of 333 

the edible oil crops is clearly due to requirements of better soil nutrient and good irrigation 334 

system. The high yield from palm oil plantation can make the feedstock economically more 335 

attractive for profitable biodiesel production business. As main non-edible and relatively draught 336 



resistant oil crops, castor and Pongamia pinnata indicate low plantation cost as they require very 337 

minimum fertilizer and irrigation [40]. 338 

However, as far as alternative feedstock for a standard quality of biodiesel fuel are 339 

concerned, the price of the feedstock cannot be taken as the sole criterion to reduce the cost of 340 

biodiesel production. Rather, there should be a compromise between the price of the feedstock 341 

alternatives and the quality of the biodiesel produced from the alternatives in question. This is 342 

because the saturated free fatty acid content in such alternative feedstock may risk quality of the 343 

biodiesel produced [58]. One of the techniques to improve the quality of biodiesel produced from 344 

feedstock with high content of saturated fatty acid is using additives to improve the cold 345 

properties of the fuel [43]. However, such quality improvement measures do have cost 346 

implications. Thus, the economic advantages of the alternative feedstock can be seen from 347 

perspectives of its low price as well as the impurities of the feedstock that may jeopardize the 348 

quality of the biodiesel, requiring expensive feedstock pretreatment and/or product quality 349 

improvement processes.  350 

Another possible feedstock alternative for reduced cost of biodiesel production is waste 351 

cooking oil [7, 29, 38, 39, 43]. Waste cooking oil practically contain more free fatty acids, water 352 

content and particulates as impurities. The higher contents of free fatty acid and water are the 353 

main reason why such feedstock types are not convenient for commercially known production 354 

process, which is alkali-catalyzed transesterification [59]. However, there are other possible 355 

technical alternatives such as acid catalyzed [59], enzyme catalyzed [60] and supercritical [61] 356 

transesterification reactions enabling production of fuel grade biodiesel from such low quality oil 357 

feedstock.  358 

 359 

3.2. Alternatives Technologies for Economic Efficiency   360 

The economics of biodiesel production can also be seen among different technologies 361 

using the same feedstock.  Some of the technologies do have economic advantages over the 362 

others usually due to having less number of unit operations, which in turn reduce the overall 363 

energy input and number of equipment and thus minimize the required investment [62]. In 364 

another perspective, such economic advantages may also be due to the relative minimum cost of 365 

input materials usually catalysts [36, 63].  366 



Using neat vegetable oil as feedstock, generally, the alkali catalyst technologies are most 367 

cost effective as there are less number of unit operations and less number of equipment and thus 368 

relatively less total investment compared to other potential alternatives [15, 64]. However, 369 

among the alkali catalyst technologies, heterogeneous ones are more cost effective due to 370 

reusability of the catalysts for a number of process cycles [65-67]. The cheapest of all possible 371 

heterogeneous alkali catalysts is calcium oxide, which can be prepared from waste materials at 372 

very low cost [68, 69]. 373 

In cases, where low value feedstock, those with higher FFA content, are to be used for 374 

biodiesel production, the cost effective alternatives are the acid catalyst technologies [70, 71]. 375 

This is because the acid catalysts can esterify the excess free fatty acids into additional biodiesel, 376 

which otherwise could be changed into soap in alkali catalyst technology by consuming 377 

considerable amount of the catalyst, which also incur extra investment for product separation and 378 

purification [72, 73]. Heterogeneous acid catalysts do have better economic performances among 379 

the acid catalyst technologies for that they can be easily separated and reused in the process 380 

cycle, are less corrosive, as well as have no washing steps required to purify the product [72]. In 381 

addition, the coproduct glycerol can be produced in better quality for higher market value [16, 382 

70].   383 

The other possible technologies tolerating high free fatty acid and water content of the 384 

feedstock for biodiesel production are, the enzyme catalyzed and supercritical transesterification 385 

methods. Both of them could not compute with acid catalyst options in economic terms [27, 74].  386 

 The study done by Jegannathan et al. [22] revealed that it is very cheaper to produce 387 

biodiesel from palm oil feedstock using alkali catalyst than biocatalysts. The authors compared 388 

economics of biodiesel production from palm oil feedstock among three catalyst alternatives; 389 

alkali catalyst, immobilized enzyme catalyst and soluble enzyme catalyst. The expensive way 390 

among the three alternatives was the soluble enzyme catalyst option. This is because, generally, 391 

the enzyme catalyzed transesterification reaction takes longer time [22, 75] and the expensive 392 

soluble enzyme cannot be reused. However, in the case of immobilized enzyme catalyst option, 393 

the catalyst can be reused a number of times reducing the additional cost required at least to 394 

some extent [22].  395 

In this particular study by Jegannathan et al. [22], the authors also compared the total plant 396 

cost among the technological alternatives in producing 1000 tons of biodiesel from palm oil 397 



feedstock. According to their result, to produce the required product amount, with in equal batch 398 

process time, the immobilized enzyme catalyst process took higher plant cost than the two other 399 

options. The plant cost for the immobilized enzyme catalyst method was 57.18% higher than the 400 

alkali catalyst process and the plant cost difference between the two enzyme catalyst methods 401 

was about 0.40% [22]. This higher plant cost for the immobilized and soluble enzyme process 402 

alternatives was mainly due to additional reactor units required to achieve the same product 403 

amount with in the same batch process time. The plant cost variation between the soluble and 404 

immobilized enzyme options was also due to the additional operation unit for enzyme 405 

immobilization [22] .  406 

In another study, Marchetti et al. [16]  did techno-economic investigation of three possible 407 

alternative technologies to produce 36,036 metric ton biodiesel per year from spent oil with 5% 408 

FFA. The processes were homogeneous alkaline catalyst with acid pre-esterification, 409 

homogeneous acid catalyst and heterogeneous solid catalyst. According to their conclusion, the 410 

cheapest option was the homogeneous alkaline with acid pre-esterification process. Even though 411 

the total investment cost for this option was the higher among the three, its operating cost was 412 

estimated to be the lowest making the unitary production cost of biodiesel to be the minimum. 413 

However, the total investment cost was higher for both homogeneous scenarios. This was due to 414 

additional equipment required for product separation and purification in both homogeneous 415 

catalyst options as similarly indicated in [27]. The authors also argued that the heterogeneous 416 

alternative could also be the possible future technology for having lower amount of waste and 417 

high purity of the coproduct glycerol for its potential market value [16].  418 

The study done by Zhang et al. [38] provide more insight into how technology and 419 

feedstock pairing could make the process profitable or not. They analyzed the economic 420 

feasibilities of biodiesel production through alkali and acid catalyzed processes using waste 421 

cooking oil and virgin vegetable oil as feedstock. The processes studied were; alkali catalyzed 422 

process using virgin vegetable oil, alkali catalyzed process using waste cooking oil with acid 423 

catalyzed pre-esterification, acid catalyzed process using waste cooking oil and acid-catalyzed 424 

process using waste cooking oil with hexane as an extraction solvent. The results of this study 425 

indicated that the alkali catalyzed option to produce biodiesel exhibited lowest fixed capital cost. 426 

However, the more economically feasible option was the acid catalyzed process using waste 427 

cooking oil as feedstock, indicating lower total production cost, better after tax return rate and 428 



lower biodiesel break-even price [38]. The smaller sizes of the equipment used and low cost of 429 

their construction material, which is carbon steel, could make the total capital cost of the alkali 430 

catalyzed process option the minimum of the others [38]. 431 

An economic comparison among the three possible homogeneous catalyst options was 432 

done by Karmee et al. [27]. The homogeneous catalysts studied were; acid, base and enzyme 433 

catalysts for transesterification of waste cooking oil for biodiesel production. For such feedstock 434 

character, the acid catalyst option was found to be the most cost effective due to absence of 435 

feedstock pre-treatment as well as less steps for product purification compared to the alkali 436 

catalyzed option [27]. Comparatively, the enzyme catalyst option was very expensive mainly due 437 

to higher cost of enzyme catalyst [27].  438 

The economics of a production technology can be improved by making the byproducts and 439 

recovered materials valuable for market and/or recycling them in the process. With this respect, 440 

having recyclable catalyst, recovering excess alcohol and producing high quality glycerol are the 441 

most crucial entry points in biodiesel production processes. Accordingly, concerning the new 442 

feedstock type, which is algal biomass, being studied by various researchers, there is a possibility 443 

of recycling the coproduct glycerol for algal consumption so that to have more and cheap 444 

feedstock for biodiesel production.  445 

Brunet et al. [76] studied how recycling the coproduct glycerol affect the economics of 446 

biodiesel production from microalgae through sulfuric acid catalyzed transesterification. The two 447 

technological alternatives studied were similar in all aspects except the second alternative 448 

considered glycerol produced in the transesterification process as a carbon source to grow the 449 

microalgae. In the second scenario, the glycerol produced was supposed to be absorbed by algae 450 

in photo bioreactor and then converted into triglycerides through metabolic processes. Then the 451 

produced triglyceride could be used as feedstock to continue the biodiesel production process. 452 

Summary of the economic performances of these two technological alternatives is shown in 453 

Table 3.   454 

 455 

 456 

 457 

 458 

 459 



Table 3. Executive economic summary of the conventional and alternative biodiesel processes [76] 460 

Economic parameters Conventional biodiesel process Alternative biodiesel process 

Net Present Value [M$] 70.575 75.442 
Total Capital Investment [M$] 7.456 12.756 

Operating Cost [M$/year] 20.910 18.882 
Production Rate [tones/ year] 23.700 33.700 
Unit Production Cost [$/kg] 0.620 0.580 

Unit Selling Price [$/kg] 0.820 0.820 
Total revenues[M$] 28.919 28.919 

 461 

The authors found out that the alternative scenario was better in its economic performance 462 

indicating less unit biodiesel production cost and higher net present value [76] . In terms of the 463 

total investment cost, the alternative scenario had 71% increment than the conventional. This 464 

was mainly due to additional bioreactor operating units for microalgae production. In another 465 

view, since there were no any feedstock purchase, the alternative scenario could have 10% less 466 

in its operating cost minimizing the unit production cost compared to the first scenario [76].  467 

Most recently, Gaurav et al. [59] compared the economic performances of two different 468 

processes for biodiesel production from waste cooking oil; conventional reactor with separation 469 

process and Catalytic Distillation (CD) process. Both processes were heterogeneous acid 470 

catalyzed. The catalytic distillation process could reduce the number of required equipment by 471 

avoiding the plug flow reactor and flash separation unit, which are required in the conventional 472 

reactor plus separation arrangement. This actually led to significant reduction of capital and 473 

production costs making this technological option economically efficient [59]. Table 4 474 

summarizes some studies done on cost of producing biodiesel using different technologies. 475 

 476 
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Table 4. Summary of studies on cost of biodiesel production using different technologies and feedstock 485 
types 486 

Production technology type Capacity Feedstock Production cost $/ton Ref 

KOH Catalyzed transesterification with 
methanol  

8000 ton per 
year 

Waste cooking oil 868,60 

[27] H2SO4 Catalyzed transesterification with 
methanol 

Waste cooking oil 750,38 

Lipase (Novozym-435) Catalyzed 
transesterification 

Waste cooking oil 1047,97 

Alkali catalyst process Batch mode 
with a 

production 
capacity of 1000 

tons 

Palm oil 1166,67 

[22] Soluble lipase catalyst process Palm oil 7821,37 

Immobilized lipase catalyst process Palm oil 2414,63 

Homogeneous H2SO4 catalyzed and using 
purchased feedstock Continuous 

reactor 
operating at 30 

ºC 

Microalgae oil 620 

[76] Homogeneous H2SO4 catalyzed and using 
self-produced feedstock from recycled 
glycerol 

Microalgae oil 580 

Homogeneous KOH catalyst and hot water 
purification process 

Batch mode 
with a 

production 
capacity of 1452 

tons per year 
biodiesel 

waste cooking oil 921 

[77] 

Homogeneous KOH catalyst and vacuum 
FAME distillation process 

waste cooking oil 984 

Heterogeneous CaO catalyst and hot water 
purification process 

waste cooking oil 911 

Heterogeneous CaO catalyst and vacuum 
FAME distillation process 

waste cooking oil 969 

Homogeneous KOH catalyst and hot water 
purification process 

Batch mode 
with a 

production 
capacity of 7260 

tons per year 
biodiesel. 

waste cooking oil 598 

[77] 

Homogeneous KOH catalyst and vacuum 
FAME distillation process 

waste cooking oil 641 

Heterogeneous CaO catalyst and hot water 
purification process 

waste cooking oil 584 

Heterogeneous CaO catalyst and vacuum 
FAME distillation process 

waste cooking oil 622 

 487 
 488 
 489 
 490 
 491 



3.3. Alternative Catalysts for Economic Advantages 492 

There are a number of alternative catalysts, with economic advantages, to catalyze 493 

transesterification reaction for biodiesel production. The economic advantages of such 494 

alternative catalysts can be seen at least from three perspectives: having lower price, reusability 495 

and acquiring higher catalytic activity. The lower price of the catalyst would bring a direct 496 

reduction in the overall production cost. The reusability of some alternative catalysts, like 497 

immobilized lipase catalysts [75, 78, 79] and heterogeneous solid catalysts [8, 73], could avoid 498 

considerable amount of money for repeated purchase of catalysts.  Whereas the higher catalytic 499 

activity accelerates transesterification reaction and minimize the overall process cycle, which, in 500 

turn, would improve the process throughput per unit time [33].   501 

However the main criteria to choose a catalyst for the transesterification is not primarily 502 

governed by economic terms like its price; rather the feedstock character, such as free fatty acid 503 

and water content, are the dominant factors determining the type of catalyst to be used [73, 80]. 504 

Low cost feedstocks for biodiesel production are usually associated with higher free fatty acid 505 

and water content, for which acid catalysts are found to be more convenient [64, 71, 81], 506 

especially; heterogeneous acid catalysts do have economic advantage of being easily and cheaply 507 

recovered for reuse [70]. Thus, this implies that heterogeneous acid catalysts are more efficient 508 

than other conventional catalyst technologies in terms of reducing unit cost of biodiesel 509 

production.  510 

In general heterogeneous catalysts options do have more advantages than homogeneous 511 

ones in terms of reusability, having less process steps required for product separation and 512 

purification, producing high purity glycerol and enabling easy catalyst recoverability [8, 72, 82-513 

84]. All of these advantages do have economic implications making heterogeneous catalysts 514 

better candidates to reduce unit cost of biodiesel production.  515 

Even though there are considerable studies done on alternative catalysts for biodiesel 516 

production, only few investigate and analyze such catalysts for their direct economic advantages. 517 

Wei et al. [65] studied the application of waste eggshell as low-cost solid catalyst for biodiesel 518 

production. The preparation of solid catalyst from waste eggshells can simply be done by 519 

calcination of the eggshell at higher temperature [65]. In this study, the effect of calcination 520 

temperature on the structure and activity of the eggshell catalyst was investigated and the 521 

reusability of eggshell catalyst was examined. It is very understandable that utilizing eggshell as 522 



a catalyst could brought about economic and environmental benefits through recycling the waste 523 

to produce least cost catalyst. Accordingly, the authors concluded that the whole process could 524 

enable to reduce the price of biodiesel in a manner to make it competitive with petro diesel [65]. 525 

This economic advantage is mainly due to catalyst reusability as well as cheap cost of source 526 

material and catalyst preparation process.  527 

In another study, Hidayat et al. [85] studied  the possibility of catalyzing the esterification 528 

of palm fatty acid distillate with a cheap catalyst prepared from coconut shell bio-char. 529 

Sulfonating with concentrated H2SO4 was the method used to prepare the solid catalyst from 530 

coconut shell bio-char [85]. They argued that sulfonating coconut shell bio-char using H2SO4 531 

could create sulfonic acid groups as well as additional week acid groups favoring the catalytic 532 

activity of the solid catalyst prepared. This in turn enable to esterify low value and very cheap 533 

feedstock for efficient production of fuel grade biodiesel. Table 5 shows some low cost catalyst 534 

alternatives from cheap sources.  535 

 536 
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Table 5. Catalyst alternatives from cheap sources 554 

Source Material  
Method of catalyst 

preparation 
Catalyst Reusability Remarks Ref. 

Waste eggshell 
Through 

Calcination under 
air 

Solid catalyst with 
CaO the active phase 

Reusable up to 
13 times with no 
apparent loss of 

activity 

Eggshell sample 
calcined above 800 ºC 

was the most active 
catalyst 

[65] 

Coconut shell biochar 

Sulfonating the 
coconut shell 
biochar using 
concentrated 

H2SO4 

Coconut shell char 
based catalyst 

- 

Sulfonation using H2SO4 
significantly increased 
surface area and pore 

structure formed in the 
biochar. 

[85] 

Carbonaceous 
ash-like waste, a 

common residue from 
biomass gasification 

Processes. 

Through 
Calcination at 800 

ºC under air 

A metal oxide 
(particularly CaO) 

rich catalyst 

Reusable 
up to 4 times 

with little loss in 
activity 

The activity 
of this waste material 

was lower as compared 
to similar pure metal 

oxides (Ca and MgO) in 
the 

Literature. 

[86] 

Mussel shells (Mytilus 
galloprovincialis 

species) 

Through 
calcination at 800 

ºC during 6 h 
CaO - 

The catalyst should be 
used immediately after 
calcination process to 

avoid poisoning of 
catalyst by H2O and CO2 

[87] 

Scallop waste shell 
Through 

Calcination at 
1000 °C for 4 h 

Solid catalyst mainly 
composed of CaO 

(97.53 wt.%) 
- 

The catalyst performed 
equally well as the 

laboratory-grade CaO 
[88] 

Crustacean shells 
Through 

Calcination at 900 
ºC for 1 h 

Calcined 
calcium/chitosan 

spheres 
- 

Chitosan particles 
without calcium are not 

active for biodiesel 
production. 

[89] 

Incompletely 
carbonized sugar 
produced through 

pyrolysis 

Sulfonating the 
incompletely 

carbonized sugar 
with  H2SO4 

solid sulfonated 
carbon catalyst 

- 
Solid Catalyst with a 
high density of active 

sites 
[90] 

Kraft lignin 

Chemical 
activation with 

phosphoric acid, 
pyrolysis and 

H2SO4 

High acid density 
Catalyst  

Reusable  3 times 
with little 

deactivation  

Simplify biodiesel 
production procedure 

and reduce costs 
[91] 

 555 

4. Profitability of Biodiesel Production  556 

Profitability is the capacity to make a profit, which is a mathematical difference between 557 

income earned and all costs and expenses used to earn the income. Profitability is usually 558 

measured using a profitability ratio. One such important profitability ratio is Return on Assets 559 

(Return on Investment). It measures the efficiency of a firm in managing its investment in assets 560 

and using them to generate profit. Profitability of a production process can be improved through 561 

managing costs and boosting productivity. Cost management demands minimizing the expense 562 



as much as possible without compromising the quality and quantity of the product. In addition, 563 

increasing productivity requires production technologies, which are better in technical and 564 

economic efficiencies. 565 

A number of other economic parameters can also be used to measure the profitability of a 566 

given biodiesel production process as well as to compare among a number of available 567 

technologies for their economic feasibility. Among them are Net Present value, Break-even Price 568 

of Biodiesel, after tax Internal Rate of Return, Gross Margin, and Payback time.  569 

The profitability of biodiesel production process depends on various variables like the type 570 

of the technology in question, which determines the productivity, as well as the market values of 571 

inputs and outputs. The type of the technology determines the quantity and quality of the 572 

biodiesel product affecting the economic feasibility of the whole process. In another view, the 573 

economic feasibility of a given biodiesel production technology can also be affected by the 574 

production scale.  575 

 576 

4.1. The effect of market variables over profitability of biodiesel production  577 

Obviously, the effect of a given market variable might not be the same among two or more 578 

technological alternatives, because the amount and quality of the market variables, i.e. input 579 

materials and products, could not necessarily be the same for different technological options. 580 

Accordingly, a number of studies have been carried out to investigate which market variables 581 

affect profitability of biodiesel production using different technologies at different market 582 

scenarios with respective production capacities [38, 92-94].  583 

A study done by Mulugetta [17] indicated that the major market variables, which could 584 

have strong effect on the profitability of biodiesel production business, include biodiesel selling 585 

price, raw feedstock purchasing cost, cost of oil extraction and selling price of the glycerol. The 586 

cost of oil feedstock, as considered by many authors, is the main dominant market variable 587 

affecting the economic feasibility of the business while using most of the possible technological 588 

alternatives [16, 18, 27, 30, 93]. This is mainly because this cost category took the larger share of 589 

the operating cost directly affecting the unit cost of production. 590 

In another study done by Van Kasteren et al. [29], it was indicated that, when supercritical 591 

methanol method is used for producing biodiesel, the major market variables that could directly 592 

affect the economic feasibility include  raw material price, plant capacity, glycerol price and 593 



capital cost. In this case, cost of raw materials comprise cost of oil feedstock (waste cooking oil) 594 

and cost of methanol. Most studies did not include more market variables other than the raw 595 

materials and the products to investigate their effect over economic feasibility of biodiesel 596 

production. Marchetti et al. [93] considered additional market variables such as advertisement 597 

and selling expenses, tax incentives, investment in research and development and product failure 598 

over profitability of biodiesel production using supercritical methanol method. The author 599 

indicated that, still the major effect on the economic feasibility of the biodiesel production 600 

process was due to the income (biodiesel and glycerol) and outcome (raw materials) variables.  601 

As can be clearly understood, the effect of these market variables on the profitability of 602 

biodiesel production is not expected to be uniform and equal in any case. In this respect, 603 

Marchetti [92] studied how the possible market variables affect the profitability of biodiesel 604 

production using homogeneous alkali catalyzed process. It was concluded in this study that,  the 605 

entire income variables (selling price of glycerol as well as biodiesel) have positive effect on the 606 

internal return rate and payback time, which was also showed by Haas et al. [21]. However, the 607 

outcome variables did the opposite by reducing the internal return rate and increasing the 608 

payback time and made the process less profitable [93]. Among the outcome variables 609 

considered, usually oil feedstock and alcohol have more effect on the profitability of the process 610 

as their required amounts are high. But the other outcome variables like catalyst, washing water, 611 

etc., are required relatively in small fractions, resulting in a relative smaller effect [93]. Summary 612 

of some studies done on the effect of system variables over economic viability of different 613 

biodiesel production technologies is shown in Table 6.  614 

Table 6. Summary of studies done on system variables affecting economic viability of different biodiesel 615 
production technologies 616 

Production 
technology 

Production 
capacity 

Variables affecting 
economic viability 

Economic 
parameters 

Explanations Ref 

Alkali-catalyzed 
process using 

sodium hydroxide 
catalyst 

8000 tons 
per year 

Plant Capacity  

Prices of Feedstock 
Oils and  

Price of Biodiesel 

Internal Return 
Rate (IRR) and  

Break-even 
Price of 
Biodiesel 

These were the major 
factors affecting the 

economic feasibility of the 
biodiesel production in 

both cases. 

Moreover, acid-catalyzed 
process was economically 
competitive alternative to 

the alkali process for 
biodiesel production. 

[38] 
Acid-catalyzed 
process using 
sulfuric acid 

catalyst 



Base, Acid and 
Lipase Catalyzed 
transesterification 

of WCO 

8000 tons 
per year  

Waste Cooking Oil 
Price 

 
Biodiesel Price 

Internal Return 
Rate (IRR) 

Production of biodiesel 
using acid and base as 
catalysts can withstand 

variations from the WCO 
and biodiesel price 

[27] 

Alkali Catalyzed 
transesterification 
of vegetable oil 

10000 tons 
per year 

Vegetable oil price 
for different CIC 

Internal Return 
Rate (IRR) 

For lower CIC values, the 
project’s viability may be 
able to resist to higher oil 
feedstock price forcing. 

[31] 

Homogeneous base 
catalyzed 

transesterification 
of triglyceride with 

methanol 

150480 tons 
per year 

Biodiesel price 

Glycerol price 
 

Alcohol price 
Catalyst price 

 
Shipping distance 

Washing water 
price 

R&D 

Oil price 

Internal Return 
Rate (IRR) 

 

Payback Time 

Selling prices of glycerol 
& biodiesel have  positive 
effect over the IRR & in 

reducing the payback time 

The outcome variables 
have the negative effect 
making the process less 
profitable. Even though 

their effect is dependent on 
their relative required 

amount 

[92] 

Supercritical 
technology with no 
catalyst and no co-

solvent 

39910.5 tons 
per year 

Oil price 

Biodiesel price 

Glycerol price 
Alcohol price 

Advertisement and 
selling expenses 

Tax incentives 
Investment in 
research and 
development 

Internal Return 
Rate (IRR) 

 

Payback Time 

Selling prices of glycerol 
& biodiesel have  positive 
effect over the IRR & in 

reducing the payback time 

The outcome variables 
have the negative effect 
making the process less 
profitable. Even though 

their effect is not the same 
as it is dependent on their 
relative required amounts. 

[93] 

NaOH catalyzed 
transesterification 

of soybean oil 

Three plant 
capacities 
with 8000, 
30000, and 
100000 tons 

per year 

Plant capacity, 

Price of feedstock 
oil and diesel, 

Yields of glycerin 
and biodiesel 

Net annual 
profit after taxes 

(NNP), 

Internal Return 
Rate (IRR), and 

Biodiesel break-
even price 

(BBP) 

These system variables 
were found to be the most 

significant variables 
affecting the economic 
viability of biodiesel 

production 

[94] 

Homogeneous 
acid-catalyzed 
esterification  

1000 tons 
per year 

Price of Salmon oil 
Net Present 

Value (NPV) 

Feasibility of  proposed 
plant was limited by the 

price of salmon oil 
[95] 

 617 



4.2. Production scale as a factor affecting economic viability of biodiesel production 618 

Profitability of biodiesel production may also be dependent on the production scale 619 

because producing biodiesel using the same technology and  the same feedstock at different 620 

scales could show variability in oil productivity, in terms of the rate of output per unit of input, 621 

thus either reducing or increasing unit cost of biodiesel production [18]. Very few have been 622 

studied to investigate how production scale affects the feasibility of biodiesel production 623 

processes. Van Kasteren et al. [29] did a comparative study among three scales of biodiesel 624 

production through supercritical method. The result of this study indicated that as the production 625 

scale gets higher the unitary cost of biodiesel production gets cheaper making the business more 626 

profitable. The same result was reported by Apostolakou et al. [18], which was done on a 627 

biodiesel production process from vegetable oil using homogeneous alkali catalyst. The result of 628 

this research indicated that, until about plant capacity of 60000 tons per year, an increase in the 629 

plant capacity would improve the feasibility of the process since the unit production cost could 630 

be significantly reduced. However, the higher the production scale it gets beyond about 60000 631 

tons per year, the less would be its effect on reducing the unit production cost [18]. This effect of 632 

biodiesel production scale on the unit production cost is shown in Figure 2. 633 

 634 
Figure 2. Unit production cost as a function of plant capacity [18] 635 

 636 
In another study, You et al. [94] analyzed the effect of production scale on the feasibility of 637 

biodiesel production process using NaOH catalyzed transesterification of food grade soybean oil. 638 

The comparison was done among three production scales with 8000, 30000, and 100000 tons per 639 



year. It was concluded that the larger production scale was better in economic performances by 640 

providing a higher NNP and more attractive ARR with a lower BBP [94]. The authors also 641 

argued that increasing the plant capacity using a feedstock of soybean oil has the same economic 642 

effects as using waste cooking oil as feedstock.  643 

Navarro-Pineda et al. [96] made an economic model for estimating the viability of 644 

biodiesel production from Jatropha curcas, starting from plantation to biodiesel production and 645 

pellet production from waste cakes found from oil extraction. The biodiesel production process 646 

considered was alkali-based transesterification reaction. The authors concluded that at production 647 

capacities over 10000 m3 per year the production cost could remain constant and expenses 648 

always be greater than income. They also mentioned that this could only be reversed by higher 649 

Jatropha seed yields. 650 

Most recently, Glisic et al. [97] did a study on process and techno-economic analysis of 651 

green diesel and ester type biodiesel production from waste vegetable oil. In this study, the 652 

authors investigated the influence of plant capacity (production scale) on the NPV of three 653 

biodiesel production processes. The processes investigated were catalytic hydrogenation, 654 

homogeneous alkali catalyzed transesterification and supercritical non-catalytic 655 

transesterification. They found out that, compared to feedstock cost, plant capacity showed less 656 

effect on NPV. However, there was considerable effect of the plant capacity on NPV, especially 657 

in catalytic hydrogenation process, for which an increase in plant capacity from 100,000 to 658 

200,000 tons per year could increase NPV from 7.0 to 53.1 million US$. According to their 659 

conclusion, unit capacities of the investigated processes, which are below 100,000 tons per year, 660 

are likely to result in negative net present values after 10 years of project lifetime [97]. 661 

The study done by Kookos et al. [98] indicated that a biodiesel production plant producing 662 

fuel grade biodiesel from spent coffee grounds could be economically competitive (i.e. to have 663 

biodiesel selling price lower than the current market price) if the annual production capacity can 664 

be greater than 42000 tons per year. This capacity is lower than the normal medium level 665 

production capacities [99, 100]. However, the availability of the raw material (spent coffee 666 

grounds) limits the capacity that can be achieved, making  the capacity of 42000 tons per year 667 

difficult to be attained in an economically feasible way due to higher logistics and collection 668 

costs of the spent coffee [98].  669 

 670 



5. Summary/Conclusion 671 

Cost of raw materials, especially cost of feedstock, accounts for most of the cost of 672 

biodiesel production, irrespective of the technology type. Thus, the economic feasibility of 673 

biodiesel production processes is mainly affected by the cost of feedstock. This demands looking 674 

for cheaper feedstock types such as non-edible oil plants, waste cooking oil and animal fats. The 675 

problem with these low cost feedstock types is their higher amount of impurities. The higher 676 

FFA and water content in such feedstock demands the use of additional pretreatment and product 677 

separation and purification units and process steps in order to produce quality biodiesel fuel, 678 

which complies with ASTM standards. This in turn incurs considerable amount of money to the 679 

total manufacturing cost. Therefore, to be profitable in biodiesel production, there should be a 680 

compromise between the cost reduction due to using cheaper feedstock and the cost incurred due 681 

to additional steps and/or techniques for pretreatment of the low value feedstock, product 682 

separation and product quality improvement. 683 

Among the conventional technologies, the acid catalyzed transesterification reaction is the 684 

most cost effective to produce fuel grade biodiesel from cheaper feedstock with higher FFA 685 

content. Acid catalysts can catalyze both esterification and transesterification reactions without 686 

feedstock pretreatment steps. This economic feasibility is manifested by having lower total 687 

manufacturing cost, and lower biodiesel breakeven price.  688 

Heterogeneous catalysts do have more advantages than homogeneous ones in terms of 689 

reusability, having less process steps required for product separation and purification, producing 690 

high purity glycerol and enabling easy catalyst recoverability. These advantages do have 691 

economic implications making heterogeneous catalysts good choice to reduce unit cost of 692 

biodiesel production. Again, among the heterogeneous catalysts, heterogeneous acid catalysts do 693 

have added economic advantage of catalyzing cheap feedstock types, those with higher FFA 694 

content.  695 

There are a number of catalyst alternatives prepared from wastes and cheap materials. Such 696 

cheap materials include eggshell, scallop waste shell, crustacean shells, bio-char from coconut 697 

shell, Kraft lignin and pyrolyzed sugar. These type of catalysts are cheap and most of them are 698 

reusable. Least cost and reusable catalysts would bring considerable economic advantages 699 

through reducing manufacturing cost and improving throughput per unit time.  700 



Among the different possible system variables that might have effect on the economic 701 

feasibility of biodiesel production plant; purchasing cost of feedstock, selling price of biodiesel, 702 

selling price of glycerol and plant capacity are the most significant. 703 
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