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Biodiesel has becoming more and more relevant in today’s society and economy due to its environmental
advantages such as biodegradability, lower CO and CO2 emissions as well as less particulate pollutants.

In this work the study of market and economic variables is presented and their effects compared when
biodiesel is being produced using a supercritical technology. The production process is based on a
supercritical technology with no catalyst and no co-solvent. Price for the raw materials, such as price
for the alcohol as well as the oil has been studied. Also, selling price for biodiesel as well as glycerin
has been analyzed and compared with prices from other biodiesel production technologies. Economic
decisions such as percentage of failure in the production process, investment in research and develop-
ment, and advertisement have been evaluated; also it has been considered the influence of the tax
incentives on the global economy of the production process.

Small variations on some of the major market variables would produce significant effects over the
global economy of the plant, making it non profitable in some cases.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Due to today’s energy market is growing, and to the need of new
renewable alternatives, is that several substitute for petroleum
fuels are been tested and investigated. Biodiesel appears as the nat-
ural and logical alternative to substitute diesel fuels. It is defined as
the mono alkyl esters of long chain fatty acids derived from a
renewable lipid feedstock such as vegetable oil or animal fat.
Among the mayor benefits, it can be found that is biodegradable,
it has a better combustion into CO2, producing almost none CO,
it produces no sulfur contaminants and no particulate pollutants
[1–3].

Biodiesel is generally produced using a base catalyst, such as so-
dium or potassium hydroxide in the presence of alcohol [2,4–7].
The industrial choice of alcohol is methanol due to its properties;
however, in order to have a more renewable fuel, ethanol is gaining
more and more relevance in biodiesel research [2,7].

Despite the fact that high conversion is achieved when using
conventional technology; the raw material employed must be a
refine oil, meaning that the amount of impurities must be consid-
erable reduced before it can be used. Even more, refine oils are use
for food purposes and its transformation into fuel is a debatable
decision. Therefore, new technologies capable of using waste oil,
has been generally studied: such as homogeneous acid catalyst
[8–10], heterogeneous catalyst [11–14], enzymatic approaches
[15–18], supercritical technologies [19–21], as well as membrane
reactors and monolithic alternatives [22,23].

The main reaction taking place in the biodiesel process, despite
the catalyst employed, is the transesterification reaction. In this
reaction, a triglyceride interacts with an alcohol to produce fatty
acids alkyl esters and glycerin, which is normally call fatty acid
methyl ester (FAME) due to the used of methanol. The main reac-
tion could be summarized as follows:

ð1Þ

It is important to notice that this is a series of reactions, in which
from triglycerides diglycerides are produced. Then, the diglycerides
are transformed into monoglycerides and finally, the latest is mod-
ified into glycerin. In every single step biodiesel is produced.
Because this is an equilibrium reaction, higher amounts of alcohol
are used in order to swift the reaction towards the desire product.

Besides technical aspects and viability, economic feasibility is as
relevant, making a process to be profitable or not. Different authors
have also done economic analyses of several biodiesel production
scenarios [24–30]. Marchetti et al. [27] studied a supercritical pro-
cess where waste oil, as defined by Marchetti [31], with 5 wt% of
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Table 1
Technical and economical aspects.

Technical aspects
Plant capacity (kg/year) 39,910,500
Project life time (year) 15

Feed streams (kg/h)
Oil 4550
Methanol 8700

Out coming streams (kg/h)
Biodiesel (purity over 98%) 4556
Glycerin 424

Economic aspects
Total capital investment ($) $ 12,464,138
Equipment purchase cost ($) $ 2,613,366
Direct fixed capital (DFC) ($) $ 8,744,177
Working capital ($) $ 3,132,752
Start up and validation cost ($) $ 437,209
Total operating cost ($/yr) $ 42,086,302
Labor dependant ($/yr) $ 273,240
Utilities ($/yr) $ 1,556,634
Laboratory ($/yr) $ 40,986
Biodiesel unitary cost (US$/kg) $ 1.1789

J.M. Marchetti / Energy Conversion and Management 75 (2013) 658–663 659
FFA undergoes a two reactor process with intermediate separation.
The authors found that the process was not profitable as it was pre-
sented due to the high cost on operation, which was more than 50%
of the total cost of the process. Contrarily, Van Kasteren and Nis-
wore [32] found that their proposed process was rentable when
studied. The differences are based on the reaction system, the
amount of equipment as well as the post purification. The latest
have used the biodiesel selling price as comparison variable.

However, to my knowledge, there has not yet been a study
where the economic variables over a supercritical biodiesel plant
were analyzed and compared in order to examine the influence
of the economic variables over the process.

In this work, the influence of several market dependant vari-
ables (price of raw material, selling price of biodiesel, etc.), over
the economy of a biodiesel plant, has been studied. This analysis
was done over a biodiesel production plants that employees a
supercritical technology with no catalyst neither co-solvent. This
technology has been selected due to its versatility for raw materi-
als with high amount of impurities.

2. Study case

For this study, a supercritical biodiesel was design as follow:
methanol and the impure oil are fed into the first supercritical
reactor. After the reaction, a distillation column is used to separate
the methanol phase from the oil and glycerin phase. The methanol
is then recycled and the oil phase is separated into glycerin and
biodiesel/unreactant components. The latest is fed into a second
supercritical reactor with methanol in order to achieve a higher
conversion, yield and selectivity. After the second supercritical
reactor, the methanol is separated and recycled by a distillation
column and the oil/glycerin phase is passed through a decanter
to produce high pure biodiesel and glycerin of high concentration.
Fig. 1 shows the flow sheet of the process.

For this purpose, it was used a commercial software, Super Pro
Design [33]. Data from the literature was employed as a source for
the cost and prices of equipment and materials. The technical
aspects (operational conditions for the process), cost of equipment
as well as other assumptions used in this work, plus the mayor
economic variables were set as previously done in Marchetti
et al. [27].

Table 1 show the major economic parameters used in this work
such as investment, total capital cost and plant capacity. The major
economic assumptions have been done according to information
from the literature [27]. In this work it has been compared the
internal return rate (IRR) and the payback time. Net present value
(NPV) has not been used since the tendencies obtained for IRR and
NPV will not suffer major modifications if one or the other are pre-
sented. This work is to show tendencies and comparison more than
absolute numbers.

As mentioned, the production biodiesel has several physical–
chemical variables involved, such as: reaction temperature, molar
ratio between reactants, types of catalyst, amount of catalyst,
and many others. It also has economic parameters which require
Fig. 1. Flow diagram of the
specification. Some of these economic variables have been studied
to evaluate their influence on the global process. Their effect over
the internal return rate, which is a key variable in order to see if
a process is profitable or not, and over the payback time, which
gives idea of the time needed to recover the investment, were
analyzed.

It was carried on a research to identify how each of the follow-
ing variables separately affects the global economic of a biodiesel
process.

1. Oil price (associated to its purity).
2. Biodiesel selling price.
3. Glycerol selling price.
4. Alcohol price.
5. Advertisement and selling expenses.
6. Tax incentives.
7. Investment in research and development.
8. Product failure.

These variables are market related and their values are ruled by
the market as well as other companies and political decisions.

Each of these variables has a study range in order to evaluate
the influence over the IRR and the payback time. Table 2 shows
these ranges for all the studied variables. In the same table it is also
included the standard value for each of them.
3. Results and discussion

3.1. Changes on the selling price of biodiesel

Biodiesel selling price is a key variable of the process, it is a fun-
damental variable that will allow the process to be economically
process under studied.
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Fig. 2. Variation of the payback time as well as the IRR when the biodiesel price
varies. (N) Payback time and (d) IRR.
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attractive or not. Now a day, biodiesel price is not fixed in the mar-
ket, it depends on tax incentives, price of petroleum oil, subsidies
for transportation, etc. Taking all this into account, the range used
for this study was from 0.63 to 0.7 US$/l. These values are an aver-
age among different prices found in the literature [34–36].

Fig. 2 shows the variations of the payback time and the IRR
when the biodiesel price suffers modifications.

It can be seen that as the biodiesel price increases, the IRR in-
creases as well following a straight tendency; however, the pay-
back time decreases but not in the same proportion as the
increments of IRR. From Fig. 2 it can be seen that a small modifica-
tion of 20 US$ on the price of biodiesel (from 650 to 630 USD/l)
makes the process to require 80% more time to recover the invest-
ment, as well as a reduction of 85% on the IRR. This result shows
the influence and relevance of the selling price of biodiesel. This
price is normally attached to market supply and demand require-
ments, international and national agreements, etc. The cut off price
is hard to predict since this is a very dynamic scenario and the rep-
resentation here is not, making it just a good estimation.
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Fig. 3. Variation of the payback time as well as the IRR when an oil price varies. (N)
Payback time and (d) IRR.
3.2. Changes on the oil price

The supercritical process is an expensive alternative due to the
high demands on operational pressure and temperatures. Con-
trarily to the homogeneous alternative, the amount of FFA can be
as high as desired, eliminating the restriction of lower amounts
of FFA (below 0.5 wt% [2–5] for refine oil in order to avoid soap for-
mation). The price range for the oil has been selected between 325
and 415 U$S/tonne. This scale is an average among the prices for
edible oils (478–650 U$S per tonne [34]) and waste cooking oil
(110–220 U$S per tonne [25,26,35]).

In Fig. 3 it could be seen the variations of the payback time as
well as those of the IRR due to modifications in the oil price. As
the oil price gets smaller, which could be associated with higher
amounts of impurity, the IRR values gets higher following a
straight tendency. Payback time, on the other hand, increases
exponentially with more pure raw materials. This tendency shows
that even if the oil is for free, there is a payback time associated
with the minimum time required to recover the investment, and
therefore the exponential tendency.
3.3. Changes on the glycerol price

Market price for glycerol is very variable and very attach to its
purity and availability. Pharmaceutical grade glycerol (purity
above 98%) could be sold at a price around 1.322 US$/kg [36], while
industry grade glycerol has a much cheaper price since it is pro-
duced in greater amounts due to the biodiesel industry. The
amount of glycerol produced is ca. 10% of the total biodiesel gener-
ated. Therefore, its price does have an important influence over the
economics of the process. The glycerol produced using the conven-
Table 2
Variables and their limits.

Variable Minimum Standard Maximum

Biodiesel price (US$/kg) 0.63 0.65 0.7
Glycerol price (US$/kg) 0.475 0.55 0.7
Alcohol price (US$/kg) 0.1 0.25 0.5
Advertisement and selling (US$/yr) 0 100.000 500.000
Tax (%) 12 15 21
Failure (%) 0.01 0.1 1
R&D* (US$/kg of biodiesel) 0.12 0.15 0.16
Oil price (US$/kg) 325 400 415

* R&D: research and development.
tional homogenous technology has a purity around 75–80%, and
consequently a lower price.

In this section, the influence of the glycerol selling price was
studied. The range for the glycerol price was selected based on
the concept that the purity of the glycerol from this technology
is superior to the purity of the glycerol from conventional technol-
ogy but not as good as pharmaceutical grade glycerol. Therefore,
the range selected was in the range from 450 to 710 US$.

The influence of the glycerol price can be seen in Fig. 4. As the
price gets smaller, the IRR decreases as expected. It can be seen
that the lower price of glycerol under consideration will provided
a value of IRR of around 7%. However, the payback time is higher
than 10 years, which in some cases it could be considered as the
upper life limit for the production process. Payback time gets re-
duce to 7 years when the price is close to 700 US$/kg of glycerol.
It is important to see that the required time is still quite big
(7 years). Therefore, if the process could produce a more pure glyc-
erol, the payback time will be considerable reduce by the increase
selling price of the by-product.
3.4. Changes on the alcohol price

The influences of the raw materials price are crucial for any eco-
nomic study. The price of methanol and how it could affect the
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economy of a biodiesel production plant has been studied. For this
research, it has been considered a range from 0.1 to 0.4 US$/kg
with a middle operation value matches those from Ref. [36].

Fig. 5 shows that the influence of the methanol price over the
IRR is relevant as it was the effect of the oil price. When the price
increases from 0.1 to 0.4 US$/kg, the IRR suffers a reduction of 82%,
showing its great influence on the global process. This widely vari-
ations have the possibility to make the process not profitable. It
can be seen, as it was the case for the oil price, which both raw
materials have a very high effect over the economy of the process,
as expected. A small modifications on any of them could have a
very relevant impact on the profitability of the plant.
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Fig. 5. Variation of the payback time as well as the IRR when the alcohol price
varies. (N) Payback time and (d) IRR.
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3.5. Variations on the advertisement and selling expenses

One of the most relevant market variables is selling and adver-
tisement expenses. This variable is unpredictable, it is based on
each particularly company and their interest in this matter. For
our case it has been assumed very different scenarios, from no
advertisement (cost = 0 US$/yr) to an investment of 500.000 US$/
yr.

Fig. 6 shows the variations of the IRR and the payback time
when different amount are entitled for advertisement as well as
selling expenses. It can be seen that as expected, when no budget
for advertisement is allocated, the IRR (11%) reaches its higher va-
lue while the payback time reaches its lower time of 8.5 years. An
increase in the budget for advertisement and selling expenses pro-
duce a net decrease in the IRR, when 500.000 US$/yr are use, the
IRR is reduced to less than half of its previous value, showing the
high effect and strong influence in the profitability of the process.
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Fig. 6. Variation of the payback time as well as the IRR when analyzing the
advertisement and selling expenses. (N) Payback time and (d) IRR.
3.6. Variations on percentage of product failure ratio

As in any production process, failure, or product out of specifi-
cation, can occur. The frequency of how often this happens could
eventually turn the process into a non economic alternative. There-
fore, it has been studied the effect of increasing the percentage of
failure in the production technology with the aim of finding its
influence. The failure range was from 0.01% to 1%.

In Fig. 7 it can be seen the effect of percentage of product fail
and its effect in the IRR and payback time. Despite the fact that
the effect it is not considerable significant, the IRR could decrease
in 20% due to an increase in the failure of the product.
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Fig. 4. Variation of the payback time as well as the IRR when the glycerol price
varies. (N) Payback time and (d) IRR.
3.7. Variations over tax

Different countries have different taxes for their products; even
more, some countries have different tax levels for the products that
are imported based on the necessity level of such products. Based
on the fact that tax incentives have been a good help for biodiesel
plant development, a study over the effect of this variable is rele-
vant to show weather this should be maintain over time or not.
It is important to point out that tax incentives are available for
all types of production technologies in a very diverse possibility
of economic scenarios. In this conceptual work it will only be ap-
plied to a particular process in a particular economic scenario.
Therefore, it is important to comprehend the tendency but not
the absolute numbers.

Tax range varies from 12% to 21% in order to cover the tax range
of many countries in the world.

In Fig. 8 it can be seen the effects over the IRR and the payback
time. As it is presented, when the taxes increase the revenues de-
creases considerably. The IRR decreases but far from making it a
non-profitable alternative. However, the payback time it is still
quite high for all the studied taxes values, making a non attractive
approach to produce biodiesel due to the minimum of 8 years to
recover the investment.
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3.8. Variations on the US$ used for research and development

The influence of the US$ per kilo of biodiesel produced desig-
nated for research and development was studied. Several compa-
nies invest money from their revenues for research and
development in order to improve their production processes. In
this section, it was studied how this variable might influenced
the IRR and the payback time of a biodiesel plant. It was studied
the range between 0.12 and 0.16 US$/kg of biodiesel produced.

Fig. 9 shows that the IRR decreases in 75% when the increase on
the amount invested for research and development increases only
33%. The payback time decreases in a 53% as a consequence of the
same variations on the amount given for R&D.
4. Conclusions

An economic study over a biodiesel process that involves a
supercritical technology to produce biodiesel, and how each mar-
ket variable affects the internal return rate and the payback time,
was analyzed.

It has been found that the entire incomes variables (selling price
of glycerol as well as biodiesel) have a positive effect over the
internal return rate making a reduction on the payback. Contrarily,
the outcomes variables have the opposite effect, making the pro-
cess less profitable. It is important to notice that not all of the out-
comes variables have the same effect over the process and not all
of them might produce a non profitable scenario for the variable
ranges studied.

All the studies included in this work show that the payback
time never tends to zero. This result is in accordance to a net
investment in equipment that at least should be recovered.

These results are of high interested since they shows tendencies
of how several relevant variables modifications can affect the IRR
of a biodiesel plant. Even more, the fact that an idea of the evolu-
tion of the economic indicator as a function of several variables is
showed, allows decision to be taken ahead, preventing economic
crisis to strike.
Disclaimer

The authors and UMB do not accept responsibility for any deci-
sion taken based on these model results. The model used on this
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the limitations and scope of the model.
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