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Abstract. The study of the economic efficiency of investments in the production of a mixture of brewing
waste provides an opportunity to assess the possibility of its practical use for the restoration of soils
contaminated with oil and oil products. The UNIDO methodology is applied to calculate the costeffectiveness of investments in the brewing waste drying line for the remediation of contaminated soils.
Fulfillment of the underlying conditions for the effectiveness of investments and the absence of a negative
balance in the financial plan indicate the efficiency and feasibility of investments.

1 Introduction
Agricultural waste, food, and processing industries,
including brewing waste, contain a large number of
mineral and organic compounds of different chemical
nature, most of which can be used by microorganisms in
the processes of growth and vital activity [1–3]. When
recultivating soils contaminated with oil and products of
its processing, as well as to increase the activity of
indigenous microbiota, waste from various agricultural
or food industries is often used [4–6].
The technology of bioremediation of oilcontaminated soils using the waste from the brewing
industry has been developed. This technology has been
successfully tested in the treatment of soils contaminated
with oil and oil products [7]. This technology for the
rehabilitation of oil-contaminated soils involves the use
of dry brewing waste. Assessing the feasibility of
practical application and implementation of the
developed reclamation technology involves calculating
the economic efficiency of investments in the brewing
waste drying line.

2 Materials and methods
The cost-effectiveness of investments in a brewing waste
drying line for the remediation of oil-contaminated soils
was calculated using the UNIDO methodology (UNIDO –
United Nations Industrial Development Organization) [8].
Evaluation of the effectiveness of investments in
manufacturing equipment was based on determining the
adequate income that these programs can provide.
A typical investment program provides for the
payment of fixed assets at the beginning of the program
and subsequent profit for many years.
*

The effectiveness of the investment project was
assessed using the following criteria: net present value
(NPV); internal rate of return (IRR); profitability ratio
(BCR); return on investment (PBP).
These indicators take into account the fact of the
unevenness of the same amounts of receipts relating to
different periods.
Net present value (NPV), which characterizes the
amount of return on investment, is determined by the
formula:
T

NPV =  ( Dt − K t )  Lt

(1)

t =0

where T is the settlement period (lifetime of the
investment project);
t – the specific year of the billing period;
Dt – the amount of investment income in the year t;
Kt – the amount of investment per year t;
Lt – discount coefficient is determined by the
formula:

Lt =

1
(1 + q) t

(2)

where q is the discount rate characterizing the minimum
level of profitability acceptable to the investor.
Investment Efficiency Conditions: NPV > 0, i.e., the
amount of discounted investments for the entire billing
period exceeds investment costs.
The formula determines the internal rate of return
(IRR) – the value of the discount rate (q) at which the
amounts of discounted income and expenses are equal to
each other:
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3 Results and discussion

T

T
Dt
Kt
=


t
t
t =0 (1 + q )
t =0 (1 + q )

(3)

Consider a situation in which the Committee for Ecology
and Environmental Protection at the Chamber of
Commerce and Industry of the Samara Region sell the
mixture for the restoration of soils contaminated with oil
and oil products.
The brewing waste drying line has a capacity of 0.4 t
/ h, which corresponds to 384 t / year.
We take into account that the need for reclamation of
a contaminated area with an average oil product spill in
the Samara Region is 300 t / year for all enterprises.
In this case, when selling the mixture for remediation
to enterprises of the Samara region, the proceeds from its
sale:
300 • 6800 = 2040000 rubles / year.
The price of the line for drying brewing waste is
4906510 rubles with a service life of 10 years.
We calculate the leading indicators of the economic
efficiency of investments provided that the line is not
fully loaded. For the convenience of calculation, we
assume that the equipment does not operate in maximum
load for 0.5 years, but in partial load (half load), but
throughout the year.
According to the manufacturer, the price of the line
for drying the brewing waste is 4906510 rubles.
The total estimated annual level of potential costs for
the implementation of the drying process of brewing
waste is 560,000 rubles / year.
The annual profit growth due to the sale of the
reclamation mixture:
2040000 – 560000 = 1480000 rubles / year.
The profit growth due to the sale of the reclamation
mixture amounts to 1480000 rubles/year.
Income tax is 20%.
The calculated data for evaluating the effectiveness
of investments are presented in Table 1.

Investment Efficiency Conditions: IRR > q.
The linear interpolation formula determines the exact
value of the internal rate of return:

IRR =

q' B + NPV '(q' ' B − q' B)
NPV '+ NPV ' '

(4)

Return on investment (BCR), i.e., the ratio of
discounted income to investment expenses is determined
by the formula:
T

BCR =

Dt

 (1 + q)
t =0
T

t

(5)

Kt

t
t =0 (1 + q )

Investment Efficiency Conditions: BCR > 1.
The period of return (reimbursement) of investments
(PBP), characterizing such a payback period of
investments PBP = tok, at which the amount of
discounted income is equal to the sum of discounted
investment costs, is determined by the formula:
tok

tok
Dt
Kt
=

t
t
t =0 (1 + q)
t =0 (1 + q)

(6)

The value of PBP is determined by summing up the
cumulative results of cash flows until NPV = 0. The
return on investment period shows how long the timedistributed income cover investment costs.
Investment Efficiency Conditions: RVR <T.
In the calculations, an interest rate of 15% was taken.

Table 1. Estimated data for evaluating the effectiveness of investments in a line for drying brewing waste in the production of only
reclamation mixtures
Indicators

0

1

2

3

Years
5

4

6
7
8
9
10
Capital
investment,
4906510
–
–
–
–
–
–
–
–
–
–
rub.
Depreciation,
0
490651 490651 490651 490651 490651 490651 490651 490651 490651 490651
rub.
Profit, rub.
0
1480000 1480000 1480000 1480000 1480000 1480000 1480000 1480000 1480000 1480000
Profit tax, rub.
0
296000 296000 296000 296000 296000 296000 296000 296000 296000 296000
Net profit, rub.
0
1184000 1184000 1184000 1184000 1184000 1184000 1184000 1184000 1184000 1184000
Cash-flo, rub.
–
1674651 1674651 1674651 1674651 1674651 1674651 1674651 1674651 1674651 1674651
Discount
1
0.870
0.756
0.658
0.572
0.497
0.432
0.376
0.327
0.284
0.247
coefficient

The calculation of the net present value:
NPV =
-4906510·1 + 1674651·0.870 +
1674651·0.756 + 1674651·0.658 + 1674651·0.572 +
+ 1674651·0.497 + 1674651·0.432 + 674651·0.376 +
1674651·0.327 + 1674651·0.284 + 1674651·0.247 =
3498175.9 rub.
The condition for investment efficiency in terms of
the net present value is observed: NPV = 498175.9

rubles > 0, i.e., the discounted benefits for the entire
billing period exceed the discounted investment costs, so
the project should be implemented.
The formula determines the exact value of the
indicator of the internal rate of return:

IRR =

2

qint.1 + NPV1  (qint.1 − qint.2 )
NPV1 + NPV 2

(7)
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where qint.1 is the discount rate at which the net present
value (NPV) assumes the positive or negative value
closest to “0”;
qint.2 – the rate of discount increased (lowered) by 1
point compared with qint. in which the net present value

(NPV) assumes the positive and negative value closest to
“0”.
The calculation results are given in Table 2.
Based on the presented values, the graphical
dependence of the net present value (NPV) on the
discount rate (q) has the following form (Fig. 1).

Table 2. The dependence of NPV on q in the production of only reclamation mixtures.
Name of indicator
q,%
NPV, rub.

30
270739.71

31
132637.61

300000
200000
100000
33
30

31

34

35

32

-100000
-200000
-300000
-400000
q,%

34
–244940.38

35
–359760.87

exceeds the minimum acceptable level of effectiveness
of the proposed project for the investor by 17 %.
Find the return on investment:
BCR = (1674651 • 0.870 + 1674651 • 0.756 + 1674651 •
0.658 + 1674651 • 0.572 + 1674651 • 0.497 + +
1674651 • 0.432 + 1674651 • 0.376 + 1674651 • 0.327 +
+ 1674651 • 0.284 + 1674651 • 0.247) / 4906510 = 1.71.
The efficiency condition for return on investment is
met: BCR = 1.71 > 1 (by 1.71 points). Thus, for 1
monetary unit of investment in the project in question, an
enterprise may receive 1.71 monetary units of discounted
effects, or for each monetary unit of investment there is
1.71 monetary unit of the net present value of future
benefits. Return on investment is high; therefore,
investments in this project are profitable.
The investment recovery period (RVR) determines
the length of time for which the discounted income
distributed over time covers the invested costs. The
analytical method consists of summing the cumulative
total of cash flows to the moment when NPV = 0. As can
be seen from the Table 3 discounted benefits cover the
investment costs for 4 years, 2 months of the project.

400000

0

Value of indicator
32
33
911.40
–124827.77

NPV, rub.

Fig. 1. Graphical dependence of NPV on q in the production of
only reclamation mixtures

According to the schedule, we set the q value at the
intersection of the NPV chart with the q axis, %, i.e.,
IRR = 32 %.
The efficiency condition for the indicator of the
internal rate of return is met: IRR > q (by 17 (32-15)
points), i.e., the indicator of the internal rate of return

Table 3. Summing the cumulative total cash flows in the production of only mixtures for reclamation.
Year
Current present value, rub.
Summation of cumulative totals, rub.

0
–4906510
–4906510

1
1456218
–3450292

The efficiency condition for the indicator of the
investment recovery period is fulfilled: RVR = 4 years
2 months < T (investment period, T = 10 years).
For all indicators of assessing the effectiveness of
investments over time, this project is economically
profitable (Table 4).

2
1266277
–2184015

3
1101110
–1082905

4
957487
–125418

5
832598
707180

Calculations show that the necessary conditions for
the effectiveness of investments are met, and also that
there is no negative balance in the financial plan. The
data presented indicate the effectiveness of the proposed
investment project and the feasibility of investing in this
project.
Consider a situation in which the Committee for
Ecology and Environmental Protection at the Chamber
of Commerce and Industry of the Samara Region will
not only sell the mixture for the restoration of soils
contaminated with oil and oil products but also sell the
remaining dry grains to agricultural enterprises for use in
livestock feed.
Consider that currently in the Samara region, the
potential consumption is 130,000 tons of beer grains. Of
these, approximately 64% are purchased in the wet state
due to the lack of appropriate equipment at the
enterprises. Therefore, it needs to be dried:
130,000 • 0.46 = 59,800 tons.
Currently, Baltika-Samara LLC can produce about
12.5 thousand tons of dry grains per year. Other

Table 4. Indicators of economic efficiency of investments in
the production of only mixtures for reclamation.
Name of indicator
Normative values
Value
Net present value
NPV > 0
3498175.9 rub.
(NPV)
Internal Rate of
IRR > q
32,00 %
Return (IRR)
Return on investment
BCR > 1
1.71296622
(BCR)
Return on Investment
4 years
Period (Payback
PBP < T
2 months
Period – PBP)
Notes: T is the settlement period (lifetime of the investment
project) (T = 10 years), q is the discount rate characterizing the
minimum level of profitability acceptable to the investor
(q = 15 %).
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competing enterprises produce about 8.36 thousand tons
per year of dry grains.
Thus, the current proposal for the purchase of dry
grains in the Samara region is approximate:
12.5 + 8.36 = 20.86 thousand tons/year.
Therefore, demand exceeds supply by:
59800 – 20860 = 38940 t/year.
The beer pellet drying line recommended for
purchase can dry an additional 384 t/year. This
circumstance suggests that during the year, the
Committee for Ecology and Environmental Protection at
the Chamber of Commerce and Industry of the Samara
Region can sell dry pellets to agricultural enterprises in
full.
Consequently, at the standard market price for dry
grains in the amount of 7,000 rubles/ton and with a full
load of equipment in the amount of 384 tons, the annual
profit of the Committee for Ecology and Environmental
Protection at the Chamber of Commerce and Industry of

the Samara Region will consist of the profit from the sale
of the reclamation mixture soils contaminated with oil
and oil products, and profits from the sale of dry grains
for use in livestock feed.
Profit:
300 • 6800 + 384 • 7000 = 4728000 rubles / year
The calculated data for evaluating the effectiveness
of investments are presented in Table 5.
Net present value:
NPV= –4906510·1 + 4273051·0.870 +14273051·0.756 +
4273051·0.658 + 4273051·0.572 + 4273051·0.497 +
4273051·0.432 + 4273051·0.376 + + 4273051·0.327 +
4273051·0.284 +4273051·0.247 = 16538944.3 rub.
The condition for investment efficiency in terms of
net present value is observed: NPV = 16538944.3 rubles
> 0. Thus, the discounted benefits for the entire billing
period exceed the discounted investment costs, so the
project should be implemented.
The calculation results are given in Table. 6.

Table 5. Estimated data for evaluating the effectiveness of investments in the line for drying brewing waste in the production of a
mixture for the reclamation and sale of surplus dry beer grains to agricultural producers.
Indicators

0

1

2

3

Years
5

4

6
7
8
9
10
Capital
investment, 4906510
–
–
–
–
–
–
–
–
–
–
rub.
Depreciation,
0
490651 490651 490651 490651 490651 490651 490651 490651 490651 490651
rub.
Profit, rub
0
4728000 4728000 4728000 4728000 4728000 4728000 4728000 4728000 4728000 4728000
Profit tax, rub.
0
945600 945600 945600 945600 945600 945600 945600 945600 945600 945600
Net profit, rub.
0
3782400 3782400 3782400 3782400 3782400 3782400 3782400 3782400 3782400 3782400
Cash-flo, rub
–
4273051 4273051 4273051 4273051 4273051 4273051 4273051 4273051 4273051 4273051
Discount
1
0.870
0.756
0.658
0.572
0.497
0.432
0.376
0.327
0.284
0.247
coefficient
Table 6. Dependence of NPV on q in the production of a mixture for the reclamation and sale of surplus dry beer grains to
agricultural producers
Name of indicator
q,%
NPV, rub.

84
169019.31

85
109903.45

Indicator value
86
87
52128.36
-4350.09

Based on the presented values, the graphical
dependence of the net present value (NPV) on the
discount rate (q) is as follows (Fig. 2).

150000
100000
50000
87
84

85

88

89

86

-50000
-100000
-150000
q,%

89
-113584.35

According to the schedule, we set the q value at the
intersection of the NPV chart with the q axis, %, i.e.,
IRR = 87 %.
The efficiency condition for the internal rate of return
indicator is met: IRR many> q (by 72 (87-15) points).
That is, the indicator of the internal rate of return
exceeds the minimum acceptable level of effectiveness
of the proposed project for the investor by 72 %.
ROI:
BCR = (4273051 • 0.870 + 14273051 • 0.756 + 4273051
• 0.658 + 4273051 • 0.572 + 4273051 • 0.497 + 4273051
• 0.432 + 4273051 • 0.376 + 4273051 • 0.327 +
(4273051 • 0.284 + 4273051 • 0.247) / 4906510 = 4.37.
The efficiency condition for return on investment is
met: BCR = 4.37> 1 (by 4.37 points). That is, for 1
monetary unit of investment in the project in question, an
enterprise may receive 4.37 monetary units of discounted
effects, or 4.37 monetary units of the net present value of
future benefits are required for each monetary unit of

200000

0

88
-59574.16

NPV, rub.

Fig. 2. The graphical dependence of NPV on q in the
production of a mixture for the reclamation and sale of surplus
dry beer grains to agricultural producers.

4
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investment. Return on investment is high; therefore,
investments in this project are profitable.
The investment recovery period (RVR) determines
the length of time for which the discounted income
distributed over time covers the invested costs. The

analytical method consists of summing the cumulative
total of cash flows to the moment when NPV = 0. As can
be seen from the Table 7, discounted benefits cover the
investment costs for 1 year 7 months of the project.

Table 7. Summation of the cumulative total cash flows in the production of the mixture for the reclamation and sale of surplus dry
beer grains to agricultural producers.
Year
Current present value, rub.
Summation of cumulative totals, rub.

0
–4906510
–4906510

1
3715697
–1190813

The efficiency condition for the indicator of the
investment recovery period is fulfilled because of RVR =
1 year 7 months < T (investment period, T = 10 years).
For all indicators of assessing the effectiveness of
investments over time, this project is economically
profitable (Table 8).

Net present value
(NPV)

Normative
values

Value

NPV > 0

16538944.3 rub.

3
2809600
4849827

4
2443131
7292958

5
2124462
9417420

Region. The Committee for Ecology and Environmental
Protection at the Chamber of Commerce and Industry of
the Samara Region can, through this project, realize a
mixture for the restoration of soils contaminated with oil
and oil products, but also sell the remaining dry grains to
agricultural enterprises for use in livestock feed.
Implementation of the proposed investment projects
allows, firstly, to profit from the investments made,
secondly, to solve the problem of recycling brewing
waste, and thirdly, to obtain a mixture for the restoration
of soils contaminated with oil and oil products, fourthly,
to increase the efficiency of the restoration process oilcontaminated soils and, fifthly, improve the
environmental situation in the Samara region and other
regions of the Russian Federation.

Table 8. Indicators of economic efficiency of investments in
the production of a mixture for the reclamation and sale of
surplus dry beer grains to agricultural producers.
Name of indicator

2
3231040
2040227

Internal Rate of
IRR > q
87.00 %
Return (IRR)
Return on investment
BCR > 1
4.37081638
(BCR)
Return on
Investment Period
PBP < T
1 year 7 months
(Payback Period –
PBP)
Notes: T is the settlement period (lifetime of the investment
project) (T = 10 years), q is the discount rate characterizing the
minimum level of profitability acceptable to the investor
(q = 15 %).
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