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Economic assessment of the alternative energy sources
implementation for port enterprises

Abstract. The purpose of this article is to explore specific features of the implementation of alternative energy sources used
to ensure activities of Ukrainian port companies. A considerable development of the alternative energy industry in Ukraine is
connected to a relatively loyal legislation, state support and tax benefits for companies which employ it. Diversification of energy
sources contributes primarily to decreasing risks, however, from the economic point, the choice of concrete sources appears to
be more efficient for port companies. Thus, it is suggested to install solar collectors and wind stations to facilitate port activities.
According to our calculations, the implementation of the innovative investment project regarding solar panels is justified. The
economic effect of installation of solar collectors and wind stations is estimated at UAH 3,107,667.00 (USD 194,230.00) and UAH
1,022,093.00 (USD 63,880.00), respectively. The use of both options is economically feasible in the modern conditions. However,
the economic benefit from the wind stations is significantly less. It can be explained by the fact that equipment for wind stations
is much more expensive, and its installation and maintenance are more sophisticated and costly. A much bigger quantity of solar
panels is needed to provide electricity for the whole port, yet the cost of their installation and maintenance is considerably lower.
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1. Introduction

Efficient development of transport companies is one of
the top priorities of the state policy aimed to create condi-
tions for the country’s economic growth, take advantage of
its geopolitical position, improve the quality of transport ser-
vice, achieve cost reduction in freight transportation at the ex-
pense of comprehensive computerisation of transport compa-
nies and revision of transport technologies [1].

The adoption and entry into force of the Law «On Sea Ports
of Ukraine» contributes to the development of the Ukrainian
sea port infrastructure, which is aimed at enhancement of the
competitive ability of Ukrainian sea ports in the global market,
which implies improvement of prospects for investment in the
Ukrainian economy in general and of the country’s port sec-
tor in particular. At the same time, many problematic issues
have come up in the process of implementing the port reform
caused by the imperfection of the national legislation and the
need to change the means of management in the port sector.
The use of modern equipment and brand new technologies
plays a key role when taking onto account various means of
economic management [2].

In countries like Ukraine, there is an urgent need to pro-
mote renewable energy sources. On this account, the coun-
try will obtain a number of benefits, such as a decrease in the
consumption of traditional fuel, for example oil and gas, in the
short-term perspective, the reduction of greenhouse gas emis-
sions, the termination of the use of traditional fuels in produc-
tion of electricity and heat by 2040 and the avoidance of the
use of oil and gas in the transport sector of Ukraine by 2050.

Today, there is an urgent need to invest in the develop-
ment of renewable energy technologies. If we neither invest in
the sector nor take advantage of natural advantages, we can-
not exclude that the deficit of traditional resources may cause
a global catastrophe [3], which determines the relevance of
the consideration of this issue.

2. Brief Literature Review

The studies by Y. V. Makogon and G. E. Kudenko are dedi-
cated to the explanation of the essence of alternative energy
sources [12]. Alternative energy sources are those which are re-
newable. We will have to refuse from traditional exhaustible re-
sources that provide us with thermal energy in the nearest fu-
ture. There are several reasons that point to the need for a soo-
nest transition to alternative energy sources. Everyone knows
that the technologies used to produce traditional energy have
led to the global climate change. Meanwhile, the use of alter-
native energy sources is aimed at resolving global environmen-
tal problems. A deep and comprehensive overview of the works
devoted to the global environmental assessments practises and
approaches as well as challenges of the modernity has been
realised by J. Jabbour and Ch. Flachsland (2017) [7].

The problem of usage of alternative energy sources is
widely discussed by the experts, both from the point of view
of technical particularities and from the position of efficiency of
use. We may mention only few works relevant to our research
out of the wide field of studies devoted to the topic field.
0. Soskin and N. Matviychuk-Soskina (2013) [6] have studied
the impact of traditional and alternative sources of energy on
the environment. A. Arteconi, E. Ciarrocchi, Q. Pan, F. Carduc-
ci, G. Comodi, F. Polonara and R. Wang (2016) [8] have re-
searched the storage of the thermal energy coupled with pho-
tovoltaic (PV) panels to manage the demand side of industrial
building. T. Rajaseenivasan, R. Prakash, K. Vijayakumar, and
K. Srithar (2017) [9] have conducted a mathematical and ex-
perimental investigation on the influence of basin height varia-
tion and stirring of water by solar PV panels in solar still.

3. The purpose of the study is to evaluate the effective-
ness of the implementation of alternative energy sources for
port enterprises. The main objectives of the study are to ex-
plore the ways to produce renewable (alternative) energy and
the use of this energy by Ukrainian port companies.

4. Results

The continuous growth of the cost of oil, gas and rela-
ted raw materials forces many countries to pay close atten-
tion to the methods for receiving the so-called renewable (al-
ternative) energy, which undoubtedly will soon be needed in
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order to gain energy independence and compensate the lack
of traditional fuel resources. It is obvious that our country has
great prospects for the implementation of this very important
and vital source in the consumer market with regard to indivi-
duals and large companies, plants and enterprises. The main
advantage of such technologies is their environmental friend-
liness, ease of operation, long operational life, minimum ser-
vice and maintenance [5]. By using renewable energy sources,
we deliver a significant effect on the environment and energy
crisis in the world, as well as gain independence from tradi-
tional types of energy, save significant cost and become con-
fident in the future.

Renewable energy is a complex of technological solutions
for the production of traditional electrical or heat energies
from wind or solar energy. Basing on the chosen technolo-
gy of energy production, the alternative resources can be divi-
ded into solar, wind, geothermal, hydropower, as well as those
where biofuel production technologies are applied.

In May 2015, Germany set a world record for the produc-
tion of solar energy per hour; German solar power plants pro-
duced 22 GWh of electric power. Moreover, German plans
switch to renewable resources of energy.

The energy of falling water is used to rotate the turbines of
water power plants. About 20% of the world’s electricity is ob-
tained from this source. Norway, Russia, China, Canada, the
USA and Brazil are leaders in utilising the water power plants.

The first geothermal steam power plant was opened in the
Italian city of Larderello in 1904. It still functions. By the end
of 2004, the worldwide use of geothermal energy has reached
57 TWh/yr of electricity and 76 TWh/yr for direct use [24].

In Brazil, the majority of vehicles are fuelled with ethanol.
Biodiesel made from vegetable oils, animal fats and waste oils
from restaurants replaces completely the conventional diesel
fuel. Such fuel can also be used in admixture. The largest pro-
ducer and consumer of biodiesel is Germany. Germany, the
USA, Denmark and Spain are among the leading countries
using this type of energy; India and China have launched into
the wide using of wind energy as well.

Despite the accidents at the power plants, nuclear power re-
mains a reliable source of energy for many regions [10]. Due to
the latest update, «there are over 440 commercial nuclear po-
wer reactors operable in 31 countries, with over 390,000 MWe of
total capacity. About 60 more reactors are under construction.
They provide over 11% of the world’s electricity... 55 countries
operate a total of about 250 research reactors, and a further 180
nuclear reactors power some 140 ships and submarines» [25].

Ukraine is one of the top five countries in Europe in terms
of the development of alternative energy sources. According
to the Ministry of Energy and Coal Industry of Ukraine, elec-
tricity generation from renewable energy sources (RES), ex-
cept for large hydroelectric power stations, in 2013 has dou-
bled (by 608,400,000 kWh) compared to 2012 - to 1.247 bil-
lion kWh/yr. Despite slight decline in 2016 compared to 2015,
during 9 months of 2017, the generation of electricity by alter-
native sources (WPS, SPS, biomass) compared to the corre-
sponding period of 2016 increased by 294.8 million kWh, or
25.6%, and was 1.444 billion kWh [26].

In 2016, 120.6 MW of alternative energy capacities was in-
troduced, of which:

e wind energy objects - 11.6 MW;

solar power objects - 99.1 MW;

small hydropower objects - 3.3 MW;

energy objects producing biomass electricity - 3.5 MW;
objects of power generation, producing electricity from
biogas - 3.1 MW [27].

In general, the balance of energy production from alter-
native energy sources in Ukraine in 2015 was at the level 3%
with wind and solar power having a share of 0.1% [28].

SE Odesa Commercial Sea Port (SE OCSP) is one of the
largest ports of the Black and Azov Seas basins. Located in
the north-western part of the Black Sea region, the port is a
leader among the ports of Ukraine in handling cargo volumes
and the largest passenger port on the Black Sea. The techni-
cal capacities of the port allow it to handle of more than 25 mil-
lion tons of dry and 25 million tons of bulk cargoes annually.
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Container terminals provide handling of over 900,000 twenty-
foot equivalent units (TEU) per year. The passenger terminal is
capable to serve up to 4 million tourists a year [21].

SE OCSP has been applying technologies to use alterna-
tive energy sources. The results of the first year of the ope-
ration of the heating substation were announced; its process
chain includes solar collectors and a heat pump system to
collect low-grade heat of sea water.

The economic effect of the use of the unit producing ther-
mal energy from alternative sources amounted to UAH 120,000
(USD 7,500). The exchange rate as for January 2015 has been
chosen for the calculations in this research: USD 1 = UAH 16.
Altogether, the share of heat energy from non-traditional re-
sources is about 5% of the total production for the needs of
the enterprise.

The implementation of the program for energy saving tech-
nologies began in 2007. Today, a number of heating units in
the port is equipped with solar collectors. The installed equip-
ment has operated effectively. But the efficiency of the solar
cells can be recognised mostly in summer, whereas in winter
the effect is much lower.

A project of modernization of the heating unit has been
implemented in the port; it provides heating and hot water for
the administrative and welfare buildings in the area of Berth
28 (Androsovsky lane). The integrated use of the solar collec-
tors and the heat pump system covers from 30% to 90% of
the needs of 3 buildings in thermal energy depending on the
time of the year and weather conditions [21].

It should be noted that SE OCSP runs additional measures
for energy-saving and optimisation of the energy-consump-
tion regimes [21], provision of the alternative and renovating
energy sources with the aim of setting-up the conditions of
energy-safety of the enterprise, in particular:

1. Optimisation of the structure of the energy-saving service,
deletion of duplicating function, namely the fulfilment of
similar and yet different tasks from the point of professio-
nal training.

2. Uploading the electrical laboratory of the port with work,
provision of all necessary measures for the objects of the
port, which may be under construction, reconstruction or
modernisation.

3. Development of an innovative approach to distribution of
technical conditions and technical tasks to execute ope-
rations regarding the construction of new objects and mo-
dernisation of existing facilities:

e wide use of the energy-saving lamps;

e devices of the pointed light with zonal on-off switches;

e use of the transmission-type switches and options of swit-
ching off the particular zones in the absence of people there;

e usage on the staircases of the switches supplied with move-
detectors and with pause in the time functions;

e installing of the toilet tanks with two-regime functions (sa-
ving and regular);

¢ installing the taps with photovoltaic elements or taps with a
portion-delivery of water function in shower cabins.

4. Realisation of the monitoring of the port territory in order to
discover new possibilities to install alternative or renewable
energy resources.

5. Installation of the warm-water pump and solar collectors
for partial heating and warm water supply to the building of
the port service office with the use of low potential warmth
as a source: a water pipe and the solar collectors under
50 kilowatt of capacity.

6. Warm water supply on the basis of flat or vacuum collec-
tors where it is possible to place them under the roof of the
building.

7. Setting up the combined system of heating and warm water
supply along with external light under the roof of the two-
storey administrative building. The main source of energy is
obtained from flat solar collectors. Electrical heating is the
additional source (due to the absence of the other sources
of thermal energy). The target percentage of the use of so-
lar energy within the object is 75% per year. The systems
functions automatically and does not require the presence
of service personnel.
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8. Dispatch control of the system of heat input of the port. For
this purpose, it is necessary to buy appropriate software.
The provision of such a system will provide real-time con-
trol over the heat consumption of the port. The demo mo-
del can already be seen.

9. Use of the power-saving technologies and facilities:

¢ electrical engines with the regulating frequency of shift units
fixed on the electrically powered pump aggregates in the
port (pump stations, heating stations, cranes etc.);

e contemporary systems of regulated expenditures and tem-
perature of the coolant;

e pressure regulators and balancing taps on the water-pipes
system of the port.

10. Study of the possibilities to use wind energy on the territo-
ries of Odesa port and Zmiinyi island, as far as the potential
of wind energy of the island is very high. The average speed
of wind there is around 10 m/s at an altitude of 50 meters.

11. Realisation of a full energy audit and, basing on the results
of it, elaboration of an energy strategy for the development
of the Odesa Marine Trade Port over the next 10-15 years.

12. Launch of the system of commercial audit of energy pro-
vided by installation of a new generation of high accuracy
devices.

13. Implementation of energy-saving policies reflected in se-
parate organisational and technical decisions which are es-
sentially aimed at the reduction of consumption of all types
of energy sources while keeping intact the quality of the
goods produced and the overall production.

The purpose of the development and realisation of energy-
saving measures lies in the implementation of modern tech-
nologies aimed at reduction of expenses and modernisation of
the overall production process. However, the reverse process
is also possible: the modernisation of production generally in-
creases energy efficiency of enterprises.

The economic essence of energy saving lies in forming
of external and internal relational systems at an enterprise,
which, in turn, facilitates rational usage of energy resources.
The practical outcome of energy-saving measures at the en-
terprise is reduction of energy consumption and expenses on
energy resources. Therefore, the enterprise gains a possibili-
ty to increase the overall production, reduce the primary costs
and, as a result, increase the share of the market [14].

The classification of factors which influence the imple-
mentation of alternative energy projects in seaports, is given
in Table 1. It may serve as a basis for the assessment of eco-
nomic effectiveness of innovative investment projects regar-
ding alternative energy supplies.

The overall production of energy from alternative or re-
newal energy sources shows a permanent increase in the sea-
ports of Ukraine.

The biggest progress in the solar batteries for energy ge-
neration has been noticed only during the recent decades. New
technologies that facilitate the production of batteries with a
higher efficiency factor play a key role in the promotion of solar
energy. It has been disclosed that the dependence function of
efficiency factor (EF) of the solar batteries increases from the
year of their introduction (7) into mass production [14]:

1)

where: EFsb(T) is efficiency factor of the useful output of
solar panels depending on the year of their introduction.

The main aim of the research is to estimate the efficacy of
introduction of alternative energy sources at port enterprises.
We suggest to calculate the annual economic effects from
launching solar collectors and wind stations, then compare
them and make a conclusion about the most optimal and be-
neficial source of alternative energy.

The calculations are done basing on the example of the con-
tainer terminal of the SE Odesa Commercial Sea Port. We sug-
gest launching the solar collectors «Kvazar-250» (or photovol-
taic modules «Quasar-250») made in Ukraine [22]. Specifications
of the solar collector module «Kvazar-250» are given in Table 2.

Now, let us put the values in the formula of the annual
economical benefit from launching the solar panels (Esb)[14]:



where: Epr - presented expenses on traditional energy
sources, UAH;

N - required capacity of solar panels, W;

Ins(f) - insolation for the region, W/m2;

Ins(st) - insolation under standard conditions, W/m?;

Nm2 - capacity of solar panels with regard to1 m2, W/m?/year;

Pm2 - cost of solar panels per 1 m?, UAH;

Edl - delivery expenses, UAH;

Ei - installation expenses, UAH;

Ta - amortisation period, years;

Eser - service expenses (wiping the dust, wiping the snow,
maintenance of the equipment etc), UAH;

Etr - training expenses, UAH/year;

r - profit rate, %.

The annual economic benefit from launching and functio-
ning of the solar panels is UAH 7,334,094 (USD 458,380.00).

To achieve this, we suggest launching Ukrainian wind sta-
tions EuroWind-10 in the functioning of the container terminal
SE OCSP [23].

Specifications of the wind station EuroWind-10 are given
in Table 3.

Tab. 1: Classification of factors influencing implementation

of alternative energy projects in seaports

Source: Compiled by the authors based on [4-8; 15]
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Now, let us put the values in the

?) formula of the annual economical

benefit from launching the wind sta-
tions EuroWind-10 (Ews) [14]:

©)

where: FEws - annual economic benefit from launching the
wind stations FuroWind-10, UAH;

p - price of the wind stations, UAH;

Edl - delivery expenses, UAH;

Ei - installation expenses, UAH;

Eser - service expenses (the equipment installed, it is ne-
cessary to carry out the regular procedures to check out the
puling of straining ties, absence of vibrations and noises,
the security of fixations, safety of electrical connections),
UAH/year;

Etr - training expenses, UAH/year.

The annual economic benefit from launching and functio-
ning of the wind stationsis UAH 2,412,139.00 (USD 150,759.00).

According to the calculations, launching of solar collec-
tors is assumed to be the most economically effective and in-
novative, investment project.

The economic benefit from launching and functioning
of solar panels is UAH 7,334,094.00
(USD 458,380.00).

The economical benefit from laun-
ching and functioning of wind stations is
UAH 2,412,139.00 (USD 150,759.00).

It is economically beneficial to imple-
ment both projects under the current con-
ditions. However, the economical bene-
fit from the wind stations is considerably
lower. It is so due to the higher cost of the
equipment, the higher fees for its installa-
tion and further service. At the same time,
there is a need in a bigger number of the
solar panels to provide the terminal with
electrical energy in full, yet their cost and
the expenses on the service and mainte-
nance are lower.

5. Conclusions

Ukraine is able to meet the demand
for energy needs by means of alterna-
tive energy sources. Nevertheless, the

Tab. 2: Specifications of the solar collector «Kvazar-250» and its economic effect
on the container terminal of SE OCSP

Source: Own research and calculations
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consumption of renewable energy in
Ukraine is at the initial stage. Unfortu-
nately, however attractive and humane
alternative energy could look, its cost-
effectiveness is significantly lower than
the standard schemes, because the
payback period of such innovations, as
we have seen, is from 7 to 36 years at
best, however, the price of alternative
energy decreases as a result of intro-
duction of new technologies. Hence, it
is very likely that renewable energy will
be both efficient and economically fea-
sible in years to come.

The activities of port enterprises
should be focused on achieving a com-
mon goal, which is a radical change
in the whole port business of Ukraine
and, consequently, the country’s en-
try to the international market of port
services on equal terms [1]. Undoub-
tedly, not only new production techno-
logies, but also information technolo-
gies, management, and, which is utter-
ly important, the introduction of alter-
native energy sources must play a spe-
Source: Own research and calculations cial role in this process.

Tab. 3: Specifications of the wind station EuroWind-10 and its economic effect
on the container terminal of SE OCSP
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