IMPOI'PECC B HETPAJIJUIITMOHHOM YHEPT'ETUKE
/.C. Cmpeokoes

Annomayus. XX eex 0vll nOCIeOHUM NepuoooOM Oeutegoli 3Hepeuu. Ipa
Oeulesoll IHepeUU 3aKOHYUNACH, U HAM HYHCHbL HOBble IHepeemudecKue mexHoiocul,
umobwvl obecneuums OyOywee ycmouuusoe pazeumue. lLlenv cmamovu - Hatimu
9KOHOMUYHbLE U HAOEMHCHbIE, 80300HOBIAAEMble U IKON02UYECKU YUCmble UCTMOYHUKU
oHepeuu 0 Oyoywezo sHepeemuxu. Ilpeocmasienvt nepedogvie meHOeHYUU
pazsumus 6yoyweti suepeemuru. Qb6Cyncoaemes npoeHo3 0l pa3eUumusi 2J1eKmpo- u
mennosHepeemuku 6 21 gexe.

Kniouegvie cnoea: decmonnugnas nepzemuka, 60300H061:1eMan IHEP2UA,
2/100anbHaAA  COJTHEYHAA IHepzemuvecKas cucmema, 000vlua IHepzuu U3
OpP2aHUYecKUx Omxo0006, 0Oyoyuiee 0CeeMUMEIbHOU CUCMEMbl, PE30HAHCHbIE
INEeKmMpuuecKue IHep2ocucmempl, CoJIHeYHoe 00pazosanue
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RENEWABLE ENERGY SOURCES AND THE PROBLEM OF
ENVIRONMENTAL PROTECTION

Volodymyr Kozyrskyi, Doctor of Engineering
Liliia Martyniuk, PhD student
e-mail: slodkalily@gmail.com

Annotation. In this paper presents research results the environmental
assessment of emissions of harmful substances into the air from burning fuel for
electricity production process power plants RES. It is established that during the
production of renewable energy systems pollute the environment. For general
environmental assessment must take into account the environmental impact of power
plants with the RES on the environment at all stages in the process of their
production, use and disposal.

Key words: renewable energy sources, environment, negative impact,
ecologic and economic aspects, method of exergy optimization, exergy balance

Purpose of research - assess the impact alternative energy sources on the
environment by use method of exergy optimization.

©Volodymyr Kozyrskyi, Liliia Martyniuk
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Material and methods. Renewable technologies are considered as clean
sources of energy and optimal use of these resources minimize environmental
impacts, produce minimum secondary wastes and are sustainable based on current
and future economic and social societal needs [1]. But these energy sources are not
totally environmentally friendly. The negative impact of renewable energy on the
environment manifests itself in a wide range of environmental factors, for example:
contamination with harmful substances, changing the physical parameters of the
environment, impact on living organisms, etc [2].

Negative factors from using renewable energy sours and their impact on the
ecosystem can be represented by next classification (Fig. 1).

The impactof renewable energy
sources on the environment

Pollution by Changing the physical The impact of on Change in living
harmful parameters of the . . .
. living organisms conditions
substances environment
r ™ ' I 1 i . I . - ,
, Thermal impact Disbalance Changing of the
|| Pollution e!t the ermal impac sopulation landscape
production . J \
. J F I - - l ‘ -
Electromagnetic Changing routes [ Deforestation
[ Exploitation and A \ impact ) | of migration )
emergency § 1 .
emissions Light and Sound
/ impact

Fig. 1. Classification of the impact of installations on the basis of renewable energy
sources on the environment

Due to the low density of the flow of energy (kWh/m?), installation with
renewable sources occupy large areas. In the Table 1 presents data of the production
of electricity in recalculation per square meter surface, and the area necessary to
generate 1 kWh of electricity annually. For comparison given data on the production
of electricity in thermal and nuclear power plants.

Analysis has shown that to produce 1 kWh of solar energy is necessary area,
which 200 times exceeds area required to produce the same amount of energy in
thermal power plants.

For the environmental assessment of energy consumption in the process of
production of renewable energy power plants were calculated emissions of harmful
substances into the atmosphere from fossil fuel combustion. The structure of
consumption of fuel for thermal power plants is: gas - 55%, coal - 34%, fuel oil - 5%.
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In the process of combustion of fuel (coal, oil, gas) form CO, CO2, SO2, CH4, dust.
Emissions of harmful substances in the production of electric energy for different
types of renewable energy are shown in Fig.2.

Table 1
. . Generation of Occupied area,
Ne Type of installation electricity, kWh/m’ m*/kWh
1 Wind power stations 12 0,083
2 Solar power stations 30 0,033
3 Biogas plants 100 0,010
4 Thermal power stations 6000 0,000167
5 Nuclear power plants 15000 0,000067
25,00
20,00
15,00
m Wind power stations
B mini-hydro station
10,00
m Solar power stations
5,00
0,00
pa S C

Fig.2. Emission of harmful substances in the production
of renewable energy installations

Ecological and economic aspects of renewable energy in power systems can be
analyzed by using the method of exergy optimization [3].

In terms of exergy, the ecological factor - is the maximum useful work done by
the system over the environment.

The concept of exergy optimization accepted to use the following notation.

Exergy of all flows which enter into the element of the system or in the system
in general, including the system of energy flow (eg, sunlight) is called the exergy fuel
Er. Exergy of all flows which coming out of the element (of the system), including
the exergy flow of energy produced in the element (system) is called exergy product
Ep.
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Er =Ep+ E;+ Ep, (1)
where E; —loss of exergy; Ep-— exergy destruction.
In this case we have

E, = ]QEF exp(—Ar)dt~ E, [1— exp(—/iz;)] =E, (TQ)T—’{I —exp [iﬂ, )
0 T

2

2

where £ standard time discount, otherwise the degree of discounting A; [
full lifetime of the system.

In thermodynamics value A can be measured in the direction of reduction
(depletion of natural resources) and upward (appearance of new resources). In the
thermal ecology value A changes as follows:

- A always reducs with using traditional and non-renewable energy sources,
because natural resources are exhaustible;

- A increases with the use of renewable energy sources.

According to the principles exergy optimization, can assume that losses due to
ecological factor are proportional output exergy flows from the system.

AS, +AS,, +AS, =) AS, 3)
where AS_, — an increase of the entropy the environment as a result of heat

input; AS,,, — the decrease in entropy of the cooling element; ASZOP — decrease in

entropy of the heating element; AS — the total entropy change according to the
temperature level at which the process.

The degree of ecological factor is determined by two factors: heat flow to the
environment in which equation (3) is crucial and CO2 emissions can be evaluated by
an appropriate thermal equivalent.

Conclusions

The research results shown:

1. In the production process of all renewable energy installations occur
environmental pollution.

2. The minimum level of contamination occurs for mini-hydro station, and
solar power are not environmentally friendly.

3. The method of exergy optimization allows with sufficient accuracy to
determine the degree of influence of renewable energy, including the assessment of
damage caused by harmful emissions on the environment.
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BO3OBHOBJIIEMBIE HCTOYHUKH SHEPI'MH U ITPOBJIEMA
SAIIUTBI OKPYXAIOIIEUN CPE/IbI

B.B. Kosvipckuii, J1.B. Mapmoiniok

Aunomayus. Ilpedcmagnenvl pe3ynrbmamsl  UCCAEO08AHUA  IKONOSUYECKOLL
OYeHKU BblOPOCO8 BPEeOHbIX Beujecms 8 amMOoC@epHblll 8030YX OM  CHCULAHUSL
monauea OJisi NPOU3B00CMBA INEKMPOIHEPLUU IHEPLeMUUEeCKUX YCmaHnogok ¢ BHO.
Yemanoeneno, umo npoyecc npouzsoocmea 60300HOBNIAEMbIX UCIOYHUKOS SHEpPeUU
3aepsasHaem oxkpyicaowyro cpedy. s obwell 3K0102Uu4ecKoll oOyeHKU HeoOX00UMOo
yuumsleams  IKOA02UHECKoe — 8030elicmeue  dHepeoycmanosok ¢ BHD  mna
OKPYIHCAIOWYIO Cpedy Ha 8CeX IManax: 8 npoyecce ux npou3eo0Cmed, SKCHayamayuu
U ymuau3ayuu.

Knioueesvie cnosa: 60300H06/1a€eMble UCHMOYHUKU IHEPIUU, OKPYICAIOWAA
cpeda, HezamueHoe 6AUAHUE, IKOI02UYECKUE U IKOHOMUUECKUE aACNEeKmbl,
IKCcepzemuyecKuil Memoo ONMuMu3ayuu, IKcepzemudeckKuil 0ananc

BIJTHOBJIIOBAHI JI)KEPEJIA EHEPI'II TA IPOBJIEMA 3AXUCTY
HABKOJIMIIHBOI'O CEPEJOBHUIIA

B.B. Ko3upcokuii, /I.B. Mapmuniok

Anomayia. Ilpeocmasneni pe3yniomamu OOCHIONCEHHS €KOJ02IYHOT OYIHKU
BUKUOIB WIKIONUBUX DEUOBUH 8 amMOocghepHe nosimps 8i0 CHANl08AHHS NAauea OJis
8UPOOHUYMEA enekmpoenepii 6 enepeemuyHux ycmanoskax 3 BJ[E. Bcmanogneno,
Wo npoyec BUPOOHUYMEA NOHOBIIOBAHUX 0dicepell eHepeil 3a0pyOHI0E HABKONUUHE
cepedoguwge. [l 3aeanvHOi  eKONO2IYHOI  OYiHKU  HeOoOXiOHO  8paxosysamu
eKON02IYHUL 6NIUE eHep20yCcmaH08oK 3 B/[E na maskonuwmne cepedosuwye Ha 6Cix
emanax. y npoyeci ix upoonuymea, excniyamayii ma ymunizayil.

Knwuosi cnosa: eionosniosani oixcepena enepeii, HABKOJIUWHE cepedosuuie,
He2amueHUIl 6N1UE, eKOJI02IUHI MA eKOHOMIYHI acneKmu, eKcepzemudHuil Memoo
onmumizauii
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