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ASSESSMENT OF PROSPECTIVE SCENARIOS

OF RES DEVELOPMENT TAKING INTO ACCOUNT

THE INTEGRATION OF BELNPP INTO THE ENERGY SYSTEM

OF THE REPUBLIC OF BELARUS

This article provides forecasts of the development of renewable energy in the Republic of Belarus in the
period 2021–2030. Using the MESSAGE software package, the structure of electricity production in the fore-
cast period was modeled under three scenarios that provide for different intensity of development of renewable
energy. A comparative analysis of the structure of the installation of new energy capacities and the production
of electricity using various energy sources, as well as the production cost of electricity in the framework of the
considered scenarios is carried out.

Keywords: renewable energy; renewable energy sources (RES); electricity; energy sources; combined
heat and power plant (CHP); condensing power plant (CPP); nuclear power plant (NPP); hydro-recirculating
power plant (GRES); block stations.
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ÐÅÑÏÓÁËÈÊÈ ÁÅËÀÐÓÑÜ

Â íàñòîÿùåé ñòàòüå âûïîëíåíû ïðîãíîçû ðàçâèòèÿ âîçîáíîâëÿåìîé ýíåðãåòèêè â Ðåñïóáëèêå
Áåëàðóñü íà 2021–2030 ãã. Ñ ïîìîùüþ ïðîãðàììíîãî êîìïëåêñà MESSAGE ñìîäåëèðîâàíà ñòðóêòó-
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ðà ïðîèçâîäñòâà ýëåêòðè÷åñêîé ýíåðãèè â ïðîãíîçèðóåìîì ïåðèîäå â ðàìêàõ òðåõ ñöåíàðèåâ, êîòî-
ðûå ïðåäóñìàòðèâàþò ðàçíóþ èíòåíñèâíîñòü ðàçâèòèÿ âîçîáíîâëÿåìîé ýíåðãåòèêè. Ïðîâåäåí
ñðàâíèòåëüíûé àíàëèç ñòðóêòóðû ââîäà íîâûõ ýíåðãåòè÷åñêèõ ìîùíîñòåé è ïðîèçâîäñòâà ýëåêò-
ðè÷åñêîé ýíåðãèè ñ ïîìîùüþ ðàçëè÷íûõ ýíåðãîèñòî÷íèêîâ, à òàêæå ïðîèçâîäñòâåííîé ñåáåñòîèìî-
ñòè ýëåêòðè÷åñêîé ýíåðãèè â ðàìêàõ ðàññìîòðåííûõ ñöåíàðèåâ.

Êëþ÷åâûå ñëîâà: âîçîáíîâëÿåìàÿ ýíåðãåòèêà; âîçîáíîâëÿåìûå èñòî÷íèêè ýíåðãèè (ÂÈÝ);
ýëåêòðè÷åñêàÿ ýíåðãèÿ; ýíåðãîèñòî÷íèêè; òåïëîýëåêòðîöåíòðàëü (ÒÝÖ); êîíäåíñàöèîííàÿ ýëåêò-
ðîñòàíöèÿ (ÊÝÑ); àòîìíàÿ ýëåêòðîñòàíöèÿ (ÀÝÑ); ãèäðîðåöèðêóëÿöèîííàÿ ýëåêòðîñòàíöèÿ
(ÃÐÝÑ); áëîê-ñòàíöèè.

Âîçîáíîâëÿåìàÿ ýíåðãåòèêà â Ðåñïóáëèêå Áåëàðóñü íà÷àëà àêòèâíî ðàçâèâàòüñÿ
ñ êîíöà 2000-õ ãã. Òîë÷êàìè äëÿ ðàçâèòèÿ ìîæíî íàçâàòü ïðèíÿòèå ðÿäà íîðìàòèâíûõ
ïðàâîâûõ àêòîâ: äèðåêòèâà Ïðåçèäåíòà Ðåñïóáëèêè Áåëàðóñü ¹ 3 îò 14 èþíÿ 2007 ã.
«Ýêîíîìèÿ è áåðåæëèâîñòü — ãëàâíûå ôàêòîðû ýêîíîìè÷åñêîé áåçîïàñíîñòè ãîñóäàð-
ñòâà» ñïîñîáñòâîâàëà âêëþ÷åíèþ â òîïëèâíî-ýíåðãåòè÷åñêèé áàëàíñ äðåâåñíîé áèîìàñ-
ñû [1]; Çàêîí Ðåñïóáëèêè Áåëàðóñü ¹ 204-Ç îò 27.12.2010 ã. «Î âîçîáíîâëÿåìûõ èñòî÷-
íèêàõ ýíåðãèè» è ïîñòàíîâëåíèå Ñîâåòà Ìèíèñòðîâ Ðåñïóáëèêè Áåëàðóñü ¹ 1838 îò
17.12.2010 ã. «Îá óòâåðæäåíèè ãîñóäàðñòâåííîé ïðîãðàììû ñòðîèòåëüñòâà â 2011–
2015 ãîäàõ ãèäðîýëåêòðîñòàíöèé â Ðåñïóáëèêå Áåëàðóñü» ñïîñîáñòâîâàëè ðàçâèòèþ ãèä-
ðîýíåðãåòèêè è èñïîëüçîâàíèþ áèîãàçà [2, 3]; Óêàç Ïðåçèäåíòà Ðåñïóáëèêè Áåëàðóñü
¹ 209 îò 18.05.2015 ã. «Îá èñïîëüçîâàíèè âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè» äàë
èìïóëüñ ê ñîçäàíèþ èñòî÷íèêîâ íà áàçå ýíåðãèè ñîëíöà è âåòðà [4].

Ïðîèçâîäñòâî ýëåêòðè÷åñêîé è òåïëîâîé ýíåðãèè, à òàêæå ïðèðîñò óñòàíîâëåííûõ
ìîùíîñòåé èñòî÷íèêîâ âîçîáíîâëÿåìîé ýíåðãåòèêè ïðåäñòàâëåíû íà ðèñ. 1–3.

Ðèñ. 1. Ïðîèçâîäñòâî ýëåêòðè÷åñêîé ýíåðãèè ñ èñïîëüçîâàíèåì âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè
â 2010–2019 ãã. â Ðåñïóáëèêå Áåëàðóñü

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì íà îñíîâå [5].

Àíàëèç ãðàôè÷åñêîé èíôîðìàöèè, ïðåäñòàâëåííîé íà ðèñ. 1–3, ïîçâîëÿåò ñäåëàòü
âûâîä îá èíòåíñèâíîì ðàçâèòèè âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè â 2010–2019 ãã.
Â ÷àñòíîñòè, ïðîèçâîäñòâî òåïëîâîé ýíåðãèè èç ÂÈÝ èìååò åæåãîäíûé ïðèðîñò â ñðåä-
íåì â 4–7 %, à ñðåäíèé ïðèðîñò ïðîèçâîäñòâà ýëåêòðè÷åñêîé ýíåðãèè ñîñòàâëÿåò áîëåå
25 % ïî îòíîøåíèþ ê ïðåäûäóùåìó ãîäó [6–9].

Ñ öåëüþ àíàëèçà îïòèìàëüíûõ ïóòåé èíòåãðàöèè âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåð-
ãèè â ýíåðãîáàëàíñ Ðåñïóáëèêè Áåëàðóñü ïðè ó÷åòå ðàáîòû ÀÝÑ èñïîëüçîâàëñÿ ñöåíàð-
íûé ïîäõîä, êîòîðûé ïðåäóñìàòðèâàë ïîñòðîåíèå 3 ñöåíàðèåâ ôóíêöèîíèðîâàíèÿ ýíåð-
ãîñèñòåìû Ðåñïóáëèêè Áåëàðóñü ñ ðàçëè÷íîé äîëåé ÂÈÝ â ýíåðãîáàëàíñå.
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Ðèñ. 2. Ïðîèçâîäñòâî òåïëîâîé ýíåðãèè ñ èñïîëüçîâàíèåì âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè
â 2010–2019 ãã. â Ðåñïóáëèêå Áåëàðóñü

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì íà îñíîâå [5].

Ðèñ. 3. Ôàêòè÷åñêèé ïðèðîñò ýëåêòðîãåíåðèðóþùèõ ìîùíîñòåé íà âîçîáíîâëÿåìûõ
èñòî÷íèêàõ ýíåðãèè, ÌÂò

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì íà îñíîâå [5].

Ìîäåëèðîâàíèå îñóùåñòâëÿëîñü ñ ïîìîùüþ ïðîãðàììíîãî êîìïëåêñà MESSAGE
(Model for Energy Supply Strategy Alternatives and their General Environmental Impact).
Äëÿ ýòîãî áûëà ðàçðàáîòàíà ìîäåëü ýíåðãîñèñòåìû Ðåñïóáëèêè Áåëàðóñü â ðàçðåçå îò-
äåëüíûõ ãåíåðèðóþùèõ áëîêîâ, êàæäîìó èç êîòîðûõ ñîîòâåòñòâîâàë ðÿä ýêîíîìè÷å-
ñêèõ (èíâåñòèöèîííûå, ïåðåìåííûå è ïîñòîÿííûå çàòðàòû è äð.) è òåõíè÷åñêèõ (òèï èñ-
ïîëüçóåìîãî òîïëèâà, óñòàíîâëåííàÿ ìîùíîñòü, ïëàíèðóåìàÿ ìîäåðíèçàöèÿ/çàìåíà,
êîýôôèöèåíò èñïîëüçîâàíèÿ óñòàíîâëåííîé ìîùíîñòè (ÊÈÓÌ) è äð.) ïàðàìåòðîâ. Êðè-
òåðèåì îïòèìèçàöèè â MESSAGE ÿâëÿåòñÿ ìèíèìèçàöèÿ çàòðàò â ñèñòåìå.

Äëÿ ìîäåëèðîâàíèÿ ñöåíàðèåâ ôóíêöèîíèðîâàíèÿ ýíåðãîñèñòåìû Ðåñïóáëèêè Áåëà-
ðóñü áûëà ñîáðàíà áàçà äàííûõ, âêëþ÷àþùàÿ:

� óñòàíîâëåííóþ ìîùíîñòü âñåõ ýíåðãîãåíåðèðóþùèõ èñòî÷íèêîâ â Ðåñïóáëèêå Áå-
ëàðóñü;

� èíâåñòèöèîííûå, ïåðåìåííûå è ïîñòîÿííûå çàòðàòû îñíîâíûõ ïðîèçâîäèòåëåé
ýëåêòðîýíåðãèè â Ðåñïóáëèêå Áåëàðóñü (òàáë. 1);

� öåíû íà îñíîâíûå ýíåðãîðåñóðñû â Ðåñïóáëèêå Áåëàðóñü (òàáë. 2);
� ïðîãíîçèðóåìûé îáúåì ïîòðåáëåíèÿ ýëåêòðîýíåðãèè íà ïåðèîä äî 2030 ã. (ðèñ. 3).
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Òàáëèöà 1. Èíâåñòèöèîííûå, ïîñòîÿííûå è ïåðåìåííûå çàòðàòû îñíîâíûõ ïðîèçâîäèòåëåé
ýëåêòðîýíåðãèè â Ðåñïóáëèêå Áåëàðóñü

Ýíåðãîèñòî÷íèê
Èíâåñòèöèîííûå
çàòðàòû, äîë./êÂò

Ïîñòîÿííûå çàòðàòû,
äîë./êÂò/ãîä

Ïåðåìåííûå çàòðàòû,
äîë./ÃÂò � ÷

Ëóêîìëüñêàÿ ÃÐÝÑ 700 10,34 2,39

Áåðåçîâñêàÿ ÃÐÝÑ 700 15,42 6,89

Ìèíñêàÿ ÒÝÖ-5 1000 27,74 5,62

ÁåëÀÝÑ 5000 52,0 3,0

ÊÝÑ ÏÃÓ áîëüøîé ìîùíîñòè 750 14,0 28,4

Áëîê-ñòàíöèè 1400 24,0 10,5

Íîâûå áëîê-ñòàíöèè 2289 73,0 44,0

ÒÝÖ íà ÌÂÒ 1200 24,0 10,5

ÂÝÓ 1740 57,0 0,0

ÑÝÑ 2366 15,0 0,0

Áèîãàçîâûå áëîê-ñòàíöèè 3700 167,0 35,0

Ìèíñêàÿ ÒÝÖ-4 800 32,83 15,66

Ãîìåëüñêàÿ ÒÝÖ 700 19,76 14,12

Áîáðóéñêàÿ ÒÝÖ-2 700 46,17 31,04

Ãðîäíåíñêàÿ ÒÝÖ-2 700 61,01 38,89

Ìèíñêàÿ ÒÝÖ-3 700 38,62 25,53

Ìîãèëåâñêàÿ ÒÝÖ-2 800 27,61 27,16

Íîâîïîëîöêàÿ ÒÝÖ 800 18,06 30,71

Ìîçûðüñêàÿ ÒÝÖ 700 33,91 40,1

Ñâåòëîãîðñêàÿ ÒÝÖ 700 31,36 32,38

Âèòåáñêàÿ ÒÝÖ 700 45,92 39,28

Æîäèíñêàÿ ÒÝÖ 800 35,27 49,76

Îðøàíñêàÿ ÒÝÖ 800 48,89 34,31

Ìàëûå ÒÝÖ 700 63,27 92,35

ÃÝÑ 1508 30,0 3,5

ÏÃÓ Ìèíñêîé ÒÝÖ-3 900 12,0 24,5

Ëèäñêàÿ ÒÝÖ 750 18,0 42,0

Æëîáèíñêàÿ ÒÝÖ 1200 22,0 9,1

Áëîêè â ðåìîíòíîì ðåçåðâå 750 14,5 55,2

È ñ ò î ÷ í è ê: ñîñòàâëåíî àâòîðîì íà îñíîâå äàííûõ, ïðåäîñòàâëåííûõ Ìèíèñòåðñòâîì ýíåðãå-
òèêè Ðåñïóáëèêè Áåëàðóñü.

Òàáëèöà 2. Ôàêòè÷åñêàÿ è ïðîãíîçíàÿ ñòîèìîñòü òîïëèâà â Ðåñïóáëèêå Áåëàðóñü

Âèä
òîïëèâà

Ãàç ïðè-
ðîäíûé,

äîë./òûñ. ì3

Ãàç ñæè-
æåííûé,

äîë./òûñ. ì3

Ìàçóò
òîïî÷íûé,

äîë./ò

Ìàçóò òîïî÷íûé
(äëÿ íàñåëåíèÿ),

äîë./ò

ßäåðíîå
òîïëèâî,
äîë./êã

Äðåâåñèíà,
äîë./ïëîò-

íûé ì3

Òîðô,
äîë./ò

1 2 3 4 5 6 7 8

2013 188,25 353,87 519,76 410,81 33,85 18,96 24,23
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1 2 3 4 5 6 7 8

2014 192,52 327,73 542,28 380,00 35,50 19,67 25,13

2015 196,80 235,05 312,74 219,18 37,31 20,62 26,34

2016 190,34 183,77 185,71 209,31 39,16 21,32 27,24

2017 183,13 162,58 186,98 207,89 41,12 21,95 28,04

2018 186,01 176,49 188,27 206,48 43,16 22,61 28,88

2019 183,13 182,51 189,55 205,07 45,32 23,26 29,73

2020 187,45 188,74 190,84 203,70 57,49 23,95 30,61

2021 201,53 195,19 192,13 202,34 47,59 24,54 31,36

2022 212,52 201,86 193,40 201,00 49,67 24,54 31,36

2023 221,98 208,76 194,46 199,90 49,67 24,54 31,36

2024 228,80 215,90 195,76 198,58 49,67 24,54 31,36

2025 234,47 223,28 197,04 197,29 49,67 24,54 31,36

2026 239,02 215,98 195,75 198,58 49,67 24,54 31,36

2027 243,18 218,38 196,18 198,15 49,67 24,54 31,36

2028 245,45 219,21 196,32 198,01 49,67 24,54 31,36

2029 246,26 217,86 196,08 198,25 49,67 24,54 31,36

2030 247,00 218,49 196,20 198,13 49,67 24,54 31,36

È ñ ò î ÷ í è ê: ñîñòàâëåíî àâòîðîì íà îñíîâå äàííûõ, ïðåäîñòàâëåííûõ Ìèíèñòåðñòâîì ýíåðãå-
òèêè Ðåñïóáëèêè Áåëàðóñü.

Íà ðèñ. 4 ïðåäñòàâëåíî ôàêòè÷åñêîå (çà 2015–2019 ãã.) è ïðîãíîçíîå ñîãëàñíî [10]
(íà 2020–2030 ãã.) ïðîèçâîäñòâî ýëåêòðîýíåðãèè â Ðåñïóáëèêå Áåëàðóñü.

Ðèñ. 4. Ïðîèçâîäñòâî ýëåêòðîýíåðãèè â 2015–2030 ãã. â Ðåñïóáëèêå Áåëàðóñü, ìëí êÂò �÷

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì íà îñíîâå [10].

Îáúåì öåíòðàëèçîâàííîãî è íåöåíòðàëèçîâàííîãî ïðîèçâîäñòâà òåïëîâîé ýíåðãèè
â ñòðàíå îòíîñèòåëüíî ïîñòîÿíåí è îáû÷íî íå ïðåâûøàåò 70 ìëí Ãêàë åæåãîäíî [5]. Äè-
íàìèêà ïðîèçâîäñòâà òåïëîâîé ýíåðãèè áîëüøå îáóñëîâëåíà êëèìàòè÷åñêèìè ôàêòîðà-
ìè, ÷åì îñîáåííîñòÿìè ðàçâèòèÿ ýíåðãîñèñòåìû è ýêîíîìèêè.
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Äëÿ ìîäåëèðîâàíèÿ áûëè âûáðàíû òðè ñöåíàðèÿ ðàçâèòèÿ âîçîáíîâëÿåìîé ýíåðãå-
òèêè íà 2021–2030 ã. Ïðîèçâîäñòâî ýëåêòðîýíåðãèè èç ÂÈÝ ñîãëàñíî äàííûì ñöåíàðèÿì
ïðåäñòàâëåíî â òàáë. 3.

Òàáëèöà 3. Ïëàíèðóåìîå ïðîèçâîäñòâî ýëåêòðè÷åñêîé ýíåðãèè èç ÂÈÝ â 2011–2030 ãã.
â Ðåñïóáëèêå Áåëàðóñü, ÃÂò �÷

Ñöåíàðèé 2021 ã. 2022 ã. 2023 ã. 2024 ã. 2025 ã. 2026 ã. 2027 ã. 2028 ã. 2029 ã. 2030 ã.

Ñöåíàðèé 1 863 965 1015 1048 1095 1145 1194 1244 1294 1344

Ñöåíàðèé 2 1242 1300 1359 1417 1475 1600 1725 1850 1975 2100

Ñöåíàðèé 3 1292 1410 1538 1677 1828 1987 2159 2346 2548 2767

È ñ ò î ÷ í è ê : ðàçðàáîòàíî àâòîðîì íà îñíîâå [5, 10–11].

Ñöåíàðèé 1 ñîîòâåòñòâóåò äåéñòâóþùåé Êîíöåïöèè ýíåðãåòè÷åñêîé áåçîïàñíîñòè
Ðåñïóáëèêè Áåëàðóñü [11]. Â ÷àñòíîñòè, èíäèêàòîð ¹ 2 «Îòíîøåíèå îáúåìà ïðîèçâîä-
ñòâà (äîáû÷è) ïåðâè÷íîé ýíåðãèè èç âîçîáíîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè ê âàëîâîìó
ïîòðåáëåíèþ ÒÝÐ» îïðåäåëÿåò äîëþ ÂÈÝ â ïîòðåáëåíèè òîïëèâíî-ýíåðãåòè÷åñêèõ ðå-
ñóðñîâ.

Ðèñ. 5. Ñòðóêòóðà ââîäà íîâûõ ýíåðãåòè÷åñêèõ ìîùíîñòåé ÂÈÝ â Ðåñïóáëèêå Áåëàðóñü
â 2021–2030 ãã. ñîãëàñíî ñöåíàðèþ 1, ÌÂò

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì.

Êàê âèäíî íà ðèñ. 5, íàèáîëåå àêòèâíî è ñòàáèëüíî ââîäÿòñÿ îáúåêòû ñîëíå÷íîé
ýíåðãåòèêè, ÷óòü ìåíåå àêòèâíî è ñ èçìåíåíèÿìè ïî ìîùíîñòè — ãèäðî- è âåòðîâîé
ýíåðãåòèêè. Èñòî÷íèêè, ïðîèçâîäÿùèå ýíåðãèþ èç áèîãàçà è äðåâåñíîé áèîìàññû, òàê-
æå áóäóò ââîäèòüñÿ â ïðîãíîçíîì ïåðèîäå, îäíàêî èõ óäåëüíûé âåñ ìåíüøå, ÷òî îáúÿñ-
íÿåòñÿ îãðàíè÷åííîñòüþ èõ ïîòåíöèàëà.

Ñòðóêòóðà ïðîèçâîäñòâà ýëåêòðè÷åñêîé ýíåðãèè â Ðåñïóáëèêå Áåëàðóñü â 2021–
2030 ãã. ñîãëàñíî ñöåíàðèþ 1 ïðåäñòàâëåíà íà ðèñ. 6.

Êàê âèäíî íà ðèñ. 6, íàèáîëüøèé óäåëüíûé âåñ â âûðàáîòêå ýëåêòðè÷åñêîé ýíåðãèè
íà÷èíàÿ ñ 2020 ã. áóäåò èìåòü ÀÝÑ (39,9 % â 2022 ã.; 35,4 % â 2030 ã.). Íà âòîðîì ìåñòå
ïî îáúåìàì ïðîèçâîäñòâà — ÒÝÖ (35,8 % â 2021 ã.; 26,7 % â 2030 ã.). Íà ïðîòÿæåíèè
ïðîãíîçíîãî ïåðèîäà óâåëè÷èâàåòñÿ äîëÿ â ñòðóêòóðå ïðîèçâîäñòâà ýëåêòðîýíåðãèè
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Ðèñ. 6. Ñòðóêòóðà ïðîèçâîäñòâà ýëåêòðè÷åñêîé ýíåðãèè â Ðåñïóáëèêå Áåëàðóñü
â 2021–2030 ãã. ñîãëàñíî ñöåíàðèþ 1, ìëí êÂò �÷

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì.

áëîê-ñòàíöèé ñ 14,0 % â 2021 ã. äî 17,6 % â 2030 ã. Ñàìûå íåñòàáèëüíûå òåíäåíöèè õà-
ðàêòåðíû äëÿ ÊÝÑ, ÷òî îáúÿñíÿåòñÿ â òîì ÷èñëå èñïîëüçîâàíèåì èõ â êà÷åñòâå ïèêîâûõ
èñòî÷íèêîâ. Òàê, íà ïðîòÿæåíèè 2021–2023 ãã. èõ äîëÿ â ïðîèçâîäñòâå ýëåêòðîýíåðãèè
ñíèæàåòñÿ ñ 27,3 äî 11,8 %, íà÷èíàÿ ñ 2028 ã. ïðîãíîçèðóåòñÿ óâåëè÷åíèå èõ óäåëüíîãî
âåñà ñ 14,2 äî 17,6 % â 2030 ã. Óäåëüíûé âåñ ÂÈÝ â òå÷åíèå ïðîãíîçíîãî ïåðèîäà êîëåá-
ëåòñÿ îò 2,2 % â 2021 ã. äî 2,7 % â 2030 ã.

Ñöåíàðèé 2 áàçèðóåòñÿ íà Êîíöåïöèè ðàçâèòèÿ ýëåêòðîãåíåðèðóþùèõ ìîùíîñòåé
è ýëåêòðè÷åñêèõ ñåòåé íà ïåðèîä äî 2030 ãîäà, îäîáðåííîé ïîñòàíîâëåíèåì Ìèíèñòåð-
ñòâà ýíåðãåòèêè Ðåñïóáëèêè Áåëàðóñü îò 25 ôåâðàëÿ 2020 ã. ¹ 7. Â äàííîé Êîíöåïöèè
ïðåäñòàâëåíû ôàêòè÷åñêèå áàëàíñû ïðîèçâîäñòâà ýëåêòðè÷åñêîé è òåïëîâîé ýíåðãèè
â Ðåñïóáëèêå Áåëàðóñü ñ 2010 ã. è ïðîãíîçû áàëàíñîâ äî 2030 ã. [10]. Ïî ïðåäñòàâëåííûì
â Êîíöåïöèè îáúåìàì ïðîèçâîäñòâà ýíåðãèè âûïîëíåí ïðîãíîç ââîäà íîâûõ ìîùíîñòåé
ðàçëè÷íûõ òèïîâ ýíåðãîãåíåðèðóþùèõ îáúåêòîâ, â òîì ÷èñëå ðàáîòàþùèõ çà ñ÷åò âîçîá-
íîâëÿåìûõ èñòî÷íèêîâ ýíåðãèè (ðèñ. 7).

Ðèñ. 7. Ñòðóêòóðà ââîäà íîâûõ ýíåðãåòè÷åñêèõ ìîùíîñòåé ÂÈÝ â Ðåñïóáëèêå Áåëàðóñü
â 2021–2030 ãã. ñîãëàñíî ñöåíàðèþ 2, ÌÂò

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì.
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Êàê âèäíî íà ðèñ. 7, íàèáîëåå àêòèâíî áóäóò ââîäèòüñÿ ýíåðãåòè÷åñêèå ìîùíîñòè
ÂÈÝ íà÷èíàÿ ñ 2026 ã. Ñòðóêòóðà ââîäèìûõ ìîùíîñòåé ïî âèäàì ýíåðãîèñòî÷íèêîâ ñî-
õðàíÿåòñÿ òîé æå, ÷òî è â ñöåíàðèè 1.

Ñòðóêòóðà ïðîèçâîäñòâà ýëåêòðîýíåðãèè â Ðåñïóáëèêå Áåëàðóñü â 2021–2030 ãã. ñî-
ãëàñíî ñöåíàðèþ 2 ïðåäñòàâëåíà íà ðèñ. 8.

Ðèñ. 8. Ñòðóêòóðà ïðîèçâîäñòâà ýëåêòðè÷åñêîé ýíåðãèè â Ðåñïóáëèêå Áåëàðóñü
â 2021–2030 ãã. ñîãëàñíî ñöåíàðèþ 2, ìëí êÂò �÷

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì.

Êàê âèäíî íà ðèñ. 8, äàííîìó ñöåíàðèþ ïðèñóùè òåíäåíöèè, õàðàêòåðíûå ñöåíà-
ðèþ 1, îäíàêî óäåëüíûé âåñ ÂÈÝ â ïðîèçâîäñòâå ýëåêòðè÷åñêîé ýíåðãèè â òå÷åíèå ïðî-
ãíîçíîãî ïåðèîäà êîëåáëåòñÿ îò 3,0 % â 2021 ã. äî 4,2 % â 2030 ã.

Ñöåíàðèé 3 ïîñòðîåí ñ îðèåíòàöèåé íà äîñòèæåíèå Öåëåé óñòîé÷èâîãî ðàçâèòèÿ
ê 2030 ã. Ìåæäóíàðîäíîå ýíåðãåòè÷åñêîå àãåíòñòâî ñäåëàëî âûâîä î íåîáõîäèìîñòè ïîä-
äåðæàíèÿ ðîñòà äîëè ÂÈÝ êàê ìèíèìóì íà 7 % åæåãîäíî äëÿ äîñòèæåíèÿ ïîñòàâëåííûõ
Öåëåé óñòîé÷èâîãî ðàçâèòèÿ: «Â öåëîì âîçîáíîâëÿåìûå èñòî÷íèêè ýíåðãèè äîëæíû
ïðîäîëæàòü óâåëè÷èâàòüñÿ íà 7 % åæåãîäíî â òå÷åíèå 2019–2030 ãã., ÷òîáû ñîîòâåò-
ñòâîâàòü óðîâíþ ñöåíàðèÿ óñòîé÷èâîãî ðàçâèòèÿ. Îäíàêî ðîñò ïðîèçâîäñòâà ýëåêòðî-
ýíåðãèè èç âîçîáíîâëÿåìûõ èñòî÷íèêîâ â 2019 ã. (6,5 %) áûë íèæå, ÷åì â 2018 ã. (7 %),
à ýòî îçíà÷àåò, ÷òî ïîòðåáóåòñÿ áîëåå àêòèâíîå âíåäðåíèå âñåõ òåõíîëîãèé âîçîáíîâëÿå-
ìîé ýíåðãèè, âêëþ÷àÿ ãèäðîýíåðãåòèêó, êîòîðàÿ ñîñòàâëÿëà 60 % ìèðîâîé âîçîáíîâëÿå-
ìîé ãåíåðàöèè â 2019 ã.» [12]. Ââîäèìûå â ñ 2021 ïî 2030 ã. îáúåêòû âîçîáíîâëÿåìîé
ýíåðãåòèêè ïðåäñòàâëåíû íà ðèñ. 9.

Êàê âèäíî íà ðèñ. 9, äîëÿ ââîäèìûõ îáúåêòîâ íà âîçîáíîâëÿåìûõ èñòî÷íèêàõ ýíåð-
ãèè â ñöåíàðèè 3 ê êîíöó àíàëèçèðóåìîãî ïåðèîäà ïðèáëèæàåòñÿ ê 90 ÌÂò.

Ñòðóêòóðà ïðîèçâîäñòâà ýëåêòðîýíåðãèè â Ðåñïóáëèêå Áåëàðóñü â 2021–2030 ãã. ñî-
ãëàñíî ñöåíàðèþ 3 ïðåäñòàâëåíà íà ðèñ. 10.

Êàê âèäíî íà ðèñ. 10, ê 2030 ã. ðåêîìåíäóåìàÿ ñòðóêòóðà ïðîèçâîäñòâà ýëåêòðîýíåð-
ãèè âûãëÿäèò ñëåäóþùèì îáðàçîì: ÀÝÑ — 35,4 %, ÒÝÖ — 26,7 %, ÊÝÑ — 16,6 %,
áëîê-ñòàíöèè — 15,9 %, ÂÈÝ — 5,4 %.

Ðàññìîòðèì ñòðóêòóðó çàòðàò â ñåáåñòîèìîñòè ïðîèçâîäñòâà ýíåðãèè ïî òðåì ñöåíà-
ðèÿì ðàçâèòèÿ ýíåðãîñèñòåìû. Â ñåáåñòîèìîñòü âêëþ÷åíû ïåðåìåííûå è ïîñòîÿííûå
èçäåðæêè, çàòðàòû íà òîïëèâî, à òàêæå èíâåñòèöèè â ñòðîèòåëüñòâî íîâûõ îáúåêòîâ
ýíåðãåòèêè. Àíàëèçèðóÿ ñòðóêòóðó ñåáåñòîèìîñòè âî âñåõ ñöåíàðèÿõ, ìîæíî ñäåëàòü
ñëåäóþùèå âûâîäû. Íàèáîëüøèé óäåëüíûé âåñ â ñòðóêòóðå ñåáåñòîèìîñòè èìåþò
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Ðèñ. 9. Ñòðóêòóðà ââîäà íîâûõ ýíåðãåòè÷åñêèõ ìîùíîñòåé ÂÈÝ â Ðåñïóáëèêå Áåëàðóñü
â 2021–2030 ãã. ñîãëàñíî ñöåíàðèþ 3, ÌÂò

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì.

Ðèñ. 10. Ñòðóêòóðà ïðîèçâîäñòâà ýëåêòðè÷åñêîé ýíåðãèè â Ðåñïóáëèêå Áåëàðóñü
â 2021–2030 ãã. ñîãëàñíî ñöåíàðèþ 3, ìëí êÂò �÷

È ñ ò î ÷ í è ê: ðàçðàáîòàíî àâòîðîì.

èíâåñòèöèîííûå çàòðàòû (63–66 %), çàòåì ñëåäóþò òîïëèâíûå çàòðàòû (19–21 %), ïîñòî-
ÿííûå (13–15 %) è ïåðåìåííûå èçäåðæêè (îêîëî 1 %). Ââîä ÂÈÝ â ýíåðãîñèñòåìó ïðèâî-
äèò ê óâåëè÷åíèþ èíâåñòèöèîííûõ çàòðàò ïðè îäíîâðåìåííîì óìåíüøåíèè òîïëèâíûõ.

Äëÿ îïðåäåëåíèÿ âëèÿíèÿ ÂÈÝ íà ñðåäíþþ ñåáåñòîèìîñòü ïðîèçâîäñòâà ýëåêòðè÷å-
ñêîé ýíåðãèè ïðîâåäåì ñðàâíèòåëüíûé àíàëèç ïðîèçâîäñòâåííîé ñåáåñòîèìîñòè äëÿ
òðåõ ñöåíàðèåâ (ðèñ. 11).

Êàê âèäíî èç ðèñ. 11, ââîä ÂÈÝ ïîâûøàåò ïðîèçâîäñòâåííóþ ñåáåñòîèìîñòü ýëåêòðè-
÷åñêîé ýíåðãèè. Êàæäûé äîïîëíèòåëüíûé ïðîöåíò ÂÈÝ â áàëàíñå ïðîèçâîäñòâà ýíåðãèè
ïîâûøàåò ïðîèçâîäñòâåííóþ ñåáåñòîèìîñòü â ñðåäíåì íà 0,15 USD öåíò/êÂò �÷. Âûñî-
êèå çíà÷åíèÿ ñåáåñòîèìîñòè â 2021–2022 ãã. ìîæíî îáúÿñíèòü ââîäîì ÁåëÀÝÑ, ÷òî îçíà-
÷àåò íà÷àëî àìîðòèçàöèîííûõ îò÷èñëåíèé è èñïîëíåíèÿ êðåäèòíûõ îáÿçàòåëüñòâ ñ îä-
íîâðåìåííûì ñîõðàíåíèåì áîëüøîé äîëè ÊÝÑ â áàëàíñå. Ñ 2023 ã. ñåáåñòîèìîñòü íîðìà-
ëèçóåòñÿ. Íåáîëüøîé ïîñëåäóþùèé ðîñò âîçíèêàåò ïî ïðè÷èíå èíâåñòèöèîííûõ çàòðàò
â ÂÈÝ, åæåãîäíî ââîäèìàÿ ìîùíîñòü êîòîðûõ óâåëè÷èâàåòñÿ ê êîíöó ðàññìàòðèâàåìîãî
ïåðèîäà (ñöåíàðèè 2 è 3), à òàêæå óâåëè÷åíèÿ äîëè ÊÝÑ â áàëàíñå ñ 2028 ã.
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Ðèñ. 11. Ïðîèçâîäñòâåííàÿ ñåáåñòîèìîñòü ïðîèçâîäñòâà ýëåêòðè÷åñêîé ýíåðãèè, USD öåíò/êÂò �÷
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DEA INPUTS/OUTPUTS: EFFICIENCY OF LEBANESE BANKS

The main goal of this paper is to discuss the importance for selecting the best set of input and output vari-
ables to perform an efficiency study for banks using DEA model, it will also introduce the techniques that have
been used previously to decide the number of analyzed units (DMUs) and how this number affects the number
of inputs and outputs, in addition, it will discuss the difference between input and output oriented models, and
the criteria used to classify an indicator as input or output. This paper will also discuss the specific factors that
affect the selection for the input and output variables that will used be to perform an efficiency measurement for
the Lebanese banks using DEA. To perform the goals of this paper, a secondary data was reviewed from previ-
ous studies to examine the techniques used to deal with all aspects associated with DEA’s inputs and outputs.
Also, A review of the Lebanese banks’annual reports and other international journals was conducted to decide
which bank indicators should be selected as inputs or outputs to perform an efficiency measurement for Leba-
nese banks using DEA. This paper shows that the input-output selection for DEA models is essential and diffi-
cult task, that must be performed properly, to achieve an effective DEA study. This paper also sets up the basic
elements to perform the efficiency measurement for the Lebanese banks; the study will use BCC DEAinput-ori-
ented model, it will cover 18 Lebanese banks that constitutes 95,3 % of Lebanese banks’ total assets, its will be
performed over the period 2004–2018, the three inputs selected are ‘Interest Expenses’, ‘Cash & Deposits with
Central Bank’, and ‘Total Assets’, and the two outputs selected are ‘Non-Interest Income’, and ‘Loans & Ad-
vances to Customers’.
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