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4 6Ὦ10 ϵКиϻ˔ τ ᾠβϥᵓ„םᵓ

ḬϯЅϯ ᶘ/ ϵКиϻ˔Ὂↄᾆẕ
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ꜛᾪ ᵒ

1972 ≥Ờᾉ Ϧ

1997 Ằ ᶘ ᶘԚ ᶘὉᾆẕᴬ

ˢ∞ˣ▀Ộ ᾆẕ ϬὊοʺˢԁ∞ˣ ϵКиϻ˔Ὂↄᾆẕ τỠ

ϵКиϻ˔ЄІГЭ τ Ⱨ

›ⱢᾛϵКиϻ˔ ₰ᵓʾ ЀІЕᾁ м˔ϺрϽϽи˔ФӦԌʺ

OECD/NEA ЀІЕ ᴣ ᴪᵓ› ṳ σςϬ ϛϥ

2021 10ὮϢϤ ḬϯЅϯ ᶘϯЅϯ ᶘ ễ ʺ

ϵКиϻ˔Ὂↄᾆẕ ẁԌᾆẕԌ
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(1) › ʾ ᾛ ᾢᵦ/ ỡ χᵵ

(2) ЀІЕᾁ WGτΣΪϥ ᾛ ᾢᵦ

(3) χ2050 Ϭ ρΰθ › ʾ ᾛ ᾢᵦ
χ ᴣ
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ЀІЕᾁ м˔ϺрϽϽи˔ФτϢϥ ᴣ

ˢ ˣ ЀІЕᾁ м˔ϺрϽϽи˔ФⱢ

Å2021 9Ὦτ῝ ήϦθ ЀІЕᾁ WGⱢ πψʺỡ ᴟ ᾖᴣˢLevelized Cost of 

Electricityʿ LCOEx χ τʺΜϩϠϥ › τḩβϥ ᴣὫᴮϬϜἿ∏ˢ╥― ẉό╥― ˣʻ
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ỡ ᴟ ᾖᴣˢLCOEx ρψ

Å χὺ ᵫ◐Τϣ ṏ τ♩ϥжϱТЂϱϼи τϩθϥЀІЕϬ֫ ᵫ◐
Ⱳχᾝ∕ᴣ τḊ▄ΰθ πʺ ϤχЀІЕρΰοꜘΰθϜχʻ

Åἇ τψᴞ꜠Ϭ θβ pρΰοὓ▄ήϦϥʻ

ὴ
Ὁ

ρ ὶ

ὅ

ρ ὶ
ᵼὴ

ὅ

ρ ὶ

Ὁ

ρ ὶ

ΰEtʿt χ ʺCtʿt τ βϥЀІЕʺrʿלםᶤԏ

ÅLCOEψ τἰϥ Ϭ π ΰθ πΚϤʺ ᵺ ᾛ χ ỡ Ϭ
ꜘβ◙ ρ―ΠϥάρΥπΦϥʻ

Å ⱲτάϦψᾢᵦ πϜΚϥʻ κʺ ᾛAẉόBχLCOEϬLAẉόLBρΰʺΚϥ
ϵКиϻ˔ЬАϼІχ πAχ Ϭx ᴥήδʺζχ Bχ Ϭᾚ ήδθρΦʺ
τἰϥ ψ (LA˵LB) xιΪ ᴥβϥʻ

ÅάχϢΞτʺLCOEψ   χ ᴟτ Ξ χ ᴟϬ ἹựⱨΰοꜘΰθϜχρᾋ
ϥάρΥπΦϥʻ
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› χỸ

2. ϽзАЖ ếЀІЕʿGrid -related costs

ʾ ρ χἋḧ σ τ μο αϥЀІЕʻ

ʾ ΤϣὉ Ϙπχ ρʺϽзАЖꜛ χ ếχ2 Υ ρσϥʻ
ˢ ψיּ ᴣˢLCOEx χ τḯϘϦϥάρϜΚϤʺЍУиϸϳрЕΰσΜϢΞ ӪΥ ˣ

1. НжрІЀІЕʿBalancing costs

3. ФкТϮϱиЀІЕʿProfile costs

ʾ︠τ ṍχ ῏₯τ μο ᴥ τ αϥ֫ χЀІЕʻ

ˢ ˣUeckerdt F. et al., 2013, Energy, 63, 

pp.61-75.σς

ʾ ρ χⱲḧ σ τ μο αϥЀІЕʻӟᴞχ τ⇔ ήϦϥʻ

3-1. ›ЀІЕˢНАϼϯАФЀІЕˣʿAdequacy costs / Backup costs

3-2. ЀІЕʿOverproduction costs

3-3. ᴞτἰϥЀІЕ ᴥ ʿFull-load hour reduction

3-4. ὓᵊ χṞ ʾ ♁ᵕ ᴥτἰϥЀІЕ ᴥ ʿFlexibility effect

4. ζχ

ʾ ṍ Ṑχ ᴥˢḈ χ ᴞˣτ Ξ σς

β › ψӟᴞχϢΞτỸ βϥάρΥπΦϥʻ
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VRE Ⱳχ › χᵵ

0% 100%

꞊ʿ

ֻ

CINT

LCOEѝ VRE

CVRE)

VRE

LCOEѝ ♫

Cconv)

ˢ ᴣᶊϬ

ΰθ ›ˣ

ˢЀІЕΩ ˣ

Å ᾛχLCOEϢϤϜVREχLCOEχ ΥӗΨσμθ ›ʺLCOEτ βϥ ˢ
χ ЀІЕʿ Cconv+CVREx χϙπ ᶓβϥρʺVRE Υ‰Ψσϥϕς
ψ ήΨσϥʻ

Å ΰם∑τψʺVREχ τ Μ Ϟ ЄІГЭχ ʺϽзАЖχ ế
σςτἰϥ ᴥ σ Υ βϥʻLCOE ӟᵰχ ᴥ ˢᴡτṞԍβϥϜχπΚ
Ϧʺ οḯϛθϜχʿ CINTτ ˣϬʺVRE τἰϥ › ˢIntegration 

costˣρᾦϐʻ
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ˮ◕ ᴣ ˯τνΜο

ʾΚϥ ᾛχˮ◕ ᴣ ˯Ϭʺˮ ˯˷ˮ◕ ᴣᶊ˯χ›ὓ ρΰο Ṱβϥʻ

Eiʿ ᾛ i χ ʺ PʿⱲ t τΣΪϥ◕ ᴣᶊὠ Ὁ ὸὖὸ

ὺ Ὁ ὸὖὸ Ὁ ὸ ˢᴣ ᴣˣ

ʾ Piρΰοψᴙ ᴣᶊʺ ◕ ᴣᶊσςΥ―ΠϣϦʺ ἹὓᵊЯДиχ πψ
ẚНжрІ꜠ʺằẚ ꜠σςχЄаЖϳФжϱІρΰο ᾝήϦϥʻ

ʾỡ” ˢЀІЕΩ ρσϥϵКиϻ˔ЬАϼІˣπψʺΚϥ ᾛχᴣ ψζχЀІЕ
ˢLCOEx ρԁ βϥʻ
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Ặ Μ῟ᴮʿ™ϵК Ⱳχᴿ

βςχϢΞσ ᾛπΚϦʺỡ” Ϭ Πο Ϭ ϛθ ›τψᴣ χ ᴞΥ αʺЀІЕϬ
ᴞᵕμοΜϥʻ

0 2 4 6 8 10 12 14 16 18 20 22

ˢⱲˣ

ᴣᶊΥ ᴞβϥⱲḧ

Ί ἷ

- ᴣᶊΥ ΜⱲḧ τΰΤ
πΦσΜ

 Ί χ ẉᶈ τ Μʺ
Ί ꜛ χˮᴣ ˯Υ

ᴞβϥ

Ί χ
ẉᶈ

-ˮᴣ ˯ΥˮЀІЕ˯Ϭᴞᵕϥρʺζ
Ϧӟ χ ẉᶈ ΥϢϤ₉ τσϥ

- ḧτϜ Υᴦ σθϛʺˮᴣ
˯χ ᴞψ Ί τ

ϓοᾢ

-ᴣᶊχ ᴞτϢϤ χ Ɫᵕ Υ
ϢϤ₉ τσϥ

-ᴣᶊΥ Ϭᴞᵕϥ ›τψʺ
χ Μ֫ ΥẐϛϣϦϥ

ʿ
ἷ σ
χ

̕ Ί Υ τ ήϦθ ›

 Ϧθ ḧτᾢᵦ ˢϕϖˣЉкχ Υ
τằẚήϦʺ ◕ ᴣ Υ τ ήΨ

σϥʻ

 VREχ τ ΜʺVREꜛ χᴣ Υ
ẍ τ ᴞβϥʻ

άχρΦʺ
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› ρ ᾛ ỡ ʾᾢᵦ

›

Å ˑ χСрϼ χ ʻϵКиϻ˔ЬАϼІτ ΰοԁν ΠϣϦϥ
ʻ ᾛ πψσΜʻ

Å ЀІЕᾁ WGχ╥― τ ʻ

ᾛ ỡ

Å › Ϭ ᾛ τᶤϤ Ϥʺ π ΰθ ʻΚϥϵКиϻ˔ЬА
ϼІχϜρπᶆ ᾛτνΜοὓ▄ᴦ σ ʻ

ᾛ ᾢᵦ

ÅΚϥ ᾛϬ ᴥ τ1kWh Ϟβ∑χЀІЕʻΚϥϵКиϻ˔ЬАϼІχ
Ϝρπᶆ ᾛτνΜοὓ▄ᴦ σ ʻ

Å ЀІЕᾁ WGχ╥― τ ʻ
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ᴣ ↄϙLCOEs VALCOEx ʿ ᾛ ᾢᵦ

ˢ ˣOECD/NEA & IEA, Projected costs of generating electricity 2020 EditionϬṁτ⌠

Å ᴣ ↄϙLCOEs Value-adjusted LCOE: VALCOExρψʺ™ ᴦ ϵКиϻ˔χ
τ Ξ ◕ χ ᴟϬὊↄ ᴣτ︡Ϥ ϦϥθϛτIEAΥ―ӛΰθ◙ ʻθιΰῇ χ
Ϥ χ♯ϙψ τϜ ΨσήϦοΣϤʺᾁ χ ᵬτΚϥρᾠΠϥʻ

Å ΚϥϵКиϻ˔ЬАϼІ πʺᶆ ᾛχ ᴣ ʺ ᴣ ʺẉό ᴣ Ϭὓ
ʻˮᴣ Υ Μ ᾛ˯Ϭˮ τЀІЕΥ‰Μ˯ ᾛρᾋ ΰʺ◕ χ ỡᴣ Τϣ
ᵺ ᾛχᴣ ϬԏΜθ ϬLCOEτᴥ▄βϥάρπʺᴣ τϢϥЀІЕχ Ϭ“Ξʻ

LCOE VALCOE

꞊ʿЖи/MWh

ЀІЕˢLCOE/VALCOEx

ᴣ ᴣ ᴣ

̗ԊψЄІГЭ

ỡ◕ ᴣ

◕ ᴣЀІЕˢLCOE/VALCOEx ◕ ᴣ
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ЄІГЭЀІЕϬ― ΰθVALCOEӟᵰχ ᴣ◙

1) › ˢIntegration cost, System cost ˣ

χ ΤϣLCOE Ϭ₯ΰԏΜθϜχʻ ᵦᶆ ӽϬ τ χ ᴣ ΚϤʻ

2) System value

IEAτϢϥᵵ ˢ Πω¬Next generation wind and solar poweró (2016)ˣʻ

3) Levelized avoided cost of electricity (LACE)

ϵКиϻ˔ ˢDOE/EIAx τϢϥ◙ ʻAnnual Energy Outlookπ ΜϣϦοΜϥʻ

4) Enhanced levelized cost/Wider system impact

ֽРЅКІʾϵКиϻ˔ʾ▀Ộ ˢBEISx τϢϥ ᴣ◙ ʻ ᾛ ᾢᵦ ʻ

5) System LCOE (Hirth et al., 2016)

ᾛ ᾢᵦ ʻ ᾛχᴣ ᴣρ χᴣ ᴣχ₯ϬLCOEτᴥ▄ΰο ὓʻ

6) Marginal system LCOE (Ueckerdt et al., 2013; Reichenberg et al., 2018)

ᾛ ᾢᵦ ʻ2Ṫ Ὁτχϙ ήϦϥʻ

7) ᾢᵦSystem LCOE/ ỡSystem LCOEs Matsuo and Komiyama, 2021)

ᾛ ᾢᵦ ρ ỡ ʻ
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ϵКиϻ˔ ˢDOEˣτϢϥ ᴟᵕ
ˢLevelized avoided cost of electricity: LACE ˣ

ˢ ˣDOE/EIA, Levelized costs of new generation resources in the Annual Energy Outlook 2021.

Å ϵКиϻ˔ ʾϵКиϻ˔ ộˢDepartment of Energy, Energy Information 

Administrationˣψ ᾛχ◕ ᴣ ᴣϬ ᴟᵕ ˢLACEx ρ ΪʺLCOEρψ
ᴣϬ“μοΜϥʻ

Å LACEψϵКиϻ˔ЬАϼІτϢμοӰσϤʺϘθ ӽτϢμοϜӰσϥʻΚϥ ᾛχLACE

ΥLCOEϬ ᵕϦωʺζϦϬ ᴥ τ βϥάρΥὊↄ› ϬϜνʻ
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ֽBEISτϢϥᶈ ᴟЀІЕ
ˢEnhanced levelized costˣ

ˢ ˣBEIS, Electricity Generation Costs 2020. 

Å ֽРЅКІʾϵКиϻ˔ʾ▀Ộ ˢBEISx ψ χLCOEs ᵥ ˣτᴥΠοʺ ᴙ
◕ ʺ ◕ ʺ ϯрЄжз˔Ђ˔РІ◕ ʺẉό Ὁ ϒχֲốϬᴥ ΰθ
¬Enhanced levelized costºϬ ᴣˢ ̗Ԋˣʻ

Å άϦϣχֲốψʺ ᵺ ᾛϬςχϢΞσϵКиϻ˔ЬАϼІχ τ ᴥβϥΤτϢμο Φ
ΨӰσϥʻάάπψʺ2050 τ Ϭ ᴟβϥ6νχЄЗзϷˢ™ϵК Ͼ˔І/

ᾖ◓ Ͼ˔І/ Ͼ˔І˷ ӡ/‰ӡˣτνΜο ᴣϬם☼ʻ
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System LCOE_HUE (Hirth et al., 2016)

Hirth, UeckerdtẉόEdenhoferτϢϥЄІГЭLCOEψӟᴞχ꜠π ṰήϦϥʻ

ὛώίὒὅὕὉὌͅὟὉ ὧ ὺ ὺ

ci ʿ ᾛ i χLCOEs ϵКиϻ˔ЬАϼІ πχ Ϭ ΰθϜχˣ

vi ʿ ᾛ i χ◕ ᴣ

vLʿ χ◕ ᴣ
ˢԇ ᾛχ ỡ◕ ᴣ ˣ

ὺ Ὀὸὖὸ Ὀὸ
Dʿ
P ʿ ᴣᶊ

ʾỡ” πψ οχ ᾛχSystem LCOE_HUEΥ ԁχ Ϭ
ρϤʺ χᴣ ˢvLx τԁ βϥʻ

ʾ System LOCE_HUEψᶆ ᾛχЀІЕπψσΨʺˮỡ” Τϣχ
˯Ϭꜘβ◙ ρ―ΠϥάρΥπΦϥʻϘθʺ Ὁ χ ế
Ϭ τ Ϥ₅ϚάρΥ ᴦ πΚϥάρΥ◙ ήϦϥʻ

ʾ System LOCE_HUEψʺ χLCOEϬЄІГЭᴣ π
ΰϢΞρβϥϜχʻVALCOEρ ל τ χ◙

πΚϥάρΥ◙ ήϦϥʻ
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System LCOE_HUEχᾁ
2Ṫ ὉπχḛӬЯДи♯▄

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

10% 30% 50% 70% 90%

Coal (Case A)

Coal (Case B)

Coal (Case C)

Wind (Case A)

Wind (Case B)

Wind (Case C)

USD/kWh

ʾ 2Ṫ ὉḛӬЯДиτϢϤʺVRE 10%˙90%τ ΰSystem LCOE_HUEϬὓ▄
ˢ χ Ϧ πϾ˔І Ϊʿ Aᴲ π ʺB VRE π ʺC Єϴϯπ ˣʻ

ʾ VRE 90%τσϥρᴲ χᴣ Υẍ ΰʺζχSystem LCOE_HUEψ χ ρσϥʻ
Ϙθʺϕϖ αVRE 90%Ͼ˔ІπϜʺ ꜠χ Ϧ τϢμο Υ ΦΨ ᴟβϥʻ

ʾ ΠωVREϬ ΰθ ›ʺᴲ χVALCOEψ χ ỡᴣ τԁ βϥʻ
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System LCOE_HUEτḩβϥ

2 ᾛḧχ τḩβϥṳ

ÅΚϥϵКиϻ˔ЬАϼІχ πʺ Ί Ϭdx ᴥήδϥρΰʺζϦτᴂα
οϹІᴲ Υdxõ˹Rdxᾚ βϥρβϥʻ

ÅάχρΦʺ χΞκ Ί τḩβϥЀІЕψcPVdxˢcPVψ ΊχLCOEx

ᴥΰʺζχ χ ψvPVdxᾚ βϥˢvPVdxψ Ίχᴣ ᴣˣʻ μο
Cψ (cPV̝ vPV)dx βϥʻ

Å τʺϹІᴲ Υᾚ βϥάρτϢϤʺ Cψ ˔(cgas̝ vgas)dx¢
βϥʻ

Å μοʺϜΰdx=dxõπΚϦωʺ

dC/dx = (cPV̝ vPV)˔(cgas̝ vgas) = SysLCOEPV˔SysLCOEgas

ρσϥʻ ΰʺԁ τψdx=dxõψ Ϥ θσΜʻ

ˮᴦ ˯χ

Å ᾉ τPVϬ ΰθρβϥʻάχρΦʺˮ χᴣ ᴣvD˯ψάϦϬ
ᾉ π βϥΤʺỵ π βϥΤʺΚϥΜψ π βϥΤτϢμ

οӰσϥʻνϘϤʺSystem LCOE_HUEψζϜζϜԁӪτ ṰπΦσΜʻ
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ỡSystem LCOEρ ᾢᵦSystem LCOE

Y. Matsuo and R. Komiyama, (2021). Sustain. Sci., 16, 449-461.

ᾢᵦSystem LCOE

Å ΚϥϵКиϻ˔ЬАϼІτΣΜο2 χ ᾛχ Ϭ ΰθ∑τ χ ЄІ
ГЭ Υ βϥΤʾ ᴞβϥΤϬὓ βϥάρτϢϤʺζϦϣχ ᾛχ σ
Ὂↄ Ϭ ᴣβϥ◙ ʻ

Å Κϥˮṁ Ṫ ˯ˢ ΠωζχὉπ◦ σᴲ ˣχ ᾢᵦSystem LCOEψԁ
L0Ϭ︡ϥρβϥʻζχ πʺṁ ᾛ0Ϭ1kWh ᾛ i π ΰθ∑χ χ
ϬLIρΰʺ ᾛ i χ ᾢᵦSystem LCOE Li Ϭ Li = L0 + LI π Ṱβϥʻ

ỡSystem LCOE

Å ΚϥϵКиϻ˔ЬАϼІτΣΜο › CINTϬὓ▄ΰʺ τʺζϦϬΚϥ τϢμ
ο ᾛ τᶤϤ οϥʻ

Å ᶤϤ οϣϦθ › Ϭʺ ᵺ ᾛχ ˢϬ ﬞτḩΰο ΰθϜχˣ
π βϥάρτϢϤʺ ỡSystem LCOEϬὓ▄βϥάρΥπΦϥʻ
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ᾢᵦSystem LCOE

ʾ ᾢᵦSystem LCOELRiϬӟᴞχ꜠π ṰβϥάρτϢϤʺ dC= (LR0˵LRi) dxiΥ Ϥ νʻ

ὒὙ
ρ

Ὑ

ὅ

ὼ

ὅ

ὼ
ὒὙ

x0ʿṁ ᾛχ ʺxiʿ ᾛiχ ʺ
Riʿ τϢϥ ʺLR0ʿṁ ᾛχ ᾢᵦSystem LCOE

ʾ LR0ρΰοψ₯ ϤςχϢΞσ Ϭ ΜοϜϢΨʺ ᾛḧχ ᾢᵦSystem LCOEχ₯χϙΥӪ
ϬϜνʻ

ʾ Ri=1χ ›τψʺ ᾢᵦSystem LCOEs χ₯ˣψSystem LCOE_HUEsχ₯ˣρԁ βϥʻ

ˢ Ί ˣ

ˢᴲ ˣ
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ỡSystem LCOE

ʾ ỡSystem LCOELAiψʺ CˢϜΰΨψ › IˣϬᶆ ᾛτᶤϤ ϤʺζϦϬᶆ ᾛχ
π βϥάρτϢϤ▄ ήϦϥʻ

ʾ CϘθψ Iψʺᾖ ˢ˹ ᾢτ πЀІЕχΤΤϣσΜᴠ σ ᾛτϢμο οχ Υằ
ẚήϦοΜϥ ˣΤϣᴞ τꜘβ σОІπӟᴞχ Ϭ︡ϥάρτϢϤʺᶆ ᾛτ ή
Ϧϥʻ

ˢ Ί ˣ

ˢᴲ ˣ

ὅ ὅ
ὅ

ὼ
Ὠὼ

ʾάχᶤϤ ϣϦθCiϬ xi π βϥάρπLAiΥὓ▄ήϦϥΥʺζχ∑ʺ xi ψ
Ri τϢμο ήϦϥ ΥΚϥάρτ Ӫʻ

ОІ ᴲ ρVREϒχᶤϤ Ϥ
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χ2050 ᴣ ʿ ỡ ρᾢᵦ

Å 2050 τ π χ ᴟϬםᾝβϥάρϬ ΰʺ(1) ™ ᴦ ϵК
иϻ˔ʺ(2)ζχ χ™ ᴦ ϵКиϻ˔ʺ(3)ᾖ◓ ʺ(4) ᴲ ˢ σςˣτϢ
μο ϬằẚβϥάρϬ ʻ ᴲ Ϭṁ ᾛρΰο ꜘʻ

Å ᴲ Υ ήΨσϤʺ™ ᴦ ϵКиϻ˔ Υ‰ϘϥτνϦοʺ Ίʾ
χᾢᵦ ψᾒ τ βϥʻ

Y. Matsuo and R. Komiyama, (2021). Sustain. Sci., 16, 449-461.
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ᾛ ᾢᵦ Τϣ ϣϦϥꜘ€

β › Ϭ― ΰθ ᾛ ᾢᵦ χ ᴣτϢϤʺӟᴞχϢΞσ ᵔΥ ϣϦϥʻ

Å ᶆ ᾛχЀІЕˢὊↄ ˣψ ԁχ τϢμοꜘήϦϥϜχπψσΨʺζϦΥ ∕βϥ
ϵКиϻ˔ЬАϼІχ ệτᴂαο ᴟβϥʻ

Å Κϥ ᾛχᾢᵦ Υ ᾛϢϤϜ Μ ›τψζχ Ϭᶈ ήδϥάρΥὊↄ›
ϬϜκʺ‰Μ ›τψὊↄ› ϬﬞΞʻḊᾠβϦωʺˮΩ σϵКиϻ˔ЬАϼ

І˯τΣΜοψ ʺ οχ ᾛχᾢᵦ Υ α ϬϜνʻ

Å Κϥ ᾛχ Υ ήΜ ›τψζχᾢᵦ ψ ᶓ ӗΨʺ Υ ΦΨσϥτ
νϦοᾢᵦ ψ βϥʻ τʺỡ” ˢ˹Ω σϵКиϻ˔ЬАϼІτΣΪϥ
ˣϬ Πο Ϭ ϛϥρᾢᵦ Υ ΰΨ ΰ ϥθϛʺ ԁχ ᾛτᵃ τӢ
βϥЄЗзϷψ Ψχ ›ʺ ЀІЕχ Ϭ Ψʻ

Å Ɫᾛ Ϟּזᵓ ԍ τϢμο Υỡ” ӟ π ΠϣϦοΜϥ ᾛψʺ ᾛϢ
ϤϜ Μᾢᵦ ϬϜνʻẄτʺ ├ τϢϤỡ” Ϭ Πο Υ ϛϣϦοΜ
ϥ ᾛψʺ ᾛϢϤϜ‰Μᾢᵦ ϬϜνʻ

Å άχϢΞσάρΤϣʺԁ σ ὯχϜρτὓ▄Ϭ“μθ ›ʺЉкʾϵЬАЄдрᴲ
ϬЉкτβϥϵКиϻ˔ЬАϼІψΩ τψϣσΜϢΞτ◘ϩϦϥˢ ΰάχὫ

Υςχ ḹếπΚϥΤτνΜοψʺ₈ῇϜὋ τṳ Υ ˣʻϜΰζΞπΚϦ
ωʺᾖ◓ ψζχ ЀІЕΥЉкʾϵЬАЄдрᴲ ϢϤϜ ΜᾢϤτΣΜ
οʺϵКиϻ˔ЬАϼІχ π σ ᶤϬᴮθΰ ϥʻ
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(1) › ʾ ᾛ ᾢᵦ/ ỡ χᵵ

(2) ЀІЕᾁ WGτΣΪϥ ᾛ ᾢᵦ

(3) χ2050 Ϭ ρΰθ › ʾ ᾛ ᾢᵦ
χ ᴣ
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2030 χ ᾢᵦSystem LCOEˢLCOE*ˣ: ᵔ

Å ṍϵКиϻ˔ ẚᾋ ΰˢ2015 ♯▄ẉό2021 ♯▄ˣτΣΪϥ2030 ϵКиϻ˔
ЬАϼІχ πʺ ṛ Ίʾ ʾᾖ◓ ʾLNGƎ ʾ ᴲ χ ᾢᵦ
System LCOEϬ ᴣʻ

Å₤› ὓᵊЯДиπΚϥˢᶴˣJ-POWERРЅКІЂ˔РІχMRϬ ʻ Ϭ10

ӽτỸ ʺ οχФжрЕϬ ṫΰοṞ ʾ ♁Ϭḯϛθ ẚ֫ Ϭ ὓʻ

Å ψᾧ ʺ֫ χϙϬЄЬвй˔Еʻ κʺ2030 Ⱳ πχ ψṌ ὓ
ᵊτ Μϕϖᶎ ΰοΜϥϜχρ ΰʺζάτ χ ṛ Ϭ ᴥΰθρΦχ

ЄІГЭχ ᴟϬ ᴣʻἇ τψʺЦ˔ІЄЗзϷχ Ί χ2%ʾ5%τ
βϥ τ ᴂβϥᶆ ᾛχ Ϭ ᴥ ΰʺᵵφ › πΚϥάρϬᶎ
ΰθ π2%χ Ϭ⅜ ʻ

Å Ίʾ χ ψ ṍϵКиϻ˔ ẚᾋ ΰτ ΞΥʺζχ ӽỸ ψ
ῲӽ ְ֫ ṐḩˢOCCTOx χᾋ ΰτ αοӛ ʻᾖ◓ ʾᴲ ψ τ
ΰοӛ ʻ

Å ᴥΰθᾖ◓ ψ Ϭᾧ ΰʺ πΦσΜρ ΰο♯▄ʻ

Å ψṌ Ϭ ʺ ϞEVʾ DRψ δγˢ ΰθ ›τνΜο
♯▄Ϭם☼ʺ  ˣʻ

Å ӽḧ Ὁ ψὓᵊτ αοᾧ ʻ ⱳ ˢLFCʿ ᴻ Ὲˣχᶎ Ϭ― ʻ
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2030 χ ᾢᵦSystem LCOEˢLCOE*ˣ: ᵔ

Ṝ‹

C0, C1

/Ω
ɲ/ (=C1˵C0)

ɲ{
ɲ9

ɲ9Ψ
v0

f1, v1

l
l0
LCOE, LCOE*

ΥΚϥ ›χ ḧχ χϱЮ˔Ѕ
ˢPVʺ χ ›ψʺv1чE ψЉкρσϥˣ

ʿЦ˔Іχ֫ ʺ ᾛ ᴥῇχ
ʿ ᾛ ᴥῇχ֫
ʿ ᾛ ᴥτϢϥ χ ᴟ
ʿὉ ӗ ᴟχθϛχДϰІОАЎ
ʿ ᴥ ᾛχ ῟σ
ˢᴲ χ ᾚ ˣ

ʿ ᴥ ᾛχ χ
ʿЦ˔ІχϵКиϻ˔ЬАϼІτΣΪϥ
ᾢᵦ֫ χ ᴣ

ʿ ᴥ ᾛχᾧ ʾᴦ χ ᴣ
ʿЯДиὓ▄Ⱳχ ᴥ ᾛχ
ʿỡ ᴟ LCOE▄ Ⱳχ
ʿỡ ᴟ ρ ›Ϭ ֳΰθ ᾛ ᾢᵦЀІЕ

ÅϵКиϻ˔ЬАϼІ τ ᾛϬ ᴥΰθ ›χʺ ᴥ ῇχ֫ ˢᴞ C0

ΣϢόCõxρʺ ᴥ ᾛτϢϥᴲ χᾚ ˢᴞ çExϬ ᴣʻ
Å C τ ᴥ ᾛχⱢ πΚϥl0/ l f1çE¢ϬᴥΠθ Υ ᴥῇχ C1ρσϥθϛʺά
ϦϬC0ρ ᶓΰο ᾢᵦSystem LCOEϬ ᴣʻ

Åᴞ ϢϤC1˵LCOE* çE˹ C0˵ v0çEρσϤʺ ϬçEπ ΰο

LCOE* ˹ (C1˵C0)/çE˴ v0ρὓ▄ήϦϥʻ

Å ᾛ ᴥⱲχᴲ ᾚ çEψʺԁ τψ ᴥ ᾛχ çEõϢϤϜ ήΜ
άρτ Ӫˢ Ϟ кІʾ ﬞτ ˣʻ

Å v0χ τ Ӫ ΥΚϤʺLCOE*χ ψᾗ τψᾧ ήϦσΜʻ
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LCOE*ʿᾖ◓ χ ›

v0çE
ᴦ
ᾚ

LCOE*çE

ῇχ
ᾢᵦ τ
Ϣϥ

çS

C1

ˢЦ˔Іχ ˣ ˢ ᴥῇχ ˣ

v1çEõ

C0

C 

ᾛχ

f1çEõ
l0

l

çCʿ ᾚ
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LCOE*ʿ Ίʾ χ ›

v0çE

C0
çCʿ ᾚ

LCOE*çE

ῇχ
ᾢᵦ τ
Ϣϥ

çS

C1

ˢЦ˔Іχ ˣ ˢ ᴥῇχ ˣ

C 

f1çEõ
ϹІᴲ πᾚϣ
βάρΥṍ ή
Ϧϥᴦ

çSʿὉ ӗ ᴟχθ
ϛχДϰІОАЎ
ˢṍ ΰθᴦ χ
ᾚΥ ϣϦσΜᶛˣ

ᾛχ ᴥῇχ
֫ C 



28

LCOE*ʿϹІᴲ χ ›

v0çE
ᴦ
ᾚ

LCOE*çE

ῇχ
ᾢᵦ τ
Ϣϥ

C1

ˢЦ˔Іχ ˣ ˢ ᴥῇχ ˣ

v1çEõ

çS

C0
C 

ᾛχ

f1çEõ
l0

l

çCʿ ᾚ
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ᵔ Ὣᴮʿ ᵕЀІЕWGτ αθ♯▄

Baseʿ ᵕ2030 ЬАϼІ(2015 ♯▄) ̋ VRE2 ʿPVƋ 2

0

5

10

15

20

25

30

PV ᾖ◓ ϹІᴲ ᴲ

ᾧ LCOEρЄІГЭ ›Ϭ ֳΰθLCOE*s kWhˣ/ד

ᾧ LCOE Ц˔ІLCOE* VRE2 LCOE*
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ᵔ Ὣᴮʿ₈ᵕ♯▄

Å Ίʾ ʾᾖ◓ ψLFC Ϭ δσΜρ ΰοΜϥθϛʺάϦϣϬ ΰθ∑τ
ψʺϵКиϻ˔ЬАϼІχ π ᴲ ΤϣLNGƎ ϒχ Υ αʺЀІЕΥ βϥʻ

Å Ίʾ πψ τ кІχᶈ τϢϤLCOE*Υ βϥʻ

Å LNGƎ ψ‰Μ ϬϜκLCOE*ψ ᴞβϥΥʺ π‰Μ πψᴶ ΰσΜθ
ϛʺˢ 70%Ϭ ΰθˣLCOE 10.7ד/kWhτ ϓϥρ Ṅ ρσϤʺ₯ΰԏΦ
πϕϖLCOE=LCOE*ρσϥˢῇ ˣʻ

11.2

14.7

11.7 10.7

13.6

19.9

18.9
14.5

10.3

13.7

0

5

10

15

20

ⱧỘ Ί ᾖ◓ LNGƎ ᴲ

LCOE LCOE*
kWh/ד
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LCOE*χ ᵔ

LCOE= f1˴v1τ ΰʺ

LCOE* = (C1˵C0)/çE˴ v0ψçSχ τϢϤӟᴞχϢΞτ ᵔήϦϥʻ

LCOE*ƋçE = çS˴ v1çE¢˴ l0/ l˷f1çE¢s ᴞ ╥ ˣϢϤʺ

LCOE*= çS/çE ˴çE¢/çE (v1˴l0/ l˷f1) 

= LCOE˴ (ДϰІОАЎ )˴ ( )˴ ( )

çS/çE
ДϰІОАЎˢ βʾ֫ ʾṞ ♁σςˣτϢϥ χ ᴟ
β χ₯τϢϥ ΤϣϹІϒχ σς

ΥΚϥ ›χ ḧχ χϱЮ˔Ѕˢ™Ἷˣ

(v1˴l0/ l ˷f1)(çEõ/çE˵1)

ỡ ᴟ (LCOE)▄ ⱲρЯДиὓ▄Ⱳχ
χ₯ӰτϢϤᾧ Ϭ ΰθLCOE

(v1˴l0/ l˷f1)τ βϥ ῟σ τϢϥ

χ ﬞϞ Ὁ σςχ ﬞʺPVϞ χ
τϢϤçEΥᾚ βϥρʺLCOEΥ ᴥ ΰτ ή

Ϧϥʻ

f1(l0/ l˵1)
χ τ Μθ χ₯ӰτϢϥ
ỡ ᴟ (LCOE)χᾧ τ βϥ
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LCOE*χ ᵔ

Å LNGƎ ӟᵰχ ᾛψ τ Υ Ψʺ ДϰІОАЎΥ ԍρσϥʻ

Å ϘθʺVREs Ίʾ ˣψ τϢϤ Ϟ ﬞʾ ﬞΥ βϥ
θϛʺ ﬞΥ ΦσЀІЕ ԍρσϥʻ

ⱧỘ Ί LNGᴲ

11.2

19.9

3.8

4.9

0.0

0

5

10

15

20

LCOE ДϰІ

ОАЎ

ﬞ LCOE*

kWh/ד

10.7 10.3

2.5

0

5

10

15

20

LCOE ДϰІ

ОАЎ

ﬞ LCOE*

kWh/ד

-2.2 -0.7
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Ϙρϛρ₈ῇχᴿ

Å ΜϣϦοΦθỡ ᴟ ᾖᴣˢLCOEx πψVRE Ⱳχ ᾛ χὊ
ↄ Ϭ ᴣβϥάρΥ ᴦ πΚϤʺ θσ ᴣ◙ χᶎ Υ ϘϦϥʻ

Å 2030 χBrownfieldˢṌ Υ▪ϥ ЄІГЭˣτΣΪϥ ᴣπψʺ
ẚᵔ ЯДиτΣΜοᶆ ᾛχ Ϭ τ ᴟήδϥάρτϢϤʺ ᾛ
ᾢᵦ ˢLCOE*ˣϬ▄ βϥάρΥπΦϥʻ

Å ᾛ ᾢᵦ ψʺ χ₯σςτϢϥЀІЕ ᴟχϕΤʺ Ϟ
ﬞ χ χ ᴟτֲốήϦϥʻ τʺΚϥ χ ᾛˢ ΠωVREx Ϭ
τ βϥρʺζχ ᾛχLCOE*Υẍ τ βϥʻάχθϛʺНжрІ

χρϦθϵКиϻ˔ЬАϼІϬ ◙βάρΥ ├ τ ρσϥʻ

Å ṓꜛ τϢϥכּ ẚχӗ ᴟˢVtoGˣτϢμο ΊχLCOE*Υ19.9ד
/kWhΤϣ τ ᴞβϥρχ♯▄ὫᴮϜΚϤˢᴐ ϣ,  ˣʺLCOE*

ψ γΰϜ ᾛˢ™ϵК ˣχ χ ΰήχϙϬꜘβϜχπψσΨʺˮ
ςχϢΞτβϦω Ϭ βϥάρΥπΦϥχΤ˯Ϭᾁ βϥθϛχ ρ
ΰο ΜϣϦϥάρΥ ϘΰΜʻ
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(1) › ʾ ᾛ ᾢᵦ/ ỡ χᵵ

(2) ЀІЕᾁ WGτΣΪϥ ᾛ ᾢᵦ

(3) χ2050 Ϭ ρΰθ › ʾ ᾛ ᾢᵦ
χ ᴣ
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χ♯▄ ʿ
ˮЉкʾϵЬАЄдр˯ ᾛτϢϥ   χ ᴣ

™ ᴦ ϵКиϻ˔ˢζχ ˣ ʺ ʺНϱϷЫІ

™ ᴦ ϵКиϻ˔ˢVREx ˢ ʾ ˣʺ Ί

ᾖ◓

CCS Φᴲ

Ϙθψ

ὖ ʻΚϤˢ ᾢ25GWˣʺ
σΰˢ0GWˣϬ ʻ

ЉкʾϵЬАЄдрᴲ

Y. Matsuo et al.(2018), Energy, 165, pp. 1200-1219. 

DC

AC

ʾ Ϭ9 ӽτỸ ʺᶆ ӽ χ ʾ Ί
ϬAMeDASД˔Ќˢ2012 ˣΤϣ15 ḧᶖπ ὓʻ

ʾ τᾋ›Ξ ϬằẚπΦϥϢΞσ ʾ ʾ
χ ẉόζχ֫ τ ΰʺ χ ЄІГЭЀІЕ

ˢⱢ ʺ֫ Ӳⱱ ʺ χ›ὓ ˣϬ ὓʻ

ʾ ЀІЕΥΩ τσϥˢ˹ˮΩ σ˯ˣ   ẉόζ
χ֫ Ϭ Ἱὓᵊ ˢLinear programming: LPx τϢϤ ᴣʻ

ʾ 2050 χˮЉкʾϵЬАЄдр˯ᴟϬ ΰʺӟᴞχ4

χ ᾛϬЯДиᴟʻ
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Ίʾ ЪГрЄаи

Solar PV Onshore wind Offshore wind

FIT Potential FIT Potential FIT Potential

Hokkaido 15 20 146 152 177 399

Tohoku 25 46 67 69 34 215

Tokyo 52 81 4 4 39 82

Chubu 38 50 11 11 23 40

Hokuriku 9 17 5 5 0 43

Kansai 26 39 11 11 0 30

Shikoku 13 18 5 5 2 46

Chugoku 24 33 9 9 0 120

Kyushu 37 53 16 17 2 359

Total 239 356 271 281 277 1,339

Unit: GW

ḕẽ τϢϦωʺ  τψ Ίʾ χ σЪГрЄаиΥ ∕ʻζχΞκʺFIT

τϢϤ› τ ᴦ σ ιΪπϜΤσϤχ ρσϥʻ
₈ᵕʺ χˮFIT˯ Ϭ Ίʾ χ ᾢρΰο ʻ
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♯▄Ὣᴮʿ ᴣ ˢЀІЕ ӡϾ˔Іˣ
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With nuclear Without nuclear

Transmission

Battery

Storage losses

Curtailment

Power generation

JPY/kWh

ʾὉ ├ЀІЕψ ʺ ʺ ӽḧ Ὁ ẉό кІτ Ξ
Τϣσϥʻ
ʾ 0 TWhχˮᾖ◓ σΰ˯Ͼ˔Іπψ™ϵКχ Υ ΰʺ Υ
τ ΦΨσϥʻ

Ὁ ├

ˢ , TWhx
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5Ὦχ ẚˢ ὓˣ

Ω ᴟ

ᴲ ʾᾖ◓ σΰ


