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Abstract:

Today, new installation cost for Renewable Energy (RE) generation has dropped significantly. This phenomenon has had
a major impact on world’s energy system. RE is becoming the cheapest power source of the world, and its investment is
about to outpace conventional energy. On the other hand, the Paris Agreement and related efforts make it essential to
increase investment in RE. In particular, the corporate sector, which accounts for the bulk of the world’s final electricity
demands, also has RE procurement expected to play an important role in meeting its climate change goals. In recent years,
not only passive energy procurement but also active procurement of RE has become popular. A recent example is the
Corporate Power Purchase Agreements (Corporate PPAs).

In this paper, we classify corporate RE procurement methods into four categories, then focus on one on them, PPAs.
Furthermore, after classifying into two models, Virtual (Financial) PPAs and Physical (Sleeved) PPAs, the trading method
is organized. After overviewing trends is Corporate PPAs around the world, we will examine Wind PPAs in Europe and
Solar PPAs in the United States in more detail. The Virtual (Financial) PPAs, which has shown remarkable growth in
recent years, has the benefit of allowing buyers to renew their energy from additional renewable power plants without
having to invest a lot of money. On the other hand, challenge for various risks are also required. This paper also highlights
these risks.

Keywords: Renewable Energy, Corporate Procurement, Power Purchase Agreements (PPAs), Virtual (Financial) PPAs,
Physical (Sleeved) PPAs
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Power Purchase @

Agreements (PPAs)
A company purchases attribute certificates of A company enters into a contract with an independent
renewable energy separately “unbundled” from power producer, a utility or a financier and commits
its electricity. Examples of certificate systems are to purchasing a specific amount of renewable
guarantees of origin (GOs) and renewable energy electricity, or the output from a specific asset, at an
certificates (RECS). agreed price and for an agreed period of time.

! |
1 N=[
7

Production for

self-consumption
A company purchases renewable electricity from its A company invests in its own renewable energy
utility either through green premium products or systems, on-site or off-site, to produce electricity
through a tailored renewable electricity contract, primarily for self-consumption.

such as a green tariff programme.
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Source: BloombergNEF. Note: Data are through 2019, reported in MW DC capacity. Onsite PPAs are not
included. Australia sleeved PPAs are not included. APAC number is an estimate. Pre-market reform Mexico
PPAs are not included. These figures are subject to change and may be updated as more information is
made available.

B3 t#HREDI—FRL—FPPAICKEREREDHERE (74 F)

HiFT : BNEF (2020)

E3MJmHmmm*;oT%%éht\WA’iéﬁi?%%ﬁ£®%%%ﬁb
TUW5, 2019 FI2iE, AIFEOERE & HIZ 40% LR -7 Z 2083 0nD, TDE LI
T AU g, & <IZIEKR TR Z > T a0y, HRMIZ L EEOR ATREME~DELY
FHAA~D 3 Iy MTEY | BEER EARMRN R S5, 2019 4£0D PPA OF A &EIX
R CEBMAICEEE SN2 TOHZ R REFED 10%LL L W%Téo;m_%
HI 57 m Y= MIIE 200 £ USD 205 300 & USD OFE MR- Tnd ER BN
TW5b,

2019 2T A U A1 Thiiks S 4172 PPA 225 (13.6GW) @D 80%LL EiZ&H 7= 5 11.2GW
%, IAERY (Virtual) PPA E7 /LD F Tk SV TV 5D, ZOFRED PPA 1%, HHL
IMZBNTOHRR BN,
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X 41X, 2—HRL—kKPPA D _DODET/NE LTS, a—RL—hK PPA DT
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Virtual PPA I \

| S ™ |

The renewable energy generator sells its electricity in the spot
market and then settles the price (based on the difference
between the variable market price and the strike price) with the
company who receives the associated EACs.

(@

Sleeved PPA ‘%ﬁ ’ -

%
0

—

The renewable energy generator
sells the electricity and associated
EACs directly to a company.

K4 a—RL—FPPADZDODETIL
HFF - IRENA (2018a) based on WBCSD (2018a)

X, &7 2RI L o ThRY TH D,

3.1 {R#Z8#y (Virtual) PPA, £®#) (Financial) PPA. &R (Synthetic) PPA

{5AEFY (Virtual) PPA (X, 4f@lf") (Financial) PPA <°>%&& (Synthetic) PPA & LT
BIRAOBND, ZORKMOTTIE, BEFEE (T 1y i BHEOHDIE
ARy NHBICGET D, REBEBFEELEOVTRE (K77 —h—) 1%, ARy b
E@W@ﬁ%kxki4&-7?41&@%®%Q%%%L\EW$Q¥®ﬁ7?~

—IIRE L2 OENEEEZ TS,

ﬁﬁ%f&% F. B REEHEET L EVFRE L O TR 2O S Y
FOIZE > T, AWVF{EZIE RECs (Renewable Energy Certificates) % AT 25 Z & 1(Z
2%, Brxrmy=7 FEBEWRREZL, R UHRO R (RTO/ASO) 1Z&H % MHE
X720, EEER /NGB AT L TR WINZ B T | HEOFTEL R OEWFAR
RICHAMTH D,

4 51%. EPA (2016) (Z& % PPA DG EZEK L TV 5, £7T, OF=ROENF
1423 (Customer) |3, 5 — 158 F 7 (Renewable Energy Generator) & {FAHA (Virtual)
PPA B2t 5, QB RBEEFEL L. BOVFREICE - UTERRE 2 HET]
MTGIZERTE L, TGl TZ o252, OF = RBEFEFIT. BEVFEELE
SRET D, EelL, HENITEIEE A N T4 Vil EDESTHDH, QENTFAR
kX, OB NS E IR O, B XRGFEE (RECs) ZFI L T xL¥

— DD DIRERN R AP E A AT 5,
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Customer Utility or Energy Power
(i.e. “Your Company”) Supplier Market A

= D+T

Customer signs VPPA with renewable energy generator for
wind power at a fixed rate (i.e. strike price). Term is typically
10-20 years.

——-)a.

Settlement RECs
Transfer
($/kWh)

Renewable energy generator sells customer’s null power
into wholesale market and receives market price.

24

VPPA Contract

Renewable energy generator sends/receives settlement
to/from customer (Settlement = wholesale price minus strike
price).

© 00 ©

4 Customer counterbalances utility payment for power with
settlement transfer, and uses RECs to reduce scope 2

7 emissions.
TV 4 ﬁ%

$/kWI
Renewable Power
Energy Generator Market B

5 {x#E# (Virtual) PPA
HiFT : EPA (2016)

PIZIE, =2—3 =7 ODRWFEEOTEZEN, 7% F ADOFEEFES L PPA L
%ﬁ%}yﬁ'/\ X, X5 @ Power Market A |Z NYISO., Power Market B & ERCOT & U9
LI D, ma—I =7 DEAWVWFAREZ, EHEDOLODMEIZ OV TIE, ki@
D, 2=74U7 1" jjdm%%%ﬁ% NYISO 3PN 745 DO Affikk 2z Fel 2 L 7= FE 1 8k
GwH D, ZO X ST, HERIZEE TV T | (RAERY PPA CIEERBEMIE O LS| %
FWiT 2 ENTEDLL IS TWVDON, (AEH PPA DR TH 5,

AR (Virtual) PPA (Z351F % Z&40k% (CfD: Contract for Difference) DA A —
. X6 a3y “C“E}?)Z)o FFE@D PPA T SIFIT, < DYE . A T A 7 filik
BERET D, A NTA 7i&iE, @R FELHOCTIRESND, A T A 71k

VPPA Transfer Settlement

$/kWh

Renewable generator pays company

Company pays renewable generator

—— Wholesale market price E ‘GREEN
—— Strike price i
2015 2016

6 (Virtual) PPA I8+ 2 E£& R

HFT : EPA (2016)
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K0 b EENTHLEOAR Y Mg L FEEO) HEICiE, TOEEHE BV FAe
ENHTRIEEFEL| i%?oku\x%747ﬁ%ib%ﬁ CEWANITE DR
ik 23 mV Y (FRED) HEIIE, BEBFEEDPHOWFEREIEH LS, Znbx
— MR T LT R®E 0V 27 FOMIKKEE Y 27 2B OFAENS
77 —7F 5, BENFEREIZOWM, BELS kWhH LIEIMWhH720) @

F—XiE#H (RECs) #%THLZ &N TE D,

3.2 ¥ (Physical) PPA) , ##hft (Sleeved) PPA)

AR (Virtual) PPA (X, LLRG2S & - 7= filift (Sleeved) PPA &I xtHRAY72 I35 T
H 5, S PPA IXWEL) (Physical) PPA & L THEILNTWS, WELY - #lhifl PPA
DFTIEL, BHZEOL O EBREMEZ, BEFEE (T X2y ) B, HWFRhE
7T —H—ICEPERTE L, BeXENREEEZ TS, 2 OWEER) PPA TiL, B
FREIIYEMICEREZEIT D, HFox7a oy ME, R UHBKOE TR E
LTWARITIUE R B 700, EEMIZ, X T/NET D2 &%, 2N a2 dFa3 20
IZIREEND (K7),

2 —7R L — bk PPA 1%, 2000 FERHEN S HE LAY, Bid) e lids CH= X E
PIELIEWREICE > T AR A T a v o TE 2.4 B ARAER (Virtual)
PPA 73, KEUEZ: PPA TBIZBWTIEREL /v 5oH D, 28R BIX, BREFES
(TaxXavX) LEHOEWEEEZEE K77 —0—) B, RUELRKEICS
RO TWNDZ ENERINRNNETH D, KRR (Virtual) PPA O3 AN AIEEIC
&ot_&f R )R ESCKGIEHED PPA (2K DEAEN, 2010 FARFEN LA

MIZRRE L TWD
Customer
(i.e. “Your Company”)
> 5X \
~
End Use RECs
Generation 4 i

Industrial

an
n
Commercial

-/ Utility or Energy
Hydro "' Supplier

Nuclear
@ L - Residential
Transmission Substation Distribution
(high voltage) (medium voltage) $/kWh
74
7 \/
_—) < \\l\/ 4
Renewable < g
Energy Generator /

7 ¥IEH (Physical) PPA
HiFT : EPA (2016)
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4. O—KRL— bk PPA QOHFRHEIMA

IFEAEDPPA 1L, Lk T —m v R IZBWTHRE STV D23, R F D 35 4
ETbBEAINTND (K 8), DI, HWPEE LM RREEFES (IPP:
Independent Power Producer) O CEEEARE STV D, LK TIEL, 2017 IS AR
REFE O T 2.78GW Ol = — R L — bk PPA ’ifE SNV TWVDAN, ZTDIFLEALED
BUWPRRZET IT HMICES LTz, 2018 FEOE—TM7215 TH 2.04GW D 22—
AL — b PPA Dfiift STz, 5% S BT < OFRIDBHERE S D FTREMEN & 5

(IRENA, 2018a; RMI, 2018),

—JFa—u v AT, EEKEEEICIIT S5 a—R L — k PPA BEEOHFT RHED
K% 5D TE D (2017 FI21EHI 800MW D JE\ ] 2 71 L TV 5 (RE-Source, 2018) .
INHOa—KRL— bk PPA ZHIDIFE AL, IT RERT — X ¥ —%ILKICKE
L., HEEOBHIa A N EMA5T-DICEAINTEZLDOTH D,

TNEBLTF o, TIUN TV REOREKTSTIX, /N likg O TR 72 25 8)
EEMTHDICa—R L — F PPAZEATLIRENROND, 7T PNV TIH, 2015
AT/ NGEANAE DS TRESMT 45% R L. RAEENEIBENTSRICT 7824589127
ST, THWEBUF U TR, REOFEEZIIFTXOEY (74 —2) &= 0B
H%, 2017 FITIL 8% ThH - 7273, 2025 FATIX 20% 03RO H LD,

VIR, BFIZ > CEBE SN GEEB N TS LB L THZXZEAT O LERH >
720 2017 FFIZE A S 7= 3H]  (Resolution no. 281-E/2017, Argentine Ministry of Energy
and Mining) (Z XV \BIfE CIIREI I EIERWEFELZRINTED L HITo T,

Note: The map shows countries where corporate sourcing takes place through PPAs I countries have seen
as of end of 2017. corporate PPA deals

Disclaimer: The boundaries and names shown on this map do not imply any official
endorsement or acceptance by IRENA. The term “country” as used in this material
also refers, as appropriate, to territories or areas.

8 a—"RL—FPPARRELONBE
TE ¢ 2017 4E5RI S,
HiFT : IRENA (2018a)
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.
2020 45 A 11



F 4 AJ v a v ri—si— No.l4 e I PNEPNE ST s Sk 27 SR e WIPE R ST
e
V—vay) 77a—FF, HHREEI 0V =7 ML THEH-RETT T T—H
~k@éi@%\i@ﬁﬂV)X&%myVﬁé*k:o&ﬁé

ALY =T AE L TROICEGIT 2551213, 7m/i7k%ﬁﬁbfma®@
(ZHETe LIRS, ARZEH 3T X %fénwémwﬁiéﬁgﬂ%éo%@t .
#D PPA ZHINTIL, BRI BFE T £ TIZ 36¢H%%ﬁofw5w&—k%~%ﬁ@
PPA |Z L B EHEFRIATZAD Lo, IEAME L2 nwary Yy —o 7 A% E
ALTWS, ZOWYMHRITHERL, —DHDOPPAITKI 6 » HTHET LTV,

52 AVY—ITLETILDFYLUD

HWRERENT LY =T AEFS UEBIZHTZ 0 . NEER WD TRy, =
V=V T BIBINT B — N ENEm T OMEE ENERIRT DD Y
Va—Yaid, UTF4RICENIND, FH—IX— M F—O@IR, 5 Il 0K
MEME, BB =TT 2D, BRI~ R A N TH D,

PPA IZ X » CHAFBEE N ZHHET D &0 ) B ZEE] m%éﬁék@m@\%
DF-DEE L BRI N TE L~ b —2BRT L ENMETHD, 4,
D)= T LDT AT T #EZR LT AkzoNobel #Hi%., Fife flHEIE~DFRV Y X ‘/]\
Ay hEETe, FrizoEd 2 A cEx s hEITHENTL LT, ZDaryy—v
T LD FEBL LT,

F70 LWV PPA BBIHEEDEMES X, o0 Y =3 T A — b —RFiIc L -
TH, %@7H9:7%®?4Nﬂyﬁ’kof% wKONTEE L WRERH D, 29
LA TR T 2720121, BEWF = b —¥EARM, T L TRET 4 X1 v
Ak*mLE%L\%HW®$Wﬂﬁ%Aﬁ¢5;&T\://~V7A@@mm%
I 72,

—F T, ary Y=y 7 AISIMT H3— MR AEEICB N T, sl N R
BEAERL, ABRTAIVNERD D, Z0ar V=T ATIEZEDTZDITK 2 DR
IR0 TWD, EIIZIZ, a2 Y —v T Lox— M —{2E1T, /ycwvﬁﬁ/\
FUAREREINL, FOZLETHREIRBEO T A Z2EDDHZ ENA[REIZ /R o712,

V=T AOMWFI e 2 A ME, o= bR L FEENTO
DDLUV TCOFFERME L T0 D, KX3— NP —BFEIL, ZNENOEE & HERZE
DUCTHEDIC, i L— L e FDOTat A5 LT3,

53 Y VY—I T LEHDOPPAREE

AETIE, ZDO_H>Da Y — T L PPA O BRI ER ORERZ & L2, G| o
B, BWFRED U R 7EHOIE, K LOREIZOWTRETT 5,

TN BTFLZDa Y — /7Aﬁa@%ﬁm@,&bf\am$ﬁ%://
— T AOMIT, ZODOMBENEE| EOFEEIZH S TWD Z ENREITFLND, —
HEITOT I N T 4 RXB YR ThY ﬁ%i¥@®7myi7kmﬁféfmyi
JRT 7 AT U AZHRLTND, b9 DA T U FENTHY ., SDE+EFEIIL

. 2020 45 H



TR RFPE BHE PR A ATRE = R L X — R 7 Jie T4 AB v ar~i—s3— No.l4
e
HFIT C/uy=y MIEWKT S, HKEBEIZZTe Y2/ NTRESINCE DA, 0T
WHEITET D7D 0H =4 FES (BRP: Balancing Responsible Party) Toh 25 (1% 9),
Zoayy—v7 LGAPPA TiE, 15 FRIOEBENMARKNZHESZ LT, Z20
B ET a7 NOBRBNAEEIZR T, ZOISHFEMOPPAICL->T, Ty
=7 Nt L CEMTORET ANy /0, T eyl b7 74 F 0 Axfflhd
52 LIZEBNT D, Krammer & Bouwdokken O - SDESFEE T 0¥ =7 b SBEI
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APX(Amsterdam Power Exchange; ¥ifE EPEX SPOT Netherlands)(Z 351 5 18 J1{i#%
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Balance

' Responsible
Party (BRP)
Electricity
scheduled Electricity to
into buyers’ BRP
portfolios

Buyers pay BRP

Wind Project

O O Corporate
[ V] V] Blyer
Consortium
[ V]

Buyers acquire
Guarantee of Origin
certificates

Government
pays “SDE+”
operating
grant to
project

Buyers pay the project
the PPA price

Government
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2020 -5 H 13



F 4 2Ky v v t—si— No.l4 SRR KRR R EIRE R A FTAE T ROV ¥ — R
e
A ZOoNWTREET 5,

EFEE IS DN EE SN FIREEE FlEl-> 7235 ai\awiﬁﬁz// T A
. BET 4 R_Ra v XL ITLERI ST, flitkxslx LiF 5, . HIE
S LIRBEA B2 D L, BnFhEar v — /7Ai%ﬁ74mm/ﬂb%ﬁm%§
b, TOVAT AT, FEETa e/ bOWEERET D LRI, BOPRER

VM ICIE T 5 2 ENBRETHZEHHE LTS

FLIOREIT T oy ML, AT X BUFIZ L D FIT fb BHSNWD, 7%
BUF D THHgE rl BB — /L X —EFERI | (Stimulering Duurzame Energieproductie) 32
B AT L (SDE+) I2X-» T, MIBE 0y =7 ME 15 ERICHTZ > TBENM 7
WAZE/GDHZ ENTED,

BOWFEREICE ST, SDEHIRBEZ u V=7 FORFEMEZED DL Z LD, B4
THEEZWRT DT-ODORE TV =7 FO PPA D DS ~DURIFE 2 S L, PPA 1ff
%%Tfé_k_o@@éo%ﬂ_\EwiA%®HA£ﬁ%%i\$mwow$®
i e —F LT 5, BWFe¥a L Y —o 7 AT, SDE+YR— ML AFEERE
CreMERl-T eyl et T X THRL TV,

BWRR¥Ea L Y —2 T AT, J—7L LTPPARBEIT-TZ, LLANG,
HAZEITHE 7D/I&%k@% I EREA TS, BREIF BET eV b
MO DBEEELFIZT =T L, ﬁ%ﬁ&@*#%iot<ﬂbfhéo;®%ﬁm
Lib\ﬁwiﬁ%ﬂ// VT LAORZRBEANEREIND L EBIT, BET 40
XD FRE BB HI 0T~y B =T AIFEL, BET a2 Do
Ra=m—varEHECTLEOIC, Bz —mxfbkL 5,

ZoayYy—7 LA PPA TiL, BWPARZEITERENR PPA O F CTHENFEE T 1
vl b OEIMEEZIT B, \_Z}Ii VAV MY SN et = EE“Z@T“CM
AIENTWDLHETH D, PPA flikiZiE, HWFEEIZRITONDIETOE D
GOs (Guarantee of Origins) b & 41TV 5

FZ X DOEITETI \Mﬁ%xitﬁﬁ LoT, BIMEOATr Y 2 —1d
B ADRITNIEe b0, Z OfAf%ki% BRP (Balancing Responsible Party) & %1541
TWb, BRP X, BB E S mY =7 oD hzE, FEWVWFREDOENFR— K7
U A L, & 512 APX (EPEX-SPOTNL)DOEIE NGOG & ENT o 2% b
2

54 aA2Y—3L T LPPARZMIZE TR IR EE
T, BEWFELEa LV —2 T AT, E@iﬁ’bf)x&ﬂﬁbfwé®ﬁ%5
7y, PPA ZRNTIX, k&Y R 7 | FEEIEOAREITY 27 FIHFATEE - BATRE N U A
7. HIEY A7 IRHE - HOME Y 27 R EBNRESI NS,
FPE Y 27 IZDONWT, BET 4 X1 v\ E o TOffifs U 2 7 1%, PPA filitk 3
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HiFT : Bolinger et al. (2019) based on Wood Mackenzie/SEIA (2019a)

1
16 2020 45 H



FBIFRFBE BEFFFHIERE 748 AT RE = R L 28 — G Gl T4 AT v a v~—s3— No.l4

I
Scale PV) & L CiEimaED T2V,

6. 7AUNIZEITEHKEAEREBDNOI—KL— FPPA

6.1 #AHYA bKBREFTH A FKEHR
TAVHBTIEINET, 2—7 1 U7 4 BB TOREEHETSIL, JND RPS K1
B0, =T 4 VT A PBHEREWHAT LI ETHEINTE 7, i T
X, EECHEERED, BHEMNIZZ—T 1 U T 4 BULO KRB EN S OE S 2 A
T5ZEICEHLER > TV 5D, FrICEZEPNL, Rl rlmetElcBE 4 2 BIE 2 E#E T 5
ERIRFIS, BB 2 EA T b0 & LT, 2, =RV — itk E 8%t
TH~NyTELT, KEBNICEDENEZHEALTND

O LIEHEAERT DI, RETE T, BRESHMANICKGERE Y AT
LEFRBEL T, oA FOFTEO—HMANTZ L TWD, KEILZR/NEE - s -
REE .. T2 I DA YA VAT ATHREL TS, 29 LIzl
%, Z< OHERERMENPRKE S, KEEHEIZE LT DR EAN— 20N
A= ZEHLTND I ENEN,

LWL S, T XRTORENT A NEEELHEHTE 20T TRy, 20729
DR EAR=ZAR T MZFHA L T 2RWEEHZ N, S HIZEO%E, A b

EITEELMOBITFEO L LNMIET I ENTE RN, 2F 0, EEFA T
A FNOHZRINODOMEF T a U EBBERETHI LT, FEOL OS2 I-I 72
DR A= LST AN

FoHA FTORBICET LI LI2flEZEZ L5, 70 A b OfE

1200
Contracted Solar MW Green Tariff or Bilateral
(cumulative) B Other/Unknown PPA
= 1000 .
Physical PPA

5 842 985 W Physica
= 36% 43% M Financial PPA
< 800
=
=
8 600 IA
5]
v
0
£ 400 191 296
© 8% 13%
€
S 200

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 (July)
11 FAVAIZETZAITHA4 bI—5—DRNELEDHE
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