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Investment and Policy Needed to Reach Net Zero ~ KIM & CHANG
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Build Back Better
Act 29| (21.9)

o

Build Back Better Act
St E24(21.11)

i3l 7HZQH(IRA) S2t
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IRAO] i3t A| 3 HES

® S&P Global

“Landmark legislation supercharges U.S. clean energy effort” ('22.10.19)
- 2IA0HOP| 0| AfRl ST} AT} 5 133 Bho| el 22lo] 7% ChS £5t
oz Wy}

® Thierry Breton, European Commissioner for the Internal Market and
Industry

“The European Union must react to the ‘protectionist threats’ coming

from outside, in particular the inflation law introduced by the US

presidential administration, the so-called ‘Inflation Reduction Act’ (IRA).

o 2R O= =
“Naive”, “deceptive” and “likely (to) provoke a global trade war not seen
since the end of the World War I1I”
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“the most significant legislation in
history to tackle the climate crisis”
(Joe Biden, '22.8)
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California YN 2 2 =0 KIM & CHANG

20454 Et2FE S8 FYS ?lo 202 HX2ESY =X ¥ EE F

Needs policy support and

further validation
Ramping up sales of for feas|b|||ty l A2 OF %ﬁ\-%%’
400 electric vehicles and T “ (&4, CCS, M2|8h
building appliances ﬁ ‘_1303/51_51;"3[
CA’s total
ﬁ 7|2t 2 100% population-
300 (LDV, MDV) ’ weighted share of
waste biomass is

93% (HDV)

utilized for diesel
and jet fuel, as well

MMT CO2e

ﬁ A2 0|L{2|22 Sl as NG
200 A (15 CH|) Electricity is 100%
YY) ectrcity 1s o
SB 350 ‘.E?r\t//} zero-carbon

Electricity is ~75% generation

-, C \/\
'».\' 7(1';: renewable

1 00 i generation

Carbon Dioxide Removal strategies .
deployed to reach net zero emissions '~
by 2045 '~

2020 2025 2030 2035 2040 2045

£: California Air Resources Board
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15
10

5

0

2015 2016 2017 2018 2019 2020 2021

= m0 .031 L
=E= wil= w7y 2301 IEA, 2022

¢ ESCOE O[LR| 28 71, =2 B2, 2/d0|12] 42| S Ar82te| ofz] U HIE HZAS 25 kst 7| =8 € S8 MHIA HIZ 7ts

.29,
+ 53], MY 3t BE2 S3 ollLiX LS MHBHD 27| £} HISS FLAYIE HBS Sof olLiz| HE S LY A JloiE 4 U
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E2 oHX 28 M U HH2 oLX| ChaH| 2570= F 11HMZ Q7L (Y2, EHole, 5=
CHH| M E7h. W7t 25 I7t 491 117130 Hug F2, ZE 20(flM ¥z 0|l ez HY

National efforts (B 16.1) Buildings (B@:18.3) Industry (B 16.5) Transportation (B 13.8)

RIZA w2 EEY WUIUC w020} WANQl wUE -Efoj2 wEI w0 wE=

4 2710| HopH Wy} Ha} (Wo} S8 25 okY 7|F)

25

20

10

22 ACEEE 2022

<+ =L 2020'3 M ACHI(kWh/E2], 20153 42 GDP 7|F)2 0.3590 (vs. 25 0.1176, £ 0.1676, = 0.1077). 2|+ 3042k 7j448("90-'20
)2 37% &5 (vs. B3 39%, 0|3 33%, S 28%, ZF2 13%, L2 5% 7H4)

*+ National Efforts (OlILi2| 2 Ehe| 3L, 0|142] 28 Z|Z, 02| 2Z SE, A4 5=, ESCO Al 72 S)0IM SE3| 42 A= Wit
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EERS M= M7 5% KIM & CHANG
oZhok %0 SE BHAO|H, B SE T4 I3 B2ly B4 M 0t £ > 232 (C71E8Y,
EHERYAHE), dat AMEIE(2HAZF, ASM 72l 5), 23 F2HPublic Benefit Fund) § &8

H o2 5 Sk HAA|A 2R St (S H 1% 0|4} Sample)

EERS
2 H('20-'25)

1 Arizona - [ ] [ ] - 1.1% 56%
2 Arkansas - [ ] [ ] - 1.2% 50%
3 California [ ] - [ ] [ ] 1.3% 73%
4 Colorado [ ] - [ ] - 1.7% 56%
5 Connecticut [ ] - [ ] [ ] 1.1% 93%
6 Hawaii [ ] - [ ] ( ] 1.4% 100%
7 lllinois - - - - 2.0% 99%
8 Maine [ ] - - [ J 1.0% 100%
9 Maryland [ ] - - - 1.6% 97%
10 Massachusetts [ ) - [ J [ ] 2.7% 85%
11 Michigan - - [ J [ ] 1.0% 100%
12 Minnesota [ ] - [ ] = 1.4% 97%
13 Nevada - [ ] - - 1.1% 88%
14 New Hampshire - [ ] [ ] [ ] 1.3% 100%
15 New Jersey [ ] [ ] - [ ] 1.6% 100%
16 New Mexico [ ] - - [ ] 1.0% 69%
17 New York [ ] - [ [ J 2.0% 100%
18 Rhode Island [ ] - [ ] [ J 2.0% 99%
19 Virginia - - - - 1.2% 87%

Z3|: ACEEE, DSIRE 2t 15}0] 2|2} 21724

* 0|I'-‘I7~I SEALL 221 59 U 22X (throughput) AMIEIE ZZ SE S8t & IS 915l EERS =%t F0IM 23 Y A= 2 3 (O
SEYAA, olii2] ZZof| S 420l F-2AF AA|, of FAIAZLS| FEH S| o U 7|Z0| UH HA-MESE Aoz He)

Y
T2 W Ci4e] FOIM HTQUIMEIESL 2TRIE S 712 24 WAS HU HS 3

X3

’.
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C|34=2 (Decoupling) ZHA| S (LRAM) A BIQIMIE|Z (Perf. Incentives) 23 F2H(PBF HEH)
= O|RGARPF DYH|IBOILE = EY Vjzte o] S - oU E2 Y SEE Y - IS AMER FR U &
ZLAVE B S U= RE2(E7H2Y MEsio O ALt 20t g5 2R 3 ft“’-‘d’gm U HIEA A
FOIIA Ol oL 2] EHOHZnt o E5t= o &4 2™l o2 HYsh= g 20| aHlﬂ'—f A Yo 2] ot |2
wy A TOf Afojof 23 28 F (HHZY sloME |2l - EUOIME 912 M (White S A= SOl Zdsh= Y
- 2 ASH22 2Yshs YA E|7toilHz] HHake BrEA| Certificate) 72} &8 Yt AH|ZPL BESIE 2
= Qb (full), B2 (partial), Al AHYotR| ob=Cte 2T OIME[E 8o ATO| =3 YRE Sl 24
8 (limited) CIHEY22 tHS) 2R, WAL Y, CEHS
TEtS I8 $0i8 710| U8
= O|RGARRIS M JtA F o« ES Y ITRIY| 2O} = G QAMEE HY IR0l ST MHYAZAM YA 2
59| ofjufz] Hojnt ofE S E&HES 2l5sts SO oz 2 SEL B 2E Yol 7ts. oz &8 Al
g&Z5H(decoupling)sto] M EHEZ D FAIGHA|2E 7 SESEB OlHA EE 5 o] 27| OFZW S 532
o|2GAtate| T S7+ 7 ZR2lE| HEE SIHAZE & AU Bt EEY M =2 2y 23373 287 (MA
2 2285t A A Ch= HolM O E (22X ¢ of 23t =2 A2 2AE) Z0|M& 0.254IE SBC 214
+ | a0plof Dl e MEIZ A OHS) = ofuix| &85 Aol 0jzlE = OfLix| Z85} Atle] Stchof
- AH|sH2{0|1 2| FA| Hol & = LRAM2 RE2IETI 8T Chst Lol BB > e 7l3el M 8 2 ¢
@QQ%) £0f 7|0i5ts Aoz FotE o At THE EAY o2 I MEIE HER oI5 ?&% 2| 2ot 2l 8 70 L Al
= RU2E|Q FHSAUEO| 2t =48 2y A4gsta, 1o S 702 et ik HLBY HE HZ A &
SH|R AS|A|, DHAPAY 2f 27{sl0] 258 2F5h7| © A g A >78 28 & A2 S0
Ot Expsl2iEs 9011} 20| o2 BaFEF =Y & = EERS 9 R0M= 22 & et OJAF 2HO| AH|IRF 25
(Averch-Johnson Effect), BS(MRY) A2t LEtsh WOl D2 L 72 7|Hto| off 02|z S-S AR Z12is]
Q3 2% HH20| M2 AH|R} U= A0 Aldcte Yt OIMIE|E HHAl A2 (0f: 34 OF 5t4, ofl|2| 123 S A
22N 0|14 B O] =1 AT D= 28 S A| 222k L57H0f 01 S 2a
7.5% QIME|E A1) Siote Yoo AE &
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x| s g SEO| FIH THS 950l UZH AL U ALAXIF HOfBHE Y 2W EY 5 >
K| AL RHE 7] SR 2T glo] EREY MY £H U 23 (HBY 28 BF a1t A

On-Bill Repayment/On-Bill Financing (OBR/OBF) 2 2%

BIZIAE 25i0] 2o, AY 22 712, B2 S0 S ALY 2B 5 AIYEAIH|S AU E0j2 ol 2302 4t ;uz_
107} OlAtel SEI2IEl, FHLic, P2 S 229 0|4 ExjEl Ao 23

= = A—

3 = 2 1
L2 A 2= Y2l0] of ‘IZ[§ DOl YUz AR e 2 22t 13007t (TS Y CHMICH 7kL), 23007t (=7t
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3
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ol
ET
el
>
(o)
w
r\)
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U\)
O
~
w
2
|1H 1
gﬂ
0?-
rior
Mo o
k=)
=
o
o

@ O L1/21H ofe @ AtgH| thi=
2H2 Al « oLz =AW OllLAR| A2}
A Abst

®AS/ES

ol

T

B3} |0l T3 B 43, BRLE RYAE} HS0[2Hs HoIK g 32 Haf ur

<+ ZE3 AYS S8 HZWo| 2|45t AEat Z7{LH(“bill neutral”) 710} 51T, & TI| YE0| 7h5E £ U=E HA=|0f UAHEAA} {2, 230 &
> Ar82te| iR HE 201 U Z|H2 Qe th JhSY O R, 3 8RY YAl et Cist ARIRER 22 Oks
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1. R ES8AF2 “the cheapest, safest, and cleanest source of energy” 2 O|{2| &8 £2} 151~208] 7} L

* 2050 Net ZeroOf| L5t £} ('26- '30'd ¢2k 2F 1,20022) S =L GDP HIZ(Y 1.8%)2 B A& Al

2. OURESEY SE 4T St HMZE Aehd A0, 2 4ut £ U AS(MAV) A2 M &

* EU2H 0|22 EED 7hd 2 IRA 52 S3101 oW E S84 SE 43 5. SH £ 22 o2l HISENHQI 23 U 22 4ot 27 ¥ Te
3. Zh2 AlZe| 2o] L ESCO AlZe| S 2Ist M= 7 L 7153 7|4 Opd &%

* PRI THOJchA) U ATHRE AL WA, SR ABEYHE(HE BE/012 2, MG BE S), B 7Z0| st MRV H2 75 S

soao=2 = =0

4. EERSS| SZUS 2(H #Eo}7| flsiME SEH LY Y¥o| 7414 2o, 2T 42t 24 U AS(M&V) SHE 0| S 7183
TH| # ofL|2t 2| SSAL0f| ChEt B2l HIE 2 U S

“As the best energy is the energy not used, energy efficiency is the game changer” (Ursala von der Leyen)
“Energy efficiency as a key pillar in the global energy transition” (G7 Ministers)

“Energy efficiency and weatherization measures not only help to lower energy bills for low-income households, but are also
proven to improve indoor air quality, safety, and comfort, thereby positively impacting human health. When hiring locally, these
projects help to shore up neighborhood housing stock and create local jobs where they are often needed.” (US DOE)
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L|S|E[P

- UFEAMH S =H™A| $£2 2= Z 2102 (Load Profile) 1t X A40f|L{X| 0|2 & ¥t
o THRMAIA(KPX) AlZH-HE A UM XtZot Y'H MH| XtZE AFRSH KMo X| LM AMH| O|E Al
o TIRMAAAUATY MBAH|Z|SQt WEH KL THIf XIS AL JHY, MUBRE 2ZE ZROHY A4
o = ATo|AME Dj2fel x| HX| O] E, £2 2E Z=ntY Hit= nastx| Y
4—————— Model horizon —
2019 2020 2021 2022 2050
I I L// ;l } } I Annual
=} o o o O O O oo
T T T =T e ol ol o o
<96A|Z B2 x>
<3T=8-7Hd, & load profile>
-5-
L|S[E[P gggz;&gi:;{%’:;,mm.y
M
3. AL 27
J|IEHEE 2018922 MM, 2019~2050E2 1 T2 2T

COVID-19 ¥ bix|stn 71 2472 Z4E FH2L A=ES 2%
Of|H| E}Ed =ALOIA AL8StH= ALZIH EQIE 4.5% ALE
2HM7IA QIR HIE2 HR HA0M LU= 247IA FRE S (F-gas L2{GHX| & 3)
T2 e
JIEHE 20184
7|zt 2019~2050E(1d TF2]) / 967l time slices (24A|Ztx4AH A
golg 4.5%
2N BR CO2, N20, CHs(OllHX| 22 247tA HIEZ 2IF)
HE: 7P S &Y 22E o, dy, O, &Y, 7(Et
IEENPSEIES +=5: BB X5 27Y s U FHHE|(vkm)
M MY 2UY, 22, 58, 5|H & AX7|, 7|EL RE, =&
1XF Ol X|: MEH M|, AR, HeATEA
oHX| & BF 2L O X MBHEFEER ) =2, E, 7|
iSOl A K| /HI R 0l A X|: =3, EfFE, 23, HiO|OjA/ H 7| &
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REF2} EERS A|LIZ| 22| X}0| & 7|Ht©S 2 EERS £1} &AM

® REF A|lLt2|2: 2030 =7} 247IA A5 R, 2050 EHAFE SHEI M8E= 7149l oj2j
® EERS A|Lt2|2:2031'H EERS BZ S E(1%)E /st 20503 7X| 1% BZ S87} X =l= 7Hael ojz|

Au2le g

2 2RE oHsy| Qs =28 H|of I X| AH|E X QS 2050E 7HK| 100% N 2SHE 7+

= X|F O|HX| &H|: GDP & QIR YO|A O &&= XS0 HX| AH|Z + XtSE O HX| 28 7HM(AEEl) BHE
. ’.‘j%—_rugz oXt MEHF7| 24 29| 2034E7HX| HH|A =], 2030 =7t 2AItA Zhx B8 2 Mg g
REF v MEtStE ST A o2
v o x| Ztedat HEd tHSS fIoi == HiE 2| ESS =Ty
v 203043 O|= FEtA JtAHE T = ¢
EERS EZ BEE 20319 1%E Z4st1 0|F 2050W7HX| 1%E | X[t Ho Hoa= e

= Aoz Iy

= oIl EERSE MHARE 7|7] X| O] CHREES AX[St oL, A= £
20H8, &) ZIF0HZ| 2H|0M= 2031 1% BHE 718

= CSEQt M= FaSHA 2 ot MB=HE 7|UH2= 52 ALY

EERS S1t7F ek Zhge
v 1% EERS o| 2= 2=, 7|2E€2 Z2 HI2E FH5l= A=
7+

v 2020 SHE ALAAEO| ALY CSE 2t &
= 7|t HHE TE2IHM ALATHS THE
v 7t HEHo|H X[ Q| EERS SH = X2

Laboratory for
L‘\ E|P Sua(dmdhlL Fuu\mny
and Pol

4, DR ANf A Zof K| AH| W M AH|

REF AlLt2| 22| M3 AH| HF2 2030F 28%, 20504 49%

28 2M2 sl M 7+

48 Mtoe (560 TWh) — 2050'F 95 Mtoe (1,104 TWh))

XA g8 HME Sl x|S0l X|4AH| ZHA (2018'H 233 Mtoe — 2050'F 194 Mtoe)

2 A

® REF ALI2|R EtAFE 5
- (M3 AH|Z¥ 2018

o XT3ZIZ oIt M

2050 88TWh ™3 AH| HZ (1,104 TWh vs 1,016 TWh)

® 2022~2030d EERS S 1% D|PC 2 0|H HE0o| &St EERS X 217t ¥

® 2031~2040d EERS A|&0| Erlg|o] & gatz & HAE 57t

® 2041~2050E QI B ALY 71

im
i

B

>
)I

1,200

1,000

Mtoe

600

TWh

400

200
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O UTLINE

Two Successful US Policy Strategies

o Targets-with-Incentives strategies to increase
business and consumer choices, stimulating
rapid expansion of green energy markets

o Green Infrastructure strategies to focus
capital markets on investment in green
energy infrastructure

MESSAGE: BOTH STRATEGIES ARE NEEDED! !
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NORTH AMERICA GREEN BOND MARKET
Renewable Energy, Energy Efficiency &

Green Transportation Financing
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Source: Climate Bonds Initiative (CBI) (2023). (https://www.climatebonds.net/market/data/#use-of-proceeds-charts)
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SUSTAINABLE ENERGY UTILITY (SEU)
BOND/BANK FINANCING

Self-Financing as a Basis for Capitalization

Capital
« Bond/Bank financing strategy Investment
. Permanent
for permanent energy savings savings
* Savings are guaranteed to 1
match or exceed all capital and
Value of
program costs energy
reduction >
* Expands upon market-tested debt service
project finance contracts
Energy use Energy use
 Attracts low-cost capital at scale ~ and costs and costs
- before after
project project

John Byrne and Job Taminiau (2015) “A Review of Sustainable Energy Utility and Energy Service Utility Concepts and Applications: Realizing
Ecological and Social Sustainability with a Community Utility.” Wiley Interdisciplinary Reviews: Energy and Environment, doi: 10.1002/wene.171.
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John Byrne and Job Taminiau (2015) “A Review of Sustainable Energy Utility and Energy Service Utility Concepts and Applications: Realizing
Ecological and Social Sustainability with a Community Utility.” Wiley Interdisciplinary Reviews: Energy and Environment, doi: 10.1002/wene.171.
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Sustainable Energy MUSH Sector Bonds (“SEBs”)

The SEB provides MUSH participants with significant financial, administrative and operation benefits

@)

Bond Proceeds Tax-Exempt

Bondholder _ Bond Issuer v.

Debt Service (DE SEU) ~.

Construction

Funding @ A .
Agreement ~.

GESA ;
MUSH
ESCO ) (Municipalities, Schools,

Universities and Hospitals

Guaranteed Energy Savings Agreement @

@ @& @ Are based on Investment-Grade Energy Audit (IGEA) ‘

1. The Bond Issuer (in Delaware, this was the SEU) enters into a Construction Funding Agreement with the Energy Service
Company (“ESCQO”) agreeing to provide capital for EE investments. (Citi served as bond underwriter.)

2. The ESCO enters into a Guaranteed Energy Savings Agreement (“GESA”) agreement with a MUSH client. The ESCO
guarantees targeted annual $$$ savings that are greater than annual debt service payments. Any annual shortfall is paid
to the MUSH client by the ESCO (or if both parties agree, the ESCO can install, at its own cost, additional energy
efficiency measures that meet the guaranteed savings standard

3. Tax-exempt bonds are secured by the assigned payments under the Installment Purchase Agreement
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INFRASTRUCTURE-SCALE GREEN FINANCING
DELIVERS SIGNIFICANT, LONG-LASTING

GUARANTEED SAVINGS
DELAWARE SEU (2011) RSLPP (2017) HACC (2023)
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All-in Costs ~ Savings Net All-in Costs  Savings Net All-in Costs  Savings Net
Benefits Benefits Benefits
Notes: DE SEU is an abbreviation for Delaware Sustainable Energy Utility. Its 2011 financing represented the first green bond based entirely on payments from guaranteed energy savings. The official statement

for this bond financing is available on request.
RSLPP is an abbreviation for the Regional Streetlighting Procurement Program organized by the Treasury Department of Pennsylvania and FREE under its PennSEF initiative (Pennsylvania Sustainable

1t was financed by a local bank and included 35 municipalities in the Philadelphia metropolitan area. For details, see

Energy Finance https://freefutures.or, ennsef

newsroom.hacc.edu/article_display.cfm?article id=3153

htt
HACC is an abbreviation for the 5-campus. Harrlsburg Area Community College. Bond financing was used through PennSEF. See http:

Delaware SEU (2011) RSLPP (2017) HACC (2023)
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Notes: DE SEU is an abbreviation for Delaware Sustainable Energy Utility. Its 2011 financing represented the first green bond based entirely on payments from guaranteed energy savings. The official statement

for this bond financingis available on request.
RSLPP is an abbreviation for the Regional Streetlighting Procurement Program organized by the Treasury Department of Pennsylvaniaand FREE under its PennSEF initiative (Pennsylvania Sustainable

Energy Finance https://freefutures.org/pennsef/. It was financed by a local bank and mcluded 35 municipalities in the Philadelphia metropolitan area. For details, see

ioneers-clean-ene s
HACC is an abbreviation for the 5-campus Harrisburg Area Community College. Bondﬁnanclngwas used through PennSEF. See htp;

newsroom.hacc.edu/article_display.cfm?article id=3153
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Infrastructure-scale Energy Efficiency Exceeds
US Investor-Owned Utility Savings Rate™
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—Delaware SEU —Efficiency Vermont

—Energy Trust of Oregon—Reporting Utilities

* 10U savings programs are incentive-based.
Source: John Byrne and Job Taminiau, J. (2016) “A review of sustainable energy utility and energy service utility concepts and applications: realizing
ecological and social sustainability with a community utility”. WIREs Energy Environ, 5: 136-154. https://doi.org/10.1002/wene.171
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Source: John Byrne and Job Taminiau, J. (2016) “A review of sustainable energy utility and energy service utility concepts and applications: realizing
ecological and social sustainability with a community utility”. WIREs Energy Environ, 5: 136-154. https://doi.org/10.1002/wene.171
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GLOBAL GREEN BOND MARKET
(2014-2020)
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Source: Climate Bonds Initiative (CBI) (2023). (https://www.climatebonds.net/market/data/#use-of-proceeds-charts)
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THE SEU GREEN FINANCE MODEL PRODUCES
TRIPLE BOTTOM LINE RESULTS:

* |t saves energy and water on infrastructure
scales using much better technology that is
guaranteed to lower costs for at least 15 years

* |t increases jobs and creates new businesses
to serve the new economy

* |t proves infrastructure-scale decarbonization
and economic development are compatible
policy goals
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