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CEM is a public utility company with the
sole concession to transmit, distribute and
sell high, medium and Ilow-voltage
electricity in Macau. CEM also owns power
generation facilities and holds the
concession for the provision of public
maintenance service for the common
services tunnels in Macau.




1.2 RS - FEEEA T (Historical Loading)
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1.3 RIS - 2021 FHE o] SEIEISIE (2021 Reliability Index)

ERBESEEEMFI9RFB RS
ASAI - Average Service Availability Index
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1115 iR m =l B R

min SAIDI - System Average Interruption Duration Index

X AT I9FERRIGE
LS SAIFI - System Average Interruption Frequency Index

#t: SAIDI Kz SAIFI Gl 5/ T MR ER BB 4 [ 5 s
Remarks: SAIDI and SAIFI included the faults happened in HV/MV/LV network.
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2.1 BPYE N FRRRHEIIRIR (2010 - 2021 %)

Current Status of Carbon Emissions in Macau Power System (2010 — 2021)

BP9 N S ik BER A F (CO, Emission Factor, kg CO,-e/kWh)

2.500

2.000
=
5 u EHAE (CCA)
g 1000 = REAG A (CC)
L

- . . II . . II . . II . II II e
0.000 Z1ENE (IPP)
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
™ &=miksA (CCA) 0.632 0.640 0.649 0.650 0.651 0.643 0.637 0.649 0.657 0.662 0.640 0.665

W RSAZM4E (cc1) 0.555 0.555 0.555 0.555 0.548 0.548 0.548 0.534 0.614 0.573 0.608 0.506
EI4HEEEE (csG) 0.595 0.575 0.527 0.515 0.441 0.411 0.481 0.479 0.509 0.487 0.485 0.469

BE(EYE (1PP) 2.447 2318 2.287 2.155 2.161 2.193 2.158 2.085 2.460 2.311 1.871 1.829

at: FAEIRERIRDEIIA 7~ - 2010- 2015808 B (TP EISNEER = AAGHHIA 70152 ) ; 2016-202 148548 oy /5 AR LU AAT R -

Remarks: CSG CO, Emission Factor - 2010-2015 data are from "Research on Greenhouse Gas Emission Factors of China Purchased Electricity”; 2016-2021 data are informally provided by CSG.




2.1 BPIS N R AUHEBIRIR (2010 - 2021 %)

Current Status of Carbon Emissions in Macau Power System (2010 — 2021)

JBAPYE hixHERL42 2 (Total Carbon Emissions in Macau Power System, 1000 ton)

3500 2019 Peak
’ v
3,000
_ 2,500 m A4 (cca)
o
g 000 = KRG (cC1)
S 1,500
" FEAAIEE (CSG)
1,000
500 E1EXE (IPP)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
W B4R (cca) 201 277 239 144 135 457 499 383 137 106 103 26

WRSARMEAE (cc1) 339 165 4 0 125 23 3 358 163 260 129 126
“EMAEE (csG) 1,658 1,819 2,032 2,090 1,808 1,666 2,070 1,894 2,497 2,421 2,354 2,434

BEAENE (1PP) 23

0 248 258 276 309 348 349 346 352 404 284 310
9




2.2 BPIRNFGHRHETRA (2022 - 20605F)

Forecast of Carbon Emissions in Macau Power System (2022 — 2060)

fREZ IR Assumptions
O ZRihEgE ] CEM Generation
> EHELAE - 2022-2027FHARSEER 2R - 2028F »  CCA: For emergency backup during 2022-2027 and
S decommissioned in 2028;
S R%ARR ; ’
’ > . New natural gas unit CC2 will be commissioned in
> 2028$¥ﬁ9§\"“ R H(CCZHRL R 2028 and CC1 will be used for backup and will be retired in
RIS (CCl)H TR AR 2033F R ; ’ReR20374F 2033. Assumed that carbon neutral technology will be applied
YRS | AP AT flT - ZOSOEEEEEE'El_ﬁéEE ; starting from 2037 and achieve zero emissions in 2050.
O BEHES O CSG Importation
> PBEWREERDAEEN  mPAESRIENEF > With China Gov Policies, the CSG emission factor will gradually
EORERIE - (BRER2050FE BB ; decrease. Assumed that CSG achieve zero emissions in 2050.
a
d

»  New IPP will be put in service in 2025. Assumed that carbon
neutral technology will be applied starting from 2050 and

> 2025 FITEIEIREE - (RER2050FE R A5 AP A

12115 - 2060F EIRZAXBER ; 1 achieve zero emissions in 2060.
0 AHHKR Q PV
> Rz 2060&%5@%1&%% AREZASICE (L EF > Assumed that total PV capacity will reach 45MW in Macau
MEIE ) (linear increase by year)




2.2 BPIRNFGHRHETRA (2022 - 20605F)

Forecast of Carbon Emissions in Macau Power System (2022 — 2060)

BP9 N4 S ik HER A F (€O, Emission Factor, kg CO,-e/kWh)

2.000 m B R4 (cca)
1.800 mRKAsM%AE (cca)
1.600 B X As%A (cc2)
1.400 FAAJEB EE (CSG)

% 1.200 3E1E%E (1PP)

E 1.000

O

S 0.800

0.600

0.200
0.000 |||||||IIIIIIIIII

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060
W g4 (ccA) 065 0.65 0.65 065 065065 0 0 O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 0 O

B XoRE A (cc1) 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 .56 00 O O O O O O O O O O O0O 0O O O O0O O O o0 O O o0 O o o0 O o0 o

B XRmMAE (cc2) O 0 0 0 0 0 /035 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.29 0.29 0.29 0.23 0.23 0.23 0.18 0.18 0.12 0.12 0.06 0.06 0.06 O 0 0 0 0 0 0 0 0 0 0

FI48REEE (CSG) | 0.45 0.43 0.42 0.40 0.38 0.37 0.35 0.34 0.32 0.30 0.29 0.27 0.25 0.24 0.22 0.21 0.19 0.17 0.16 0.14 0.12 0.11 0.09 0.08 0.06 0.04 0.03 0.01 O 0 0 0 0 0 0 0 0 0 0

REAEXE (1PP) 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.82 1.64 1.46 1.28 1.09 0.91 0.73 0.54 0.36 0.18 O




2.2 BB HFRERHETER (2022 - 20605F)

Forecast of Carbon Emissions in Macau Power System (2022 - 2060)
JRPREE Nk PEL 42 £ (Total Carbon Emissions in Macau Power System, 1000 ton)

2019 Peak
3200 v 2030
3,000 | v
' ' m M 48 (cca)

2300 » KRG (CC1)
c
2 2,000 m RAGHA (cC2)
o
o z-u =
1500 » EAAEE (CSG)

EALNE (IPP)

1,000

>0 | | 2060

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

B St (ccA) 1383 137 106 103 26 33 33 33 33 33 3 0 0O O O O O O O O O O O O O 0O O O O O 0O O O O O 0 o0 O O O 0 0 o0 O
% o0 O O O O O O O O 0 O O O O O O O O O 0O O O O O 0 o0 o0 o©

BXoREMAR (cc1) 358 163 260 129 126 327 327 327 327 327 327 90 90 90 90
TE4BEEE (csG) 1,89 2,49 2,42 2,35 2,43 2,09 2,10 2,12 2,08 2,06 2,05 1,54 1,51 1,47 1,42 1,36 1,35 1,29 1,22 1,16 1,09 1,02 952 877 801 721 640 556 469 381 289 195 99 O O O O O O O O O O O

AL 1E (1PP)

346 352 404 284 310 295 295 295 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 589 530 472 413 354 295 236 177 118 59 O
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R IE—(E
Ith3ZEE (56%), HIREISIRAZE (18%) BBk (15%) , BEFEHIMIRESIMEEHIIEIN
Fk. B, RBER/BWRFR [£ik] BFENEEEEEENMAE, REFEREMIITEMRME,

b, IRBRSEAXEMENIR. £2017F, RAKAMIEEREEE+S

Macau is a tourist city without many high-consumption industries. In 2017, the largest source of carbon emissions

was CSG Importation + CEM Generation (56%), cross-border transportation (18%) and the transportation industry

(15%), which together accounted for about 90% of total emissions. Therefore, CEM plays a critical role in achieving
the “Carbon Neutrality” goal in Macau, bringing new challenges and opportunities to CEM.

3 BERBERPIRII KREBIRIENREFR2020F 8 (CRFYREREHENISEEDRBESRISIAIT) (Remarks: Data are from MUST 2020 paper.)



3.1 BE(RIRTE RIRE (CEM Low Carbon Development Path)

JRETE 2018 FHMA / TAREEPT - (EhixiEP EI’JEI]EF'L*LEE;'L WAL 2021 FAIE £ TIRE B SR EEER
51 - HiB2022F £2060F 20 = EFEER - WRENE EFERZEIRETIE FHERVRBHTEIRTE -

* In 2018, CEM started the study on “Green Macau, Low Carbon Macau”, and defined the “CEM Low-Carbon
Development Path Report” in 2021. It divided the period from 2022 to 2060 into three stages, and corresponding
emission reduction action plans have been formulated for each area throughout Macau Power System.

2022-2030 2031-2050 2051-2060
PSER I fixEEA FEERIT & (o) fi o AN FEEXIT 3R i o A0
Stage 1 Carbon Peak Stage 2 Moving to Carbon Neutrality Stage 3 Achieving Carbon Neutrality

3,500 ,
< 3,000
he
o 2,500
o
S 2,000

1,500

1,000 ZHEM

500 Zero Emissions

2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060 <«




3.2 RTRMITRIRE (FERREK - FRANTE)

Source Carbon Reduction - CSG

A i 55 5 £41 365 e = 48 il $9F WAL AL

- HREFPIMEEEMNIERA - MRKINEFZ2BEE - HAIBRRNIIEES
FARVER RN EF R EER - RIBEIXEZE2012F 8 MNBUE - BHE
AR EFR B BT B 5275% ;

© B EMAIFFLENAMAV2020F i HEE 4 0.485 kg/kWh - JRE BT EH
—ERGFEREE  DINEEEN I E 2 ;

- TRHMEEIXEZEEX PABERAEN - 4R E kBN E i &I ;

Continuously Monitor and Track CSG Emission Factor

* Due to the large proportion of purchased electricity, the CSG emission factor is
very important. Currently, there are still many kind of emission factor calculation
results. According to formal releasing, emission factor 0.527 kg/kWh in 2012.

e 2020 emission factor informally provided by CSG is 0.485 kg/kWh. CEM has been
in close communication with CSG to collect more complete emission factor data.
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* Itis expected that with the China Government Policies, the CSG emission factor
will gradually decrease.
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3.3 RBRRITRIEE (FERRK - FHhiEE

Source Carbon Reduction — CEM Generation

REAXAR S ERYA M ST 5RHA
AU BBIRAZTRAR - E,EE‘E:”*EE& HEARBH  FRESKREEER ;

TR IAREEEEAH (cc2)
MBI R AR e B (cc2) IOTKHERL A F oI PE 2 0.353 kg/kWh - BRIBAXAR WA (cC1) AV
BEREF 0.551 kg/kWh ;

3I)\7ﬁ$l.\\ﬂ§§fﬁ?§zrﬁ / fix il EE B E F 11l (ccus)
BIFEI R ARIEAETNG -  BEBIRESZNENEE @ (§5
B AlixigEH TT‘B‘Zm (CCUS) ;

E—DRITRPENRL - ol

Adopt Natural Gas-Based Local Generation Strategy
The local power generation all adopts natural gas and the heavy fuel oil generators used for emergency backup.

Construction of New Natural Gas Generator (CC2)
The emission factor of new natural gas generator (CC2) can be reduced to 0.353 kg/kWh, which is better than
the emission factor 0.551 kg/kWh of existing natural gas generator (CC1).

Apply Renewable Fuel Technology / Carbon Capture and Storage Technology (CCUS)

The natural gas unit would be renovated, aiming to achieve zero-carbon power generation with all hydrogen
fuel. If the emission reduction effect needs to be further improved, carbon capture and storage technology
(CCUS) can be considered.




3.4 MIBEHEIRISE (BERRR - WRAGEE)

Source Carbon Reduction — Renewable Energy

BRED IR ESE

« BRER 2015 FET ¢ CRAIBEXGEXARITESTRE) - GEZBICREKET]
%45 £ 81 JKE, - RRMBRKZEFETHRRMER (BRIBREAZLER) ;

- BRSO FERREEZE " LHEEERE ) HEMERREOMIVCAN O BEERER - 18
HRBBARE TZEARERDPESCRAREASBE - E—TRANZSZBERLLH

- BERIIMRNBAEERKBEBENZERELAREIRE

Distributed PV System

 In 2015, CEM conducted "Macau Photovoltaic Feasibility Analysis Report" and estimated that
the potential PV installed capacity is about 45 - 81 MW (The current total capacity is less than 1
MW).

* Inrecent years, the Macau Government and CEM have promoted the development of
distributed photovoltaic renewable energy in communities through the "Feed-In Tariff Scheme".
It is expected that more than ten large and medium-sized PV systems will be connected to the
grid in short term, further increasing the proportion of clean energy in Macau.

* CEM is currently studying to make use of space in the power plant and surrounding sea areas to
develop PV systems.




3.4 RERRIRRIEE (RERRDE - WREHEN)

Source Carbon Reduction — Renewable Energy

SREBLESE

- #imE FREISGHREIT - FREE ﬂLLZZOkV/tFE
BE AP AR - ERAETI USRI XS A E
8 - B X o DU E R eERE TR ;

. EBEEEREENA  SHARENMELATRR | M

H.

EE - EIREMEESERANESE NERER ; inkd
W
) . f)'} 22@kV
Developing Offshore Wind Power @ @able

* Inthe planning of adjacent offshore wind farms, there is
potential to connect to Macau through 220kV submarine
cable in future, which will not only establish the new
interconnection, but also deliver clean energy to Macau.

*  Promote new cooperation in clean energy between
Guangdong and Macau to participate in investing in
offshore wind power construction projects in the Mainland.
It can realize the clean energy importation from China
Southern Power Grid.




3.5 RBRRIEREE (WMECESR)

Transmission & Distribution Network

eF RS - FEREAETT - REEREREENTEE
AR METHE TLBINREEZER - UKETEBIR7ENEEER - BEEFERERNARERASE
HEANTEE

WIS ENEEE
2020 FIF AR T ERER E-Eﬁ%;t » 22022 F£10H - BELZENEEEREE T - TE5T 2025 FEH 5T
BEFEEBUNGEEEESRNEZEFER ;

AN EREEFEEANER B"ﬁﬁﬂ%ﬂ AR
e EAEEEEREKE - TE=MEERNERER - SIHEEREETNEFIRE - RESTEH
REFMEBIEERGE ;

Reduce the Use of Fuel Oil Through Improving Planning, Construction and Operation of Power Grid
Orderly carry out the planning and construction of power grid, as well as the load transfer between the primary
substations, to reduce the use of fuel oil generators due to network constraints in summer.

Promote the Full Coverage of Smart Meter
CEM has started to install smart meters since 2020. 120k smart meters have been installed by Oct, 2022. It is
expected that the smart meters will fully cover in all customers and PTs in 2025;

Reduce Distribution Loss by Improving Energy Consumption Monitoring and Management
Improve the energy data management and online monitoring. For the abnormal distribution loss, it can analyze the
root cause and optimize the power network structure.




3.6 RB(RMITRIGE (FURHHEE)

Other Emissions Reduction Measures

HFCER
EEEREFIRE - EFZUSHFACE=PRE -

IR A 2 Eix X SIS EE
VRS H5ETES - M2 HE
HEEREE ML EENAEEFE
ERPRhHHEREEENRZESHER - NREEERRHARBRENERERE f#BC
WASEE - UREBEESTHRESMEEELLE - IR e8RS ;

35 T ik EE
AASIEH VMBS IXEN 1T

D1 &R ENRYBEIRE FE AN FEAN

RE5MIZHNER ;

Digital Customer Service — To reduce energy consumption and carbon emissions from social activities
through e-billing, e-payment, etc.

Carbon Trading Market — To understand and prepare the future participation in carbon trading market.

Promote Electric Energy Substitution & Social Energy Saving — To promote electric energy substitution,
and encourage energy saving through smart meters and relevant applications, competitions, etc.

Afforestation — To evaluate the possibility of achieving carbon sink through cooperation in afforestation.

Qm @
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EV Promotion to Accelerate Low Carbon
Development in Macau

4 HBNEEILLTT, (EERFIRRIERE

K| Cma

cem



4.1 INB R EPLEFNIERERZDE (Existing EV Charging Facilities)

- RESEMKBEEHENGEBLITER - RE—EEMTESEERERLE - BiRN2022F KIS

MAHFEMZE2,000H - BXAZBZRFAL/HFESR - G5 APBIBIXITERZEFHIT - SFH
SHERERENFHEEEN ARFEIGRENS0ETEN - =BHEEEHERERE -

To cope with the green mobility policy by the MSAR, by end of 2022 CEM'’s target is to increase the public chargers
for light EVs to 2,000 with introduction of GB standard, basically covering all the public car parks and will try to

install around 500 e-Motorcycle charging points.
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4.1 IRG 7t B4 FIEESZhE (Existing EV Charging Facilities)

https://ev.cem-macau.com/

. @ - £

0 QO CEMEVWebsite x B
& C )] (3] https://ev.cem-macau.com/zh b @ g (v < 3 = .?,
[ Google [ SuggestedSites [3 https—-www.arcweb.. [ CEMConnect @B (BEZZZEESE. Q Macaublectric AML. b SFFIRK RN Themes Gallery - Pa... [ Other favorites (H )

s ( ) Gee) .
EXRILHMERE

5‘\QW
m |V EXEINENFTRE EBERE NORS BSEER B8
(Charge At Home Or Pubilic)

EMERE
(Where To Charge)

YN{a] £ 28
(How To Charge)
BHE:
(Useful Info)

EHE - FHWAIERICHE
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(Environment)




4.2 SSENEEISE (Number of EV)
EEEE (Tota) Total: +914 %3

Per month: +114 QI Y=
4000 T e 2 3559 CEADSE 5360 113373 24%
e (Light Automobile)
3500 Total: +1207

AU \"_
£HS 457 6,930 6.6%

(Heavy Automoblle)

LG
== 105 20,396 0.5%
(Light Motorcycle)

U &5 B9
BAHBEE 33 106,944  0.6%

(Heavy Motorcycle)

THiKeRE

(Industrial Vehicle)

o

3000 Per month: +100
Total: +713 e 2545

%00 T

Permonth:+59 -~
2000 e

——————— 1438
1500
1000 725 I
50 ||

0 2021 2022

1 2 3 456 7 8 9101121 2 3 45 6 7 8 91011121 2 3 4 5 6 7 8
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i - B EEORSE - FETEIE - PTG S & S5 (dsec.gov.mo)



https://www.dsec.gov.mo/zh-MO/Statistic?id=807

4.3 ’&;E?E%{ﬁﬁﬁ %% (Energy Consumption in Public Charging Stations)

YTD Yearly
{lan-Sep) {lan-Dec)
954 942 A11 1,860 1,858 2 4 088 —

2017 693 770 1534 1 1,35 409 2,591 3,567 2017 12,436 2017 22 682
2018 4436 28135 37,767 42320 47266 44615 45677 43970 38992 45512 44167 47,684 2018 333,178  2579% 2018 470,511 1975%
2019 56,830 67,262 129388 157,680 191217 201,202 217,047 229992 225612 247,953 230,562 239,233 2019 1476331  343% 2019 2194079  366%
m 230,382 86,027 148529 140,038 178,309 199,796 220,632 212,032 232,790 247,065 240,057 262,423 1,64854  12% 2,398,080 99
2021 268,046 239,672 300,751 304,071 2346047 319,658 360,249 298624 337664 281,412 316271 336,289 277568  68% 2021 3,709,653  55%
m 327,176 319,368 354,127 350,941 374213 324,659 210,043 164,015 195947 2,620,490 6%
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= 300,000
=
=
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E —3018
200,000
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! —7020
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> > —2021
100,000 : -—3022
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Wired Network (Mainly)

m&muﬂ .
Eﬂ 4G SIM Card

= loT Platform

CEM

44 FTIRRSERRGR

(New EV Management System)

CPOP (CMS)

c BB ERABERA
B REXERNER -

* The system will base on
public cloud technology, and
serve to the Greater Bay
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5 BEEF BRIERE

Planning for EV Charging Facility

=R SERERERITE - BINEHEER
SERETIREZRETENAERE  BEENURIEER LI
MEERE  PHAEREXE/BHNEHETEHLE

E}JEE“ET’E TEIAE AR TS
SR NFLEHNEEESE RMEMN T ;

Vbt E e
S EAR % B EEEIEA =

Improve EV Charging Facilities to Accelerate EV promotion

Reasonably plan and invest in the construction of more mature EV charging
network, with standard charging in private car parks and supplemented by
charging in public car parks.

Implementation of Battery Replacement Service for E-Motorcycles
To evaluate the feasibility of e-Motorcycles through cooperation.

Implementing tariff adjustment to EV charging
To guide orderly charging and reduce peak valley difference of power grid.




RN BRERE!

Plannlng for EV Charging Facility

1 32 X B 7t &8 B i
122019 F BRI R BIRMREE - FZREFEHAI00%ECHETEE
RNt - WEARITR - BEFH

IRA =56 NN 2= 55 BB RR b
BENAREGERBEITERN  RREBZLRIRERERNM - 75E
BEAAXBANHEEERMAMOFEREKRTE

Charging Facilities in New Buildings

According to the "CEM Norm" (NCEM) revised in 2019, all of the car
parks in new buildings should have basic EV charging infrastructures
including cable trays, switchboards, etc.

Installation of Charging Facilities in Existing Buildings

At present, private housings are not equipped with charging facilities. In
future, standard charging facilities will be installed to facilitate the EV
charging during parking periods near residences and offices.
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a Following Macau Government’s policies to reach carbon peak by 2030 or before, CEM is ready to contribute to the long-term carbon reduction
through our expertise and experience in the power industry.

Q According to MUST research, the largest source of 2017 carbon emissions was CSG Importation + CEM Generation (56%), cross-border
transportation (18%) and the transportation industry (15%), which together accounted for about 90% of total emissions.

Q CEM has defined the “CEM Low-Carbon Development Path Report” in 2021, which divided the period from 2022 to 2060 into three stages, and
corresponding emission reduction action plans have been formulated for each area throughout Macau Power System.

Q CEM also encourages the public to work together for the contribution in carbon reduction.
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