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The research on the embodied carbon emission reduction path of the power

industry in typical negative power supply areas

WANG Yufei, DAI Yuqgi, YANG Qinkun, XU Linyu”
School of Environment, Beijing Normal University, Beijing 100875, China

Abstract: The power system serves as the cornerstone of China 's energy system. Currently, as China strives to achieve
carbon peaking and carbon neutrality goals, the power system is undergoing a transition towards low-carbon practices.
However, for negative power supply areas, the embodied carbon emissions generated by high proportion of purchased
electricity have not received enough attention. Only through direct carbon emission reduction cannot meet the needs of a
successful low-carbon transformation. It is necessary to take embodied carbon emissions into account to balance the dual
objectives of ensuring secure electricity consumption and reducing carbon emissions. This approach plays a crucial role in
advancing the high-quality development of China’s economy and society. This study integrated the three elements of
economy-energy-society, and comprehensively regulated the three sides of ¢ source-grid-load’ based on the balance of power
supply and demand. The LEAP model of power industry was constructed to analyze the changes in power supply and demand
structure and carbon emissions trends, and Beijing-Tianjin-Hebei region was taken as an example to explore the embodied
carbon emission reduction path of power industry in typical negative power supply area. The results indicated that the
embodied carbon emissions were one of the sources of carbon emissions from power industry that cannot be ignored in
negative power supply areas. The expansion of the power gap in negative power supply areas would lead to an increase in

embodied carbon emissions. However, while the introduction of purchased electricity with a high proportion of coal-fired
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power could relieve the power gap, it was not conducive to local embodied carbon emission reduction efforts. Further
exploration revealed that giving full play to the resource potential of non-fossil energy power generation and controlling the
growth rate of electricity consumption mainly in the secondary industry can effectively make up for the power gap, there by
improving the effect of electricity embodied carbon emission reduction. Therefore, in the future, the two-way management of
power supply and load sides of the power industry needed to be strengthened in the negative power supply area, and the
support of local new energy power supply such as wind power and photovoltaic power also needed to be enhanced. At the
same time, the green energy-saving management on the load side needed to be accelerated, especially in the industrial field.
Finally, the inter-provincial green power trade needed to be expanded, with a significant portion of new energy purchased

power requiring importation.

Key Words: embodied carbon emission reduction; LEAP model; negative power supply area; scenario analysis;
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Table 1 The basic situation of power and resource endowments in some provinces in 2019
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Table 2 The settings of scenarios and descriptions
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Table 3 Settings of power supply structure in the BTH region
KA T 525 et K (Gl
Type of power generation Scenario category 2025 2035 2025 2035 2025 2035
PR FEER 5 946 946 517 658 960 1120
Gas-fired power generation S v HE T 946 946 552 693 1120 1378
e R UG S 946 946 382 382 800 800
PRI R TN = — — 1245 1124 4589 4248
Coal-fired power generation s R 5 — — 1159 1089 4589 3976
e R — — 1089 490 4316 3704
YR HL FEEN 5 55 100 45 69 315 715
Biomass power generation Jonas psHE R S 60 110 50 76 347 787
e VAR B 66 120 54 83 378 858
KITEH FEETE 99 99 1 1 662 922
Hydropower generation s g HE R 5 99 99 1 1 480 1440
TR BT 5t 99 99 1 1 480 1580
WP AN FRAETE 5 65 230 200 336 4300 7729
Wind power generation Jinag psHE T 92 276 206 403 4608 9275
fR IR HE TG 5t 147 322 213 470 5123 10821
SR & FEETE = 200 725 560 700 5400 13830
Photovoltaic power generation s HE I 5 385 1032 560 780 6070 16596
fe IR 5t 529 1463 560 860 8028 19705

FHT & B B HAR G SN 4 R mUH S X BRI B BOR ORI I
FEAE G R, [ 2018 4EES 3 DX PTG S ATLZE 3 R R e SRR I AR, PR, AR ME T B
BT L Y A K F s s HE ST (B R AL 4k R A I K s R SR R
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Table 4 Typical values of common technology and power supply efficiency of thermal power generation

KT FRFEARER B %
Type of power generation Mainstream technical forms Transmission efficiency
WRIE L Il 7 38—39
Coal-fired power generation Il A 41—42
R I AR 42—45
i SRR R I A 45—50
RIS 45—50
KK F RS S DLAAE 38
Gas-fired power generation G/H/T IR LA 41
F BRI SR 2R 58
G/H/T BRI B IE IR 61

ARSI RIR R T AR R
1500°C , ] S WL 1600°C
2.2.2  HIRMSHE E

ST PR it PRI R R T IR S,

AL N EF.G/H. T %%, Hoh E 2059012 1300°C , F 22 S 901 29 1400°C , G/H GBS 001 2

S 3T FLAF LR AT AL A T RE AN e T (7 S e e R v P

W3, B BE AL IO A AT, PSR 55 T SR 2 4.00% , TE ISR D8 HETS 5T 2R B = 3.50% , 5

HIRHETE 5 TR 3.00%
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Table 5 Settings of transmission and distribution line loss rate in the BTH region

155255 Scenario category 2019 2035
FLIETS 5t Baseline scenario 5.93 4.00
T S HETS 5% Strengthen emission reduction scenarios 5.93 3.50
25 BB HEY 5 High-speed emission reduction scenario 5.93 3.00
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Table 6 Settings of the key influencing factors of social economy in electricity consumption link

. ISR IR A 5 R R
2R Hb X %(ﬁg s . Strengthen emission High-speed emission
Parameter Aera Baseline scenario reduction scenario reduction scenario
2025 2035 2025 2035 2025 2035
AR = i /{2 0T dent 46077 77372 46077 77372 46077 71683
Gross domestic product PNE 18847 35706 18847 35706 18847 28425
L 48453 88858 48453 88858 48453 70740
WAEND/ TN dent 2300 2300 2300 2300 2200 2200
Permanent population KA 1500 2000 1500 2000 1470 1624
WL 7618 7910 7618 7910 7618 7653
WK/ % dext 87.91 89.51 88 90 88.09 90.49
Urbanization level K 85.74 88.14 86 89 86.26 89.86
L 64.01 68.01 65 70 65.99 71.99
PS5/ % B2 — (0.05,14,86.18) — (0.04,12.15,87.81) — (0.04,11.15,88.81)
Industrial structure K — (0.67,23.11,76.22) — (0.66,20.89,78.45) — (0.75,20.12,79.13)
foE[4 — (7.66,34.16,58.18) — (7.32,30.33,62.35) — (6.95,24.14,68.91)
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PETHE 1 G AT BERER BT R B ST R UK 7k B B R AT (2019 AFRR) 3 MR T B g BT RR A T
Khanna %5 A2 560 b [ 2K 77 S BEASVRIE IO THB . e A 77 Ml T ERL B804 D T, R 5 — 77 M Y b A ke ¢
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Table 7 Settings of improving device energy saving efficiency
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) : . Household . . Secondary Tertiary
Scenario category Refrigerator Heating R Cooling Water heating . .
appliance industry industry
IR
SRR 20 0 10 12 1 3 5
Baseline scenario
WA
asiion , . 25 2 20 18 2 6 10
Strengthen emission reduction scenarios
A
P B 30 4 30 27 33 9 15

High-speed emission reduction scenario
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311 HIEGSH S H IR
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Fig.2 Power supply and demand structure in the BTH region every five years
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Fig.4 Changes of power carbon emission under different scenarios in the BTH region
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Fig.5 The change of power embodied carbon emission flow in each scenario
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