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Carbon footprint and environmental impact assessment of an 800 kVA
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Abstract: The environmental impact of greenhouse gases has garnered widespread global attention, and the low-carbon
transformation of power equipment is of great significance for achieving the carbon peaking and carbon neutrality goals.
Based on the life cycle assessment (LCA) method, we focused on the raw material acquisition, product manufacturing, and
waste disposal stages of an 800 kVA epoxy cast dry-type transformer, and evaluated its carbon footprint and environmental
impact from a material perspective. The Monte Carlo simulation method based on the triangular distribution and Sobol
sequence was adopted to conduct uncertainty analysis on the carbon footprint results, so as to assess the uncertainty of
carbon emissions from key resources. Based on two environmental impact assessment methods CML-IA baseline 2001 and
ReCiPe 2016, the environmental impact degree of transformer at each stage was comprehensively evaluated. The results
show that the total carbon footprint of the transformer is 8 996.25 kgCO,e, with the raw material acquisition stage
contributing the most to the product carbon footprint, reaching 7 186.51 kgCO,e. Copper, silicon steel sheets, and epoxy
resin are the main carbon sources, accounting for 42.87%, 31.17%, and 23.93%, respectively. Both sensitivity analysis
methods are consistent with the actual situation, but the 95% confidence interval obtained by the Sobol sequence method is
significantly wider than the [8 691.92, 9 311.68] kgCO,e of the triangular distribution, demonstrating a more sufficient
ability to express uncertainty. The first-order sensitivity indices of the two key resources, epoxy resin and power
consumption, calculated by the two methods are 0.460 and 0.499, respectively, indicating that they have the most obvious

impact on the carbon footprint of the transformer. The environmental impact assessment results of CML-IA baseline 2001
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and ReCipe 2016 show that the raw material acquisition stage dominates all environmental damage categories, with the most

significant impact on marine ecotoxicity. The core causes are the heavy metal emissions during the mining and processing of

copper and silicon steel sheets, as well as the organic pollutants released during the synthesis of epoxy resin.
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Fig.1 Carbon footprint accounting boundaries and process flows
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Table 1 Key data list of raw material acquisition stage Table 2 Key data list of product during production stage
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Table 4 Major activity units and its carbon emission factors
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Table 5 Carbon footprint distribution of

epoxy cast dry-type transformers

R EREEMERBEETESH
Table 7 Carbon footprint distribution of

product production stage
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Table 6 Carbon footprint distribution of raw material

acquisition stage
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Table 8 Sensitivity of carbon emissions from major materials
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Fig.2 Sensitivity analysis results
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Fig.3 Standardized results of different evaluation methods
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SR RE YR 7K 5205 A L b B YR 10 T K, I AF B A
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ARG o BLAL, @ AP RHE K P85 T J P R R TR
B8 1 T, AT REXS MV A 3 RS S I S T
A O R T B AU R RS FEY
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ReCipe 2016 1 kA RFAEAL 5 Fr 4 40 25 2R 73 3]
W 10 5 K 3(b) s, 45 R [FIAE 2R B J5UR RE SR Y
B 2 AN AT R 2R 55 4 35 e v R T R 5 HL o Bl
AR RKAESTEE GBS KR
B AN R AR BUR B B . RS
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K& W T E A RHE KR BN B R AR hof e AR
B e T BT 1) 1% B B AR MR W I . WROK
AR 25 B IR ) R AR A R AN L FRSER JTE  AE

10 ReCipe 2016 1 B4 FLER
Table 10 ReCipe 2016 midpoint characterization results

o JE AR 7 &Y
IR g Ab T
A PRAERR /kgCO,e 7.36x10°  3.64x10° -1.81x10°
B2 #E/kgCFClleq 0.0076  0.0008  -0.005 8
FH B 48 5 /kBqCo-60eq 281 57.2 -198
BT & N 24tk B /kgNOxeq 40.3 10.1 -24.7
YRR I J/kgPM2.5eq 80.9 5.62 -61.1
Jet AR, A& RS
412 10.1 -25.3
/kgNOxeq
i h B2 1k /kg S O,eq 227 12.6 -173
RIK & E F:l/kgPeq 59.8 0.719 -47.3
TV E E FR 1 /kgNeq 3.29 0.0445 -2.62
[l 4t A 25795 1 /kg1,4-DCB 1.47x10°  3.26x10° -1.17x10°
WK A A /kg1,4-DCB 1.09x10* 115 -8.43x10°
WP AT /kgl ,4-DCB 1.57x10* 147 -1.22x10*
N 28805 5 1 /kg1,4-DCB 4.29%10° 112 -2.97x10°

ANEAEHUEE kgl ,4-DCB - 3.93x10°  1.15x10°  -3.12x10°
~+ ] FH /m?a crop eq 320 443 -242
T35 B IR Mk /kgCueq 947 1.96 -723
A B AE R /kgCueq 1.87x10° 708 -283
K FE/m? 134 8.99 22
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PR A KE DI ROKERHEARK RS, I
HIA W R & B A BTG Bed 2 ™ H 5% K A
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VEPiFE. IR 11T LA e, SR AR IR AU B [F 1
3 MM ST A T iR ORI B X S R A
AR AR IR A 5. DAL Br 3R 8, 7 2
PEAE <& @ ATRE A 25 5 (Rl , I HLAd v B A
TEIAH I IA E I » DA 8008055 X6 PR 358 (R 51
11 ReCipe 2016 £ RFMLER
Table 11 ReCipe 2016 endpoint impact results

5155 2 51 JEAF BRI PR L /L G2
eSS 0.162 0.007 58 -0.121
R RGN 0.000 145 1.53x10° -9.97x10°
PR AFE 707 70.9 -152

BT SUH 2 B L 7 5 SR TR e, HAT R
5 DT RSB T A S B R A TR A R R AR
A ER € o L S SO IR [l WA F i HE T 5 65 5 P
PR 7 R IR BT RE WA B D i) 3 i £ (A R
AR -

3 £

KRLEET LCA 2, RET MBI E R T3
AR T U e A Bk 2 28 5 A B 5 e PR A A
A TR R A A A o A B B DA R AR
T /2 725, I H) FH S5 RIS AT VR TP Al 1 AR 38 ik
JE I 1A B G P B A 3 T CML-IA baseline 5
ReCipe 2016 A PFAN 77 v2% , XA [F) A= i i SR I B 1)
IR FE AT T SR8 1Pl R BB .

(AL He 45 4 A= i A S Bk 2 78 8 996.25
kgCO,e; JF A4 K} 3R B B 2 % 0 ot lik IR, 15 2
7 186.51 kgCO, e, 4 EEN Fr I 2 G 9 S Bk U 5
£ AR PR B HE RO HYE FE R R A, A
3 609.72 kgCO,e; [ 57 Ak R BE R 4 R A B i
£-1799.98 kgCO,e 1) T B HE L -

(2)Sobol J7 #1125 = ff1 7 Aii Bt 15 45 R ¥ W5 &
5B, {H Sobol ¥ /7 FIl Ay 2 PR IS T 784y, H 9 i
RSB L R 0 FE B — B O R 0 il A
0.4600.499 , 72 fifk /& 178 ¢ B 52 A &, 5 i R
FEa et —5.

(3) CML-IA baseline 5 ReCiPe 2016 % iiF 25 5t
KW, AR R ELEY B R TR S, H

VST TR A R AR 7 I ) B R AR S < SR HET
AR IR S I B KA LTS R T
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