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ABSTRACT

This study evaluates the eco-efficiency of domestic district energy businesses, considering both environmental and eco-
nomic performance, and confirms the increased sustainability resulting from reduced environmental impact through the
application of improvement potential using the DEA-LCA model. In preparation for the energy transition towards carbon
neutrality and the mandatory ESG disclosure for corporations, this study verifies the applicability of the DEA-LCA model
as a tool for energy companies to assess the sustainability of their combined heat and power generation subsidiaries, and
to provide specific figures for improvement items, target values, and expected environmental improvement effects for en-
hancing sustainability.
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FAo = ARl e SHOE H7P) o|FolA H. 7]
Aoll thet 2A7IA A5 A4 73t} 719 FA] 273} Al
£ tiHlste] HolUAIARIY] A& 73t = Slsiale
A AV SRR 1Ett A&7 B2 E N
A HRRES vHE B vt it olFaede BAIE THRE
EFESIE Lol = /g R ApgireliX(data enve-
lopment analysis)?] £9 847 IFESIE sl A=
847 FAIA 7IE dgoto] oliaedE 371 5= Slok
£ Aol e ARESEA(DEA)T A E7HLCAYE ]
Boto] HA7EA GHFEHAE HRSH ) FaolluAA
Aof| thet ol Faed Bt 7S EohL AS7RsA
= et WA APstelth e Grgh Aol et
WS 285h7] A92] LCA 2T H|isto] S5
O] Hslof wet A|&7Rs/d 9 olZaErdo] ofEA EEA|
A AmEQITE 7]E9] DEAE E83%t o7 asA B/t
NARAFRES B3 &% 9] WIx]ul=(operational bench-
marks)E AASH=H ZHEHH, &2 AolA= ZhAaAE A
SA] =& 7153t 7% 9lix]ufT(environmental bench-
marks)E LCAE &3l F71= AAIsHltt= HollAl f-8stth

2. Ml AL TA}

2.1, ¢7 29| JH4
2.1.1. DEA 1&g

DEA= of8] 72 FY(input)? 4H=(output) 245 &
Alo] a18jste] ZF AT (DMU: decision making unit)
}ARLE et BRA0R BESH LAS A oR
y7toke otk DEAE 5943 2704 9=+ o8
DMU %, 7F} 8&2%1 TIE5s HIAuE gl ‘asid =
Zelopz M5k 2t DMUSo] o] ‘584 LEeop} o
st 7P 2gelel B84 A0S 1 Alole] e 3
Stk ojuf @aA A7t 101 aEAolH, 1Kt 22 A%
H]ERA0l A0E ST DEAL £9S Hish S
e FrisRiehe = /W) e 28 4 ol 2 9
TLollA AL35t £9] A|3F(input-oriented) FF-L SUFF At
S5 FAoA B8t A S rfd Y 5 Sl
A5 BRI e Aae thaat 2ol FojHh

AEENTH
Ef ficiency = — — <1
/ R T

Qld], DEAX= ZF DMU7} A}419] 88445 sk = =
5 29| 7ISAE ol ol2fdt HA 9 TSRS
g2 AFAEHo ks 48k WS B3l olFoiAH, 2zt
DMU9JA 71 213t %< 7Hde W9 aeds 37t
s Ho}. webA] DEAE ARl 38191 715A1E Hod
ZQ glo] Hlolg AAS] B4 RHYste 84S Ao
2 37K & Qe Aol Atk

DEA 7JgA}9] o]&2 we} TE= CCR(charnes cooper and
thodes) W2 qFHo] thgh 9] EWS 7HYsto] dxRR
ol AP o= YeRHTH 1. 9] £ 7Fg't CCR 2F 2
88732 7HH 1 S=)ote] 8737 1 E-84J(SE: scale
efficiency) 0 2 WrojA|w, 7} i 4=Ql5t0] G842 &
4 71&884(PTE: pure technical efficiency)o|2}al s}o 4
o] HlaeAdS HiAIRt 88408 AoH. ThH, BCC
(banker charnes and cooper) X¥-2 fHof W& 49 7/[HE
7Pgsial glow, of7]ol= 1 429 SRt . 429 4
7h &9t} A8HH. &, FYLS=E IRt 27] Aol I
AEE AUEA Efols AASE =glof uket ThEolXl g
ofti{2].

2.2. DEA-LCA 2&Z 0|Zct MY ¢
Martin-Gamba et al.[3]- 2010~2015 =<9 AH|Qlof
2|8k 2071 LNG B33 iddA0] 93 a&
7] $15ll DEAS} LCAE 3 A-85t9ct Hlole 43, LCA

=

718 ikl ol FE A
CO,, SOx, NOE U3}o] SFYHGWP, ADP, AP, EP,
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e A7) BAES 2-851elth
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o] 34 &4 7P BT AAao AFH R Aol
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647l =2 E43t Vasquez-Ibarra et al.[5]2] G715 59
7|& DEA-LCA 759 EAE F7i2 AuHEgi:

DEA-LCA 23& o83t A3 Atollx= s 4
|0l WE 23 7 axet oiasdd SV A-AR A
o] AUSE HolFHA olFaEAdol FFE vIA= 9
A0 S5t

£ Aqtolids o HIES Bt E ABhlolgks HdolyA|
Aol E5gt Aol HigEo] 7 o] A-gEjole &
73 W Bxprh 9k W8SHA] fhethe ATE EESIGiH:
TEEE IS RAVIA AEolgks A 7 HeedA|
AFJ9] o HFo gt LCA 24 A3, QF Hdx 1 F
ol et ARl Il e & e RISkt

HME oot 9l el
3. TTOILXMRI OlZE8Y Wt BY 75

3.1. DEA-LCA By +=
3.1.1. ¢ &M

1 7o) H83 DEA-LCA W3] A7 24 34, A
Qs QYTLALS w43 ) AeoldAAIAE T
O = DEAE 0|83t dlF 884 B7F H5E =351, o
ae4 B7F A7t 190 2S84 ARIARER] Btk xR
e 710z 22to] ulauel ARIACE7} B4 19]3h
7b 2eA IS Il TESior @ 7R operational
benchmarks)& 19ttt E4), o|Z &840l vjagZoz j
JHEL 1) ARl 4] i LoeolelE Hieslol
LCAE $35al, 94 DEACIA =&d 7RIS ¥k
3t LCA Z3Henvironmental benchmarks)2} H|ws}to] 242
Q1 I HIlE AmErh &, AL AR &
GARFR(LCIs) S 7]9to 2 St W7l AT (current impacts)2}
DEAE &3f =& /MASARE 283 7Hd2] A&(target
LCIs)ol ti3t B7} ZAil(target impacts)S H|wolo] 7RAAZAY
o 284 Aol olBA Halaln] BATIchT e
4 Utk DEA-LCA H39| ¢+t <Al Fig. 13 Zth

3.1.2. biFZgEd &/t By Y

H7F g2 ING Sdas et =4 207 e
oizAIGAeIe}. o5 LNG, AU, HE 55 &
8slo] Gt A715 Akt T3 AA WA 97 9
oie i At Aq F4 84 BEE A5 V19
A 2R WSS TP SHA o HERiG:. ol 11

§ W vy 75 AT

Output Variable value) : E Sales Volume

gy k 3
Input Variable (Environmental load) : Air pollutants, Water pollutants, GHG Emissions
Selected step2 DEA ‘ Efficiency Score
stepl Items L
Data collection (Eco-efficiency
Evaluation) ‘ Operational
Benchmarks*

E(Environmental load) : Air pollutants*, Water pollutants*, GHG Emissions*
P(Economic value) :|Energy(Heat, Electricity) Sales Volume

LCls Target LCls
In : water, LNG, Chemicals, electricity, waste heat In : water”, LNG, Chemicals, electricity, waste heat
Out : product(heat, electricity), Air pollutants, out , electricity), Air pollutants*,
Waste water pollutants, waste Waste water pollutants*, waste
step4 » Environmental
LCIA Benchmarks
Target
Impacts
Interpretation
N J
Fig. 1. Study procedure of a model using DEA and
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3.2.1. DEA X8 2§

2 7 FA A2 gAshA agRste Haste)
L g welo] AT F B A BRS AE
et 207 eolIA1AAe] Tl CCR 23, BCC 3]
BEA B7F ASE TE5ohL HBE0] WA Hklo] 1#H9
A FAIIA, FY] FAIRMA 7RIt o F8-8/g0]
= B7FE ARIARES] E4T olE0] Be4 TRE W
FAote AZ IRIRE Fof| olFaEeAdo] WA H7HE ARdAt
=9 WIEAGE AT

DEAE= A@AIEH O] dF o= FAIE FHdske d=qt o]
SffobdH AA| ARES: AFALHS 2451 o 7idE ==
IS 83l 78 5= A1), & Aol DEA 2271
2O F Frontier Analyst 4.55 -83}0] o|Za-84S F7I5H
Ak
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33.1. 54 & el H
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332 ==E=4 H HygILEst

LNG grgehiidae] £9l 9l AE=2 Fig. 33} gom,
Y - A HolEe EHARRE A skt A
7IA(ING)E 7IABAERE S5l S5 AloA 29
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A2 oFE2 HAH et HiAEE Al ARET, Hies
A WS eal AR A ARt HIE2 T
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AEzRE AL golgg ARSIt
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Table 1. LCA impact categories of heat and electricity
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Impact category Indicator Unit
Acidification AP mol H+eq/MWh, MJ
Climate change GHG kg CO,eq/MWh, MJ
Ecotoxicity-freshwater ET CTUe/MWh, MJ
Particulate matter PM disease inc./MWh, MJ
Human toxicity-cancer =~ HTP CTUWMWh, MJ
oxidan fomation POF K& NMVOCegWh,
Resource depletion RD MJ/MWh, MJ

38}, Atet 4 715l AA B AnE I8 2
Lol A+= Environmental Footprint 3.19|4 AAlSl= 167}
2| FFFHF F TAof| Q= LNG 49 EXx} o]
122 77} ol ool W/istelon, Qaraael B4 9 v
9= Table 13} 2k

3.3.3. HOIH &F

on

LCA A9 2F A=EQ g3} 719 disirl= AdA
AlQJollA] dukd o= F8ul= T WhHS 28019, 1 Y
82 Table 2 4 Table 33} £t} YR &g 7|2] 4% =
W eiEEARARIA A= I gk 2AVEA

Table 2. Data allocation criteria
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Fig. 2. System boundary of natural gas combined

heat and power plant.
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Fig. 3. Input and outputs of natural gas combined
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heat and power plant.

Allocation ratio(%o)

Catego
gy Electricity Heat
Based on energy efficiency standard
(GHG emission allocation for CHP 71.50 28.50

in Korea ETS)

Table 3. GHG emission allocation for CHP in Korea
ETS

H €H
P = gapx g, Prio =,
En;: GHG emissions from heat production (tGHG)
Er;: total GHG emissions from CHP (tGHGs)
H: final heat output of CHP plant (TJ)
P: final electricity output of CHP plant (TJ)
Ry efficiency ratio of heat and electricity
ey heat production efficiency (default value 0.8)
ep: electricity production efficiency (default value 0.35)
i: emission GHG (CO,, CH4, N;O)
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HiET vt 285130t &€ Hidks 51 fFelA FUE
= Y2 1 d Agilo] dgdstirt. LCA 42 SimaPro
9.55 ARSI, QIHIE )= Ecoinvent v3E ARRSIQIL £
Aol -85 LCI Hlo|g A|Ex= LNG7} “Natural gas, high
pressure {RoW}market for natural gas’°|il, A7 HE2]

2 SH=2ollA Al3=l “heat from municipal waste incine-
raton {KR}"& #83jo] 7 aizol et w2} 0o
2 &=

A 2t

4.

HI

4.1. TR oZesd 7t
411, dEgsd @7t g

A AAAAES] 20228 *JARE  75te=
DEA 23 % £Y 7]& CCR 237} BCC ZFS A3}
oTaE4S Btk FARR olTagA Bt Zet
TR g AEE YRl 23k Table 40 YERAZICE

HAIAAAALY] oz &g wXE o] JIFe
A% A}, A 2070 AR B 97N RS S84 He
Hrh BCC B39 B7F M4t 27 RA Uit ol&9
45%E TTEETH: o5 71E88Y & UR 299 vag
o] H|EL9] FH clojgtar FAH.

CCR 233} BCC BE YZol|A oxag&d B7F d47t
12 Rt DHO4, DH16, DH202 71 AJAEAQl o] 3
719} A RH o2 T §8%07 ST Q= Ao B
AE9). olF 371 xR R ABAPHZ (production fron-
tier)& F/Jolo] thE AIIAFEC] B84 7MdE floh Xxsh
of g FHUAT} Hojet.

Ao AAIGAIS] 85%(177])+= DRS HEi= IRSE i
$20] AJE7E 7PHAQ A0 R YEth o5 X49]
YA FAY, AL A = A 2% SHoA H|a
S0 AHidS & & Ak R 5949 CRS7L 37)(15
%), DRS7} 117](55%), IRS7} 67}(30%) 2 E-4I=9/ch. DRS
Z Yehd DHOL 5 117] AR 12 3et 5 355t
£ SAAFoE2H Kot v BAIA 7Ex9] B8l o
FEEHS T = = A0=E Yehgrh BH, IRSE
ERd DHO5 5 67] AFdA= Al 12 & 5 F 9 7]
A SUE Boto] dFaes o] 7Fseh AR B4

S A
4.1.2. fZesd DHE OF 4

Ea&A Wb Hevt 19 Z23RA ARIARE(DHO4,

J Bt 5g 75 A7

Table 4. Eco-efficiency evaluation score

Eco-efficiency evaluation score
Returns to

PATSR (CCR=BCCxSE) g

CCR BCC SE scale
DHO1 0.75 1.00 0.75 DRS™
DH02 0.41 1.00 0.41 DRS
DHO3 0.41 1.00 0.41 DRS
DHO04 1.00 1.00 1.00 CRS™
DHO05 0.16 0.17 0.97 IRS™
DHO06 0.63 1.00 0.63 IRS
DHO7 0.73 1.00 0.73 DRS
DHO08 0.21 0.97 0.22 DRS
DH09 0.46 0.59 0.77 DRS
DHI10 0.14 0.29 0.48 DRS
DHI1 0.12 0.15 0.80 DRS
DHI2 0.15 0.31 0.48 DRS
DHI3 0.15 1.00 0.15 IRS
DH14 0.34 0.52 0.65 DRS
DHI5 0.02 0.02 0.96 IRS
DHI16 1.00 1.00 1.00 CRS
DH17 0.44 0.47 0.94 IRS
DHI8 0.68 1.00 0.68 IRS
DH19 0.61 0.66 0.92 DRS
DH20 1.00 1.00 1.00 CRS
B 0.47 0.71 0.70

"Return to scale: indicates the state of the whether ouput
increases by 1%, more than 1%, or less than 1% when input
increases by 1%.

“DRS: decreasing return to scale.

""CRS: constant return to scale.

"™ IRS: increasing return to scale.

DHI16, DH20)> AtA 0% 884 Fa7t B2 A=l
oFaede woliAt & I 2o 4ok s Hix|uR
ool Hok webA oFassd B7F Al EF ARAIA 2
| 357} Be 542 ROtk B AT W o At
o FARE £ 25 7HAIAL QlojA] AR Y AibTALE o
& fAR JHE 8848S FHE s RS Al
SITHOEE 9, 2012).

DH047} 3% 315 1832 71 ol xE wWiAw] of
Aoz EAEQ 1, DH20(153]), DH16(133]) &o=2 X
Slp7h B2 A0E YR TH(Table 5 JX).

Fig. 4= o]5RE&/d0] 18 B7l=o] gkl o g HAJE
378 AR AAPRZ(production frontier) &, o|TGE4

11
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Table 5. Number of referecnes for DMUs with eco-
efficiency of 1

Efficient Number of Referenced DMUs

DMU references
DHO01, DH02, DH03, DH04, DH05, DHO06,
DHO04 18 DHO07, DHO8, DH09, DH10, DH11, DH12,
DHI13, DH14, DH15, DH17, DH18, DH19
DHO1, DH02, DHO03, DHO5, DH0O7, DHOS,
DH20 15 DHO09, DH10, DH12, DH14, DH15, DH17,
DH18, DH19, DH20
DHO1, DH02, DHO03, DH07, DHO08, DH09,
DH16 13 DHI11, DH12, DH14, DH15, DH16, DH17,
DH19
:g;
e ’nof/w . Go\es )

Fig. 4. Formation of eco-efficiency frontier surface
(origin—based).

WAl 710l Be 28 TdE fd)e I 2HE
32k 7o R HoED x, y, 252 242 &gRsKH), &
A, LA E ovAEe R the 2 HERAL 3l
207 AR IR 2 DHO g "2 S 2<% Ho=
HAE0] Urt.

£ 7]F CCR g9 Y2jo] w2t vlaazi]l ARdAE
o] FA HAI°lA A aE/dE o)) fsiiE AlE Hel
IR FAISHEA A BFem = S 34
SHL Sl ol aS/d THEo] ol =2 7] £ |
sl gRstE Assid dok

4.1.3. I M=

DEAL 59 18 W) B84 g 2Hsto] o5 g 2
= Jgor Ageln ulagHel el 58S s 9
2 A8 713 AGRARE AN ol B ulagol
Aot €9, % o|7a&Y Tlelo] 15} vlwso] i)
A FYE Ao FRot %, Fach] Aed B FR

GHGs(ton)

Water Pollutant(g)

Air Pollutant (kg)

0% 20% 40% 60% 80% 100%
Fig. b. Potential improvement of DHO7.

o o 5 TAHQ P ARk ol Bl R A}
P Bt A 7P o] 252 B olnng
A A% 10] S 4 9P Aok SAEE LCA B4 el
DHO7O] 84 4 10] meb] Sliils A7k wiE
o R BT, tPleded WETe wE 26%4
22t AchFig. 5 WD), AIAFE G| grom A
sigirk

4.2. HA7IA BHBUTHAO| LCA &4

WPgEst ke A DEASIA Hlagdoz Wrid
DH079] @3} 7]o]t.

4.2.1. Bst A0t

715 Wslo] tjX= PR E 1 MJ AAlof| 3.33E-02kg
COseq?] 24727} v =]t 2A7EA o] 7P 9%
o] & FEL2 AR{3F7|ollA = Hgo] 57.2%, AA7kA
A 20.8%, AZHA AL HHo] 17.3%E A8t A
7] 1 MWh 234t A] 9.70E+01kgCO,eq2] 247147} vi&E
a1, 38 F3Fo T HATIA AR 94.6%, AL Y| A7) A
£ 3.9%, YHUo: 1.4% =02 Yeidth Ay 3122 I
1 MJ AZAE A] 7.93E-01MJO| AREQ]oH, HATEA 57.6%,
st} Hd 29%, A=A HE 11.1%9] ¥15-E UErc 4
Alsls doflUA| ot AnE Agdo] o A2 A2 A7|et &
2] AA7RA Qo] F919] HES E8ote] S Alehr] of
Foltt A7) 1 MWh A4 A] 6.14E+03MJQ] A[do] ARLE]
AL, HAZEA AREO] 98.7%=E =S ARSI

GSFHISHA A9l 49, E 1 MI AYAE A] 1.20E-04kg
NMVOCeq, 7] 1 MWh 234t A] 7.54E-01kg NMVOCeqZ2
AL nqHRS] FL, &€ 1 M2 1.10E-09 disease
inc.0]al, A7] 1 MWhi 1.66E-06 disease inc.2] TS u|
A= Aoz BAFQICE 1 MJ & A4k | MWh A7) A4k
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Table 6. Input material contribution by impact category
for 1 MJ of heat

Demage GHG RD POF PM AP ET HTP
category (%0) (%) (%) (%) (%) (%) ()
CHP 0 0 33 06 28 0 0
LNG 208 576 430 102 215 281 132
Electricity 09 06 07 03 09 06 03

AMMOMA 3 01 02 03 03 02 01
water
Waste heat o) 500 374 752 642 536 146
(chemical)
Waste heat 5 & ¢ 38 110 52 141 690
(steel)
Waste heat 0 0 0 0 0 0 0
(waste)
Waste heat
173 111 116 24 51 27 2
(fuelcell) 7 7 ?

of e 7z FFHFol it £ -2 Table 6

9 Table 73} Zth

=2E 7o

422, Hrst Y Ji5st 2ot

E X3} Z3= Environmental Footprint 3.194 A|AJ5k=
53} 7|&(normalization factor) O & UolA] ARG Ik
B 98t 23 Fig 6 @ Fig. 73} Atk

& 1 MJ AAE A 715 H3]] v JRkS ARsket 3
HE, AR, AmdA] HE o' A LETE A 1L
22 AA7EA AREo] 7HE & HlSE Aok, ARske &
4 HY, AdgdA) HY ¢o2 vehth A7) 1| MWh A4t
9] 3% e FFHToIA HAZRA ARGl 2Rt kol o
22 AT

Table 7. Input material contribution by impact cate-
gory for T MWh of electricity

Demage GHG RD POF PM AP ET
category (%) (%) (%) (%) (%) (%)
CHP 0 0 69 50 111 0 0
LNG 946 987 912 896 842 952 972
Electricity 39 10 15 25 35 19 21

HTP

AMMOMA 4 4 02 04 25 10 05 05
water
NaOH 0O 0 0 0l ol 0 o0l

Deoxygenant 0 0 0 0.1 0 2.1 0
Waste water 0 0 0 0 0 0.2 0

§ Wt 2 7% A7

1.40E-05

1.20E-05 .
mCHP o Electricity

100E-05

' Ammonia water wiaste heat waste heat
(chemical} [stesl}
BO0E-08 Wwasts heat Wwasts heat WHEOH
{wistz) {fuelcel]
600E-06
400E-06 ]
|

2.00E-06

0.00€:00

Climate change  Resource use, Photochemical —Particulste  Acidification  Ecotowicity,  Human toicity,

fossils ozone formation matter freshwater aancer
Fig. 6. Normalization results by impact category for
1 MJ of heat.
100€-01
9.00€-02 B
B8.00€-02
uCHP LNG Ammonia watsr B NaOH

7.00e-02

6.00E-02

mDeoxygenant  WElectricty W waste water

5.00E-02
4.00E-02
3.008-02
200€-02

1.00€-02

0.006+00 —
Ciimate change Resourceuse, Photochemical Particulate  Acidification  Ecotoxicity, Human tosicity,
fassils ozane matter freshwater cancer
formation

Fig. 7. Normalization results by impact category for
1 MWh of electricity.
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Table 8. Impact category characterization results based on allocation methods

Allocation method
1) Electricity: 0.715, Heat: 0.285
2) Electricity: 0.42, Heat: 0.58

2) Sales volume
based

1) Energy efficiency
based

Emisslon factor

Output Impact category Unit (MWh, /MJ)

Acidification mol H'eq 0.35 0.21

Climate change kg COseq 97.02 56.99

- Ecotoxicity, freshwater CTUe 390.70 229.50
](Ellem Particulate matter disease inc. 1.67E-06 9.78E-07
Human toxicity, cancer CTUh 4.90E-08 2.88E-08

Photochemical ozone formation kg NMVOCeq 0.75 044

Resource use, fossils MI 6,143 3,608
Acidification mol H'eq 1.04E-04 1.31E-04

Climate change kg COseq 0.033 0.041

Ecotoxicity, freshwater CTUe 0.10 0.13
(IH ;/Latl) Particulate matter disease inc. 1.10E-09 1.23E-09
Human toxicity, cancer CTUh 2.712E-11 3.10E-11
Photochemical ozone formation kg NMVOCeq 1.20E-04 1.79E-04

Resource use, fossils MIJ 0.79 1.27

14



ARELRAI AIPHNE 08T AHIAAAY ol FERY Wk BY TE AT

Table 9. Potential improvement of DHO7

Input Actual Target impr(i/(::trenrgrlftll %)
Air pollutants (kg) 60,366 44,233 -26.7
Water pollutants (g) 276,300 202,459 -26.7
GHGs (ton) 373,824 273,920 -26.7

Table 10. Characterization results of the environ—
mental impact of 1 MWh of electricity before and
after applying potential improvement

Reduction
rate (%)

mol H'eq 3.50E-01 2.64E-01 25

1 MWh electricity Unit Before After

Acidification
Climate change kg COeq 9.70E+01 7.31E+01 25

Ecotoxicity,

CTUe  3.91E+02 2.94E+02 25
freshwater

Particulate matter Disease inc. 1.67E-06 1.26E-06 25

Human toxicity,

CTUh  4.90E-08 3.66E-08 25
cancer
Photochemical ozone kg
formation NMVOCeq 7.54E-01 5.62E-01 26

Resource use, fossils M] 6.14E+03 4.57E+03 26

2P o] AR Hhdslo] LCAS 3silon, 1
I}= Table 10 & Table 113} AT}

iTh

Table 11. Characterization results of the environ-
mental impact of 1 MJ of heat before and after
applying potential improvement

1 MJ Heat Unit Before After Reduction
rate (%)
Acidification mol H'eq 1.04E-04 9.70E-05 6
Climate change kg COxeq 3.33E-02 3.15E-02 5
Ecotoxicity, CTUe  995E-02 922E-02 7
freshwater

Particulate matter Disease inc. 1.10E-09 1.07E-09 3

Human toxicity,

CTUh 2.04E-10 1.95E-10 4
cancer
Photochemical ozone kg
formation NMVOCeq 1.20E-04 1.06E-04 12
Resource use, fossils M] 7.93E-01 6.74E-01 15
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