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Abstract: Hydrogen co-firing and hydrogen-fired power generation are considered key options for
reducing greenhouse gas emissions from existing LNG-based power plants in the transition toward
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carbon neutrality. However, the use of hydrogen changes combustion characteristics and emission

profiles, revealing limitations in current environmental impact assessment (EIA) frameworks

developed for conventional fossil fuels. This study reviews and organizes key EIA considerations for

the extension of hydrogen co-firing and hydrogen-fired power generation, focusing on air quality and

greenhouse gas emissions, social acceptance, and safety management systems. While hydrogen

utilization is expected to significantly reduce carbon dioxide emissions, potential increases in nitrogen

oxides due to elevated combustion temperatures and the need to manage emerging emission species

such as nitrous oxide under specific combustion conditions are identified as critical issues. Accordingly,

the study emphasizes the importance of optimizing combustion conditions, conducting detailed

emission assessments, and reviewing the adequacy of existing air pollution control systems. In

addition, transparent disclosure of environmental impacts and strengthened safety management are

highlighted as essential for improving social acceptance. The findings provide directions for improving

EIA frameworks to support sustainable fuel transition and carbon neutrality goals.

Keywords: Carbon Neutrality, Greenhouse gas mitigation, Hydrogen fuel, Hydrogen co-firing and
hydrogen-fired power generation, Environmental impact assessment

L A&

210N A7) FEAYE 20509714 40} ]
o SR 3 A0 50 o 1w
A Ao 7 Asty 9o, o]=
oI L4 AT S A a2 7
< AJAFSHTH(Song et al., 2024). &
B4 2HS AT A AALL
N R EEEEERE T
3 LNG 7|3 AL 2 Ak 22
9] 24 1 H0] 714|551 ek(Kim and Lee,
2021). ol ket 245 Ao 4] Sheht ool 4
4 7MHER 7148 30 15 e 2 e,
g AT AT FF AFHEE FAIN SRS 4=
YA AeE BT Qi o A ke o] e
Aste] 2050 AT H AU Q'S S8 W 2o
2R 2 HEE FAI6k k. s AlvE =
Hek 91 ING ¥ 158 AT -5 5
AR AS} B, 0 7RG B0 2 1
B2 722 AW, 20508 LA HE LA )
EFZ 020797 ESZ 0 TS AS BHE
SHoH(Carbon Neutrality and Green Growth Commission,
2021). 53] 4 7L Aol A 2] o) M5/ He,
AT 7O ZE, G7] AR A S o= 7]HE

A=
oF&,20214d F1L

92 AN A] 714F =4 APAE S| oF obA| oA i

9] EPﬁPH Y Fa A Tlrlﬂi éi‘nxé% S S

). r

3 A P AS

EE% 20301 4% A2 5% ok —?—i *e‘%—, 2040

_r;
O
sk
r{u:
el
=
|
oo
e -
X,
tot
o,
£
g
g
=
=i
()
=
o
-
=
o

Republic of Korea, 2021).

0|9} Zro] WA Hro] @ A7l A 7k}
e ERER AL EEUHBUTRE
Sk EA D A4 TR £90] 1431
WLl AR A A8 A] LAVFA 7F G kot
2974 A, 53] 712 ke o] $ 5%
slol et $84 AEE oFd 23] ol o] 4
3ol MR A0 RE Sh B4 Y A4 A i
59 W 2 RSSO, oIS IS0
SH7ILdEA HiE 54 ,_9}9} 71E A7

A9 AE A, Bt B o SOl et AlAH

SN Y
TOFESEL

N H o

Mo R oy 2 HUofm

Ol
o

Q.
Q.



92 2BIYYT} M3vH mM2E

2 Bk L Ekn B 4 9k 71E 9] AT
SN S FELSCL
4A, ALE A 71 2%
Stek. ek, AR A SACIA Hg s
B AEote] AAH, 7 G5 4, e 54
o 91 4 ol That s wh S AaHA 4
o %4 qirh E3H A% BAGFH AL 12

SR 7NN E S SH2E TS5 QLo
i da 540 w2 wiE 54 Helek 2V g
S aE FEo Aspldle A e Ao @
gEt

oo £ At Sh TA Y HA WA =] S
£ 2slo] 7|E sl e SAH LR Al o] 2 H &
BETH7HTA A AmAdg B4 gt 574
SHFS A AL FH oz P UM 015 2
s =S AR, Ve £ LAY A7 +HT
T ITHH = A A w7, 247,
MR8 Eobe F2ot] AESHAH. o1 F 4 =9
oA AAIE YT 5 B 24F vl a-A ek,
ARG oM G FFB 73 Al L = ofoF
T A EESIIT 2 AT e - ud A
N GF BTN 7t I HE HAE BEs
Stz ARE 28E 3oy, ea ou A =Y
g Igoll A 28T = Ae BT egddeE

I 9HA A2 g2 A9 $4

FAE M ARE QA 7IAHNY AR R 5
W Qlow, AAT -9 olAkaletA o Hij & glo] 57
FH Y = 7 FAETH YA 7| =30 Qlet of
=9 7| M A5 9] 2v]f o) /9] A= (120M]/kg)=
7HAH A5 tiB] A4go] Ak ey A4 A Bk
S&7HEE a1, 7H o7 W o H, 3} o | A 7h
2 40 o] o} TAT 4 A 5 2 319
595} 7 A o] E 3 5ltH(Lee et al., 2024). Figure 12 5=
& B480] 12 39 54 LT 222 34
91302 Lehf= 44| 2Hndicator) OH-9] £ 5} &
=

RS ehich 4 B4 W0 £24E A

100% CH,, 0% H, 70% CH,, 30% H, 40% CH,, 60% H, 20% CH,, 80% H,

]: ll/(a)OHI ‘ll
g 0]

100% CH,, 0% H, ~ 70% CH,, 30% H,  40% CH,, 60% H, 20% CH,, 80% H,

(b) Temperature

Figure 1. Flame Characteristics with Hydrogen Co-firing
Ratios (Joo et al., 2020)
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Table 1. CO: reduction rate with Hydrogen Co-firing Ratios

H; Co-firing ratio 15%

30%

50% 75% 100%

CO; reduction rate 5%

11%

23% 48% 100%

Kim & Lee, 2021
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Figure 2. NOx emission rate with Hydrogen Co-firing ratios
(Goldmeer and Catillaz, 2022)
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Figure 3. Effect of Excess Air Ratio on NOx Emissions during
Hydrogen-Fired Combustion (Lim et al., 2024)
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Figure 4. Frequency of High-Pressure Gas Accidents by Gas
Type over the last 5 years (Gu and Lee, 2024)
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Figure 5. Comparison of Flame Characteristics between LNG (Left) and Hydrogen (Right) (Goldmeer and Catillaz, 2022)
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Table 2. HAZOP results of LNG-H2 Co-firing power plant
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Node Deviation Cause Consequence Current safety measure | Improvement recommendation
1-1. Install automatic valve
1. Only manual valves . 1. Installation/operation | 1-2. Install emergency shutdown
. 1. Decrease in
HIGH FLOW installed operational of gas detector valve
2. Unable to control eg'lcienc 2. Install pressure 1-3. Regular inspection needed
flow remotely Y instrumentation 1-4. Installation of flow alarm
low/high
1-4. Establish restricted access
zone
1 1-5. Conduct safety training for
1. Impact or vehicle 1. Safety work permit workers
- /mpac . 1. Ductile failure of | 2. Installation/operation | 1-6. Install collision barriers
collision with . .
SAFETY external piping the piping of gas detector 1-7. Enclose the piping indoors
. 2. Risk of Hz 3. Activation of purge 1-8. Install shutoff valves and
during external . . .
leakage nitrogen upon fire purge nitrogen supply lines
work . . .
detection at regular intervals in
hydrogen supply pipes both
indoors and outdoors
1-9. Installation of fire detector
I I?Z:Z:Z(in i 2-1. Regularly inspect PRV
P : A - | 2:2. Install additional PRV in the
. gas transfer 1. Installation/operation .
1. Pressure increase . piping after the gas
2. Increased risk of of gas valve
2 HIGH due to Pressure leakage at fittings | 2. Measurement of fuel separator
PRESSURE Relief Valve (PRV) geal )= . . 2-3. Install emergency shutdown
. when piping concentration using a
failure operation as detector valve
P & 2-4. Installation of pressure
pressure exceeds .
alarm low/high
normal levels




Table 2. Continued

Node Deviation Cause Consequence Current safety measure | Improvement recommendation
3-1. Use metal materials with a
small potential difference
1. Decreased flow combination
1. Nozzle openings and pressure 3-2. Increase corrosion
34 LOW become smaller due inside the piping No measure resistance by using cathodic
’ PRESSURE to internal pipe 2. Decrease in protection or electroplating
corrosion operational 3-3. Replace pipes that have
efficiency exceeded their lifespan
regardless of corrosion
status
4-1. Regular training for
. . hydrogen gas fire
1. Installation/operation S
4-2. Use and maintain firepro of
of fire detector insulation
1. Increase in 2. Installation/operation 43 Lower the surroundin
5,6 | HIGHTEMP | 1. External fire internal pipe of gas detector ’ .
e temperature of the fire with
temperature 3. Activation of purge -
. high-pressure water spray
nitrogen upon fire S o
. 4-4. Equip with a ventilation
detection o
system (intelligent control
system)

Note: Node 1=external hydrogen supply line; Node 2=internal main hydrogen header; Node 3=internal pilot fuel branch; Node 4=internal
main fuel branch; Node 5=gas turbine pilot fuel line; Node 6=gas turbine main fuel line.

Gu and Lee, 2024

Table 3. Environmental impacts of hydrogen power generation and their implications for environmental impact assessment

Potential . Applicable Management / .
Category Environmental Impact Approach in EIA Mitigation Measures Supporting Literature
Possible increase in NOx Air dispersion mo deling Low-NOx burners, Anet al.., 2022; Goldmeer
.. . and combustion- . and Catillaz, 2022; Kim et
emissions (with higher " . combustion temperature . .
. . condition scenario T al., 2022; Kim et al., 2024;
hydrogen blending ratio) control, SCR optimization Li 12024
Air Quality & assessment im et al.,
Greenhouse Gas

Formation potential of
NLIO depending on
combustion conditions

Scenario-based emission
factor assessment
reflecting combustion
regime

Combustion optimization
and monitoring of
operating conditions

Alnajideen et al., 2024,
Mashruk et al., 2022a;
Mashruk et al., 2022b

Socio-environment

Public risk perception
and social acceptance

Inclusion of risk
communication and

Information disclosure,
consultation committees,

André et al., 2006; Lee,

Safety Management

. stakeholder engagement community benefit 2021; Park and Lee, 2022
issues .
in EIA programs
Safety distance

Expanded explosion
range and increased
potential impact radius

Evaluation of
management feasibility

establishment, protective
barriers, gas detection

Goldmeer and Catillaz,
2022; Gu and Lee, 2024

systems
Review of facility . o
Hydrogen embrittlement modification and I;ﬁit:;ﬂ dSIIlrE)(frtllittuot rli(;n’ Goldmeer and Catillaz,
and leakage risks accident scenario ysterl J 2022; Lee et al., 2024

analysis
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