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Material Life Cycle Assessment on Mg.NiH,-5 wt% CaO Hydrogen Storage Composites
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Mg:NiH,-5 wt% CaO $=4 A% B3 59| 31 730 et &4 & £ 245171 Yol A7 H7Hmaterial life
cycle assessment, MLCA)S Y513 th. MLCAE Gabi AXE o]& AR5} © 1, Eco-Indicator 99 (E199)2} CML 2001
HHES 7|Hte & sho] BEASH T MgoNiH,-5 wi% CaO B 5= 4 7143 7144 =3 (hydrogen induced
mechanical alloying, HIMA)®]| 2J3]| &A=}, X-A 3884 7](X-ray diffraction, XRD), FAFAA}E 0] 7 (scanning electron
microscopy, SEM), o] x| A X-A1 £33 (energy dispersive X-ray spectroscopy, EDS), H] 3 H % £-4(Bruner-Emmett-
Teller, BET), €% £-4(thermogravimetric analysis, TGA)& 0]-8-5}0] B3] 7 9] o}Fst4], d3lstd EAJS B A 519t
CML 2001 & EI99 Y ES EYE MLCAE 35t 243 F43F A3k, MgNiH,-5 wt% CaO B =5+ X723}t
(GWP)2} L4 A2 9] 27 351 ol 71 B A1 e ik, o] = CaO H7bol T 2|2 B oA ] 3713l 2171
AMEC 2 RISt Ao 2 whitEth wEtA &% oba AA Ao AR T At BG5S B8 34 85 2 WA HAEE
2 goto] 4% 818 1T AFE B S & Z 87 itk

ZFH0] : EEALHH7, =4 A, Eco-Indicator 99°, CML 2001, =4~ 719} g 71414 a3

Abstract : Material Life Cycle Assessment (MLCA) was performed to analyze the environmental impact characteristics of the
Mg,NiH,-5 wt% CaO hydrogen storage composites’ manufacturing process. The MLCA was catried out by Gabi software. It was
based on Eco-Indicator 99° (EI99) and CML 2001 methodology. The Mg;NiHy-5 wt% CaO composites were synthesized by
Hydrogen Induced Mechanical Alloying (HIMA). The metallurgical, thermochemical characteristics of the composites were
analyzed by using X-ray diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS),
specific surface area analysis (Bruner-Emmett-Teller, BET), and thermogravimetric analysis (TGA). As a result of the CML 2001
methodology, the environmental impact was 78% for Global Warming Potential (GWP) and 22% for Eutrophication Potential
(ETP). In addition, as a result of applying the EI 99’ methodology, the acidification was the highest at 43%, and the ecotoxicity
was 31%. Accordingly, the amount of electricity used in the manufacturing process may have an absolute effect on environmental
pollution. Also, it is judged that the leading cause of Mg,NiH,-5 wt% CaO is the addition of CaO. Ultimately, it is necessary to
research environmental factors by optimizing the process, shortening the manufacturing process time, and exploring eco-friendly
alternative materials.

Keywords : MLCA (Material Life Cycle Assessment), Hydrogen storage, Eco-Indicator 99°, CML 2001, HIMA (Hydrogen
Induced Mechanical Alloying)

* To whom correspondence should be addressed.
E-mail: twhong@ut.ac.kr; Tel: +82-43-841-5388; Fax: +82-43-841-5380

doi: 10.7464/ksct.2021.27.2.107 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

107



—
o
0
2]
fol
)
ol {
N
e
o
flo
[°)
)
0}0[1
Ru
o

x
i

AL oA A2 d 3= E7HS o= olF A4St
st7] flall A AAF SR A wEdord HAo|tt. o]et &
Aoto] FLAAQI siA=Rtol et thFst o] AAIEL A
o, o}z g Frotrl= I Fofl AeH1]. < Covid-19
A712 AAHR] 2A7EA HjETFo] IAIFoR FrAF oLt
o d3] LAVIA HiEL £ $£FOE FAHI UuH2] 1
goto] §A7|1FRSFE T C40 5 FAAE = A4S} oA
] A7 A5 HEE 1.5 T oJi= JAsH7] ¢
off sty ek 71E AlUE| e BEAo| mEW 1.5 T ERE
257 oA BE GAEC] Holk 20509 7HA] 24
7HA & HiEHS 0 (AT H)2E vhEoiof gttt o]d £
Ut AEL 20208 109 “2050 EtAZY A S A5t
20509744 H7F 2AVMA & viEFS ARIE AdsHI
£ SHE WAIRH3]. olof wet 2A47A wilEHS S0 &
BRAE sfidst] gt AR A | A F skt 4=
Aofyzjo|t}. AU = 9] 7] B2 gA AR &
Uom UPTEA, HA|RA 5O UAR S8 4 = ot
ISt PR ARl 7hsotal, Al 2 2T 5= qlof vl
9] A& 7Hset HA oy Yoleta St 1o w2 u|H
FAFAAE] FES FRE X 49 AL AR, 25 5
9] Fofol gt Aol Edts] 3 Folth4,5]. 1 5
& Aol I3t A7t 7 AR=EE SHoE &t o|F
ofR 1 glow, i W AT L AT, FEHFLAE
ot A1 50| FRE olF AL Utk A¥FA AL F£AF I
Fo g AFsto] AT A A9 &7] o] Aol WA oRE

2 A= v|s] dF T&o] tha W2 To] EAFITHe]. A
Slpa A7Fo] A9 719 9 -253 T Zo] W2 204 =
A28 8710 A FHE AFohs FHE FAE Alor|
Al Bast A oy x|FFo] oF 11 kWh kg'?ld], o] g2 4
A7} 7KL s AR T oF 28%°] sidE 7] wi&ol
A ARl TEARQI EAZE YA o9 2 A AR

Chemical hydride

A
W = 2020targets [= = == = == = =

O 700 bar
20
’ 350 bar

Complex hydride

100 Crron Cont Evtimates 1 T 1
(Based on 500,000 units) o

T S
) | tok
> (I
= -
® 60 | *
e | ' % 1
o Ultimate target $IKWh - *‘—j' .
b X 'l"iz;‘%":i.m Liquid hydrogen _| I Ultimate targets t |
5 40 Cryocompressed . 2025 targets |w= = m—a
£
=
o
>

0 2 4 6 8 10
Gravimetric capacity (wt%)

Figure 1. Current status of hydrogen storage systems-volumetric
and gravimetric hydrogen density of existing developed
hydrogen storage systems with respect to US DOE
targets[9,10].
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Table 1. Hydrogen storage materials database (Department of energy, DOE)

Materials Hydrogen Weight Percent Heat of Formation Temperature Pressure
(Gravimetric Density) (kJ mol™ Hy) (0 (Atmospheres Absolute)
MgH, 7.6 74.4 350 1
Mg,Ni 3.6 64.6 300 1.1
Mg (BH.), 14.9 53 323 1
Mg (AlHy), 9.3 41 380 1
Mg,Fe 5.5 77.2 450 25
Mg,Cu 2.6 72.9 295 6
Mg,Co 4.5 76 450 16
MgrAls 2.6 63.2 335 11
MgcPd 0.9 80.3 160 0.014
Mg,Ce 3.8 65 341 9
Mg ;Mm 4.6 82 350 7




S 48HEo] P ste] Ao At —’Fﬁ\-‘é HJ% Sk, 3.6
wt%9] i AFFS 7 EE MgH,Hth=
9 gpast &R o weE Hla A —‘?——’FOP T3}t AE
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221. 44U 75
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Table 2. Scope definition

Manufacturing and characterization of

System Mg,NiHy-5 wt% CaO composites

Function Hydrogenation Storage

Function unit Hydrogen Contents (wt%)

Mg, NiH,-5 wt% CaO powder (10 g)

Function flow
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Mg (Sigma-Aldrich, 98%)2} Ni (Sigma-Aldrich, 99.7%) £
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Figure 2= MgNiH,-5 wt% CaO E3A5 EEo] XRD &
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Figure 2. The result of XRD patterns on Mg,NiH,-5 wt% CaO
composites (Mg:NiHs (Monoclinic): @, MgNiH
(Cubic): O, CaO (Cubic): [).
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Figure 3. SEM image of (a) MgNiH-5 wt% CaO (x 2500), (b)
Mg,NiH,-5 wt% CaO (x 5000), (c) MgNiHs-5 wt%
CaO (x 10000), and mapping image of (d) Mg,NiH,-5
wt% CaO.
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Figure 4. The results of BET on Mg,NiH,-5 wt% CaO composites.
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Figure 5. Process flow diagram for MgNiH-5 wt% CaO
composites.

Table 3. Data source and emission for MLCA

Parameter Materials
. Raw materials | Magnesium, Nickel, CaO, Hydrogen
nput
P Energy Electricity (medium voltage)
Products Mg,NiH,-5 wt% CaO composites 10 g
Output —
Emissions 0.0378 kg (COy)
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MeNiH,-5 wt% Ca0 424 A4 Balzzo] 2443497t 111

Table 4. Quality of Data

Category Manufacturing Characterization Disposal
Temporal bounda Field data Expert and Ecoinvent inventory
P Yy (2020.03.02. ~ 2021.02.28) field data database (v 2.2)
Regional boundary Republic of Korea Republic of Korea Republic of Korea
Technical boundary The laboratory The laboratory The laboratory

Table 5. Environmental impact categories applied using CML 2001

Environmental impact categories Unit Mg,NiH,-5 wt% CaO
Abiotic Resource Depletion (ARD) Kgyr' 6.85 x 107
Global Warming Potential (GWP) Kg CO; eq 3.78 x 10
Stratospheric Ozone Depletion Potential (ODP) Kg CFC-11 eq 1.69 x 107
Photochemical Oxidation Potential (POCP) Kg C,Hy eq 1.41 x 107
Acidification Potential (ACP) Kg SOz eq 1.83 x 107
Eutrophication Potential (EUP) Kg POs eq 5.14 x 107
Fresh-water Aquatic Ecotoxicity Potential (FAETP) Kg 1,4-DCB eq 1.57 x 10°
Marine Aquatic Ecotoxicity Potential (MAETP) Kg 1,4-DCB eq 1.89 x 107
Terrestrial Ecotoxicity Potential (TETP) Kg 1,4-DCB eq 3.14 x 10™
Human Toxicity Potential (HTP) Kg 1,4-DCB eq 7.25 %107

Table 6. Environmental impact categories Eco-Indicator 99’ (E199)

Damage categories Damage Unit Mg,NiHy-5 wt% CaO

Carcinogenic effect DALY 1.12 x 10*

Respiratory (organic) DALY 2.47 x 10

Human Respiratory (inorganic) DALY 2.98 x 1072

health Climate change DALY 1.16 x 10”!

Ionizing radiation DALY 2.03 x 102

Ozone depletion DALY 1.26 x 10°®

Ecotoxicity PDF x m* x yr 132 x 102

E:‘faylf:;m Acidification / Nutrification PDF x m® x yr 1.84 x 107

Land-use PDF xm® X yr 1.16 x 102

Minerals MJ 1.73 x 10

Resources - 3

Fossil MJ 2.71x10
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2.3.4. HI0|H =& = At 2 AreHd SE(PDF x m’ x ynE AATEH L7 o) A]
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Figure 6. Impact assessment results for manufacturing process of
Mg,NiH,-5 wt% CaO by CML2001.
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Figure 7. Impact assessment results for manufacturing process of
Mg,NiH,-5 wt% CaO by EI 99.
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Figure 8. Normalization of Mg,NiH,-5 wt% CaO composites by
Environmental impact category (CML 2001).
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Environmental impact category Eco-Indicator 99" (EI99)
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Figure 9. Normalization of Mg,NiH,-5 wt% CaO by Environmental
impact category Eco-Indicator 99°.

7] A2 FHiRt defslo] g2 873 75} gk AaAl)]
et o] "asit.

£ A7oIAE MLCA 38& 531 MgNiH,-5 wi% CaO 3
goll e S 2 B7HE SFTh MLCA 2T E¢o]= Gabi
65 AME3519.1, Eco-Indicator 99 B 2L £t 11714 I
ol s Brhstden, CML 2001 REC == 10714
I ®5oll digt B7HE sttt CML 2001 WHES] 2
I, GWP 27F 7H &2 €73 §oF 2 He o= YE
wom, 1o W CO, HiEFo] 0.0378 kg2 SISt
E3F, MNiH,2} Bl W sHlS o CaO H7bgol wheh Be &
73 Fot gho] ANtAo g ¢ w2 $AE EYth wEhA 7]
AREEE £017] 918 Aok A7 B AR olvAet &2
aE qUAE AMSSHAY CaOHETH IEAF A1 245 FF
o] Wt A & F a7t Atk 3 EI99 WHESR
PAMEE oMY ATt 7MY w2 PR UEHAL ©
1, 71% ¥} =02 A Yeylth ole WA ERl A2
= A9 DR welo] Qe Ao g Holw, 11 &
FE2 Ul BAY FARE H7HE CaOo] THE
U2 AoE WoEH o|2H mRITIAE
ol AFS FdarA S Bt A 21335t
= HRbe 1Es & ZaUt ok 2iHer
MgNiH, 2} 5 wt% CaOE 3713 MgNiH,-5 wt% CaO E33)
=29 A ITFS Bl W CaO H7t= QI3 SH A
FRISHAL, oI5 Sl A% RFMAE A o= AA Al &
74 A5t 9 ASFARA 24 g5 6 EEHYU 2AS
1 AFE BASE BRFo R yolrtof jit

ojft

PS

N %

lo 7, e
fr
lo

o ot (L oo fT e R

N oflo oy b
W e
X ok
=)
>

S
1
ftfo

e

g At

2 A4 AR eHETAT)Y QYo E A+
Aol 2P ol $3PE AT(2019R1F1A1041405)F WS

i

MeNiH,-5 Wi% Ca0 524 A4 Bt g0 2d 47457 113

FojA XY= tE7| 2t Y HZE(2019R1A6C1010
047)3} FARA 7| A77F Fof gt AA(S3045542)0] oJsf 43
HloH, oo ZA=HYL

Nomenclature

* MLCA: material life cycle assessment, S A1} F7}

* Eco-Indicator 99: Consultants B.V.7} 73st =8 F7] 4%k
7t Tol, AR AFHEE AR, 3780 it 8 &
Al HaE A5t AlEe 8 B7HE 3t

ISO 14000 series: Environmental management-Life cycle

assessment-Principles and framework, Korean Agency for
Technology and Standard, 2007

GWP: Global warming potential, AJTH2 Q1 oJu]of 4] T}t
71459 W] 71SAA- vA] = 7Hse v Y] JIF
2 231t ABEE B4 548 JjRo e et A
9] 3 oIt}

ODP: Ozone layer depletion potential, Q=& T}¥|5l= 55}t
459 T A g £AE BET ALE, CFC-119] 2
25 HA5Ee 12 /128 £ oiA se 2950 5
Tee AHster.

AP: Acidification potential, AHdSk= dutxog A4 Alsh
E(NOY2t oA SI7EA(S0,)7t HHE 7] 74 849 o
A 4% H8stol Waygc,

EP: Eutrophication potential, 35} B]|g24 249 9] 5O
2 20 JLEol #Y TFE A=Y FE53% A =
AEZ ISt & £9] A4S #jolol &S S5 o|=
A sh= @2 Qnlgith

ETP: Ecotoxicity potential, e S 3}5H4, 5F 9 9
oFE 50l A=l vAle AuHFd R A A v
T Sl= SlsidS ettt

HTP: Human toxicity potential, & Wj&=2 WAy} EF

Fero] Tol A BISIE O, A A ofF U &
59 F9, 4% 2 A9 5L TP 0] nd AR
B
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