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Abstract: Greenhouse gas (GHG) emissions are a major cause of global warming and climate change,
and are currently emerging as serious environmental problems worldwide. Among them, glass bottles
do not decompose naturally, and a lot of resources and energy are input into the production and
processing processes, so recycling of glass bottles is important in terms of resource conservation,
minimizing environmental pollution, and reducing GHG. Therefore, this study created a material flow
diagram of glass bottles using related statistical data such as domestic glass bottle production and
processing volume. In addition, the US EPA WARM model, Germany Prognos calculation method,
and Denmark Christensen’s calculation method were used to estimate the greenhouse gas reduction
amount of glass bottles. As a result of the study, out of about 490,000 tons of waste glass bottles
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discharged as municipal waste, about 300,000 tons (61.2%) were recycled, and the rest were incinerated
(22.1%) and landfilled (17.3%). As of 2022, it is estimated that approximately 73,399 tons COseq/yr
will be reduced when applying the US EPA WARM model, approximately 52,847 tons COseq/yr
when applying the Prgonos calculation method, and approximately 135,201 tons COzeq/yr when

applying the Christensen’s calculation method. Further research is warranted that the methodology

and GHG saving emission factors by reflecting glass recycling conditions and processes in Korea

should be developed to reduce uncertainty of the results.

Keywords: Glass Bottle, Glass recycling, Greenhouse gas, MFA (material flow analysis)
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Table 1. Data Collection and Sources of Glass Bottles

Category Data Source
Division Data Statistical Survey Literature Survey
Glass bottles generation o
Processing volume o
Korea - — -

Recycling obligation (white, green, brown) o
Recycling capacity (white, green, brown) o
Recycling performance (Czech Republic) o
Recycling performance (Netherlands) o
Recycling performance (Belgium) o

. Recycling performance (Austria) o

Other countries -

Recycling performance (Germany) o
Generation and recycling volume (USA) o o
Production and collection rate (EU) o
Greenhouse gas reduction factor o
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Table 2. Glass GHG Sources and Sinks from Relevant Materials Management of EPA WARM (U.S. Environmental Protection

Agency 2015)

GHG Sources and Sinks Relevant to Glass

Materials Management - =
Raw Materials Acquisition

Changes in Forest or

Strategies for Glass i
& and Manufacturing Soil Carbon Storage facetlt
Emissions
o Transport of recycled materials Emissions
® Recycled manufacture process energy o Collection and
Recycling o Recycled manufacture process non-energy N/A transportation to

Offsets

o Transport of raw materials and products
o Virgin manufacture process energy
o Virgin manufacture process non-energy

recycling center
e Sorting and processing
energy
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Table 3. Recycling Emission Factor for Glass of EPA WARM (kg COzeq/Ton) (U.S. Environmental Protection Agency 2015)

(@) (b) (©) (d) (©) ®
Material Recycled Input Recycled Input Recycled Input Forest Carbon Net Emissions
Credit* Process Credit* Credit* Process Storage (Post-Consumer)
Energy Transportation Non-Energy (f=b+c+d+e)
Energy
glass -109 -18 -127 - -253

Table 4. GHG emission factors of Glass recycling 1 ton by Prognos Study (Prognos 2008)

Material Waste It CO; emissions Benefit (+) Burden (-)
em
Stream kg CO; equivalent kg COz equivalent
Provision of waste glass 20
glass Savings by the substitution of 1 of primary glass through 180

secondary glass at a calculation point of 75% secondary 200
glass share
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Figure 1. Flow diagram for recycling 1 ton of Glass waste in Christensen’s Study (Larsen et al. 2009)



Table 5. Recycling of Glass bottles and Greenhouse gas emissions and reductions in Christensen’s Study (Larsen et al. 2009)

Indirect: upstream

Direct: waste management

Indirect: downstream

GWEF (kg COzeq/ton): 1-19

GWF (kg COzeq/ton): 0-10

GWEF (kg COseq/ton): -506 to -445
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Figure 2. Recycling trends of Glass bottles between 2003 and 2022 in Korea (Korea Resource Circulation

Service Agency 2022)



210 EFFEIt HM33H Mo5=

8ol g 3Hs AT S 40w o] Hpsich

ZAto] 2, 20220 7HE =2 AL R ES
A7Ho] 83.1%° ]-L, M 2 Zle Fo|Wo 7 22.8%
olH, 1% fe¥2>NZ2EE AH&E 9 F-E°] 7

9 Folie 93 52150 700%, 54 2ol 7805,
24 520 67.0%2 24 f2]90] P W e AR
& O|RES K ¥ th(https://www.recycling-info.or.kr/
rrs/main.do). 2022 G2 9] A&-L2 A H 14
o] ZHEE v Y} 2P L 27} 29.4% 2
17.8% ZISHR O L, WA 2 1.2% W25t ATt
20129 75 20228 74A] = 2% S U,

AL 5, Alg-E A, = 28F die] A2E
E-& 8] 5}o] Figure 20 A A5} tF(Korea Resouce
Circulation Service Agency 2022, Korea Packaging
Recycling Cooperative 2018).

Sy FeH o 21 9 472 2003 461,708 =
of| 4] 202218 442,179 EO & OF 400 M E- A2 &
A3k glow, §2 ALHEEL 201140 233
(79%)% 714,02 AR 0%t & §31 . o]
= 1= e AEEE 39.6%E 0= E4 lne T

Z|o| A EU S {=3 Bl A] oA W2 A
o]aL Itk EU S ¥= 3 5 A& A4S ‘ﬂhﬁ}"q
Figure 3°] A A5} 1L, 0] 5 H7] ol = 100%0] 7171
e AEE o] PES Hol i o] FF =i {2

ml

Repubilc of korea
Czechia
MNetherlands
Begium

France

Austria

(]
]
=
o
=]

0.0%

2
]

20.0% 40.0%

AL EE A0S 9Ioh 871019 FH 5 Nt
297} ek Eat, Sefutet 4] el A8
45A717) el A7 ok 9 ) B
B9 7o) WR T A|7]ek peEr,

th i 2

> Ml oV oR

3% 4 PR A 58 BRIl 2022
W 712 20 eyl e 2

9] 374 Sanky Diagram< A-&-5}0] 5
A A 5} TH(Westbroek et al. 2021). =-U] S-2] % &
(Glass bottle generation)> °F 512 HE O 2 | AJLHA|
H7] 23} 8] AEA| 5 7]E(Glass bottle waste generated
from households and non-households) 2 & t}. Figure
o)A = =W A8 H71E ST F e o
490,000 ton/yr o], FEFA| & 5 ¢ E F EA
/d HH-2] 5 (Incombustible glass)2} H&-& 7H5 A+
(Recyclable glass bottles) & %] o] BFAY =] 37 Qlc}. &
o B8-S Slet A T4 TIA e (Publi
treatment facility), A7 F4 2] Y 21€H4 2](Consignment
processing facility) 5 Al 52| A 2] WhHo] Qlon} 3}
AR AR AR A= fle Ao R FFH,

Figure 40]| A<= A| 2] 5}tk A 24 55412 & $EHA
2] Al, -2 -2 2| &-&-(Recycling), 4~ ZH(Incineration),
1 ] (Landfill) 2 7] EH(Others) 2 =4t} = 4E

60.0% 80.0% 100.0% 120.0%

m Recycling Performance(:) 2021 m Recycling Performance(®:) 2020

Recycling Performance(3e) 2019 B Recycling Performance(?e) 2018

m Recycling Performance{:) 2017 m Recycling Performance(:) 2016

Figure 3. Comparison of Glass bottle recycling rates by country (2016-2021)
(https://ec.europa.eu/eurostat/databrowser/view/cei_wm020/default/table?lang=en)
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Figure 4. Result of material flow analysis for Glass bottles in Korea (2022)

A H7189] 2F299.8 2 E2] 2] o] WAy, =4, ZhAY
B0 2 NG, u] EA #7]Eof A oF 22,900
ton/yro] A &-&-0 2 WA E Y 7 3te] oF 322.7 A
E9] g-2|9o] A&-&-Fth(Figure 4).

2. 2ETIA HISZ AHE 2D}
D) 728 Aol e 47k AP A
Table 32| EPA WARMO| +-2] A28 viEA+E &

goto] S| 92 AEgof oE LAVIA TS
AP A3k 20224 7]3 WARM E 2 oj| A= 73,399

-80000

-100000

-140000

-160000

-180000

-20000
-40000
-60000

tonCOzeq/yr, Prgonos I -2 52,847 tonCOseq/yr2] A
T EEoIth webA & RE o] RLAVIA ST
Aol <= 20,552 tonCOzeq/yro| ™, o] 2| gt Ao = F 4t
AR 9] A4’ BA L FE Y R ] Aol
oA 71913t A o & wtHT}. T3, Christensen’s A+
HFE-2 135,201 tonCOzeq/yr] 24 7FA 0] ZH
== 20 &2 et o] g2 WARM AP H=
61,802 tonCO2eq/yr, Prognos AFgHH 7H= 82,354 ton
COeq/yr] H012 RS0, olefah Aol LA}~
At ol A& thE 247 HiE A E A8

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2015 2020 2021 2022

tonCO:

eqfyr B WARM  mPrognos  ® CHRISTENSEN(RECYCLED)

Figure 5. GHG reduction potentials by glass bottle recycling in Korea using different models
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