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Abstract Data on the energy usage and emissions of air pollutants in North Korea are assembled and analyzed. North
Korea suffers from energy shortage and is highly dependent on domestic sources such as coal and biomass. Also, a large
amount of air pollutants are emitted from North Korea due to inefficient combustion technologies and low level application
of emission control technologies. In particular, it is found that though reliability of the data on the biomass burning is not
high, it might be important energy sources and emit a large amount of air pollutants some of which are quite toxic. Also, it is
found that the air pollutants emitted from North Korea can affact the air quality in South Korea, especially on the Seoul
Metropolitan Area. Furthermore, the energy consumption in North Korea is expected to increase and, without installation of
proper control equipment the air quality in both North and South Korea will be worsended. Cooperative strategy in energy
sector between South and North Korea should be considered to manage air pollution and health effects in Korean Peninsular.
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Fig. 1. Primary energy supply per capita in South Korea,
North Korea and the world average (KOSIS, 2018).
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Fig. 2. Primary energy supply in North Korea (KOSIS, 2018).
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Table 1. Coal and heavy oil consumption between 1995
and 2007 based on North Korea data (UNEP, 2012).

(unit: 10,000t)

Year 1995 2000 2005 2007
Total coal 3,020 2,273 2,505 2,743
Heavy oil 175.3 113.9 128.5 130.1
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Fig. 3. Balance of supply and usage for coal in North Korea
(IEA, 2018).
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Fig. 4. Consumption of primary solid biofuels and contribu-
tion of primary solid biofuels in total final consumption in
North Korea (IEA, 2018).
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Fig. 5. Consumption of wood & biomass as fuels and contri-
bution of wood & biomass as fuels in final consumption in
North Korea (Nautilus Institute, 2012).
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Table 2. Anthropogenic emissions of air pollutants in North Korea.

CO,(10Tg) CO(Tg) NO, (0.1Tg) 50, (0.1Tg) 0C(0.01Tg) BC (0.01Tg) PM,5(0.1 ) PM1((0.1Tg)
1) 2 3 n 2 3 1) 2)  3) Hn 2 3 1) 2 3 1) 2) 3) 1-1)  3) 1) 3)
1970 863 5.38 1.85 6.65 178 1.78 6.46 3.02 3.10 4.27 0.930 2.25 1.45 1.94
1980 122 11.1 294 6.06 373 373 9.84 333 427 558 142 3.69 2.16 2.88
1990 13.6 124 3.07 121 3.73 373 104 3.76 431 6.75 144 4.6 237 3.10
2000 8.00 690 7.61 12.0Y 164 509 509 3.56% 208 208 285 273" 659 268 2.14 227 320 627 1.77 106” 0929 3.07 1.50 2.20% 1.55 1.28 2.14 290
2001 830 7.19 7.89 1.70 5.19 5.19 214 214 292 679 278 2.22 323 636 1.79 0.943 3.11 1.54 161 1.32 2.19 3.00
2002 8.02 691 7.58 163 504 503 208 208 284 6.48 270 2.15 3.12 634 1.79 0.908 3.11 1.49 1.55 1.29 212 289
2003 822 7.10 7.74 165 5.13 5.11 212 212 288 6.58 2.77 2.18 3.17 6.46 1.80 0.920 3.19 1.2 1.59 1.31 2.16 295
2004 841 7.29 7.90 167 519 5.17 217 217 292 671 2.86 224 321 6.55 1.81 0.933 3.23 1.54 161 1.33 2.19 3.00
2005 878 7.66 8.23 1.70 541 539 225 225 301 7.02 3.00 233 331 6.70 1.83 0.962 3.32 1.60 1.67 137 229 3.12
2006 8.98 7.80 7.04 1.70 546 481 3.58% 228 228 3.01 270 7.15 3.02 209 233% 337 679 179 957 0974 334 162 217 171 139 245 233 3.19 3.01%
2007 7.69 6.54 7.04 148 483 481 201 201 271 594 270 2.12 291 644 1.78 0.837 3.06 141 146 1.21 1.99 2.69
2008 8.40 7.22 7.77 161 516 5.14 215 2.15 2.88 6.52 2.86 2.6 3.12 6.68 1.80 0.908 3.26 1.52 1.58 1.28 216 291
2009 824 7.19 162 4.67 2.00 2.00 639 228 3.07 6.70 0.899 3.26 2.12
2010 7.89 6.83 1.55 4.37 1.90 1.90 6.03 205 298 6.63 0.863 3.19 2.03
2011 673 5.15 129 348 156 1.56 474 165 292 6.14 0.747 277 1.81
2012 6.77 525 130 3.55 157 157 477 1.70 293 6.19 0.750 2.78 1.82
2013 5.38 3.62 158 1.58 1.74 6.24 2.81
2014 552 3.74 161 161 1.76 6.29 2.84

1) Emissions Database for Global Atmospheric Research (EDGAR) v4.3.2 (Crippa et al., 2018)

1-1) Emissions Database for Global Atmospheric Research (EDGAR) v4.3.1

2) Community Emissions Database System (CEDS) (Smith et al., 2015)

3) Regional emission inventory in Asia (REAS) v2.1 (Kurokawa et al., 2013)

4) Transport and Chemical Evolution over the Pacific (TRACE-P) (Streets et al., 2003)

5) Intercontinental Chemical Transport Experiment - Phase B (INTEX-B) (Zhang et al., 2009)

o€l



400

[——1 Primary energy supply

- —e— NO2 (REAS 1.11) A
S v NOy(REAS 2.1) | =3
= c
= %}
= vy F300 S
& viyvY y '%
=] %]
B E
5 15 250 ?\‘
g =
w

> 104 F 200 5
@

E e)
T 5 L150 Z
[ R e L e o o I e (00
OO SHNON 0N OO IN~00N O TN THNON OO NI HNO

Fig. 6. Primary energy supply and NO, and NO, emissions
in North Korea (KOSIS, 2018; Kurokawa et al., 2013; Ohara et
al., 2007).
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A WSt T A AR T SASHA|, A AR
2 22 Uy ddedde] A, saggdn]
(Flue Gas Desulfurization, FGD) X2 G3}2<]
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Table 3. CO and CO, emission in South and North Korea (Kurokawa et al., 2013).

2000 2001 2002 2003 2004 2005 2006 2007 2008

€0 (Gg) South Korea 897 842 819 802 814 786 827 796 690
9 North Korea 5091 5188 5034 5106 5168 5387 4811 4807 5137

€0, (Tq) South Korea 447 466 470 476 498 498 510 523 532
24’9 North Korea 76 79 76 77 79 82 70 70 78

Table 4. Carbon emission in South and North Korea (Estimation based on the results on CO and CO, emissions by Kurokawa

etal, 2013). (unit: Gmole C)
2000 2001 2002 2003 2004 2005 2006 2007 2008

South Korea 9,348 9,764 9,830 9,919 10,465 10,537 10,777 11,072 11,282

North Korea 1,855 1,917 1,838 1,874 1,912 1,995 1,698 1,698 1,874

7ol FHs stk ET, olAtale HiE-S HATLA0H 2
o

2 TR AHRAR)RS g Aol 7

231e]
(COy°l A=l F

I 32 REAS 2.1004] Algch= Eeht
teletas (CO)ot ol4tateta
ZFo| T} (Kurokawa et al., 2013). Boh2 HotH
o] dirstEAE iEshal, o|iketE A=
HjE3te} 200019 78] 2008Wd7k2] EEo] A4k
Ul &2 Pt 5,081 Ggo.= 22 7|7k e
Axrsler4 vlEEF 808 Ggol oF 6.3ufo]ct.
20009 5-E] 2008 A717] EgHo] olitstetA viE
2 Pt 76 Tg2 2 Tt Wt 491 Tg9] 15.6%°]ct. &
3ho] o 2B o)A PGk QAKSlEFA O} o] LSl
4 HJESFH] (CO/CO,) = 6.84% 2 T3] 0. IS%EE]-
E]_yﬂ lr'f]:]' l.—_g ou]-sq.ﬂ-/\ HT—AHH]%
AALHE0] F2-& SJnlota o3t ¢
US4 o]Q]o ke T2 7] e HE
. 55|, 0C, BCe} &2 ti7|ed=4dS tges
F 710 & of e
3 A e 5 E-gato] ALt detat 53t
gaufEolrh. ditebeaof o]4tat
& Z47ke] EAg o = tpo] 9] |l
gotal = 2HO| ujEd-S ool
2F (Gmole C, giga mole carbon) 2=
200013 7€ 2008A7FA] F3to] Bt HAH|E
1,851 GmoleZ ‘F3te] rAH|ETFo] 18%0°]ct.
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(fuel wood, crop residue, animal waste) S Hi&H.2
@ S ek, o112 4-u]ea 4ulublo] o )
AF&sH= 7|20 vijEeF AFHAl oA AY
os_ of peigl Ak s AR ) et
e A 9 92 el 9 o
Aol APE oAt EAT 5
A duold HE = d71ed=22
HIZUI S S BT ohjet T2 QIg 191
=Tt (Mauderly and Chow, 2008). THa}A] 319

=

A n=t
#7182 d71 A= g2 A SHellA
H

=

o,

Sl

A7F E 5 Q1 o= Sy t7)eE 9
A7) G2 A 754 o] =} Lee and Kim
(2007), Kim et al. (2013), Kim et al. (2016) 52 E3t
ofl A BHAERt di7] oflolzE W f71/d2e] Syt
T 71 n|A= d3Fe] AREE -8R
& &-85to] ALsigith wheba] FitoA o] fr]e
o= Zo viEy 2454 ool wi¢ Fasith 11
21 o Yozt BitoflA WAy tirl e dEdo] <l

A f1ah el et =97t = e sirt.

Bae et al. (2018)°]] o5t £535+o] tf7] @ 24 Hl
S| FtH T B E42 dArstEAet 9 ni
AHZA] (PM,), ZPIAHZ] (PM, 5)°]th. & 5= REAS
2.1004 AlFste gt 5eko] mjAHA], iﬂl*ﬂ‘ﬂ
2], BC, OC vj&%Fo|th (Kurokawa et al., 2013). £t
2 AR, ZeAE 2L A BCLE 0Ce] HH%%k
Eethot o gWok 'ehh 53ko] tf7] oojz=E
71782 HlEE] o]2]t Zoli= EDGAROIA =
S}l =T} (Crippa et al., 2018). EDGAR v4.3.2+= 1970
T RE 2012E‘7JPXH 247t~ 9 g7 e dEd
o] A AT HlESS 0.1°%0.1° B9 E Alggict 1
4 107 13 112 EDGAR v4.3.2 201219 OC%} BC
HjEE AR o] dio|rth Bk Pt A GNS
w2t YAGE e AlofA HFH o= OCE HIERt
o}, gk o 2y ok P RREY] OC HlEFol
Wk 3 OCE thgo = HiEshs HxAE Y%
7} BCE thFo = viEskal gt k|9t BCO] &

H
r-]n

EO{N

L

¢}

=] ol|x| Atz o7 |2 FEH HE S 133

Table 5. PM,,, PM, 5, BC and OC emission in 2008 for South

and North Korea (Kurokawa et al., 2013). (unit: Gg)

PMo PM, 5 BC oc
South Korea 110 56 13 9
North Korea 291 128 15 18

EDGAR 2012 OC

2
mo
tons/year/grid

115'g 120°E 125" E 130'E 135 E

Fig. 10. OC emission in 2012 (unit: tons/years/grid, ¥¢: Seoul,
South Korea, [J: Pyongyang, North Korea, a: Hyesan, North
Korea, b: Sinuiju, North Korea, c: Anju, North Korea, d: Won-

san, North Korea) (EDGAR v 4.3.2).

(SRAY Wiz
ot e o

#)7F ocel Hlgl Wt o]+
AlE Al9)stal Beell B3] OCE o
go] Hj&ste 242 elnjgich v, gake oc W&
ZFF BC HiEFo] B2 A9o] 7o) FdstH s
2149l OC, BC &7} =7t 37 tt2 4] ¢t}

717 12 REAS 2. 101]A1 Azl Gt Balo)
0OCe} BCY dx ¥ % vj&%Fo|ch(Kurokawa et al.,
2013). Y5t} vlwste] Bk we ko]l ocE ¢
A W HjZEstal 9lom, 2H4] BC BiE ) H]
etk o £2 HEE OCE Hﬂéa}ﬂ it} st
v 5ghe] F oA AvjRe etthd, 53t
OC HjEH&-2 "¢ 3] %—5% Foltt. ocet
BC Hi&H &2 olyA FRute et oy
Z-HHFAo what z}o] 7t Qlon, Hio] emjA, Agh
Af =92 BC (= element carbon (EC)) HiEH]
& tiH] OC Hi&H|-&©°] =oF%Ith (Shen et al., 2013;
Chow et al., 2011). £S5t o]8gt OC, BC HIEEA

o, oM
S
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EDGAR 2012 BC

tons/year/grid

30" N Bl

115°E 135 E

120°E 125'E 130 E
Fig. 11. BC emission in 2012 (unit: tons/years/grid, : Seoul,
South Korea, O0: Pyongyang, North Korea, a: Hyesan, North
Korea, b: Sinuiju, North Korea, c: Anju, North Korea, d: Won-
san, North Korea) (EDGAR v 4.3.2).
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I Noncombustion OC, S. Korea
B Combustion OC, N. Korea
201 B8 Noncombustion OC, N. Korea

OC emission(Gg OC)
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@ Combustion BC, S. Korea
Noncombustion BC, S. Korea
@ Combustion BC, N. Korea
mmm Noncombustion BC, N. Korea

30
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2001
2002
2003
2004
2005
2006
2007
2008 -

Fig. 12. OC and BC emission in South and North Korea
(Kurokawa et al., 2013).
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Lee and Kim (2007) A2°ll4] 2002~2003d =
gt thehdeFEEalA (PAHs) A2 5 Ah=ol
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ofli= T2 B 0.41%, T3] P 0.48%, 1
Q] A}, ArAul & B 7Bk 250% 2 Ao R
o] Zre A o7 el Bae ef al. (2018)2
CMAQ 2E 2 2016'd AA| 7|17HS BAFSH{ . A
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