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With the effectuation of Kyoto Protocol on the United Nations Framework Convention on the Climate Change, the emission
reduction of greenhouse gases became an urgent issue and has been competitively secured among countries as the form
of certificates through clean development mechanism (CDM) or joint implementation (JI). Nitrous oxide (N,O) is one of
the major greenhouse gases along with carbon dioxide (CO,) and methane (CH4) having warming potential 310 times that
of carbon dioxide and chemically very stable in the atmosphere to give a life time of more than 120 years so that it reaches
to the stratosphere to act as an ozone depleting substance. N>O hardly decomposes and thus, besides to the adoption of
thermal decomposition at high temperature, selective catalytic reduction methods are usually used at temperatures over 400
C in which the presence of NOx acts as a major impeding material in the decomposition process. In this article, the sour-
ces of various N,O generation, catalytic reduction processes and the status and trends of emission trade with CDM projects
for greenhouse gas reduction are summarized and discussed on a condensed basis.
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Table 1. Wordd Emissions of N,O (106 ton/yr) |[5]

Sources Sources Likely Range
Oceans 3.0 1~5
Atmosphere (NH; Oxidation) 0.6 03~1.2
Tropical Soils
Wet Forest 3.0 22~3.7
Natural Dry Savanna 1.0 0.5~2.0
Temperate Soils
Forests 1.0 0.1~2.0
Grasslands 1.0 0.5~2.0
Sub-total 9.6 4.6-15.9
Cultivated Soils 42 0.6~14.8
Biomass Burning 0.5 02~1.0
Anthropogenic Industrial Souces 13 0.7~1.8
Cattle and Feedlots 2.1 0.6~3.1
Sub-total 8.1 2.1~20.7
Total 17.7 6.7~36.6
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Figure 1. The distribution of global warming effect of GHG in
Earth’s atmosphere.

7+ FEEe s &% Mojd o 1 % 400 ppbvE S8
= Zloln, N0 555 HAg dAS= nissA sty gl 3
Q191 WEHS AGA Hustor 7AaAF ok dthe A2l

A7 ZF ZIAEE O] F o] tiEal A wE AT
2usle] st gyt tE2/ AbgEh olF Yehlls A7-dEA|
FE COE 12 K9S w 10093t Aat ans 7| shd
CHs 218, N,O 310817} 57, o]& aste] RE 2A7EA9] wlE
FS CO 2 sl YERIL Figure 1915 N,O ¥ tf& 2471~
Lol A prddle] vlojshe AEE UeRigith A2l 71
A QFEE A QS EE COEA F 2A7MA FolM 64%E
Asl=dl o] Afshs AL ouA AMH-S FolAY nass 7t
+ 9o 5 sjde] gl FHolrh gk 2% AT2tE &
T 19%7F HATE o] wigke] A 2ustant oo 1Al
] AEY o] 1y Ayo|tt. CFCSF HCFCE &5 B
Ho A ofn] AL AAE T Qlok $hE, N,07F Aol 7]
oehs AEE BHH 1992W7HA)9] 3 HAFoRE AAY 6% 7
52 R} Sltis)

N0 HAAES AR Hlo 54 & FYgortE 7
WA dAss Fate] glow, 53] W2 42 N,OE HEHow
WAA7)= Adipic Acid 9 Za A T TG4 Q1lo] gla o]
Hele SRS AMEshe 2 AAAET F7|Ho R RE ] )
7nE B3 WEEHI Stk No09] Q19 WA Thedl AEA o]9)
o wiEdel disiAe tiAlE NOx WiEZT fARsE] wliel] dA)
oju] Agsise] Qe w77k B8 34T AASHAY diAlshs W
Aoz Agrt 7Fed Aotk A pdE a3 molr T
AAAZIHEE CO, Hiv] 310812 s APA7IE &) Sith
AAglA T EE a7k Ao B v dEY F4E T
7% CDM AR HlEAAUNASET) an Sdolq Az
HEEE N,OE A 21 "AHel Bygolat & 4 Qlk

Skl A AR HE 20049 VN4 WEFE CO, B
Ab ok 139] 30007HECZ 1990 d5e] Hl& 7.4% F71E Aow u
el ZEGAL A AIZI7E ek @A 1990 tib] 5.2%
Aro R AHlxl HRE GAs] HEiA dEe 247kl wiEH
T T Lo XSS FHsta vk AARo] wust AA 24
7429 W& ABARS @3 Table 2)olAE LEo] 20050 A
A dEAANE 46%E FYstel ol 7Y FUSoY e

o
o2
o!

= S
2 orr oo



A7k oI AMN0) A3 9 CDM AM S ddhat A 19
Table 2. Carbon Market at a Glance, Volumes and Values in 2005 and 2006[6]
Year 2005 2006
Volume (MtCO») Value (MUSS$) Volume (MtCO») Value (MUSS$)
EU ETS 321 7,908 1,101 24,357
NSW 6 59 20 225
Allowance CCX 1 3 10 38
UK-ETS 0 1 na na
Sub Total 328 7,971 1,131 24,620
CDM 351 2,638 475 5,257
JI 11 68 16 141
Project-Based Transactions 83;?1; _— % 187 - 7
Sub Total 382 2,894 508 5,477
Total 710 10,864 1,639 30,098

* ETS: Emission Trading Scheme, NSW: New South Wales GHG Abatement Scheme, CCX: Chicago Climate Exchange, JI: Joint Implementation.
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Figure 2. Location of CDM projects as a share of volumes supplied.
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Figure 3. Technology Share of CDM Projects (as a share of volume
contracted).
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Table 3. Emission Factors for Stationary Combustion by Fuel Type
(IPCC, 1996)[5]

Fuel g N,O/GJ
Coal (non fluidised bed) 1.4
Oil 0.6
Gas 0.1
Wood, other biomass and wastes 4
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Table 4. Annual Energy Consumption and Greenhouse Gas Emission Trends in Korea|28]

Classification ’90 ’95 ’00 ’02 ’03 ’04 (’90~"04) %
ST
Energy demand per capita (TOE) (12010’; (13533‘; (?819(; (3033 (;0‘;9) (;1515; 55
GHG Emission (Million TC) ?11806) A(‘lsi;; ff§06) ?16533; ifé;’) i?g(f) 47
GHG Emission per capita (TC) (’17020‘; 1;)3(;‘; 1115255) }116956) 3618’; 37203; 18
GDP (¥ Billion) 32(()1?)906) 4621(3&9) 572(%,16£) 64224:)2; 662%575) 69?;264; 57
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Table S. Emission Trends of Greenhouse Gases in Korea|28]

(Unit: Million TCO,, %)

GHG *90 95 00 02 03 04 (90~"04) %
o 2583 401.0 464.9 501.8 510.7 517.9 .
2 (83.2) (88.6) (87.9) (8822) (87.7) (87.7) :
432 28.5 26.4 263 25.8 25.7
CH, (13.9) (6.3) (5.0) (4.6) (4.4) (4.3) 37
8.0 11.9 149 14.8 182 209
N0 2.6) (2.6) 2.8) (2.6) 3.1) (3.5) 71
1.0 5.1 8.3 8.6 7.7 71
HECs (0.3) (1.1) (1.6) (1.5) (1.3) (1.2) 152
23 22 25 3.1
PFCs n.a. n.a. (0.4) 0.4) (0.4) ©0.5) 15.4
63 11.7 15.6 17.4 159
SFs na. (1.4) 2.2) @7 (3.0) @7 121
Total 310.6 452.8 528.6 569.3 582.3 590.6 .
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) '

Table 6. Typical Emission Factors for Petrol and Diesel Cars|[7]

Type of Vehicle g N,O/km
Petrol car with no catalytic converter 0.005
Petrol car with catalytic converter 0.05
Diesel car 0.01

Table 7. The Greenhouse Gas Emission from Automotives in
Korea[8]

GHG CO, N,O CH,4 Total
Emission
(1,000 TCAyr) 66,985 2,267 120 69,371
Rate (%) 96.56 3.27 0.17 100
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Table 8. The Status and Prospect of NOx Emission in Korea[9]

Year 1999 2005 2010

Total(tons) 1,135,503 1,387,585 1,587,653
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Figure 4. Direct N,O conversion Efficiency over several ZSM-5
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Figure 5. NOx and N;O conversion vs. temperature on Pd/Fe-ZSM-5
and Co-ZSM-S. P = 1 bar, SV = 30000 /h, 1500 ppm NO, 2.5% O,
0.5% H;0, 1500 pppm C;Hs; after van den Brink[21].
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Figure 6. N,O destruction efficiencies over Co-Rh-Al (1/0.2/1) htlc

catalyst in the absence of CO and in the presence of CO, CO plus

O, under the condition of 30000 hr! GHSYV, 12500 ppm N;O, 17500
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