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回 N観麗塞《万 麗嚢彊NO響
理 SF疑砕こTIIJO理TCOO圏 )INttGCO囲 1]距EEルEE■NG
ON JAMRIESE TECHNICAL C00PERATIOn‐ FOR

CttCttYDEVttPtt PR藝 〕罰『FOR AIR POLLU「10N CCⅣ ]KI´ IN

ULFV圏瞳AttARCITY RttSE 3量螂 COL臥

Tlltt raptt I重電matitt Coopmtion A運鄭 守 魯毬 轟 refmeStt asttEA")
Supervitt T― for 4℃攀 dw R■Fel,p菫鐘th電額 for tt POllttn Contd m
嚢 麺 b劉鑽 Ciサ 島 墨e3建 菫 m辞 懸a仙鐵 轟 rer運 壷 ョ 健 墨 qle n罐置 「寺,JIcA
Lf躙毀lia薇∞ ,機dК A岬 聰 議 (1ば無 裁 百 壼 諭 電 機 轟 鷲J副聡 麹 置a鹸 鍵 Of
路釧朧欝 面轟

…

銀重ご 驀 鯨 鶴 曇]L前薩 理 錮 画 爵運 山 ご C甲蓋 aty
(Lcreina■eFtt tOas`CInAEP■ ,MhiSl琴 d「En難軍 mcrlt a轟 範 鋼 (httmaner
[懇 ed to as`NIIET'・)alld JOillt CooFdin虚1葛 Col■llittee(h囃um賭

…

tO as

爾CCつ
…

勧 23Fd May to 9th JIErle 2健2毎 discllss the Progress Report 4,
Mo通lo壺壇 Shet醒o.7っ 薇 轟 ld d臨 3evemm C側面中 w悽塾喝 G難零 伽輌重撻■∝

…
鶴 露 ℃ 群 WGT)軸 in翻面撻 繭 fO―tm纏贔 Jmel艶重the sttenth

JCC meemg oftlleRttcct壷 壷配 賭 強 EttbatA函閲NGEEL,Dirctor Ge■eral of
Envirollmellt alld Namal Resolrces Management Department of Mihistty of
Envttomellt and Tollrism lll llybrid fonnat ol1 9th Jlllle 2022,Pariclpants lst of tlle

seventh JCC m面彎 is sh僻霊 in A漁餞 l_
Ltt side柚 醒最 M叫静ha■■orities tt a優彙爵of壺頸sbtt Asa

rtt ol‐ 選鍛 Bsl囃 ,both s量魏 劉暉輔 oll natters運 議 哺 織 無 赫 ent altached

hereto.

The partics acknowledge and agree that tllis Mmutcs of Meetings may be

鉱ecllted by dectrollic豆 伊 atre,Ivllicll is considere・ d as an origind sittattre for all
plrposes鋤己has tte salncforoc and efect as tt orlttE轟 重菫口at腱_T]ecto■lc sIE薄裁 re"
濃 dd6塾 通 確 ≦ 襲 of鐘 覆 ginぎ 亘謬 由 酵 領 d繭 面 町 藪 硼 醸 薮

versions (e.g., via pdfl of an ariginal signature.

Jllne 2022

ンL SЫnttLi TANA顧
Lcadtt JICA SuIFⅣ isory Team,
ClliefRepresentatlve

JICA Mongolia Omcc
Japan lntenlational Cooperation Agenw,
J苺乳

)

L4L Tom■電〕′∬A
Leadtt JICAExpert Tcam,Japan

1

and Natural Resources
ⅣIallagel■ cnt Depaぬ nent Ⅳ〔inistt of
Ellvlrolll■ellt alld Tolrism,IIIongolia

Developrnent Financing Department
Ministry of Finance. Mongolia
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鰐 AぎHED DOぼU酵田NT              ・

I.Progress Report 4 and the Pr● eCt MOnitol■ng Sheet 7

」ET tthittd tlle proEttss Ofthehttcct,imtt activity phtt alldお stts ulal tlle PrtteCt

おねcillg s轟崎 its be遇露亜ng.AttI蒸五ve ttscttsions,the Xで appFO■eC the Progrcss

RepOrt 4 alld tlle Pl● ect MOnitOring Sheet 7.

H.Re宙 sioll ofdle Pra∝ t Desl伊 Matl・ ix

l.R饉 鍵〔憂魏類 M轟 産(聰漁 :鐘 ご OF山 通OnNaⅢ 〕
nle Lpallcse side proposed tlle re宙 sioll ofdleLttect Desi3■ Matix(hereinatter rehred

to as PDM),whiCh Was approved by tlle Monpliall side.Therevised contentsin the PDM

are indicated in Annex II.

III.Deln鍾重lhm tlle f苺 観 eSe sidcご the iss秘憾軸 the flltge prolect藁 越1組es

l.Dcmandfortrallsfけ ofDiesel Particulate Fihers(hereina■eFreferred to as “DPFs")

Transfer of DPFs is an additiolllal acuvity reqllested by the Mongolian side.However,

since only tlle Japallcsc sidc is perfonlling dlis activiむ l it iS dittcult to tralsfer DPFs at

this polllt.最画mtts轟∝ dlere is lloれ 陶 ndve ttrblls compattcs to illstttl DPFs,the cost

oflabor and constllnables to mailltam and manage DPFs is a■ eigllt fortllebus companies

lvllich are using DPFs.In addition,even iftlle DPFs are transferred this tillle,tllere is all

issue that DPFs will llo lollger be uscd in a lh覇 √years,so tt is necessav lo eStablish a

sytteln of雫醜 色ontt lllξttod forc銀壷 tLOuS轟菫fzttonぼ藤 .ゝ.■轟 ,ale J苺観eSe

side demallded the following to Public Transportation S∝ vice Department(hereina■ er

rcferred to as“ PTSD'')oftllC Capial City:

(1)ChCCk and report on tlle stattis ofcllrrent DPFs equiplllent(■ tu■ber ofpieces,

W畿 範 COllditiol■ ctc.)fOr transfer ofDPFs

(2)Develop a stlpport plall for transfer ofDPFs

(3)SeleCtiOn ofbus col■panies alld buses to urllicll DPFs will be transfcrrcd

(4)Develop an illlplelnentation plan for operational sllpport to the blls company

a■eF DPFs are transferred

(5)Dc通叩 an ilnplenlentatiollが all that indudes incellltlitts for bus colnpanies

operatillg DPFs and secllre a budget fbr this plrpose

NIIs.Tsescglllaa SAIKHANJARGAL,hcad of「 Π》SD responded thati

(1)Report on tlle status of clllTcllt DPFs eqlliplllent(ntll■ ber of picccs,working

∞llditioIL etc.戸士ms缶 ご引rsw‐in tt albmitted tt Jllly 5,2粧 2.

(2)PTSD will make efforts to develop a support plan for trallsfer ofDPFs

(3)PTSD has already selectcd bus companies to transfer DPFs and has reqllested

that tlle blls col■ lpames provide a list ofb■ lsses to be tFalSfel■・ed.

PTSD轟 1l Fe宙〈澪 and FeSpOnd foritems 14)餞 dモ5)fb腱 爵 W On.
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2.  Dcinand for securing hlllnan resollces and succession of dlltles ncccssary fttr the

praect

JET had ilmplelnented tlle tecllllology transfer of inventory alld auto vellicle ell■ issions

incastrelllellt to I)Aン 生EP on multiple occaslons,llowevaι  once again peFSOllnel in cllarge

ofDAAEPlc■ witllout suc∝ssion ofdtties.Tie Japancse side dcmandeclthat DAAEP

llot only takc over the iles llndcrthe responsibility ofDAAER bllt alSO DAAEP rttses its

capacit′ to at least the same level as its predecessor.■e」 apanese side also dennallded

tllat DAAEP providcs a clcar answcr as to how this issue would be resolved.

ⅣL DaⅥ彎
=g」
GAN-OCHIR ofDAAEP responded ttat DAttreco「 二zeS dlat one of

tlle cllallenges for DAフ 嘔 P is tlle lack of stlstainabiltt of llllmaJl reso‐ces wllo were

transferred technology.]DAAEP has llot becn able to sllstain its hlll■ an resollrces and

∝gallizational capaciサ dllc tO personal cictlllllstanCes sucll as retircment and study

abroad.F∝ tlle ellllssion lllvelltory,a pcarsoll ill cllarge ofthe mvelltoッ retired ill Marcll

2022,and a star wllo was in cllargc oftllc invcntory previously is schcduled to rettrn

hm matcmity lette.Tlle sllttaillabihty ofthc capability to devclop illventoHes will be

lnalntained dlle to the rettlm ofexperienced peFSOn in cl■ arge.A person in charge of atito

vehicle el■ issions llleastrelllent is being collsidered and is lll tlle pro∝ ss of being

appolllted.

IV.Reqllest based on tlle 4tll,5th and 6th JCC

l. Establisl■■ent of a forlull to discuss housellold ilnproved■ leis

JET consid“ that歯ぽe is not enollgh opporttlllity to dlscuss restllts ofthe pilot pr● ed

ofhousehold improved ilels and cost― erectivelless ofhousellold il■ proved ftlels only in

thc」CC mceting alld C/P― WG meetillg.

The」apancsc side reqllested that:

(1)An ettert mceting∝ ■mprott■ lel wtt be hdd to cottSdt tlle LIIollgoliall

side's oplnion on ilnproved fuels in the pllot proJect・

(2)A meeting will be held witll higher level decision― makas sucll tt National

Collullliee for En宙romnclltal Pollution Reductlon(hereina■ er referred to as

“NCEPR'')lo repolt rcsults of tlle pilot proJect alld its cost effectiveness in

ord∝ lo proposc household ilmproved fllels to the Nlongoliall goveFlunent.

ⅣL Ganbold TSOG,Acting Hcad ofDAAEP Inentioned tllat tlle Japallese side and the

Mongolian side will contintlously disc■ lss ttI亨 oved hOllsehold iels to be「odtlced in

tlle ittlre.

V Otherlss■le

l 仁ヽ Altanzd BASSAHJ2輌 l Secretary General ofNCEPR lllentioned tlle following;
(1)From 2018 to tlle presellt,tlle situation of atlto vehicle tattc volume has

changed.Since a ratio ofelnissions tolll auto vel■ icles in air pollution shollld

be illcreasing,he requcstcd tllc Japanesc side to study tlle elnissions from auゎ

物
佐
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vehicles.

(2) Regmding the transfer of DPFs, it has been pointed out that the operational

management of DPFs is inadequate, and he requested the Japanese side to add

100 units of DPFs equipment in the project budget.

(3) The Mongolian side is perf*rming tests to improve the quality of household

improved fuels, and results are clear. He requested the Japanese that the pilot

project of household improved fuels is discontinued, and the project budget

will be used for the provision of detectors for the prevention of Carbon

Monodde (hereinafter referrsd to as "CO") poisoning and the transfer of
technology related to this purpose.

Mr. Natsuji SAWAKI, Vice Leader of JET responded that the Japanese side implernented

an auto vehicle traffic volume survey in 2019. Since auto vehicle traffic volume is

increasing, the auto vehicle traffic volume survey will be done in 2022 to create afl

emission inventory for 2022 that reflects the actual sihration. He also responded that the

24 DPFs provided under other JICA schemes are not being utilized. Therefore, as a first

step, it is necessary for the Mongolian side to establish a system of operational rnethod

for continuous utilization of DPFs. The cost ofproviding 100 DPFs is approximately USD

1,400,000. Since the purpose of this project is not to provide equipment, it is not possible

to provide an additional 100 DPFs to the Mongolian side.

Mr. Hajime ENDO, person in charge of Clean Coal Technology and Plilot Project for

Improved Fuel of JET responded flrat there are two problerns wiflr the current

improved fuels: first, when using the improved fuel, Sulfur Dioxides (hereinafter

referred to as "SOu") concentration in flie air quality is higher than when using raw

coal. Curently, Tavan Tolgoi Tulsh LLC (hereinafterreferred to as "TTT") does not

add desulflrizer to its improved fuel. Therefore when using the irnproved fuels, SOz

emissions are three to four tirnes higher each yem than when using raw coal. The

second is CO. CO emissions using improved fuel must reduce CO emissions to at

least the same level as raw coal. CO emissions concentration of the improved frrel

must be reduced to at least the same level as raw coal. Since the current irnproved

ftiel tends to generate CO when it was burned, the focus of improvement for tlre
improved fuel is how to reduce CO concentration. The first measure should be to
produce the improved fuel that emits less CO. Increasing the nunber of instruments

is the second measure. JET would like to consult with the Secretary General of
NCEPR on whether or not to funplement the pilot project in the fi"rture.

VI. Other Comments from the Mongolian side

1. Mr. Munkhbat TSENDEEKHUU of MET mentioned that:

( 1 ) Regarding Etro 5 ftiels, The Mongolian Government decided to amend the Air
Law dated April22,2022by adding a stipulation in Article 16.1.6 to provide

retail and sale of the highest grade fuel of Mongolian National Standards

ロ

イ

′ズの

1186



(hereina■er refelTed to as“MNS'')and tO prohibit tlle retall and sale,etc.of

10Wer 3radc■ lel illAir Qllality lmprovemelltArea ofUlaal■ baatar Ci与

(2)R4iniSty Of Engw is drafting a revision of ⅣNS 5689:2019 for ilmproved

mels.As tlle ll■provedFllelsPilotPraectisilllplclncntedindlewillterof2022,

hc retlllested JET to illlplelTlent apilot pFtteCt in tlle ttewtth tllc proposcd

revlsion ofl■INS,which is targeted to produce hollsellold ilnproved■ lels of

good qllality ill tlle■ ltlll・ e.Regarding the issue of consllltation o■ hollsehold

ilnproved fuels at the dccision‐ lnak∝ level,he reqllested tllat JET with tllc

Ⅳ〔inistly of Energy will discuss a cotrse of actioll,inclllding tlle revisioll of

ⅣnゞS5689:2019.

M■ Httil■ e ENDO ofJET respollded that Yesterdり Ъ JET discussed wtth tlle Minister of

Enerfy,TTT alld DAAER alld JET would like to havelllore oppoltunities lo discuss with

the Nlinistty ofEnergy.Rcgarding tlle re宙 sion of MNS5689:2019,tlle卜 longoliall side

will oJy re宙 se the criteria ofindustrial analメ iCal valucs fortlle quality ofimprovcd ftlels

Aき polllltio■ will■ot ilnprove llnless the anission collcelltratlolls when ilnpЮ ved icls

are bllrned tte regtllated.Regarding MNS,emission stalldards for improved fllel shollld

be decided as soon as possible.  Col■ bustion test laboratoly of D2塾 LへEP should be

lltilizcd to∞ ndllct ttiaust gas measllrelllents oftlle llllproved ttcl to verl取 篠hatlst gas

concentations,and thell the improvcd■ lcls shollld be bШ ned ill a prlvrtte stove to ven取

∞mbustion conditiolls.Based on tllelll,cllussion stalldards wttl be developed.Ctlrrent壌

tlle Mongoliall sidejudges tlle qualiサ oftlle impЮved iels only based on tlle colnbustion

conditions oftlle ftel bllmed in the stove.Under this collditiOn,量 is dittEc■llt to reduce air

polllltant emissions iom improved iels.

2.Ⅳ[.Ganbold TSOG,Acting Hcad of DAAEP stated thatthe 62nd Cabinct Dcttision

of the ⅣIollgolian Goverllllllent On Feb■ laγ 28,2018 roll the Prollibi■ o■ of Raw

Coal Use"was mcndcd on Jul■ e8,2022,alld Nalaikh Disict was added to thc A士

Quality ll■provemellt 2犠a.Accordin由 ,reViSion ofAl■ Qllality ll■provement Area

Enforcement Reglllation for 2022 is necessaフ LI‐Ie rcqllested dle LIIongolian side to

consider whetkr prohibit on tlle retail alld sale offtlels bclow EUR0 5 reglllation in

uaallbaatar Ciサ cOuld bc includcd in tlle Air Qllaliサ Illllprovemcnt Enおrcemellt

Regulatlons.

3.ⅣLKllishgddai ofMillistt ofMilleral alld Heavy lndusties tllereilla■ er referred to

as`MMHI")lmentioned tllat tlle legal foumadon llas been establislled tlrough the

alnendlllent of tlle/ヽ ir Law However,the Ar Law stipulated the prohibition of the

use ofilcls otherthan EUR0 5 standard,illlproveFnent Ofllle envirolll■ ellt,including

laws and regulations to unplelnent the regulation,is■ ot yet.Tlle price difcrence

between EUR0 2 and E駅 0 5 icl is slgnl■cant fbight.Hc requested tllat tlle

prtteCt activities will illclude an awどeness cal■pai311 to il■pl‐ove awareness

ψ
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regardingintroduction of EURO 5 fuel as well as eco-driving. He also demanded that

Illaanbaatar City will implement countermeasures, such as mandating the use of
EUROS fuel for public transportation busses.

4. Mr. Batbayar JADAMBA of National Agency for Meteorolory and Environment

Monitoring (hereinafterreferred to as "NAMEM") commented that cooperation and

participation of the Mongolian side is insufficient in achieving project goals, and

cooperation of the Mongolian side is necesstry to achieve the indicators. Therefore,

he proposed 2 suggestions. First, the Mongolian side evaluated that the intoduction

of household improved fuels has almost solved the air pollution problem, it is only

an improvernent to some extent of the terrible situation of air pollution. Until air

quality standards are met, it is not able to be said that air pollution problem has been

truly solved. Some commented that the pilot project should be discontinued, however,

the pilot project should be implemented. Second, he will discuss with Head of
DAAEP regmding joint agreement on ths role shming in develaping emission

inventories, implementing simulation models, and assessing air pollution conkol

measures between DAAB NAMEM and Information and Research Institute of
Meteorology, Hydrology and Environmenl and issue the joint agreement. He also

stated that because simulation and inventory tasks require specialized knowledge, it
is important to eosure that skills are transferred and sustained even as people change.

END

ANNEX IPa■icipallts of Seventll Joint Coordinatton Collllllittee

ANNEX II Preselltatio■ ofn[。評 ss Rcpolt 4額ld Nlonitorillg Stlcct No 7,Rcviscd

Adivity Plan and lnlpoltallt lsstle

ANNEX III PDM(v∝ 16)
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ANNEX I Participants of Seventh Joint Coordination Committee

聯ダallle Organization Position

1 Ⅳl■ Ellkhbぶ■TANGEREL Minislry af Enviranment and TaBrism,
Enr,ironment and Natural Rescurces
Manasement Deoarlment.

Director General

2 Mr MImkhbat TSttDEEKHUU Ministr-v of Environrnent and Tourism.
Enlironment and Natural Rescurces
Management DeDartn)ent-

Ofiicer

3 Mr LuvsantserenICHNKIR00 Ministrl of Energl'Fuel Policv
Implementation and Coordination
Deparlment

Director Geaeral

4 MI Khishigdaltt cHuLU咽 Ministry of Mining and Hear'-v
Iadusfn" Fuel Policv Deparfment

Director General

5 Ms. Mongolmaa DORINAMJIL Mmistt of Minitt and Heaw
lnduss、 Fuel Policv Departlnent

Head of Department

6 MI BaySgalan BATSAIKHAN Mhistty ofRom alld]肝覆sport
Development,P0119y cnnd Plall壼 llg

Depattment Air Poll血 on Reducing

and Creen Developmellt Division

Eゅert

7 ⅣIs Bolorlllaa DARHIJハ「I Minist4- ol Construction and Urban
Delelopn'rent. division o1'Policv and
Plannine

or.cer

8 Mr Jtallzul BASSAHJAV Secretai■ oftlle National Colllolittee

for Air Polllltion Reduclo■

Secretar;. general

9 ⅣL BatbttalJADAMBA Nalional Agency for Meteorolog]- and
Enir ironrnenl lVlonitonng
Enilironment Monitoring Division

Head ofDivisbn

10 Ⅳl■ Ⅳlunkhbold ADRヽ Mayot's office Development Policy
Plannins Deoartrnent

IIIcad ofDeparment

Ms. Tsetsegmaa SUKHBAATAR Public Transporl Sen,ice Depaltrent Head ofPTSD

う
´ ⅣL Adiyasuren SAШ ANJARGAL Traffrc Control Center of the Capital

Citr'
Director General

Ms. Narangerel NAMSRAI Inspection Agency of the Capital Ci{,
Division ofAir Quali8 Cor:trol

Head ofE)ivlslon

14 Ms uziis証man DAGDAN Urban Regulation. Enlironmental
Saletr Control Coordinatron
Department
Enr"ironmental Safeh' Control Division

Head ofE)ivlslon

Ms Nomh DASIttEVEG Urban Regrrlalion. Environmental
Safeg Control Coordinalion
Department
Environmental S afetv Control Division

Ette菫

16 ⅣI■ Gallbold TSOG Depafimenl of Against Air and
Environmental Pollution of the Capital
Cih.

Actng Head of
DAAEP

Ms Tsolmon TSOGBADRAKH Deparfment ofi Against Air and
En'r,ironmental Pollution of the Capital
CiB.
Head ol Polict trnplementation
Dilision

Head ofDivlslon

M■ Dttaalar諄lGぶ -OCHlR Deparlment ofAgainst Air and
Environmental Pollution of the Capital
Cit),'
Air Oualitv Manasemert Division

Head ofDivlslon

19 Ms. Byambatsetseg ENKHBAT Depanment of Against Air and
Environmental Pollution of the Capital
Citl

Erpert

20 ンt Shinich TANAKA JICA Ⅳlongoli3 0亜Ce Chief Representative
う
´ Mi Attllkl■ AKEDA JICA Mol130ha O壼 ice Proiect Formulation

Advisor
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22 Ms. Oyunlsetseg.CH JICA Mongolta O童ice Nttond St」

23 Nlr H士 o`選i TAKIGUCIIT JICAIlleadqua■ ter

JICA Sllpervisorv Team

Senior Technical
Advissr {Environment)

24 ⅣL Ko可 1卜MこJIMA JICA Globa.l Enr,ironment Depa{ment
Enr ironmenlal Management Group
Environmenlal Management Team i
JICA Supen.isory Team

Deputy Diector

25 ⅣL Tortl TABA‐ JICAExpertTeam ChiefAdvisor

つ
４ ⅣL Natstl」 lS´岬照 JICA E■,eFt Team SLrb Leader

う
ん ⅣL Atsuslli Sノ Ⅵ0 JICA Ettert TorB Group Leader ofAuto-

mobile Countermesure
Mr. Hajime Endo JICA E■ ,ert Tealn Clean Coal Technology

I Pilot Project for
Impror,ed Friel I

29 Mi Nobtttro KO■つへNACI JICA E4)elt Tealn Production of
Improved Fuel

30 ⅣL Jul1 0KABE JICA Eゃert Teatn Aulo-mobile Emission
Control 2/ Emission
Measurement for
Mobile Sources

Mr. ShinyaNAI(ATA JICA Eゅ ert Tet■m AirQuality Simulalion
Model /Air Pollution
Conlrol Measures
Er,aluatiol I Emission
Inr-enton

32 M■ Yuhtt YAンmKAMI Embassl-of Japan in Mongolia Second Secretaq,

露 %/
々
′杉

8

1190



AI'INEX iI Presentation of Progress Report 4 and Monitcring Sheet No.7, Revised

Activity Plan and Inrpofiant Issue
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ANNEX HI PDM(v∝ 16)

hlぎ ヾ

巳 き

Project Design Matrix (PDM)

Dat€d: Jum 9. 2022
Pmle.t litle Capacily Dcv.loprrenr ko.ject fo. Air Polution CdlDl itr tllsanboatar City Phale ]
Trrgd Goup: DAAEP. MET. C/P-WC rd Rel€qnlAgEmr3
Durdid of the Pmj.ti Nov€mber 201E - July 2024 (5 ,ea$ and 9 monthO
Site:UB

Narrative Summart Obiect市ely Ve」nable lndt誠 o露 Ⅳleans ofVe五 6cation Important AssumDtions
Orcrall Goal
Emission reduction al major ernission sources is
enhanced totards air qualitv improverncnt in
Ulaanbaalar Citl''.

l. XX% of emissions from major pollution sources is reduced comparrd
lvith the BAU baseline.

L Comparison betn'een BAU and updated
inventory- for target year (3 to 5 1'ears after
completion of the Project)

Project Purpose
Capacity for air pollution control in Ulaanbaatar
Citf is strengthened, paying special attentions to
implementation of effective pollution control
lneasures and to tlle necessary coordinating
meclun:isn of DAAEP and the relevant agencies.

l. One of pilot projects are adopted as full scale implementation b-v

relevant authorilies.
2. At lea$ one case oflessons leamed from the pilot projects are utilized by
the decision makers.
3. Relevant lalvs. regulations and standards on air pollution control
measures are implemented in UB Citv. (At least establishrnent of one
MNS" andor 70o4 of compliance in tlre dust emission standards of existing
MNSI MNS5013:2016 (General teclmical requirement of heat r.rater boiler
under {.2MW) and MNS5919:2008 (Ernission lirnit value and
measurement method of porver plant. stearn boiler))

1. The Project reports
2. Inten'ieq'sune"v to the reler.ant agencies
3. [aws. regulations. MNS shndards, and

ordinances of UB Citf'

Outputs

L Legal and political
franervork for air qualifi-
management is
maintained" r.vhich defines
decision making
mechurism such as

NCEPR and professional
agencies like DAAEP and
NAMEM,
2. The COVID-19
pandemic situation rvill be
improv-ed and JICA rvill
be able to send JICA
Experts to Mongolia
toward April 2021 untit
the end ofthe Proiect.

Output l; Capabilities of emission monitoring for
the nrajor pollution sources and of air qualitv
nrorriloring arc strcugthcrtcd.

Outpu1 2:Capab■ ities to analy‐ze alld cvaluatc

pollution sも はctllre OfP～ l S02,and NOx
tllroughout thc ycar are strengthened

Output 3: Capabiitics oftcch」 cal"aluation

and prep狙■o■ ofalr polluuon control lncasurcs

for lmplemelltauOn are stcngthcncd

l -1. During the Project duration, at least 50 -olo 9zo of inspections for boiler
rcgistration based on ernission measurements (ircluding standard and
simplified methodologies) are irnplemented b-v DAAEP artd IACC.
1-2. The ernission measurement reports are submitted to Project Leader of
UB cit1.' in charge of air aad en{ronmental pollution at least 3 tirnes during
the Project duration.
l-3. Emission monitoring for the major pollution sources and air qualilv
monitoring information are shared regularly among the relevant agencies
through coordination betr+'een DAAEP and NAMEM.
l*{. The CEMS measurement is compared with the standard measurerfleflt
once in a -vear.
l-5. Distribution of emission measurements from vehicles in UB Cilv is
p-{epsr,e.4q?-ry!.gr-Itrp$u3}:}ittrR$P-sl-le?qts}!g-qJg.a-r.
2-1. The results of PM apportionmenl study are reported at least three
tirnes during the Project.
2-2. Pollution structures are assessed at least 3 tirnes during the Project
duration including emission invenlory'. simulation model. PM speciation,
receptor model^ air qualil monitoring and population exposure throulihoul
l-he year.
3-1. Drafts of emission measurernent methods and qualitl' standards of
improved fuel for households in Ger area are submitted to MASM.
3-2. At least three of implementation plans of the pilot projects arc
prep?Igg,. , . _.

l Emission mernstlrement repOrts by DAAEP/

1ACC
2 The pttect reports

3 Boilchr regi滋ょlon databasc
4 Airqtt■y monloH鴨 molliャ Кports and
annual tpolts

5. CEMS dam

.mi6jil;e,ian;

it e Fiojeciiiio'ii
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Outpul 4: Decision making process for air
pollution conhol is improved by utilizing the
Professional agencies including DAAER
NAMEM and the relevant agercies.

Outpur i: Air pollution conirol mcasurei are

enhanced for PM. SOr and NOs ernissiolt
reduction al major $ources.

oi;aui 6:'i.dsai"irairib'i,riir. rd$iiiCA'iii6iirii;,i
and coordinatilg mcchatism as lr Platlorm fur thc
Air Qualitv Mrnagcment Cyclc nrc strertglhened
lor the Outputs I to 5.

i-t. Anahii;;i;i; p"ii;ii;r;iiiiis. st,on. i',ed,um-ind tong- temr iir
pollution control stnrtegies (ircluding BAU aualysis) and evalualion ofair
pollution confol rneasures (including irnplernenled and planned) arc
presented 1o decision malcers at least 2 times.
{-2. Results ofpilol project irnplernentation and other Projecl r'esldts aro
utilized for the revision of NCEPR and for decision rnaking on
implementatiothon-implementatior of pollution control measures at least
oncc.
5-1, Al least lree pilot projects sclected bx.' C/P-WG are irnplcrnented
5-:. Thc results r:feaclr pilot projcct (cruission rcductiorl irnprovemcnt
of ambient nil quality find population exposure lbr PM. SO: lnd NOr)
arc presentcd to lhe rcleyani agcncics.

ii-i. ri.ildriiiiiiiCc"or-it"iint;iihii;s iiii rc*iuiaiioiid'iiiCt' ,iJi"ci"'
rcgulaliorrs" MNS crrission sllndards and ordinanccs of UB Citr'. arc
subrnilted.
6-3. More llurn i air pollution coutrol mcusures and technologics arc
funded b1' the sections of the rcler,ant ilgencies in charge of allocnting
funds lor rir pollulion conLrol by ulilizing teclmicfil appmisal guideline
providccl bl the Pro.jecl.
6-:i. Al least three agreemenlls arc rladc on demarcation of roles of thc
reler.ant ngencies for air pollution control rueasures in the Prolcct.

!1 !hq,opg1atig1ir! gq!{clinc is d!{4butcd 1o 1qlry4n1ag_e,19!

fh. FioF;a'ep"il
Reports on NPREP

The Project repots

l. Llq,s and regulalions. lirel rcgulations.
MNS emission slandards rnd ordinances of
UB Citr
t. Minutcs of Meeting of NCEPR
i. Ot'licial docunlt:nts including UB citl

Cor.emor"s ordcrs
,1. Operationalguidelinc

０

こ

Activities Inputs
Japanese sidc
l, JICA experts (neccssur)
lields)
(l) ChicfAdvisor
(1) Air Polhrtion Control
Planning and Polic-v
(3) Ernission Mcasurcurent
for Stationan Sources
({) Arnbieut Air Qualitl'
Monitoring
(5) Aurbicnt Air Quality
Analysis
(6) PM l0 and PM2.5
Satrpling
(7) PMl0 and PM2.5
Apporl.ionmcnt Stud.v
(tli Emission Iuvcnlory
(Slationan,, Mobile aud
Others)
(9) Air Qualifl, Sirnulation
Modeling / Air Pollutiou
Control Mcasures
Evaluation

Mongolian side
l. C/Pand C/P-WC
(l) JCC Chairpenon
(2) JCC Vicc-Chairperson
(3) Projecl Director
("t) Pmiect Mlnager
(-5) Necessarl C/Pand
C/P-WG staffaccording
to the fields oIJICA
Esperts

2. Facilitl'
(I) Prolrision of uccessary
office space in DAAEP
and MET (including
internel acce$s)
(2) CLEM laboratory
(3) Storage Space for
Equipiiient

3. Local cost
(l ) Comterpart erpenses
such as salary. ;illo*ance,

L There are no
frequcnl leaves.
Sanslers or
resignntions of C/P
and CI/P-WC
mernbcrs.
2. Necessary
coordinalion among
UB cit'r.. districts.
khoroos and
cornrnutilies in Ger
area is secnred b1.'

Mongolian sidc for
implcmeirtation of
pilot projects.

l-l l-l DAAEPandIACCreinforceHOBinspectionsbasedonon-sileslflckgasilleasurements.
l-l-l DAAEPandJlCAExpertsassessthctechicaltransferon-sitcslackgasmeasurcment.
l-l-2 DAAEP rvith JICA E.\pefls fe-constlllcts 2 tcarns of stack gas llleasurement,
l-1-:i IACC ard thc re lcliant agencies q.ilh JICA Experts implcmcnt HOB inspectir:n based on olr-site slack gas

n]casuremcnt-
l-t -:, IAC:C rvith JICA Expcrts introduces simplilied fileasurement rnelhod by usiug IACC's porlable gas rneasuremelll

equipmcnl including parallel measurement $,ith JIS rnethod" clabomlion of mauuals and manufircturer's calibration.
l-l-5 DAAEP and IACC rvith JICA Experts e laborale etnission lneasurcment reports.

l-l
l-2 TPP3 and TPP4 rvilh JICA Experls enhance emission gas conlrol by utilizing CEMS.
l -2-1 TPP3 and TPPiI rvith JICA Experts elabomte and irnplctneut CEMS opemtion and maintenancc plan.

t-2-2 TPPS and TPP{ rvilh JICAEsperts perfonn qrulity collrol of ctnission gas dala of CEMS,
l-2-3 TPP3 r+ith MET and the rele\,a[t agcncies elaboratcs onliue emission dala reporliilg s1'stem for the CEMS.
l-2-.1 NAMEM and (hc reln'ant agencis$ sharc and cvalmte CEMS ernission data.

l-2-5 NAMEM compiles monitoring datn of einissions frorn TPP2. TPp:i" TPPI aud ncu' large heat supply facilitie s and
sharc lhcrn rr ith rclcr;rnt agcncics.
l -i MRTD and PTSD introduce relevant rcgrrlltions of vehicles bascd on ctnission tneasurernent.
l-3-l MRTD and PTSD u,ith JICA Esperts irnplement vehicle ernission measurerflents b1' RSD. asscss distribuliou of
l'ehicles emission inlcnsitv and define taryot Ychicles to be rcgulaled.

I -3-2 MRPA and tACC witt JICA Expens implement automobilc fucl sun e)'s.

l-l-3 JICAETpe rts conduct training to NRTC. in addition to DAAEP" on lchicle ctnission measuremenl using ou-board

cmission mcasrrem€nt sl stenr. and DAAEP and NRTC implemenl vehicle emission rnoasuretnenl using on-board
emission measurement sYstem.
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1‐3-4 Public TmllspOrlrlti01l Scnicc Dcpaltincilt of tllc Capiね l Clty¬ ith JICA E、 PcrltmllsFchr dlc DPF wlllch wcК

inttallcd on 21 lattc buscs by tilc projcctt・ Vcl■ flcatioll Sunic)、 111l tilc Pll、 ■lc ttctorror Disscntinatillg Japallesc

Tccllnologics br E11lisslon Iむductioll ofParticulate Ⅳl誠tr(PM)frOnl Dicscl lBtlscs b).DPF''lo othcr buscs

l‐4 DAAEP alld NANIEM、 、1■lJICA Expc■ s sttmgtllcn AQMS u五 liZation

卜4‐ l CLEM alld JICA Expclts as“ ss tllc currcl■  slatus of cqulpincllt in“ じtrcncc laborそ1lo■ of CLEM andidcntI予

ncccssarv actlons if ncccssaⅣ

l-4‐2 DAAEP Кinforccs AQMS opCmjon and nuintcllancc bascd on llc ph:lby Phasc 2
1‐4-3 DAAEP withJIcA E、 P(灘s ttalts air qwil,1■ OnitoHllg al pilot pr● CCi arca For improvcd l、 ouschold lilcls by

utilizing inobnc AQNls

卜■‐4 DAAEP、 'ith JlcA Expc■ s rcinForccs tllc AQ卜 IS at BtiVι lnkllosiluu sta1lom
l‐ 4‐5 DAAIEPand NAⅣ

'EM witl〕

JICA E、Pcis illllDiclllcnt paFal101■ lcasIIrctllcili by FR～ 1離 ::■ picr for Pν l

CO■ CCntr411ion、 and inl,101nent qmlit c01ltrol ofPM lllmsurellncnis ofAQMS

l‐1‐6 DAAEPand NANIE卜 I witil JICA Expc■ s lllml,tain lllc olllillc ill恥 1lntlllo■ 、
.stCl11 0f AQMS

l‐1‐7 DAAEPand NAル lEN sllar rcal～ timc inonitol・ Ing data willtl撻 腱lov:mt agelloies■ 1lol憾 1〕 11lC online inforlllatioll
SISiClll

l…1‐81)AAEP and CLEIN71マvitll IICA E、 pcrts analy′ cォIir qllality lllonilolll13 dい ta and cl,bo■ ltc air tlllalll)1■ oniltl五 l13

聰po■ s

l‐4‐ ,Thc rcic,anl agcIIcics titiliZe nir qli:ilit)lltO■ i10●ng dam

l‐■‐10 DAAEP widlJICA E、 PcrtS CSね blshcs lllc dolo lmnstr systcl〕 oFair qtttlity l■ onitoHn3 data of Dalllb`dalaa

sttbn to tiで odillc mfolllla■ oll sysiclll orAQMS

2‐ l NATν lEヽCtnnd JICA Expcrts conduct PiVl appo■ liolllllCnt Sitldy bascd oll Pヽ I spcciation tllrougIЮ ut ti《 〉鋭lr

2‐ 1‐l CLEM mdJICA E、 )cls CI満 Omtc PIM sanlpling phn titrouJ、 。Lll lllc yca■ and iluplcmclll PM mlllpungs
2‐ 1‐2 JIC/ヽ E、 pc■ s rЮ

“

0■■PM SPcciatloll ollalysis in Japall

2‐ 1‐3NA卜 IEⅣl atld CLEIVl、 vitit JICA E、 pe■ s lc(Irll Pヽ4 spcci(ltion tccllllologics(lon alη lysis,clclllcnt a11■ lysis alld
catton andysis)

2‐ 1‐4 NAIレ IEレl alld CLEM witllJICA E、 pcrts binulatc cquiplnl劇 it alld iabo巖 llo,plan for PM spcchtlon

2‐ 1‐5 DAAEP and NANIEM witllJiCA Expe■ s pcriorm PII apl)ollionlllolll Sllldy basc・ d on■ occplor lllodcling

2‐2 DAAEP alld NAMEM、 ith ЛCA Expcrts c、 alllalc air pollution sl‐ cillrc alld llcnlll ll■ pact bas“ o■ air qlnliサ
silllulatlon lllodcl alld rcccptor illodcl

2‐ 2‐ l DAAEP alld NAMEM claborttc plans for tlpα lting enlission invelltow

2‐ 2‐2 DAAER TCC aldPTSD ll■ plclllollt ttudtcs for inobllc sourccs incilldlng llpdatc of cmission invci1lo■ ,

c、amlllalon oftm■ cヽ si31al collぼol,t鰍 腱c volumc and vcllicic travc111略 s"ed
2… 2‐3 DAAEPandJICA E、

"lls SCICCtttt pilot arcas and asscss Gcr stovcs tlStlgc p■

にm(wpe alld inodcl of stovcs‐

scaso■ol pattcm Of llsagc,insulalloll o∫ Ger hOusing and coal consunlptioll)

2…2‐4 DAAEPand NAI市 IEルI with JICA Exp3ris llnplctllclll sllldics for othcr cmission soulccs as llcccssを 1● :

2‐ 2‐5 DAttPand NANlEM willl ЛCA E、ド1ls elabomtcs BAU(lm●■css as llsu`11)sCCnano lfor thc rt1lu“ 卜∞r bascd

on TPPs flllul℃ developlllcnt phns,plo」 ec6on ofnllmbcr of vchicic.poplllation.cconolnic Jolldl,Cl■ iSS10n rcttlation,

111● l quality rc3tllatiol)and so o■

2‐ 2‐(,DAAEP and NAMEM updatc cmisslon lllvclllo■ br ulc pttscllt ycar alld ihc■ 1lurc ycar br llc 13AU sccnario

2‐2‐ 7 DAAEPand NAMEM upctatcti:o olr quali,sillntllation inodelお rPMl().S01 olld NO、

2‐2‐8 DAAEPalld NA市 IEヽl evJuttc thc:lir 19ollution struclllTC of UB citv
2‐2-9 DAAEPand NAⅣ IE～1ぃralutntc illdlcativc poplllation c■ loosure of PIVf10 bascd on populatioll、 c・ 131ltCd

conccntntloll and so on

(10) Auto-rnobile Emission
Control I (Traffic Signal
Control)
(ll) Auto-mobile Emission
Conlrol 2 (RSD and others)
/ Ernission Measureuent 2

(12) Clean Coal Technologl.
for Air Pollulion Control
Measures
(ll) CEMS Data Arull'sis
(.1-tr) Slationar.r Sourct
Eurission Conlrol Measures
(15) Air Qualitr
Adrninistration
(16) Public Arvureness and
Public Relatiorrs

2. Tminiug
( I) Local scmiuars and
rvorkshops
(2j Truining courw in Jilpan

3. Provision of ilecesmry
*quipment

'1. Local cosl
Nccessary erpenses for
activity of JICA Experts

ヽ

キ

l- l DAAEP and the relevant agcncie s elaborate a drnft MNS on an cmission rfieasurernent tnethod of inlpror,ed fucl and

fuel qualitf , ald propose it to MASM.
3-? ME with JICA Espefls elaboratcs salell standards on tlrc household gas distribution.
l-3 DAAEP and the rclerunl agcncies elabor:rte irnplementation plarrs and tenns of refcrcrtce for pilol projects such as

iruproved fuel. HOB. traffrc signal control. eco-dnving.

Qqliqe. pl!]9r1 "sgltur IUC! -a!4.t911 c41pq1g1 1e"l1i9!qq,

RSD. smoke belching program based on portable emission

havel cost and
accomrnodalion
(2)Protect rdrninistrativc
expcnses

ヾ
一
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4-l DAAEP and NAMEM subrnit to the decision tnakers tlie anah'sis of air pollution status. short-" medium- and long-
term air pollution control strategies (including BAU analysis) and eraluadon of air pollution control measures (including
implemented and planned) .

4-2 Relevant agencies with pilot projects elaborate technical guidelines and utilizes them.
4-3 The relevant agencies discuss and endorse the selection ofpilot projects.

4-4 NCEPR and the relevant agencies appror,e large scale investments based on pilot projects irnplementation urd
assessment.
4-5 NCEPR or the sections ofthe relevant agencies in charge ofallocating funds for air pollution control in the
Mongolian goverunent such as the Environment and Climate Fund utilizes tlte Outputs of tlc Projects and pilot projects

5‐ l DAAEP wih Hcalth Depalullcntぴ Capitral Ciけ and tlle reicvant agcncies implcmellts ptlbuc a、 varellcss and

ad、iso■ acuvides for citizens includmg scllool students and“ rents

5‐2 ⅣET and DAAEP pllblisll progrcss ofthc Pttecl by llCWsictc■ llcllSpaper a■ iclcs,web‐site and ouler lmedias

5‐3 DAttP alld JICA ExPcrtS pro■ idc teclml“ l guiぬ llcc to lllanuね cturers for i■ lprovcd nlcl production,
5‐4 Tlle ttlerallt ag7cndcs willl JICA ttperts ll印 lelllellt pllot prttectS accomng to the illlPICmentadonplan bJ Act市 itv

3‐ 3

5‐5袖e ttlevant a8Cndcs witll ICA ttperts oFahatc pllol proJectS resllLs h temls of emission reduction,air quttiサ
improvenlent and c、 posure to citizcns,製 ld c、 tacllessons ieamcd.

5‐6 Tlle鸞 1●vallt attllcics willl JICAEkperts rcporl the pilolprttcCtS tesuls lo NCEPR

5‐7 TPP3 and TPP4 attalyze CEIIIS data,and ettlllme viable air pollution control mcaslllcs

Prt-conditions
1. Appropriate
number ofqualilied
statrof C/Pand C/P-
WC is assigned.
2. Adequate amount
ofbudget related lvith
the Project
irnplementation is
secured.
3. Necessar-l'human
resources
rnobilization related
uith pilot projects is
secured by Mongolian
side.

6‐ l ule tlevant agcncies discuss and clabratc ttTitten agК cШ nts On dcmaК ation ofrolesin air quali,malagement
related witll each Olltput alld Aciviサ Oftllc PrttCCt

6‐ 2 DAAEP wih JICA Expcltssubmis mch面 ctt doctlntellts to NCEPR for improwd fllel slranぬ rd,ellussion sttnぬ m
on smiollan「 sotlrCeS、 mobile souば ces and other ellussion sources,alld revision of ordinancc

6‐3 NCEPR andtヽ reicvant agencies elabolate mci standard alld clltission standrtrd,and sublllt thelllto MASM
6‐4 Rclcvant ministries/rclevant agencies of UB ciけ clabOrate hws,regulr■ dons and ordman∝ son a"pollution colltrol

nteasllres,alld subnlltthcm to natiollal parliamellt/ciサ coundl・

6‐ 5 ЛCA Experts provldc tnining oll air polllltbn control measllrcs and tcclulicKni appraisal gllldelinesおr starofule

sections ofthc relcvant agencics in Ohattc ofal10Caing ftulds for alr pdlu● on control.

66S●roftlle scctions oftllc rclcant agcncics h cllarge ofa1locathg funds for air pollution control with ЛCA Expclts
ilnprOvc rclcvant opcraJonsヽ vith allocating 6暉 nds fbr air pollution control mcasurcs,ifnccessa7.

6Ⅲ7Mong。 lian slde cnhances donor coord■ lation in alr polllltion control

6‐ 8 Rel釘allt agencics ofpilot pr● eCtS Wi■lJICA E、

"■
s deVdOp an operational guidcl搬 for elabora■ o■

,

impleinentation and evaluation of 4t4Slltion control nrcasu !!4ql

は こ

AQMS:Air Quaity Moluto五 ng Station
BAU:Busincss as Usual

CEMSi Conillllous E■ 1lssion Mloli10ring Systm

CFWHi CoalFttdゝヽeF HCater
C/Pi Coulltcrprtrt

C/P‐WG:Countcrpart lVOrkillg Grollp

DAAEP:Dcpartmellt ofへ 3ainst Air and Environlllclltal Pollu■ o■ of Caphal Citv

DPF:Dicscl Ptticulatc Fllter

FRM:Fcdcml Refercncc Meulod
HOB:Heat Olllv Boiler
lACCi lllspection Agellcy oftllc Capltal Ciサ

MASMl Mongolial Agcllcy for Sta対 adレation and Metrolo野

METI Ml面 stw of Envむ onlnent alld Tollristn
MMIII:Mi」 由呼 of Ⅳri丘喝 and Hea■γ lndustw
MNSi MOngollan Natiollal Sttalldard
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MRPA: Mneral Resources and Petoleum Authority
MRID: Ministrl of Road and Tranqport Dcvelopment
NAMEMI National Agency for Met*orologi' and Environment Monitoring
NCEPR: National Conunifiee for Environment Pollution Reduction きさ

藝 ヽ
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Quality Control of Emission Data of CEMS of TPP3 (Activity 1-2-2) 
2024.05.13, NAMEM and JICA Expert Team 

 
1. Background ...................................................................................................................................................... 1 
2. Methodology ..................................................................................................................................................... 1 
3. CEMS maintenance including CEMS-check/calibration by TPP3 ................................................ 1 
4. Comparison of CEMS data with DAAEPʼs measurement ................................................................. 2 
5. Summary ........................................................................................................................................................... 2 
6. Appendix ..................................................................................................... Error! Bookmark not defined. 
 

1. Background 

NAMEM, and JICA Expert Team for “Capacity Development Project for Air Pollution 
Control in Ulaanbaatar City Phase 3”, prepared this report through the following 
activities; 
1-2-2 TPP3 and TPP4 with JICA Experts perform quality control of emission gas data 

of CEMS. 
 

2. Methodology 

Quality control of emission gas data of CEMS of TPP3 was planned to be done through 
reviewing CEMS maintenance by TPP3, and CEMS data itself compared with DAAEP’s 
measurement. 
 

3. CEMS maintenance including CEMS-check/calibration by TPP3 

TPP3 submitted CEMS maintenance report dated on 19 June 2023 to NAMEM. 
According to the report, TPP3 checked, cleaned and repaired CEMS and related pipes 
fully on 12 and 13 June 2023. Although it is working well by now, it is necessary for the 
government to allocate some budget for repairment, renewal or additional equipment of 
CEMS itself, and health-safety-environment equipment related to CEMS. JET-NAMEM 
confirmed that TPP3 follows the operation manual carefully. According to Internal Control 
of Stationery Sources of Air Pollution of TPP31, TPP3 solved any problem within a short 

 
1 For examples, 2022.05, 2023-01, and 2023.03 of "ДЦС-3" ТӨХК АГААРЫН 
БОХИРДЛЫН СУУРИН ЭХ ҮҮСВЭРИЙН ДОТООДЫН ХЯНАЛТЫН МЭДЭЭ” 
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2 

period whenever CEMS shows some problem. 
 

4. Comparison of CEMS data with DAAEPʼs measurement 

All the measurement data by DAAEP is compared with CEMS data of the date as shown 
in Table 1. Concentrations of NOx, CO and TSP showed a larger difference, which may 
be because of the measurement points difference.  
 

Table 1  Comparison of CEMS data with DAAEP’s measurement 
Date Measurement Point Method NOx SO2 CO TSP 

2023.10.20 
10:44 – 11:21 

Boiler No. 7, БКЗ-220-
100 

DAAEP 66 754 2,536 794 

(ditto) Stack for Boilers No. 1 
to 7 of БКЗ-220-100 

CEMS of 
TPP3 

515 564 248 77 

Unit: mg/m3 

 

5. Summary 

TPP3 maintains the CEMS well somehow because CEMS measurement was quickly 
recovered whenever there was a trouble. Following issues were found, and should be 
solved. 
1) Maintenance of CEMS should be reported in written format, including calibration 

report.  
2) Some larger differences were found especially on NOx, CO and TSP concentrations 

between TPP3’s CEMS and DAAEP’s measurement, which may be results of 
measurement points difference. DAAEP measured the exhaust of No. 7 boiler, while 
CEMS measured the mixed exhaust gas of No. 1 to No. 7 boilers. In order to evaluate 
CEMS maintenance by DAAEP’s measurement precisely, measurement hole for 
DAAEP is necessary next to CEMS measurement point. 

 
<<END of Document>> 
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Technical Information of CEMS, Boilers & Stacks of TPP3 (Activity 1-2) 
2024.05.13, NAMEM and JICA Expert Team 

 
1. CEMS ................................................................................................................................................................. 1 
2. Boilers................................................................................................................................................................. 1 
3. Stacks ................................................................................................................................................................. 1 
4. Connections ...................................................................................................................................................... 2 
 

1. CEMS 

Brand: chong qing chuan yi zi dong hua qu fen you xian qong si 

(重庆川仪自动化股份有限公司) 

Model: PS7400 CEMS (http://www.cqcy.com/content/details335_6451.html ) 
User name: shang hai chang ai ke ji fa zhan you xian qong si  

(上海昶艾科技发展有限公司) 

Ranges: PA200-GXH(II)+O2 SO2: 5000 ppm, NO: 5000 ppm, O2:0-25% 
PA200-GXH  CO: 1000 ppm 
DT600   Dust: 0-300 mg/m3 
  

2. Boilers 

 7 high pressure boilers (Model БКЗ-220-100, Capacity 220 ton/hour, Pulverized 
Coal) 

 4 low pressure boilers (Model БЗК-75-39 ФБ, Capacity 75 ton/hour, Pulverized 
Coal) 

 2 low pressure boilers (Model БЗК-75-39, Capacity 75 ton/hour, fluidized bed) 
 

3. Stacks 

One 150 m height stack for 7 high pressure boilers. 
One 100 m height stack for all the other lower pressure boilers. 
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4. Connections for CEMS 

 
 

<<END of Document>> 
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1 

Quality Control of Emission Data of CEMS of TPP4 (Activity 1-2-2) 
2024.05.13, NAMEM and JICA Expert Team 

 
1. Background ...................................................................................................................................................... 1 
2. Methodology ..................................................................................................................................................... 1 
3. CEMS maintenance including CEMS-check/calibration by TPP4 ................................................ 1 
4. Comparison of CEMS data with DAAEPʼs measurement ................................................................. 2 
5. Summary ........................................................................................................................................................... 2 
 

1. Background 

NAMEM, and JICA Expert Team for “Capacity Development Project for Air Pollution 
Control in Ulaanbaatar City Phase 3”, prepared this report through the following 
activities; 
1-2-2 TPP3 and TPP4 with JICA Experts perform quality control of emission gas data 

of CEMS. 
 

2. Methodology 

Quality control of emission gas data of CEMS of TPP4 was planned to be done through 
reviewing CEMS maintenance by TPP4, and CEMS data itself compared with DAAEP’s 
measurement. 
 

3. CEMS maintenance including CEMS-check/calibration by TPP4 

TPP4 could not submit CEMS maintenance/calibration report to JET through NAMEM 
because of security control against foreigner. Therefore, it could not be evaluated literally.  
TPP4 explained to JET-NAMEM interview team that TPP4 allocates necessary budget 
for operation and maintenance, and follows the operation manual carefully.  
TPP4 uses the standard gases that were shipped together with CEMS in 2016. 
Pressures remained in the cylinders were 10 atm or larger. Therefore, it is better to be 
checked with, or renewed with standard gases within the certified period of traceability 
certificates.  
A touch panel for CEMS sample gas line changer became black out in 2023. TPP4 
studied that the black-out is not emergent problem because the gas line changer is 
functioning, the changer status can be found through the data cable, and the 
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configuration cannot be changed. TPP4 experts in charge received the quotation to fix 
it, and started to consider to solution.  
TPP4 was looking for suitable standard gases because the last standard gas cylinders 
were near to vacant. NAMEM supplied potential reliable standard gas suppliers in 
Ulaanbaatar. 
 

4. Comparison of CEMS data with DAAEPʼs measurement 

All the measurement data by DAAEP is compared with CEMS data of the date as shown 
in Table 1. Concentrations of NOx, CO and TSP showed a larger difference, which may 
be because of the measurement points difference.  
 

Table 1  Comparison of CEMS data with DAAEP’s measurement 
Date Boiler  Method NOx SO2 CO TSP 

2022.06.29 (time 
information is lost) 

Зуух-7 450 тн-
140 

DAAEP 370 599 3 139 

2022.06.29, average 
of 6:42 -18:44 

Зуух-7 450 тн-
140, after filter 

CEMS of 
TPP4 

334.1 994.16 1.01 - 

2022.06.29, average 
of  

At stack CEMS of 
TPP4 

- - - 22.15 

Unit: mg/m3 

 

5. Summary 

TPP4 maintains the CEMS well somehow because the CEMS has been calibrated 
periodically, and CEMS measurement has been continued. Following issues were found, 
and should be solved. 
1) The standard gases should be renewed with standard gases within the certified 

period of traceability certificates.  
2) Yearly budget should be increased to procure not only consumables, but spare parts 

such as “touch panel for CEMS sample gas line changer” which is necessary to be 
replaced much less than consumables. 

3) Some larger differences were found especially on TSP concentrations between 
TPP4’s CEMS and DAAEP’s measurement. However, the sampling points were 
different. DAAEP measured the exhaust of No. 7 boiler after filter, while CEMS 
measured the mixed exhaust gas of No. 1 to No. 8 boilers. In order to evaluate CEMS 
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maintenance by DAAEP’s measurement precisely, measurement hole for DAAEP is 
necessary next to CEMS measurement points. 

 
<<END of Document>> 
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Technical Information of CEMS, Boilers & Stacks of TPP4 (Activity 1-2) 
2024.05.13, NAMEM and JICA Expert Team 

 
1. CEMS ................................................................................................................................................................. 1 

1.1. CEMSs for gaseous pollutant concentrations ............................................................................. 1 
1.2. CEMSs for particulate pollutant concentrations ......................................................................... 1 

2. Boilers................................................................................................................................................................. 1 
3. Air pollutants removal equipment ............................................................................................................. 2 
4. Stacks ................................................................................................................................................................. 2 
5. Connections for CEMS ................................................................................................................................. 2 
 

1. CEMS 

1.1. CEMSs for gaseous pollutant concentrations 
Brand: HORIBA (堀場製作所) 

Model: ENDA-5800 
(https://www.horiba.com/esp/products/detail/action/show/Product/enda-
5000-series-448/ ) 

Ranges: NOx: 0 ~ 5000 ppm 
SO2: 0 ~ 5000 ppm 
CO: 0 ~ 5000 ppm 
CO2: 0 ~ 20 vol % 
O2: 0 ~ 25 vol % 

Installation 2 sets (One set is to measure Unit 1 to 4 individually by pipe switcher, and 
the other for Unit 5 to 8) 

 
1.2. CEMSs for particulate pollutant concentrations 

Brand: Tanaka Electric Laboratory (田中電気研究所) 

Model: DDM-fC 
Ranges: Dust: 0 ~ 500 mg/m3N 
Installation Stack 
 

2. Boilers 

8 boilers Model БКЗ-420-140-10С (420 ton/hour, Pulverized Coa)l 
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3. Air pollutants removal equipment 

ESP (Electrostatic precipitator) Model ЭГА-58-4-6 (Efficiency: 98%) for each boilers 
 

4. Stacks 

One 250 m height stack for 8 high pressure boilers. 
 

5. Connections for CEMS 

 

 
<<END of Document>> 
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Emission Monitoring Report of TPP2 for 2023 
2024.05.20, NAMEM and JICA Expert Team 

1. Background ..................................................................................................................................................... 1 
2. Methodology .................................................................................................................................................... 1 
3. Emission Standard for TPP2 .................................................................................................................... 1 
4. Measurement by third parties .................................................................................................................. 2 
5. Measurement by TPP2 ............................................................................................................................... 2 
6. Summary .......................................................................................................................................................... 3 
7. Recommendation .......................................................................................................................................... 3 
 

1. Background 
NAMEM, and JICA Expert Team for “Capacity Development Project for Air Pollution 
Control in Ulaanbaatar City Phase 3”, prepared this report through the following 
activities; 
1-2-4 NAMEM and the relevant agencies share and evaluate CEMS emission data.  
1-2-5 NAMEM compiles monitoring data of emissions from TPP2, TPP3, TPP4 and 

new large heat supply facilities and share them with relevant agencies. 
 

2. Methodology 
NAMEM, and the JICA Expert Team, collected emission measurement data in 2023 from 
TPP2 and third parties, and compared with emission standard. 
 

3. Emission Standard for TPP2 
Emission standard applied for TPP2 is “Maximum acceptable level and measuring 
method of air pollutants in the exhaust gases from the steam and hot water boilers of 
TPP and Thermal stations” (MNS 5919:2008). Key conditions, and maximum acceptable 
level of MNS 5919:2008 for the current boilers of TPP2 are shown in the tables below; 
 

Table 1  Key Conditions for Emission Standard for TPP2 (MNS 5919:2008) 
Standard Condition 101,325 Pa, 273 K 

Excess air coefficient 1.4 (Pollutant concentration should be converted to the 
condition that O2 concentration in the exhaust is 6.0%) 
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Table 2  Maximum Acceptable Level for TPP2 (MNS 5919:2008) 
No. 

Boiler Model 
Capacity 
(ton/hour) 

Fireplace Type NOx SO2 CO Dust 

К-1 ТС-35А-2, БУШ 35  Буцлах давхаргатай 
(fluidized bed) 

(660) (1560) (865) (7300) 

К-2 DHF-35-38-
3,82/450А, БУШ 

35  Буцлах давхаргатай 
(fluidized bed) 

(660) (1560) (865) (7300) 

К-3 ТС-35А-2, ул 
ширэмт 

35  ул ширэмтэй 
(Iron Bottom) 

(950) (1690) (960) (10900) 

К-4 БКЗ-75-39ФБ, 
БУШ 

75  Буцлах давхаргатай 
(fluidized bed) 

320 615 6245 1200 

К-5 БКЗ-75-39ФБ, БУШ 75  Буцлах давхаргатай 
(fluidized bed) 

320 615 6245 1200 

Unit: mg/Nm3 

Note: Standards for the capacity and the fireplace type of К-1, К-2 and К-3 are not 
defined in MNS 5919:2008, standards for the nearest capacity are applied conventionally. 
Those standards are shown with “()” in this table. 
 

4. Measurement by third parties 
Measurement in 2023 by third parties could not be found. Table 3 shows the air pollutant 
concentration of the last measurement by DAAEP. TPP2 fulfilled the emission standards 
for all the air pollutants. 
 

Table 3  Pollutant Concentration measured by DAAEP on 2022.06.30 
Boiler Model NOx SO2 CO Dust 

Standard forБКЗ-75-39 320 615 6245 1200 

БКЗ-75-39 (2022.06.30) 218 455 40 139 

Unit: mg/Nm3 at the standard condition defined in the standard (101,325 Pa, 273 K, O2=6%) 
 

5. Measurement by TPP2 
According to a regulation of Mongolia “Монгол улсын байгаль орчин, аялал 
жуулчлалын сайдын тушаал” (А/222, 2028.07.04), TPP2 monthly measures air 
pollutants concentration in the exhaust gas by TESTO 350 manually, and shares the 
data with NAMEM. Table 4 shows its summary. 
TPP2 did not measured dust concentration. Therefore, dust concentration of TPP2 flue 
gas cannot be compared with the emission standards. All the concentrations of NOx, 
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SO2 and CO of all the boilers fulfilled the emission standard. 
 

Table 4  Pollutant Concentration Compared with the Standard MNS 5919:2008  
Boiler 
No. 

Boiler 
Model 

Capacity 
(ton/hour) 

Fireplace 
Type 

 
NOx SO2 CO Dust 

К-1 ТС-35А-2, 
БУШ 

35  Буцлах 
давхаргатай 
(fluidized bed) 

Standard (660) (1560) (865) (7300) 
Measured 88.0 160 18.0 - 

К-2 DHF-35-38-
3,82/450А, 
БУШ 

35  Буцлах 
давхаргатай 
(fluidized bed) 

Standard (660) (1560) (865) (7300) 
Measured 167.0 215 1.0 - 

К-3 ТС-35А-2, 
ул ширэмт 

35  ул ширэмтэй 
(Iron Bottom) 

Standard (950) (1690) (960) (10900) 
Measured 156.0 210 55.0 - 

К-4 БКЗ-75-
39ФБ, БУШ 

75  Буцлах 
давхаргатай 
(fluidized bed) 

Standard 320 615 6245 1200 
Measured 101.0 180 13.0 - 

К-5 БКЗ-75-
39ФБ, БУШ 

75  Буцлах 
давхаргатай 
(fluidized bed) 

Standard 320 615 6245 1200 
Measured 78 167 15 - 

Unit: mg/Nm3 at the standard condition defined in the standard (101,325 Pa, 273 K, O2=6%) 
Remark: Standards for the capacity and the fireplace type of К-1, К-2 and К-3 are not defined 
in MNS 5919:2008, standards for the nearest capacity are applied conventionally. Those 
standards are shown with “()” in this table.  

 

6. Summary 
All the concentration data of flue gas fulfilled the emission standard. However, TPP2 did 
not measured dust concentration. 
 

7. Recommendation  
Government is recommended to request TPP2 to measure dust concentration. TPP2 
would be able to do it when the necessary budget of measurement is authorized by the 
Government.  
 
Common recommendations for TPP2, TPP3, TPP4 and Amgalan Heat Plant are 
summarized in another report. 

<<End of Document>> 
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Technical Information of CEMS, Boilers & Stacks of TPP2 (Activity 1-2) 
2023.12.01, NAMEM and JICA Expert Team 

 
1. CEMS ................................................................................................................................................................. 1 
2. Boilers................................................................................................................................................................. 1 
3. Stacks ................................................................................................................................................................. 1 
4. Connections ............................................................................................... Error! Bookmark not defined. 
 

1. CEMS 

There is no CEMS installed. 
 

2. Boilers 

5 boilers as shown in the table below.  
 

Table 1  Boilers of TPP2 
No. Model Boiler Capacity Fire type 

К-1 ТС-35А-2, БУШ 35 ton/hour Буцлах давхаргатай (fluidized 
bed) 

К-2 DHF-35-38-3,82/450А, БУШ 35 ton/hour Буцлах давхаргатай (fluidized 
bed) 

К-3 ТС-35А-2, ул ширэмт 35 ton/hour ул ширэмтэй (Iron Bottom) 

К-4 БКЗ-75-39ФБ, БУШ 75 ton/hour Буцлах давхаргатай (fluidized 
bed) 

К-5 БКЗ-75-39ФБ, БУШ 75 ton/hour Буцлах давхаргатай (fluidized 
bed) 

 

3. Stacks 

One 100 m height stack for all the boilers. 
 

<<END of Document>> 
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Emission Monitoring Report of TPP3 for 2023 
2024.05.16, NAMEM and JICA Expert Team 
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4. Measurement by third parties .................................................................................................................. 2 
5. Measurement by TPP3 ............................................................................................................................... 2 
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1. Background 
NAMEM, and JICA Expert Team for “Capacity Development Project for Air Pollution 
Control in Ulaanbaatar City Phase 3”, prepared this report through the following 
activities; 
1-2-4 NAMEM and the relevant agencies share and evaluate CEMS emission data.  
1-2-5 NAMEM compiles monitoring data of emissions from TPP2, TPP3, TPP4 and 

new large heat supply facilities and share them with relevant agencies. 
 

2. Methodology 
NAMEM, and the JICA Expert Team, collected emission measurement data in 2023 from 
TPP3 and third parties, and compared with emission standard. 
 

3. Emission Standard for TPP3 
Emission standard applied for TPP3 is “Maximum acceptable level and measuring 
method of air pollutants in the exhaust gases from the steam and hot water boilers of 
TPP and Thermal stations” (MNS 5919:2008). Key conditions, and maximum acceptable 
level of MNS 5919:2008 for the current boilers of TPP3 are shown in the tables below; 
 

Table 1  Key Conditions for Emission Standard for TPP3 (MNS 5919:2008) 
Standard Condition 101,325 Pa, 273 K 

Excess air coefficient 1.4 (Pollutant concentration should be converted to the 
condition that O2 concentration in the exhaust is 6.0%) 
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Table 2  Maximum Acceptable Level for TPP3 (MNS 5919:2008) 

Boiler Model 
Capacity 
(ton/hour) 

Fireplace Type NOx SO2 CO Dust 

ӨНДӨР ДАРАЛТЫН 
ХЭСГИЙН УТААНЫ ЯНДАН 
БКЗ-220-100 МАЯГИЙН ЗУУХ 

220  Тоосон нүүрсний 
эзлэхүүний 
(Pulverized Coal) 

1100.0 1485 300 10800 

ДӨЛТ ШАТАЛТТАЙ БЗК-75-39 
МАЯГИЙН ЗУУХ 

75  Тоосон нүүрсний 
эзлэхүүний 
(Pulverized Coal) 

1270 1931.8 3547.1 21000 

БУЦАЛГАГЧ ҮЕТ ШАТАЛТТАЙ 
ЗУУХ  / БКЗ-75-39 /   

75  Буцлах 
давхаргатай 
(Fluidized bed) 

320 615 6245 1200 

Unit: mg/Nm3 

 

4. Measurement by third parties 
In response to NAMEM’s request, DAAEP measured emission of BKZ220/110 No. 7 of 
TPP3 on 2023.10.20, from 10:44 until 11:21. The concentration of air pollutants are 
shown in Table 3. TPP3 fulfilled the emission standards for SO2, NOx and Dust, and did 
not fulfilled the emission standard for CO. 
 

Table 3  Pollutant Concentration measured by DAAEP on 2023.10.20  
Boiler Model SO2 NOx CO Dust 

Standard for БКЗ-220-100  1485 1100.0 300 10800 

BKZ220/110 No. 7 754 66 2,536 795 

Unit: mg/Nm3 at the standard condition defined in the standard (101,325 Pa, 273 K, O2=6%) 
 

5. Measurement by TPP3 
According to a regulation of Mongolia “Монгол улсын байгаль орчин, аялал 
жуулчлалын сайдын тушаал” (А/222, 2028.07.04), TPP3 measures the exhaust of 220 
(ton/hour) boilers at the stack continuously by CEMS Model PS 7400, and reports its 
daily average to NAMEM. TPP3 measures exhausts of other boilers periodically by 
TESTO-350 XL and reports their monthly average to NAMEM. Table 4 shows its 
summary. 
Regarding the stack for high pressure boilers, TPP3 always fulfilled the emission 
standards for SO2, NOx and Dust. TPP3 generally fulfilled the emission standard for CO, 
although did not fulfilled the emission standard for CO for 86 days, generally continuous 
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from 2023.01.03 to 2023.03.31.  
Regarding the exhaust of middle pressure boilers, TPP3 always fulfilled the emission 
standards for all the pollutants measured (SO2, NOx and CO). However, Any dust 
concentration was not reported for middle pressure boilers 
 

Table 4  Pollutant Concentration Compared with the Standard MNS 5919:2008  
Boiler Model SO2 NOx CO Dust 

Standard for БКЗ-220-100  1485 1100.0 300 10800 

Average 669 686 264 399 

Maximum 767 886 361 698 

Minimum 489 453 159 54 

Standard for БЗК-75-39 (Pulverized Coal) 1931.8 1270 3547.1 21000 

Average 1,109 877 1,480 No measurement 

Maximum 1,543 998 1,925 

Minimum 699 703 956 

Standard for БКЗ-75-39 (Fluidized bed) 615 320 6245 1200 

Average 427 281 1,877 No measurement 

Maximum 438 318 2,598 

Minimum 406 240 1,227 

Unit: mg/Nm3 at the standard condition defined in the standard (101,325 Pa, 273 K, O2=6%) 
Remark: TPP3 does not report dust concentrations of middle pressure boilers because TPP3 
does not has any equipment to measure dust concentration in the exhaust.  

 

6. Summary 
Concentration of CO of higher pressure boiler exhaust did not fulfilled the standard 
especially in higher load period. Dust concentration of middle pressure boilers were not 
measured. All the other pollutants/boilers always meet the standard. 
 

7. Recommendation  
Government is recommended to request TPP3 to measure dust concentration of middle 
pressure boilers, according to a regulation of Mongolia “Монгол улсын байгаль орчин, 
аялал жуулчлалын сайдын тушаал” (А/222, 2028.07.04). TPP3 would be able to follow 
the request by requesting necessary budget from the TPP3 owner, the Mongolian 
Government, and then by ordering it from DAAEP, or by buying a set of equipment to 
measure dust concentration by isokinetic suction.  
Government is recommended to request TPP3 to continue CEMS data online transfer. 
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TPP3 would be able to follow the request by requesting necessary budget from the TPP3 
owner, the Mongolian Government. 
 
Government is recommended to request TPP3 to follow the emission standard. TPP3 
would be able to follow the request by adjusting the boiler operation, and or by 
requesting necessary budget for equipment improvement from the owner, the Mongolian 
Government. 
 
Common recommendations for TPP2, TPP3, TPP4 and Amgalan Heat Plant are 
summarized in another report. 
 

<<End of Document>> 
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Technical Information of CEMS, Boilers & Stacks of TPP3 (Activity 1-2) 
2024.05.13, NAMEM and JICA Expert Team 

 
1. CEMS ................................................................................................................................................................. 1 
2. Boilers................................................................................................................................................................. 1 
3. Stacks ................................................................................................................................................................. 1 
4. Connections ...................................................................................................................................................... 2 
 

1. CEMS 

Brand: chong qing chuan yi zi dong hua qu fen you xian qong si 

(重庆川仪自动化股份有限公司) 

Model: PS7400 CEMS (http://www.cqcy.com/content/details335_6451.html ) 
User name: shang hai chang ai ke ji fa zhan you xian qong si  

(上海昶艾科技发展有限公司) 

Ranges: PA200-GXH(II)+O2 SO2: 5000 ppm, NO: 5000 ppm, O2:0-25% 
PA200-GXH  CO: 1000 ppm 
DT600   Dust: 0-300 mg/m3 
  

2. Boilers 

 7 high pressure boilers (Model БКЗ-220-100, Capacity 220 ton/hour, Pulverized 
Coal) 

 4 low pressure boilers (Model БЗК-75-39 ФБ, Capacity 75 ton/hour, Pulverized 
Coal) 

 2 low pressure boilers (Model БЗК-75-39, Capacity 75 ton/hour, fluidized bed) 
 

3. Stacks 

One 150 m height stack for 7 high pressure boilers. 
One 100 m height stack for all the other lower pressure boilers. 
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4. Connections for CEMS 
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2024.05.20, NAMEM and JICA Expert Team 
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1. Background 
NAMEM, and JICA Expert Team for “Capacity Development Project for Air Pollution 
Control in Ulaanbaatar City Phase 3”, prepared this report through the following 
activities; 
1-2-4 NAMEM and the relevant agencies share and evaluate CEMS emission data.  
1-2-5 NAMEM compiles monitoring data of emissions from TPP2, TPP3, TPP4 and 

new large heat supply facilities and share them with relevant agencies. 
 

2. Methodology 
NAMEM, and the JICA Expert Team, collected emission measurement data in 2023 from 
TPP4 and third parties, and compared with emission standard. 
 

3. Emission Standard for TPP4 
Emission standard applied for TPP4 is “Maximum acceptable level and measuring 
method of air pollutants in the exhaust gases from the steam and hot water boilers of 
TPP and Thermal stations” (MNS 5919:2008). Key conditions, and maximum acceptable 
level of MNS 5919:2008 for the current boilers of TPP4 are shown in the tables below; 
 

Table 1  Key Conditions for Emission Standard for TPP4 (MNS 5919:2008) 
Standard Condition 101,325 Pa, 273 K 

Excess air coefficient 1.4 (Pollutant concentration should be converted to the 
condition that O2 concentration in the exhaust is 6.0%) 
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Table 2  Maximum Acceptable Level for TPP4 (MNS 5919:2008) 

Boiler Model 
Capacity 
(ton/hour) 

Fireplace Type NOx SO2 CO Dust 

БКЗ-420-140-10С 420  Тоосон нүүрсний эзлэхүүний 
(Pulverized Coal) 

715.0 1200 180 200 

Unit: mg/Nm3 

 

4. Measurement by third parties 
Measurement in 2023 by third parties could not be found even though NAMEM 
requested DAAEP it. Table 3 shows the air pollutant concentration of the last 
measurement by DAAEP. TPP4 fulfilled the emission standards for all the air pollutants. 
 

Table 3  Pollutant Concentration measured by DAAEP on 2022.06.29 
Boiler Model NOx SO2 CO Dust 

Standard for БКЗ-420-140-10С 715.0 1200 180 200 

450 ton-140 No. 7 after ESP (2022.06.29) 370 599 3 139 

Unit: mg/Nm3 at the standard condition defined in the standard (101,325 Pa, 273 K, O2=6%) 
 

5. Measurement by TPP4 
According to a regulation of Mongolia “Монгол улсын байгаль орчин, аялал 
жуулчлалын сайдын тушаал” (А/222, 2028.07.04), TPP4 measures air pollutants 
concentration in the exhaust gas by CEMS, and shares the data with NAMEM and 
related ministries and agencies. Table 4 shows its summary. 
Averages: Averages of the most boilers and pollutants fulfilled the emission standards. 
Only SO2 concentration average of Boiler No. 3 did not fulfilled the emission standard. 
However, SO2 concentration at the stack may fulfilled the emission standards 
continuously because exhaust of 8 boilers are mixed before the stack. 
Maximum: SO2 concentration tended to be higher than the emission standards, mainly 
from the end of January until February. Dust concentration did not fulfill the emission 
standard rarely, almost continuously from 2023-05-07 20:51 until 22:11.  
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Table 4  Pollutant Concentration Compared with the Standard MNS 5919:2008  
Boiler  NOx SO2 CO Dust 
No.  Standard for БКЗ-420-140-10С 715.0 1200 180 200 
1 Average 281.88 962.25 0.05 - 
 Maximum 356.70 7,223.41 46.75 - 
 Minimum 0.00 0.00 0.00 - 
 Measrement over than the Standard 0.00% 21.37% 0.00% - 
2 Average 233.87 999.20 0.19 - 
 Maximum 340.80 2,066.03 125.75 - 
 Minimum 57.30 58.97 0.00 - 
 Measrement over than the Standard 0.00% 40.01% 0.00% - 
3 Average 242.50 1,207.50 1.48 - 
 Maximum 337.80 7,210.12 4,000.00 - 
 Minimum 0.00 0.00 0.00 - 
 Measrement over than the Standard 0.00% 56.75% 0.08% - 
4 Average 267.14 1,053.46 0.49 - 
 Maximum 355.80 7,273.88 3,384.25 - 
 Minimum 0.00 0.00 0.00 - 
 Measrement over than the Standard 0.00% 34.86% 0.01% - 
5 Average 238.00 726.92 0.87 - 
 Maximum 4,127.70 1,476.34 870.25 - 
 Minimum 45.00 8.50 0.00 - 
 Measrement over than the Standard 0.01% 0.29% 0.02% - 
6 Average 249.46 783.45 1.18 - 
 Maximum 393.00 1,616.59 3,778.00 - 
 Minimum 57.30 17.53 0.00 - 
 Measrement over than the Standard 0.00% 0.80% 0.02% - 
7 Average 246.61 756.26 0.90 - 
 Maximum 382.80 1,590.56 1,428.00 - 
 Minimum 51.90 17.00 0.00 - 
 Measrement over than the Standard 0.00% 0.35% 0.03% - 
8 Average 298.39 784.72 1.12 - 
 Maximum 438.30 1,572.50 2,141.25 - 
 Minimum 75.60 3.19 0.00 - 
 Measrement over than the Standard 0.00% 0.56% 0.04% - 

Stack Average - - - 17.36 
 Maximum - - - 392.69 
 Minimum - - - 2.06 
 Measrement over than the Standard - - - 0.07% 

Unit: mg/Nm3 at the standard condition defined in the standard (101,325 Pa, 273 K, O2=6%) 
Remark: CEMS for gaseous pollutants of TPP4 measures boilers individually. CEMS for dust 
of TPP4 measures the stack where 8 boilers exhausts are mixed.  

 

6. Summary 
Concentration of NOx, CO and dust generally fulfilled the emission standard. 
Concentration of SO2 often did not fulfilled the emission standard, especially from the 
end of January until February. 
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7. Recommendation  
Government is recommended to request TPP4 to follow the emission standard. TPP4 
would be able to follow the request by requesting coals of which sulfur contents is much 
lower, or budget to install flue gas desulfurization facility from the owner, the Mongolian 
Government.  
 
Common recommendations for TPP2, TPP3, TPP4 and Amgalan Heat Plant are 
summarized in another report. 
 

<<End of Document>> 

1302



1 

Technical Information of CEMS, Boilers & Stacks of TPP4 (Activity 1-2) 
2024.05.13, NAMEM and JICA Expert Team 

 
1. CEMS ................................................................................................................................................................. 1 

1.1. CEMSs for gaseous pollutant concentrations ............................................................................. 1 
1.2. CEMSs for particulate pollutant concentrations ......................................................................... 1 

2. Boilers................................................................................................................................................................. 1 
3. Air pollutants removal equipment ............................................................................................................. 2 
4. Stacks ................................................................................................................................................................. 2 
5. Connections for CEMS ................................................................................................................................. 2 
 

1. CEMS 

1.1. CEMSs for gaseous pollutant concentrations 
Brand: HORIBA (堀場製作所) 

Model: ENDA-5800 
(https://www.horiba.com/esp/products/detail/action/show/Product/enda-
5000-series-448/ ) 

Ranges: NOx: 0 ~ 5000 ppm 
SO2: 0 ~ 5000 ppm 
CO: 0 ~ 5000 ppm 
CO2: 0 ~ 20 vol % 
O2: 0 ~ 25 vol % 

Installation 2 sets (One set is to measure Unit 1 to 4 individually by pipe switcher, and 
the other for Unit 5 to 8) 

 
1.2. CEMSs for particulate pollutant concentrations 

Brand: Tanaka Electric Laboratory (田中電気研究所) 

Model: DDM-fC 
Ranges: Dust: 0 ~ 500 mg/m3N 
Installation Stack 
 

2. Boilers 

8 boilers Model БКЗ-420-140-10С (420 ton/hour, Pulverized Coa)l 
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3. Air pollutants removal equipment 

ESP (Electrostatic precipitator) Model ЭГА-58-4-6 (Efficiency: 98%) for each boilers 
 

4. Stacks 

One 250 m height stack for 8 high pressure boilers. 
 

5. Connections for CEMS 

 

 
<<END of Document>> 
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Emission Monitoring Report of Amgalan Heat Plant for 2023 
2024.05.20, NAMEM and JICA Expert Team 

1. Background ..................................................................................................................................................... 1 
2. Methodology .................................................................................................................................................... 1 
3. Emission Standard for Amgalan Heat Plant ....................................................................................... 1 
4. Measurement by third parties .................................................................................................................. 2 
5. Measurement by Amgalan Heat Plant .................................................................................................. 2 
6. Summary .......................................................................................................................................................... 3 
7. Recommendation .......................................................................................................................................... 3 
 

1. Background 
NAMEM, and JICA Expert Team for “Capacity Development Project for Air Pollution 
Control in Ulaanbaatar City Phase 3”, prepared this report through the following 
activities; 
1-2-4 NAMEM and the relevant agencies share and evaluate CEMS emission data.  
1-2-5 NAMEM compiles monitoring data of emissions from TPP2, TPP3, TPP4 and 

new large heat supply facilities and share them with relevant agencies. 
 

2. Methodology 
NAMEM, and the JICA Expert Team, collected emission measurement data in 2023 from 
Amgalan Heat Plant and third parties, and compared with emission standard. 
 

3. Emission Standard for Amgalan Heat Plant 
Emission standard applied for Amgalan Heat Plant is “Maximum permitable level and 
measuring method of air pollutants in flue gas of new Thermal Power Plant and Thermal 
plant” (MNS 6298:2011). Key conditions, and maximum acceptable level of MNS 
6298:2011 for the current population density and fuel of Amgalan Heat Plant are shown 
in the tables below; 
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Table 1  Key Conditions for Emission Standard for Amgalan Heat Plant (MNS 
6298:2011) 

Standard Condition 101,325 Pa, 273 K 

Excess air coefficient 1.4 (Pollutant concentration should be converted to the 
condition that O2 concentration in the exhaust is 6.0%) 

Population density 339 persons per km2 

Volatile matter content Larger than 20 % of most of the samples 
Remarks: 
- Population of Ulaanbaatar in 2022 was 1596.3 (thousand) (http://ubstat.mn/StatTable=20 , 

checked in Mar. 2024)  
- Area of Ulaanbaatar in 2022 was 470444 ha (http://ubstat.mn/StatTable=45 , checked in Mar. 

2024) 
 
Table 2  Maximum Acceptable Level for Amgalan Heat Plant (MNS 6298:2011) 

No. Boiler Model NOx SO2 CO Dust 

14031~14033 QXF 116-1.6/130/70-L 116 MW 450 400 180 50 
Unit: mg/Nm3 

Note: NOx emission standards for coal of which volatile matter content is less than 20% are 650 or 
1100 mg/Nm3. SO2, CO and dust emission standards for the area of which population density is less 
than 10 persons per km2 are 600, 300 and 200 respectively. 
 

4. Measurement by third parties 
Measurement in 2023 by third parties could not be found. Table 3 shows the air pollutant 
concentration of the last measurements by Experiment and Research Center for Boiler, 
Mongolian University of Science and Technology (MUST). SO2 concentration was 1.23 
to 4.31 times or more than the emission standard. NOx concentration was 1.01 to 1.34 
times higher than the emission standard. CO and dust concentrations were less than 
the emission standard. 
 

Table 3  Pollutant Concentration measured by MUST 
Date Boiler  NOx SO2 CO Dust 

 Standard 450 400 180 50 

2021-11-28 К-2 531.67 1630.67 5 5.6 

К-3 602.57 1724.29 0 5.53 

2022-03-27 К-2 457 864.2 8.5 34.92 

К-3 482 589.6 7 47.81 

Unit: mg/Nm3 at the standard condition defined in the standard (101,325 Pa, 273 K, O2=6%) 
 

5. Measurement by Amgalan Heat Plant 
According to a regulation of Mongolia “Монгол улсын байгаль орчин, аялал 
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жуулчлалын сайдын тушаал” (А/222, 2028.07.04), Amgalan Heat Plant must measure 
air pollutants concentration in the exhaust gas monthly, and shares the data with 
NAMEM.  
Although Amgalan Heat Plant requested MUST for the exhaust gas as shown in Table 
3, the data submitted to NAMEM was not monthly data. 
 

6. Summary 
Amgalan Heat Plant is requested to measure air pollutant concentration monthly, and 
submit the data to NAMEM. However, the submitted data was not monthly data. 
Concentrations of SO2 and NOx in the exhaust gas were over than the emission 
standard. 
 

7. Recommendation  
Government is recommended to request Amgalan Heat Plant to measure its exhaust 
monthly. Amgalan Heat Plant would be able do it when the necessary budget of 
measurement is authorized by the Government.  
Government is recommended to request Amgalan Heat Plant to control its emission. It 
would be realized if budget will be authorized to design countermeasures. SO2 emission 
standard may be achieved by installing and operating desulfurization equipment, or 
using coals of which sulfur contents is much lower. NOx emission standard may be 
achieved by installing and operating denitration equipment, or using coals of which 
volatile matter content is less than 20%1. 
 
Common recommendations for TPP2, TPP3, TPP4 and Amgalan Heat Plant are 
summarized in another report. 

<<End of Document>> 

 
1 NOx emission standard for using coals of which volatile matter content is less than 20% is 650 or 1100 
mg/Nm3 
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Technical Information of CEMS, Boilers & Stacks of Amgalan Heat Plant 
(Activity 1-2) 

2024.05.20, NAMEM and JICA Expert Team 
 
1. CEMS ................................................................................................................................................................. 1 
2. Boilers................................................................................................................................................................. 1 
3. Stacks ................................................................................................................................................................. 1 
4. Connections ............................................................................................... Error! Bookmark not defined. 
 

1. CEMS 

There is no CEMS installed. 
 

2. Boilers 

3 boilers as shown in the table below.  
 

Table 1  Boilers of Amgalan Heat Plant 
No. Model 

14031 QXF 116-1.6/130/70-L 116 MW 

14032 (ditto.) 

14033 (ditto.) 

 

3. Stacks 

One 120 m height stack for all the boilers. 
 

<<END of Document>> 
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Common Recommendations  
2024.05.20, NAMEM and JICA Expert Team 

 
1. Designating Air Quality Specialist Organization ............................................................................... 1 
2. Defining Serious Case ................................................................................................................................ 1 
3. Making flue gas monitoring report of power plants and heal supply facilities ...................... 1 
4. Excess air coefficient ................................................................................................................................... 2 
5. Installing CEMS to all the stacks of power plants and heat supply stations ......................... 2 
6. Revising emission standards MNS 5919:2008 and MNS 6298:2011 ...................................... 2 
7. Flue Gas Measurement by Third Party ................................................................................................ 2 

 

1. Designating Air Quality Specialist Organization 
On 2021-11-28, SO2 concentration of the flue gas of Boiler “К-3” of Amgalan Heat Plant 
was 4.31 times higher than “Maximum permitable level and measuring method of air 
pollutants in flue gas of new Thermal Power Plant and Thermal plant (MNS 6298:2011)“.  
“Air Law” defines “air quality specialist organization” to control power plants. However, 
no organization is designated by now. Therefore, there is no governmental action by 
now. It is recommended to revise legal environment to establish a new organization or 
designate any existing organization as “air quality specialist organization”, and allocate 
budget and experts necessary to control power plants emissions. 
 

2. Defining Serious Case 
“Air Law” defines “Measures to be taken when air pollution and negative physical 
effects increase seriously”. However, it cannot be announced by now. It is 
recommended to revise legal environment to define serious case, and necessary 
procedure. 
 

3. Reporting flue gas monitoring of power plants and heal supply facilities 
Followings are recommended to be restarted or continued; 
a) Maintenance of CEMS by power plants, including enough budget allocation for 

periodical procurement of traceable and certified standard gases, spare parts and 
repairment, and renewal of CEMS itself, 

b) Measuring flue gas by CEMS or monthly measurement by power plants, 
c) Sending CEMS data online to http://cems.agaar.mn by power plants, 
d) Sending monthly measurement data to NAMEM, 
e) Maintaining http://cems.agaar.mn by Ministry of Environment and Tourism, 
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f) Comparing flue gas data with emission standard by power plants or NAMEM, 
g) Reporting by NAMEM or any division of government, and 
h) Allocating necessary budget by government. 
 

4. Excess air coefficient  
Excess air coefficient is defined in the emission standards such as MNS 5919-2008 
and MNS 6298-2011. However, most of the Mongolian experts concerned did not know 
how to calculate from concentration-measured to concentration-in-standard-condition. 
None of the Mongolian experts concerned found errors in the calculation related to 
excess air coefficient. Followings are recommended. 
a) Educating engineers widely on excess air coefficient, 
b) Government request to measure and submit O2 concentration whenever 

powerplants measures flue gas. 
 

5. Installing CEMS to all the stacks of power plants and heat supply stations 
CEMS is not installed at the shorter stack of TPP3, the stack of TPP2, and the stack 
of Amgalan Heat Station. Gas analyzing CEMS is not installed at the stack of TPP4. It 
is recommended to install CEMSs to all the stacks mentioned here. 
 

6. Revising emission standards MNS 5919:2008 and MNS 6298:2011 
Emission standard “Maximum acceptable level and measuring method of air pollutants 
in the exhaust gases from the steam and hot water boilers of TPP and Thermal stations 
(MNS 5919:2008)” are categorized by capacity and boiler types. After the boiler 
upgrade of TPP2, there is no emission standard for Boilers К-1, К-2 and К-3 of TPP2. 
Emission standard for the types and capacities of TPP2 boilers are necessary to be 
defined. Therefore, MNS 5919:2008 is recommended to be revised. 
NOx concentration of Amgalan Heat Plant was 457~602.57 mg/Nm3, which were over 
than the standard (450) since the plant used coals of which volatile matter content was 
larger than 20%. However, if they uses coals of which volatile matter content is less 
than 20%, they would be less than the standard (650), even though the effect on air 
quality may be same. It may be better to be revised also. 
 

7. Flue Gas Measurement by Third Party 
Mongolian regulation “Монгол улсын байгаль орчин, аялал жуулчлалын сайдын 
тушаал” (А/222, 2028.07.04) requests self-monitoring by power plants, and no way is 
defined to evaluate the self-monitoring. It is recommended to revise legal environment 
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to request measurement by third party and to legalize budget allocation. 
 

<<End of Document>> 
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ウランバートル市大気環境測定値の過去一週間分 
/2024 年 1 月 22 日～2023 年 1 月 28 日/ 

 
ウランバートル市大気中の主な大気汚染物質は二酸化硫黄/SO2/、二酸化窒素/NO2/、粒

子状物質/PM10, PM2.5/、一酸化炭素/CO/、オゾン/O3/濃度の測定結果は以下の通りである。 
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ウランバートル市の過去一週間分の大気質 (2024 年 1 月 22 日～2024 年 1 月 28 日) 
/2023 年同期との比較/ 

 
 
 
 

№ 

 
 

汚染物質 

MNS 
4585:2016 

週間平均濃度、 
㎍/m3 24 時間平均最大濃度、 

㎍/m3 

 
基準超過回数、％

 
 

基準超過、最大濃度の測定局 
排出許容量

㎍/m3 

2023 年 2024 年 2023 年 2024 年 2023 年 2024 年

1 二酸化硫黄(SO2) 50 143 ㎍/m3 210 ㎍/m3 409 ㎍/m3 706 ㎍/m3 82 % 93 % Bayankhoshuu 周辺では大気環境基準より 14.1 倍高い 

2 二酸化窒素 (NO2) 50 63 ㎍/m3 86 ㎍/m3 181 ㎍/m3 183 ㎍/m3 63 % 91 % 100 世帯周辺では大気環境基準より 3.6 倍高い 

3 粒子状物質 (PM10) 100 131 ㎍/m3 183 ㎍/m3 401 ㎍/m3 465 ㎍/m3 58 % 71 % Tavan buudal 周辺では大気環境基準より 4.6 倍高い 

4 微小粒子状物質 (PM2.5) 50 101 ㎍/m3 159 ㎍/m3 309 ㎍/m3 485 ㎍/m3 76 % 89 % Bayankhoshuu 周辺では大気環境基準より 9.7 倍高い 

5 一酸化炭素  (CO) 10000 2790 ㎍/m3 3472 ㎍/m3 16859 ㎍/m3 15246 ㎍/m3 4 % 6 % Tolgoit 周辺では大気環境基準より 1.5 倍高い 

6 オゾン(O3) 100 18 ㎍/m3 12 ㎍/m3 79 ㎍/m3 52 ㎍/m3 0 % 0 % 超過ケースなし 

 
 
 

ウランバートル市過去一週間分の気象データ、2024 年 1 月 22 日～2024 年 1 月 28 日 
/2023 年同期との比較/ 

 
№ 気象項目 2023 年 2024 年 備考 

1 平均気温、оС -25.3 оС -22.3 оС -3.0 оС で高い（暖かい） 

2 平均風速、 m/s 1.4 m/s 0.8 m/s 0.6 m/s で低い（遅い） 

3 降水量、mm 0.0 mm 0.0 mm 降雪なし 
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ウランバートル市内の大気質指標情報 

/2024 年 1月 22 日～2024 年 1 月 28 日/ 
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PM10 PM10, 

PM2.5 
PM10, 

NO2, SO2, 

PM10, NO2, 
PM2.5, SO2, 

PM10, NO2, 
PM2.5, SO2, 

PM2.5, 
NO2 

 
PM10, SO2, 

 
SO2,  PM10, 

NO2, SO2, 

 
大気質指標 大気質区分 健康影響 

0 - 50 キレイ 人間の健康にマイナス影響はない。 

51-100 普通 大気環境基準を満たしている。しかし、一部の敏感なグループにとっては呼吸器疾患の症状を起こす可能性がある。 

101 – 200 弱い汚染 敏感なグループにとってはマイナス影響を起こす。慢性の循環器（心臓脈）・呼吸器疾患を持つ人、特に気管支喘息の人に著

しく影響を及ぼす。 
201 – 300 中程度の汚染 人間健康に影響を及ぼす。敏感なグループにとっては重大な影響を及ぼす。 

301- 400 強い汚染 長期間にわたって外出の場合、人間健康に著しい影響を与える。 

401-500 非常に強い汚染 人間の健康にマイナス影響がある。 

 
 

2024 年 1 月 22 日～1 月 28 日間の過去一週間大気環境モニターリング結果によると、ウランバートル市内の大気質は Zaisan, Tolgoit, Nisekh, 
第 13住宅地区、西交差点、Amgalan, Urgakh naran住宅地区、Misheel Expo, 火力発電所周辺では『弱い汚染』、Nalaikh, 100世帯、MNB局、Sharkhad
周辺では『中程度の汚染』、第1住宅地区、Dambadarjaa, Tavan buudal周辺では『強い汚染』、Khailaast, Bayankhoshuu周辺では『非常に強い汚染』

のレベルに達するケースがあった。 
 
 

NAMEM 環境分析課 
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ウランバートル市
大気汚染対策能力強化プロジェクト

フェーズ3
第１回本邦研修

研修報告

2022/11/22

1. 期間 2022/11/9 ~ 2022/11/23

2. 研修員

1

研修概要

Nominee Position Organization

Tumurbaatar Tudevdagva Director of CLEM CLEM

Baldorj Barkhasragchaa
Head of Environmental 
monitoring laboratory

CLEM

Dashdendev Tumendelger Engineer CLEM

Erdenebat Oyuntuya  Engineer CLEM

Dorjsuren Suvd Technician CLEM

Bud‐Ochir Batkhishig Technician CLEM

Sarangerel Enkhmaa NAMEM NAMEM

Enkhbayar Amarzaya NAMEM NAMEM
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4. 本研修の概要

• 研修先

2

大阪公立大学 PM成分分析実習

大阪府立環境農林
水産総合研究所

PM成分分析の実例紹介、精度管理の
留意点

数理計画
PM発生源寄与解析（レセプタモデルの
概要・実習）

4. 本研修の概要

3

日付 時間 研修内容 場所

11/11 10:00‐11:00 本邦研修の目的、スケジュール JICA関西

11:10‐12:10 PM発生源寄与解析の基礎 JICA関西

13:30‐16:30 レセプタモデル実習 JICA関西

11/14 10:00‐16:30 PM成分分析の概要説明
PM成分分析実習

大阪公立大

11/15 10:00‐12:00 PM成分分析実習 大阪公立大

14:00‐16:30 分析設備の見学/PM成分分析の実
例紹介、精度管理の留意点

大阪府立環境農林
水産総合研究所

11/16 10:00‐16:30 PM成分分析実習 大阪公立大

11/17

11/18

11/21 10:00‐16:30 PM成分分析実習のまとめ
機材整備計画作成

JICA関西

11/22 09:00‐16:00 研修報告会・評価会
閉講式

JICA関西

1316



5. 研修の課題

1. ウランバートルでPM発生源寄与解析を行うため
に必要な機材整備計画を作成する。

 ウランバートルにおいて、これまで2021年11月から2022
年11月まで、UB市内でPM採取作業を行ってきた。

 しかし、 CLEMは炭素分析計等の必要な機材を所有して
いなかったため、成分分析は日本で再委託によって行っ
ている。

 将来的にCLEMでPM成分分析を行うことができるよう、各
機材の運用上の特徴、導入にかかるイニシャルコスト、
消耗品・試薬等に係るランニングコスト等を学び、それ
らを踏まえてNAMEMとCLEMがPM成分分析機材の整備計画
を策定することを課題とした。

4

研修成果

• 成分分析の実習 - フィルタの秤量・調製

5

モンゴル

日本

成分分析の実習を通して理解が深まった点、気づいた点など

温度 (21,5℃), 湿度 (30-40%) 及び環境(室内)状況が重要

-フィルターの保存

-フィルター上の静電気を中和する /帯電除去/

-フィルターを２秒毎に12回秤量する

-専用のハサミが必要

-フィルターの品質管理

-フィルターを900℃のマッフル炉で焼いて不純物を除去する

自国で実施するための課題

-経費 (脱イオン機器の部品、ヒーター購入のための

費用を調べること、Advantec Distilator)

-フィルターを正確に半分に切断するためのハサミ、

カッター、試料ボート
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研修成果

• 成分分析の実習 - イオン分析

6

モンゴル

日本

成分分析の実習を通して理解が深まった点、気づいた点など

試料の前処理のための環境整備を注意する

-マスク、手袋及び清潔な環境維持に心がける

-蒸留水の純度が重要

-新しいブランクフィルターを毎回、計量すること

-超音波処理槽の水温度をよく注意する

自国で実施するための課題

ラボラトリー長が超音波処理槽の購入を決定した。

-標準溶液、部品・消耗品の在庫がない（標準溶液、
ピペット）。
-韓国の有償では機材がメインで部品・消耗品は供与
されない課題がある。将来的に購入しなければならな
いが予算なし。

研修成果

• 成分分析の実習 – 元素分析

7

モンゴル

日本
成分分析の実習を通して理解が深まった点、気づいた点など

ターゲット別の結果を比較して、結果を分析する

自国で実施するための課題

必要な年間経費解決のために、上部レベルに
分析結果を紹介・報告して、理解を促す

-分析実施に係る人材の能力向上

-結果を正しく整理・処理し分析する能力を身につける

-測定の不確実性を計算する方法がまだ十分理解できなかった

-最も大きな課題は資金
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研修成果

• 成分分析の実習 – 炭素分析

8

モンゴル

日本
成分分析の実習を通して理解が深まった点、気づいた点など

成分分析の実施に多種のガスが使用される。

-分析結果を正確に読み取ることができるように

なることが必要。

-OCとЕСの違いが分かった。

-分析機材を用いて、6回測定を行った。

自国で実施するための課題

- ガス及び基準ガスの入手が困難

（５つのガスが使用される）

-資金

研修成果

• ラボの運営・分析品質管理

9

モンゴル

日本

理解が深まった点、気づいた点など

フィルターの前処理、保管、天秤の精度、測定頻度、

機器の整備・安定、試料の前処理の注意事項、

整備環境の影響、分析結果の保存、標準作業手順書の

利用、標準液・試薬の汚染防止、精度

将来的に供与される予定のラボを管理・運用することも踏まえ、課題や参考にできる点など

ラボラトリー分析業務の費用が高いため、資金が必要。ラボ分析のための資金が確保されて
いない。

-ガイドライン、プログラムの改善、その徹底実施を図る

-日本の場合は、分析結果に基づいて対策を計画している。

- 法的環境に基づいて業務実施ができている。分析結果が重要であることが理解できた。
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研修成果

• 発生源寄与解析の事例

10

モンゴル

日本

発生源寄与解析の事例を通して理解が深まった点
、気づいた点など

-発生源インベントリ作成が不要、成分結果に

基づいて発生源寄与を特定する

-成分結果に基づいて発生源に対する適切な

汚染対策を実施する

-結果を比較して、測定のエラーがわかる、

サンプル数が重要

自国で実施するための課題

多種の分析結果に基づいて発生源寄与を特定するため分析機器、機材が不足

-機器・機材利用の場合、必要な年間経費が高額になるため、毎年資金の確保が
必要である。現在、分析経費のための資金がない。

研修成果

• レセプタモデルの実習

11

更に実習・講義が必要な点

習得できた点

理解が深まった点、気づいた点など

因子の選定、発生源の区別、モデル上の補正、

多種のモデルがある等の基本的な理解ができた
。

研修後の渡航でフォローアップが必要な点

発生源の区別、因子の選定、測定の不確実性、計算の実施, モデル入
力データの作成等を詳細に学習する
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機材整備計画
/3年～4年後/

12

分析機材候補 Magee scientific (DRI 2015)

必要な分析項目 OC and EC

分析法 Thermal optical reflectance method (TOR) 

望ましい条件 IMPROVE‐A procedure

特記すべき消耗品 Support Gases:
・Ultra‐high purity (UHP) helium (hydrocarbon free, 
>99.999% purity)
・10% oxygen in UHP helium
・5% methane in UHP helium
・Compressed air

コスト 機材-200,000 USD, 年間必要な経費-10,000USD

課題 新しいラボラトリーができると機器・機材の購入
が行われる。経費がとても重要で、人材能力の強
化

炭素分析

機材整備計画

13

分析機材候補 Dionex IC
Metrohm IC

必要な分析項目 Water‐soluble ionic species as anion (NO3
‐, SO4

2‐, CO3
2‐ and Cl‐) 

and cation (NH4
+, Na+, K+ and Ca2

+)

分析法 Ion Chromatograph

望ましい条件

特記すべき消耗品 Anion, cation guard colomn, 自動サンプラー

コスト 100,000 USD、年間経費5000 USD 

課題 ‐蒸留水機器の解決
‐超音波処理槽の購入が決定(T. Tudevdagva所長が資金を
解決した）

イオン分析
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機材整備計画

14

分析機材候補 Panalytical Zetium

必要な分析項目 Na，Mg，Al，Si，P，S，Cl，K，Ca，Ti，V，Cr，
Mn，Fe，Ni，Cu，Zn，As，Se，Br，Rb，Sr，
Mo，Sn，Sb，Ba，Pb etc.

分析法 X‐ray fluorescence spectroscopy (EDXRF)

望ましい条件 特別の施設

特記すべき消耗品 Support Gas:
・liquid nitrogen

コスト 300,000 USD 10,000USD（5年に一回ランプ交
換と仮定）

課題 年間経費
-人材能力
-結果の整理・とりまとめ

元素分析

機材整備計画

15

分析機材候補 Agilent : 5110 ICP‐OES
Thermo Fisher : icap 7400

必要な分析項目 Na，Mg，Al，Si，P，S，Cl，K，Ca，Ti，V，Cr，
Mn，Fe，Ni，Cu，Zn，As，Se，Br，Rb，Sr，
Mo，Sn，Sb，Ba，Pb etc.

分析法 ICP‐OES

望ましい条件

特記すべき消耗品 Support Gas:
・Argon (>99.99)

コスト 220,000 USD、年間経費 25,000 USD

課題 年間経費
-人材能力
-結果の整理・とりまとめ

元素分析３

1322



機材整備計画

16

課題
自国で機材整備を進めるにあたり課題となる点を整理する。

 法・制度上の課題

- 法律の実施を改善して、達成状況を監査して、毎年、結果を協議する

- 計画に業務結果を確認する

- 自動サンプラーの場合、夜間勤務が可能である。

- 組織体制を更新する

- 分析業務が重要という理解に基づいて機材装置の課題を解決する

 人員上の課題

人材確保、その能力、定員数増加、給与（韓国から70名に増員する必要があると提案さ
れている。）

- 運用マネジメントの更新、ラボラトリーの分析結果が汚染削減対策の計画に重要な資料
となるため、ラボラトリーの業務活動の支援、資金を別に計画すること、経費確保のた
めの融資

提案・要望: プロジェクト成果を上部レベルの幹部役に紹介・報告して、成果活用の理解、
効果的な正しい汚染対策の策定に影響する (環境大臣、Amarbaysgalan大気汚染低減委員会委
員長・委員(副大臣)、UB市長、国会議員、など上部レベルの管理役対象とした協議会の実施
を計画する)

17

Thank you for your cooperation
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1

排出インベントリの
作成について

2020/9/10

JICA専⾨家チーム 仲⽥ 伸也

1

⽬次
•プロジェクトにおける排出インベントリの役割
•排出インベントリの基本⽅針
• 2018年データの確認
•今後のインベントリ作成の進め⽅

2

排出インベントリの役割

3
Source: What is  an  Emission Inventory? 
https://www.acap.asia/en/publications‐acap/

排出インベントリとは?

•ある期間内に⼤気汚染物質がどこからどのぐら
い排出されたのかを⽰す⽬録

•排出インベントリの利⽤⽬的
• 排出実態の定量的把握
• シミュレーションモデルへのインプットとその活⽤
• 将来予測と⼤気汚染対策の策定
• 対策技術の検討への活⽤

4

排出インベントリの基本⽅針
(1)
•基本的な計算⽅法

• 活動量: 排出をもたらす活動の⼤きさ
• 排出係数: 単位活動量当たりの汚染物質平均排出量

•いずれの値も、モンゴルで⼊⼿可能なデータを
最優先で使⽤

5

排出量 = 活動量 x 排出係数

排出インベントリの基本⽅針
(2)

•対象発⽣源
•燃料消費

• 固定発⽣源、移動発⽣源
•⼯業プロセス
•炭鉱での採掘
• GSからの漏出
•溶剤使⽤
•農業活動
•森林及び草原⽕災
•固形廃棄物処理

•対象汚染物質
• SO2
• NOx
• TSP
• PM10

• PM2.5

• CO
• NH3
• NMVOC

6
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2

排出インベントリの基本⽅針
(3)
•時間変化

• 固定発⽣源: 燃焼施設の稼働状況
• 移動発⽣源: ⾃動⾞の交通量、航空機鉄道の便数
• ⼯業プロセス: 施設の操業時間
• 炭鉱での採掘: 操業時間
• 森林⽕災: ⽕災の発⽣時間、消⽕時間
• 廃棄物処理: 施設の稼働時間
• データが得られない場合は、⼀定の稼働パターンと
する。

7

排出インベントリの基本⽅針
(4)
•空間分布

• 個別調査による位置情報
• GISデータによる道路網、路線網
• 延焼⾯積
• 精度の⾼い順に、緯度経度、村・ホローレベル、
郡・区レベル、県・市レベル、国全体

8

2018年インベントリの
作成のためのデータ確
認

9

⽕⼒発電所
•⽯炭使⽤量

• ⽉別ボイラ別の使⽤量
•煙突諸元

• ⼀部データが変わっていたが
•時間変化パターン

• ⽉別変化は⽯炭使⽤量から計算可能
• ⽇別あるいは時刻別変化は発電所の発電量と熱供給
量から推計

•その他
• 硫⻩分及び灰分、排ガス処理装置の除去率

10

HOB (Heat Only Boiler)

• ⽯炭使⽤量の値に疑問点あり
• 年間1000トン以上のボイラがある→単位ミス？
• 1つの施設での合計使⽤量がすべてのボイラで記載され
ている可能性がある

• 煙突諸元に関する情報がない
• ⾼さ、形状、⼝径あるいは縦横⻑

• 位置情報
• 緯度経度や所在地がブランク
• 緯度経度が逆に⼊⼒
• 緯度経度の表記⽅法が統⼀されていない

• 必要な情報の追加、かつ、データのクリーニング
の必要性

11

CFWH (Coal Fired Warm Heater)

•個別データ
• ⽯炭使⽤量の値に疑問点あり

• 年間1000トン以上のボイラがある→単位ミス？
• 緯度経度の⼊⼒

• 緯度経度が逆
• 表記⽅法が統⼀されていない

•今後個別データを活⽤するのであれば、必要な
情報の追加、かつ、データのクリーニングの必
要性

12
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3

家庭⽤⼩型ストーブ
•個別データ

• ⽯炭使⽤量の値に疑問点あり
• 年間1000トン以上のボイラがある→単位ミス？

• 緯度経度の⼊⼒
• 緯度経度が逆
• 表記⽅法が統⼀されていない

•ホロー別ストーブ種類別台数の情報
• 2017年及び2019年と同様の書式で作成

•今後個別データを活⽤するのであれば、必要な
情報の追加、かつ、データのクリーニングの必
要性

13

⾃動⾞
•⾞検登録データベース→OK

• ⾞体重量の単位変換
• UB市税関燃料輸⼊量→OK

•道路網GISデータ
• 道路、オーバーパスの建設による道路の変化を把握

•排出原単位の更新
• ⽇本の排出原単位の確認

•交通量調査を2019年9⽉と12⽉に実施
• 2019年のインベントリに反映予定

14

その他
•道路粉塵

• 路上のシルト率
•焼却灰の巻き上げ

• 灰捨て場の利⽤状況
• ⾶散可能⾯積

•野焼き
•航空機
•廃棄物処分場（Landfill）
•⼯場（燃焼、⼯業プロセス、溶剤利⽤）

15

今後の予定
•排出量計算に慣れる

• 発電所のデータを使って計算
•データの追加収集

• 最新の道路網のGISデータ
• 11⽉をめどにすべての発⽣源の排出量を計算
• 12⽉以降

• 気象データの整理
• ⼤気質測定局データの整理
• シミュレーションの実⾏

16
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2020年発生源排出量計算
結果報告

2022/3/17
DAAP

JICA専門家チーム（仲田）

1

目次
•目的
•排出量計算結果概要
•各発生源排出量計算手順
•まとめ
•今後の課題

2
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目的
•以下の目的に基づき、2020年の排出インベントリを作成する。

• 改良燃料使用前である2018年の排出量と比較することで、改良燃料使
用による排出量削減効果を確認する。

• 大気汚染構造把握のための拡散シミュレーションモデルの入力データ
として活用する。

• 大気汚染対策案を評価する。

3

排出量計算結果

単位: ton/year

SOx NOx TSP PM10 CO

火力発電所 13,544.3 18,113.8 24,513.6 22,447.1 10,415.2

HOB 1,462.2 366.5 1,720.6 1,634.6 4,676.0

CFWH 498.1 126.0 73.3 63.2 4,413.7

家庭用小型ス
トーブ 5,648.5 1,582.8 1,510.1 1,394.2 52,239.4

自動車 298.4 3,545.8 243.6 243.6 20,287.0

道路粉塵 3,892.4 3,892.4

発電所灰飛散 1,859.0 712.4

合計 21,451.5 23,734.9 33,812.7 30,387.5 92,060.9

4
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発生源 活動量 排出係数 その他の情報
火力発電所 発電所別月別石炭使用量 第２、第３、第４火力：プロジェクトで

の排ガス測定結果に基づいた排出係数
Amgalan：建設時の排ガス濃度の仕様に基
づいて計算

煙突情報（位置座標、高
さ、口径、排ガス速度）

HOB 発生源登録データ プロジェクトでの排ガス測定結果に基づ
いたボイラ別排出係数

煙突情報（位置座標、高
さ、口径、排ガス速度）

CFWH 発生源登録データ プロジェクトでの排ガス測定結果に基づ
いたCFWHの排出係数

居住範囲面積

家庭用小型ス
トーブ

発生源登録データ プロジェクトでの排ガス測定結果に基づ
いたストーブ別燃料種類別排出係数

居住範囲面積

自動車（道路粉
塵含む）

道路交通網データ
2019年に実施した交通量
調査データ

日本の排ガス規制年別排出原単位
2019年に実施した旅行速度調査
走行巻き上げの排出係数（AP-42）

発電所灰飛散 灰埋め立て地面積 灰埋め立て地の浸食深さ調査結果

5

火力発電所排出量算定

6

E ൌ෍ AD௜ ൈ EF௜ ൈ 1000ே
௜

E: 排出量 (ton/year)
Adi: 煙突” i”が接続されたボイラの石炭年間使用
量 (ton/year)
EFi: 煙突”i”の排出係数 (kg/ton燃料)
N: 煙突の本数
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発電所別月別石炭使用量
2015 2016 2017 2018 2020

第2火力 225.4 236.7 241.5 261.6 228.9
第3火力
（中圧） 322.8 339.6 331.7 353.9 356.2

第3火力
（高圧） 954.9 927.8 943.9 971.3 984.1

第4火力 3,305.4 3,286.5 3,451.2 3,397.8 3,583.1
Amgalan 351.5 109.7 159.0 225.4 250.2
合計 5,159.9 4,900.4 5,127.3 5,209.9 5,402.5
単位: 千ton/year

活動量は、各発電所から提供された月別石炭使用量である。
若干の増加はあるものの、大きな変動はない。

7

排出係数
SO2 NOx TSP PM10 CO

第2火力 3.31 0.97 23.37 21.40 41.35
第3火力（中圧） 7.35 6.91 10.47 9.59 1.13
第3火力（高圧） 1.64 0.88 5.13 4.69 0.23
第4火力 2.19 3.87 2.87 2.63 0.03
Amgalan 2.87 2.87 0.36 0.33 0.91
単位: kg/ton

第2、第3、第4火力: プロジェクトで排ガス測定結果に基づい
た排出係数
Amgalan: 建設時の排ガス濃度の仕様に基づいて計算

8
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HOB排出量算定

9

E ൌ෍ AD௜ ൈ EF௜ ൈ 1000ே
௜

E: 排出量 (ton/year)
ADi: 煙突” i”に接続されたボイラの石炭年間使
用量 (ton/year)
EFi: 煙突”i”の排出係数 (kg/ton)
N: 煙突の本数

HOB燃料使用量

2015 2016 2017 2018 2020
175,059 205,717 197,472 178,503 168,249
単位: ton/year

発生源登録データをボイラ登録HOB
の燃料は、生石炭およびミドリング
ブリケットである。

10
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ボイラ別排出係数（一部）

単位: kg/ton

HOBのミドリングブリケットでの
排ガス測定結果はないため、これ
までの排ガス測定結果に基づいた
ボイラ別排出係数を適用している

11

Boiler 
TypeID Boiler Type Coal Type SO2_EF NOx_EF TSP_EF PM10_EF CO_EF

1 HP Baganuur 4.75 1.27 16.79 15.95 20.59
3 HP Others 7.81 1.22 10.45 9.93 24.23
7 MUHT Baganuur 11.80 3.67 11.06 10.51 19.90
7 MUHT Baganuur 11.80 3.67 11.06 10.51 20.90

10 KCR Baganuur 0.94 0.23 4.86 4.62 14.08
13 DZL All 12.01 3.35 5.58 5.30 20.52
13 DZL All 12.01 3.35 5.58 5.30 20.52
14 Carborobot All 10.54 1.19 8.87 8.43 54.78
15 Eco Eco Baganuur 4.28 0.77 1.16 1.10 32.88
18 CLSG All 7.77 0.50 13.28 12.61 45.43
19 Viaduras All 4.70 0.69 2.64 2.51 109.82
21 DZH Baganuur 0.74 0.10 7.60 7.22 11.96
25 EcoEffect All 14.78 1.10 2.59 2.46 51.42
27 LSG All 28.57 4.91 7.60 7.22 65.10
28 CLHG All 16.15 4.80 8.04 7.64 274.68
29 BZUI All 3.77 1.07 10.64 10.11 32.08
30 Euro Zigi Star-kom All 6.74 2.26 63.76 60.57 48.18
31 Odcon All 0.61 0.06 1.29 1.22 4.10
33 Others Baganuur 3.97 1.17 9.85 9.36 30.59
42 KBPO7KB All 6.31 0.68 32.13 30.52 26.35

CFWH排出量算定

12

E ൌ෍ AD௜ ൈ EF ൈ 1000ே
௜

E: 排出量 (ton/year)
ADi: ホロー”i”での年間石炭使用量 (ton/year)
EF:  排出係数 (kg/ton)
N: ホロー数
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CFWH燃料使用量
2015 2016 2017 2018 2020

Bayangol 1,158 1,443 1,104 2,065 2,930
Bayanzurkh 5,676 4,519 5,460 6,336 9,980
Songinokhairk
han 6,225 4,402 6,225 6,606 11,803

Sukhbaatar 1,773 3,420 1,773 3,685 6,271
Khan-Uul 2,417 639 2,407 2,772 3,324
Chingeltei 7,778 2,437 7,760 4,881 7,132
Total 25,026 16,859 24,729 26,345 41,440

単位: ton/year

CFWHの燃料は、改良燃料である。

13

排出係数
SO2 NOx TSP PM10 CO

12.02 3.04 1.77 1.53 106.51

単位: kg/ton

CFWHの改良燃料使用における排ガス測定は行われていない
ので、TTT社が実施した改良型ストーブでの燃焼試験結果に
基づく排出係数を適用している。

14
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家庭用小型ストーブ排出量算定

15

E ൌ෍෍෍ AD௜,௝,௞ ൈ EF௝,௞ ൈ 1000ଶ
௝ୀଵ

ଷ
௞ୀଵ

ே
௜ୀଵ

E: 排出量（ton/year）
ADi,j,k:ホロー”i”の燃料“j”のストーブ “k”の年間
燃料使用量（ton/year）
EFj,k: 燃料“j”ストー部 “k”の排出係数（kg/ton 
fuel）
N: ホロー数

家庭用小型ストーブ燃料使用量
2015 2016 2017 2018 2020

Ger Stove Improved 
Fuel 17,686 167,616 254,439 202,680 131,999

Wood 2,234 21,168 32,133 25,596 34,273

Wall Stove Improved 
Fuel 390,542 173,475 167,890 120,240 146,151

Wood 39,538 17,563 16,997 12,173 43,212
Improved 
Stove

Improved 
Fuel 560,223 374,102 349,495 153,702 178,637

Wood 79,494 53,084 49,592 21,810 51,964

Total Improved 
Fuel 968,451 715,194 771,824 476,622 456,787

Wood 121,266 91,815 98,722 59,579 129,450
単位: ton/year

家庭用小型ストーブの燃料は、改良燃料および木材である。
16

* 2018年までは生石炭、2020年は改良燃料
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排出係数

単位: kg/ton

改良燃料について、TTT社が実施した燃焼試験では、改良型
ストーブのみが使われているため、排出係数はすべてのス
トーブで一律の排出係数を適用している。
木材使用における排出係数は、これまでの排ガス測定結果に
基づいた排出係数を適用している。

17

Fuel Type Stove Type TSP PM10 SOx NOx CO
Improved Fuel All 1.77 1.59 12.02 3.04 106.51
Wood All 5.42 5.15 1.22 1.50 27.71
Coal Ger Stove 6.23 5.61 3.32 1.15 62.71

Wall Stove 9.77 8.79 3.32 0.61 60.37
Improved Stove 1.23 1.10 3.32 0.93 21.29

自動車排出量算定

18

( )
= = =

⋅=
t L VTN

t

N

L
tLVTLt

N

VT
VTii tvVEFE

1 1
,,

1

Ei: 大気汚染物質” i”の年間排出量、(ton)
T: 毎時
Nt: 1年間の時間数 (閏年は366 x 24=8,784 時間、平年
は 365 x 24 = 8,760時間)
L: リンク
NL: リンク数
VT:車種
NVT : 車種数
EFVTi: 車種毎汚染物質毎の排出係数
VLt: 時刻別リンク別旅行速度
tvVT, L,t: 時刻別リンク別車種別走行量
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交通量調査による非冬季平日の地点別交
通量

19

車種別車検登録台数および車種構成
2015 2016 2017 2018 2020

車検登録台
数 294,902 321,959 345,278 401,725 395,709

単位: 台
出典: 国家交通センター

車検登録台数は若干減少している。
乗用車が80%、トラックが10％以上である。
ガソリン車が80%、ディーゼル車が18%である。

20
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排出係数

21

日本車が75%以上を占めて
いるため、日本の排ガス
規制基準を基に、モンゴ
ルの状況を加味して車種
別旅行速度別排出係数を
計算した。

排出量推移

22
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まとめ
• 2020年の発生源別排出量を算定した。

• 改良燃料に変換されたことによりTSPとPM10の排出量は減少し、SOx、
NOx、COの排出量は増加している。

•この排出量算定結果を使って、2020年の大気拡散シミュレー
ションを実施する。
• 大気汚染構造の把握
• 改良燃料への変換に伴う濃度低減効果の検証

23

今後インベントリ更新の課題
•発生源登録データの精度向上、データクリーニング

• 燃料使用量、位置情報、排出情報
•排出係数の精度向上

• HOBのミドリングブリケット使用による排出係数の作成
• CFWHの改良燃料使用による排出係数の作成
• 家庭用ストーブの改良燃料使用による排出係数の作成

•車載計を用いた自動車排出ガス測定による排出係数の精度向上
•道路変更に伴う交通量調査の再実施

24
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その他発生源の調査
（活動2-2-4）

2023/3/7
JICA専門家チーム

1

目次
1. はじめに
2. 目的
3. 廃棄物処分場
4. レンガ工場
5. 火力発電所の灰埋め立て地からの灰の飛散
6. 主要な発生源の排出量との比較
7. まとめ
8. プロジェクト終了後の課題

2

1. はじめに (1)
1. プロジェクトのPDMで以下の活動がある。

2. その他発生源とは、火力発電所、HOB、CFWH、家庭用小型
ストーブ、自動車以外の発生源のことである。

3

2-2-4 DAAEPとNAMEMがJICA専門家の支援のもと、必要に応じてその他発生源
調査を実施する。

1. はじめに (2)
1. フェーズ2では、発電所灰埋め立て地からの灰の飛散、廃棄物

処分場、レンガ工場を対象としていた。
2. 発電所灰埋め立て地からの灰の飛散及びレンガ工場について

は、フェーズ２で排出量の算定方法を説明したが、当時の担
当者の多くが異動しているため、再度説明する。

3. 今後はモンゴル側でデータを収集し、排出量を計算する。

4
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2. 目的
1. その他発生源として、発電所灰埋め立て地からの灰の飛散、

廃棄物処分場、レンガ工場の排出量を計算する。
2. 冬季の大気汚染が問題となっているUB市において、計算した

排出量から、これらの発生源が冬季の大気汚染に影響を与え
るのかを検証する。

5

3. 廃棄物処分場

6

3.1. 概要
1. 固形廃棄物処分場への廃棄物処理による大気汚染物質の排出

を対象とした。モンゴルでのEmission Inventory Manualでの
排出量算定手法を用いて排出量を計算した。

7

3.2. 排出量計算方法

8

Emissions: 大気汚染物質の排出量 (g/year)
AD: 固形廃棄物の埋め立てに係る活動量 (ton/year)
EF: 固形廃棄物の埋め立てに係る排出係数 (g/ton)

1. 廃棄物処分における大気汚染物質の排出量算定方法は以下の
とおりである。

 ×= EFADEmissions
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3.3. 活動量
1. 活動量は居住人口から推計した都市ごみ量である。
2. UB市のホロー別居住人口に、1人当たりの都市ごみ年間排出

量は1.12kg/人/日（408.82kg/人/年）*1とすべての都市ごみ
のうち、処分場に廃棄される割合（65%）*2を乗じて計算した。

*1 Bolorchimeg Byamba and Mamoru Ishikawa (2017): Municipal Solid Waste Management in Ulaanbaatar, 
Mongolia: Systems Analysis, Sustainability 2017, 9, 896
*2 Third National Communication of Mongolia, MET, 2018

単位 2018 2019 2020 2021
居住人口 人 1,444,669 1,466,125 1,499,140 1,539,252
推計都市ごみ量 ton/year 590,610 599,381 612,878 629,277

9

3.4. 詳細な活動量データの収集
1. UB市廃棄物管理局には、処分場別廃棄物処理量（年間、月

間）の情報がある。そのデータを収集し、活動量として排出
量を計算することで、精度の高い排出量を算定できるので、
算定してみてほしい。

10

3.5. 排出係数
1. EMEP/EEA GuidebookのTier1の値を用いる。これらの値は、

欧州の排出係数を使っており、気象条件や廃棄物中の水分量
に依存する。

サブカテゴリー 単位 TSP PM10 PM2.5
埋め立て処分場 g/ton 0.463 0.219 0.033

11

3.6. 排出量の計算

12

単位: ton/year

1. UB市における廃棄物処分場での大気汚染物質排出量は以下の
とおりである。

年 TSP PM10 PM2.5
2018 0.273 0.129 0.019
2019 0.278 0.131 0.020
2020 0.284 0.134 0.020
2021 0.291 0.138 0.021
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3.7. 排出量の按分

Disposal Site 集積対象区 TSP PM10 PM2.5

ナラギーンエンゲル
Songinokhirkhan,
Chingeltei, Sukhbaatar,
Nalaikh, Bayangol

0.171 0.081 0.012

ツァガーンダワー Bayanzurkh 0.070 0.033 0.005
モリンギーンダワー Khan-Uul 0.037 0.018 0.003 13単位: ton/year

1. 人口比に応じて排出量を3つ
の処分場に按分し、排出量を
割り当てた。

処分場別の2020年の排出量

4. レンガ工場

14

4.1. 概要
1. レンガ工場でのレンガ製造プロセスで発生する大気汚染物質

の排出を対象とした。フェーズ2での排出量算定手法を用いて
排出量を計算した。

15

4.2. 排出量計算方法

16

Emissions: 大気汚染物質の排出量 (g/year)
AD: レンガ生産量 (ton/year)
EF: レンガ製造プロセスにおける排出係数 (g/ton)

1. レンガ工場でのレンガ製造プロセスで発生する大気汚染物質
の排出量算定方法は以下のとおりである。

 ×= EFADEmissions
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4.3. 活動量
1. 活動量はレンガの出荷重量である。
2. UB市の統計サイト*1の年間のレンガの出荷量（個数）にレン

ガ1個当たりの重量（3.2kg/個）*2を乗じて、出荷重量を計算
した。

*1 http://ubstat.mn/StatTable=362
*2 フェーズ2での実測調査に基づく

単位 2018 2019 2020 2021
レンガ 百万個 14 15.6 5.6 6.7

ton/year 44,800 49,920 17,920 21,440

17

4.4. 排出係数
1. モンゴルでの排出係数がないため、US EPAのAP-42の値を用

いた。

18

PM PM10 PM2.5 SO2 NOx CO
Grinding and screening operations
(破砕・ふるい運転)
(Тээрэмдэж, шигших процесс)

processing wet material
(湿気を有する材料の処理)
(Нойтон материал  боловсруулалт)

0.025 0.0023 ND

Coal-fired kiln
(石炭焚き窯)
(Нүүрс шатаах бааюу)

1.2 0.51 0.8

uncontrolled
(未対策)
(Арга хэмжээ аваагүй)

1.8 1.4 0.87

ND: No Data
Unit: "lb/ton". To convert from "lb/ton" to "kg/Mg", multiply by 0.5.

4.5. 排出量の計算

19

単位: ton/year

1. UB市のレンガ工場からのレンガ製造プロセスでの大気汚染物
質別排出量を以下のとおりである。

年 TSP PM10 PM2.5 SO2 NOx CO
2018 40.88 31.41 19.49 26.88 11.42 17.92
2019 45.55 35.00 21.72 29.95 12.73 19.97
2020 16.35 12.56 7.80 10.75 4.57 7.17
2021 19.56 15.03 9.33 12.86 5.47 8.58

5.火力発電所灰埋め立て地からの灰の飛
散

20
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5.1. 概要
1. 火力発電所の灰埋め立て地において、風による灰の飛散を対

象とした。フェーズ2までの排出量算定手法を用いて排出量を
計算した。

21

灰埋立地面積 飛散可能割合 灰の乾燥密度

灰埋立地からの灰の飛

散量計算

灰埋立地からのPM10
飛散量の計算

モニタリングによる灰埋

立地の浸食深さ

灰の分析に基づくPM10
の割合

5.2. 排出量計算方法

22

Emissions: 灰の飛散量 (g/month)
AD: 火力発電所の灰埋め立て地における灰の飛散可能面積 (m2)
EF: 灰の飛散係数 (g/cm2)
D: 灰埋め立て地の表面の浸食深さ (cm/month)
d: 焼却灰の乾燥密度 (1.041 g/cm3)

1. 火力発電所の灰埋め立て地における、灰の月別飛散量の算定
方法は以下のとおりである。年間飛散量は、12か月分の月別
飛散量の合計である

 ×= EFADEmissions

5.3. 活動量
1. 活動量は灰埋め立て地面積である。
2. 衛星画像での灰埋め立て地の覆土状況

及び乾燥度合いから、月ごとに飛散可
能な面積の割合を推定した。

23

場所 面積 (m2) 飛散可能な面積割合
2018 2020 2021

TPP-2 West 50,882 0% 0%-25% 0%-60%
East 55,968 0% 0% 0%-55%

TPP-3
Southwest 119,000 0% 0% 0%
Northwest 102,600 0% 0% 0%
North middle 60,000 0% 0% 0%-60%

TPP-4
Middle 250,000 0% 0%-40% 0%-50%
West 160,000 0% 0%-15% 0%-60%
East 180,000 0%-80% 0%-50% 0%-80%

TPP-2

TPP-3

TPP-4

5.4. 灰の飛散係数
1. フェーズ1~2での現地測定調査で埋め立て地ごとに地表面の

浸食厚さを測定した。

24

月 TPP-2 TPP-3 TPP-4
West East Southwest Northwest West East Southwest West

1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400
4 0.429 0.429 0.429 0.429 0.429 0.429 0.429 0.84
5 0.529 0.529 0.529 0.529 0.529 0.529 0.529 0.11
6 0.472 0.472 0.472 0.472 0.472 0.472 0.472 0.29
7 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443
8 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400
9 0.343 0.343 0.343 0.343 0.343 0.343 0.343 0.343

10 0.286 0.286 0.286 0.286 0.286 0.286 0.286 0.286
11 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0

単位: cm
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5.4. 灰の飛散係数 (2)
1. 2015年に、火力発電所の灰埋め立て地からサンプルを採取し

て、粒径分布の分析を行った。2016年以降サンプル採取がで
きなかったので、2016年以降のPM10の割合は、2015年の分
析値と不変とみなした。

25

火力発電所 TPP-2 TPP-3 TPP-4
PM10の割合 14.24% 29.44% 38.32%

5.5. 排出量の計算

26
単位: ton/year

1. 埋め立て地別に月別飛散量を計算したのち、年間の合計飛散
量を計算した。

場所 2018 2020 2021
TSP PM10 TSP PM10 TSP PM10

TPP-2 West 0 0 366.7 52.2 266.7 38.0
East 0 0 0 0 490.4 69.8

TPP-3
Southwest 0 0 0 0 0 0
Northwest 0 0 0 0 0 0
North middle 0 0 0 0 799.2 235.3

TPP-4
Middle 0 0 1,798.0 471.8 3,785.7 993.4
West 0 0 587.0 154.0 1,754.6 460.4
East 1,859.0 712.37 2,199.0 842.7 1,894.6 726.0

Total 1,859.0 712.37 4,950.7 1,520.7 8,991.1 2,522.8

6. 主要な発生源の排出量との比較
SO2 NOx TSP PM10 CO

PP 13,544 18,114 24,514 22,447 10,415
HOB 1,429 356 1,687 1,603 4,612
CFWH 498 126 73 63 4,414
Stove 5,651 1,586 1,521 1,404 52,294
Vehicle 298 3,546 244 244 20,287
RoadDust - - 3,423 3,423 -
Disposal 
site - - 0.3 0.1 -

Brick 11 5 16 13 7
PPAsh - - 4,951 1,521 -

27
単位: ton/year

2020年の排出量

7. まとめ (1)
1. 石炭燃焼起源、自動車以外の発生源の大気汚染物質排出量を

推計した。
2. 今回の排出量算定は、主にフェーズ２での調査結果を使って

推計したが、現状のレンガ工場の稼働状況及び廃棄物処分場
での処分量（年間あるいは月間）をモンゴル側が市の担当部
署に確認したうえで排出量を計算する。

28
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7. まとめ (2)
1. 廃棄物処分場への処分による大気汚染物質排出量は、PMの排

出量は石炭燃焼起源及び自動車からの排出に比べて非常に少
なく、処分場は中心地から離れている。

2. レンガ工場でのレンガ製造プロセスによる排出量は、石炭燃
焼起源及び自動車からの排出に比べて非常に少ない。

3. 廃棄物処分場やレンガ工場について、冬季におけるUB市中心
部への大気汚染の影響はほとんどないと想定される。

29

7. まとめ (3)
1. 火力発電所の灰埋め立て地からの灰の年間飛散量は多い事が

推計されたが、火力発電所に灰の処分方法について、確認す
べきである。

2. 特に大気汚染が酷い冬季では、埋め立て地の表面が凍結して
飛散しないため、冬季の大気汚染への影響はほとんどない。

3. 一方、春の風の強い時期には飛散量が増えるため、冬季の大
気汚染の課題が解消した後の検討課題である。

30

8. プロジェクト終了後の課題
1. モンゴルの排出インベントリガイドラインに基づき、統計

データや外国の排出係数を使って、示した発生源以外につい
ても排出量の概算を把握する。

2. その結果、UB市の大気汚染に影響を与えそうな発生源があれ
ば、必要に応じて詳細な調査及びデータ収集を行い、排出量
の精度を向上すべきである。

31

Thank you for your attention!

32
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2019年交通量・旅行
速度調査まとめ

2020/8/28
JICA専門家 仲田 伸也

1

目次
•目的
•交通量調査

• 調査概要
• 調査結果
• 考察

•旅行速度調査
• 調査概要
• 調査結果
• 考察

2

目的（１）
2019年のUB市内における自動車交通量の実

態を把握すること

2010年にUB市内の交通量・旅行
速度調査実施

・新規道路の建設（太陽橋等）
・既存道路の拡幅工事
・自動車登録台数の増加

現状の交通実態の把握の必要性
3

目的（２）
2019年の自動車排出ガスによる大気汚染物

質排出量を推計すること

交通量調査結果

走行量の推計

4

旅行速度調査結果

排出係数の更新

道路網GISデータ 車種別排ガス規制年別
排出原単位

大気汚染物質排出量の推計

交通量調査

5

調査概要
項目 概要
期間 非冬期：2019年9月19⽇〜20⽇、21⽇〜22⽇

冬期：2019年12月5⽇〜6⽇、7⽇〜8⽇
調査時間 24時間（6時〜翌朝6時）

16時間（6時〜22時）
調査地点 45地点
調査方法 調査員による現地計測

カメラによる連続撮影（後⽇調査員が計測）
調査項目 二輪車、小型・中型自動車、大型自動車、トロリーバス、

マイクロ・小型バス、中型・大型バス、小型トラック、
中型・大型トラック、その他（建設機械等）

6
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調査地点

Central

Sub-urban

Rural

7

調査実施（2019年9月）

8

調査実施（2019年12月）

9

調査結果
Link 
No. Location Lane

Autumn-
Weekday

Autumn-
Weekend

Winter-
Weekday

Winter-
Weekend Link 

No. Location Lane
Autumn-
Weekday

Autumn-
Weekend

Winter-
Weekday

Winter-
Weekend

Hour Count Hour Count Hour Count Hour Count Hour Count Hour Count Hour Count HourCount
1Rural 4 16 36,151 16 31,863 24Sub-urban 4 24 48,605
2Sub-urban 4 24 55,261 25Sub-urban 6 24 77,092
3Sub-urban 4 24 33,730 24 32,063 24 32,914 16 25,533 26Central 6 24 53,335 24 52,244 24 46,092 16 50,345
4Sub-urban 4 16 27,928 27Central 6 24 50,067
5Rural 4 16 18,448 28Sub-urban 6 24 56,491
6Rural 6 16 37,327 29Central 4 24 40,550 24 39,510 24 40,652
7Sub-urban 6 24 50,280 24 46,833 24 56,674 16 42,571 30Central 4 16 36,301 16 36,798
8Sub-urban 4 16 32,819 16 31,204 31Central 4 24 63,270 24 71,309 24 100,167
9Sub-urban 4 24 36,220 24 37,951 24 36,949 16 28,826 32Sub-urban 4 16 17,083 16 17,408

10Rural 4 16 32,902 16 29,831 33Central 6 24 36,778
11Rural 4 16 28,110 34Central 4 16 50,118
12Rural 4 16 27,634 35Sub-urban 6 16 30,352 16 31,402
13Rural 8 24 76,274 24 80,646 24 96,300 16 68,119 36Central 6 24 65,984 24 57,362 24 70,510 16 50,421
14Rural 6 24 67,486 37Sub-urban 4 24 48,951
15Sub-urban 4 24 34,324 24 32,323 24 49,189 38Central 4 24 60,052 24 59,791 24 69,600 16 52,496
16Sub-urban 6 16 49,056 16 50,432 39Central 6 24 41,898 24 43,586 24 47,460 16 45,241
17Sub-urban 4 24 77,848 40Rural 4 24 35,464
18Central 6 24 80,551 41Rural 2 24 27,487 24 25,619 24 29,437
19Sub-urban 6 24 47,115 24 46,806 24 44,436 16 52,753 42Sub-urban 4 16 36,333
20Central 4 24 33,202 43Sub-urban 4 24 37,624
21Central 4 24 26,287 44Central 4 24 26,257
22Central 4 24 15,874 24 17,015 24 24,147 16 15,096 45Sub-urban 4 16 39,748
23Central 4 24 35,915 24 29,570 24 32,868

10

夜間交通量の推計
• 16時間測定地点の24時間交通量及び夜間の時間帯
別交通量を推計

• 地域を3つに分類し、車線数でさらに2つに分類
• Central (4車線,6車線)
• Sub-urban (4車線,6車線)
• Rural (車線分類なし)

• カテゴリー別に昼夜率を用いた推計
• 24時間測定地点を対象に時間帯別交通量を合計
• 昼夜率＝ ଶସ時間交通量ଵ଺時間交通量 を計算
• 夜間（22時〜翌6時）での交通量パターンを計算
• 推計24時間交通量＝実測16時間交通量×昼夜率

11

夜間交通量の推計

これらの交通量を推計

12
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推計後の地点別交通量
Link 
No. Location Lane Autumn-Weekday Winter-Weekday Link 

No. Location Lane Autumn-Weekday Winter-Weekday
Count Count Count Count

1Rural 4 42,090 18,527 24Sub-urban 4 48,605
2Sub-urban 4 55,261 25Sub-urban 6 77,092
3Sub-urban 4 33,730 32,914 26Central 6 53,335 46,092
4Sub-urban 4 32,081 27Central 6 50,067
5Rural 4 21,472 28Sub-urban 6 56,491
6Rural 6 43,428 38,774 29Central 4 40,550 40,652
7Sub-urban 6 50,280 56,674 30Central 4 42,500 45,173
8Sub-urban 4 37,964 36,478 31Central 4 63,270 100,167
9Sub-urban 4 36,220 36,949 32Sub-urban 4 19,687 20,218

10Rural 4 38,401 15,763 33Central 6 36,778
11Rural 4 32,975 34Central 4 58,776
12Rural 4 32,604 35Sub-urban 6 35,679 36,638
13Rural 8 76,274 96,300 36Central 6 65,984 70,510
14Rural 6 67,486 37Sub-urban 4 48,951
15Sub-urban 4 34,324 49,189 38Central 4 60,052 69,600
16Sub-urban 6 57,811 58,935 39Central 6 41,898 47,460
17Sub-urban 4 77,848 40Rural 4 35,464
18Central 6 80,551 41Rural 2 27,487 29,437
19Sub-urban 6 47,115 44,436 42Sub-urban 4 41,655
20Central 4 33,202 43Sub-urban 4 37,624
21Central 4 26,287 44Central 4 26,257
22Central 4 15,874 24,147 45Sub-urban 4 46,098
23Central 4 35,915 32,868 13

地点別交通量分布 (秋・平日)

14

地点別交通量分布 (秋・平日)

15

未測定交通量の推計
•測定していない地点の交通量推計

• カテゴリー別に以下の方法で24時間交通量を推計

• TC(nmp,sea,we): 未測定地点の季節別休⽇交通量
• TC(nmp,sea,wd): 未測定地点の季節別平⽇交通量
• TC(mp,sea,we): 測定地点の季節別休⽇交通量
• TC(mp,sea,wd): 測定地点の季節別平⽇交通量

• 時刻別交通量推計は測定地点での時刻別交通量から
24時間変化パターンを作成

16

𝑇𝐶(௡௠௣,௦௘௔,௪௘)＝𝑇𝐶(௡௠௣,௦௘௔,௪ௗ) × ∑𝑇𝐶(௠௣,௦௘௔,௪௘)∑𝑇𝐶(௠௣,௦௘௔,௪ௗ)

推計後の地点別交通量
Link 
No. Location Lane Autumn Winter Link 

No. Location Lane Autumn Winter
Weekday Weekend Weekday Weekend Weekday Weekend Weekday Weekend

1Rural 4 42,090 44,162 18,527 16,930 24Sub-urban 4 48,605 47,986 52,886 50,449
2Sub-urban 4 55,261 54,527 59,904 57,219 25Sub-urban 6 77,092 74,756 79,384 79,378
3Sub-urban 4 33,730 32,063 32,914 25,533 26Central 6 53,335 52,244 46,092 50,345
4Sub-urban 4 32,081 31,874 33,931 32,491 27Central 6 50,067 47,324 51,014 54,971
5Rural 4 21,472 22,576 27,947 23,879 28Sub-urban 6 56,491 55,046 58,151 58,085
6Rural 6 43,428 44,543 38,774 46,035 29Central 4 40,550 39,510 40,652 36,808
7Sub-urban 6 50,280 46,833 56,674 42,571 30Central 4 42,500 42,641 45,173 41,023
8Sub-urban 4 37,964 37,373 36,478 35,694 31Central 4 63,270 71,309 100,167 90,114
9Sub-urban 4 36,220 37,951 36,949 28,826 32Sub-urban 4 19,687 20,197 20,218 22,598

10Rural 4 38,401 40,208 35,682 36,287 33Central 6 36,778 34,786 37,469 40,593
11Rural 4 32,975 34,358 46,316 46,798 34Central 4 58,776 59,072 70,812 63,462
12Rural 4 32,604 33,547 65,448 53,481 35Sub-urban 6 35,679 35,045 36,638 36,630
13Rural 8 76,274 80,646 96,300 68,119 36Central 6 65,984 57,362 70,510 50,421
14Rural 6 67,486 70,598 83,621 83,012 37Sub-urban 4 48,951 48,745 52,779 52,288
15Sub-urban 4 34,324 32,323 49,189 45,859 38Central 4 60,052 59,791 69,600 52,496
16Sub-urban 6 57,811 55,787 58,935 58,915 39Central 6 41,898 43,586 47,460 45,241
17Sub-urban 4 77,848 77,420 84,085 82,137 40Rural 4 35,464 35,507 42,054 40,416
18Central 6 80,551 76,046 79,160 88,053 41Rural 2 27,487 25,619 29,437 33,633
19Sub-urban 6 47,115 46,806 44,436 52,753 42Sub-urban 4 41,655 43,006 43,239 48,732
20Central 4 33,202 33,352 40,184 35,678 43Sub-urban 4 37,624 37,511 40,031 39,127
21Central 4 26,287 26,436 31,843 28,367 44Central 4 26,257 26,538 31,960 28,847
22Central 4 15,874 17,015 24,147 15,096 45Sub-urban 4 46,098 46,198 49,928 50,178
23Central 4 35,915 29,570 32,868 29,692 17

2010年調査との比較
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非冬期平⽇交通量

2010年調査 2019年調査

約3.8倍
約2.6倍

平和通り空港連絡道路外環状の北側の道路
18
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結果の考察 (1)

• 2010年の調査と比べて、交通量は平均約1.4倍
• 2010年調査時点ではナンバープレートの番号による
平⽇走行規制は実施されていない。

• 車検合格台数の増加率ほど、交通量増加していない。
→複数台所有の傾向

19

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

車検合格台数 162,710 209,791 228,952 257,498 297,008 331,564 339,626 365,819 401,725 368,480
増加率（2010
年比） - 1.29 1.41 1.58 1.83 2.04 2.09 2.25 2.47 2.26

出典：Mongolian Statistical Information Service (www.1212.mn)
NUMBER OF VEHICLES PASSED THE TECHNICAL INSPECTION , by type, by region, aimag
and soum, yearly 

結果の考察 (2)

• 2010年の調査と比較して、最大で3.8倍、最小
で0.8倍であった。
• 減った地点は、新設道路、既設道路の拡張等の影響
を受けていると思われる。
• 例：No33のBeijing Streetは2010年以降に道路幅の拡張工事、
エルベ川に架かる橋の架け替え工事が行われた。

• 増加地点は、周辺の住宅などの開発によるものとみ
られる。
• 例：No14の空港連絡道路は、沿道にショッピングモール
（Hunuu Mall）の建設、道路の南側に多くのマンションが
建設された。

20

旅行速度調査

21

調査概要
項目 概要
期間 非冬期：2019年9月17⽇（火）、21⽇（土）

冬期：2019年12月5⽇（木）、7⽇（土）
調査回数 1⽇4回

（朝：7時〜9時、昼：13時〜15時、
夕：17時〜19時、夜：22時〜24時）

調査ルート 3ルート
調査方法 実際の交通の流れに沿って運転

自動車に取り付けたGPS装置で位置情報を収集
調査項目 測定対象自動車の位置情報とその時間

交通状況に関するメモ

22

調査地点

Route 3

Route 1 Route 2

23

調査実施（2019年9月）

24
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調査結果

25
主要交差点でルートを10〜15区間に
分割

位置関係から区間を割当

調査結果の解析手順
•約10秒ごとの自動車の
位置情報から区間別所
要時間を計算

•区間距離を所要時間で
除して、区間平均旅行
速度を計算

• 3つのルートそれぞれ
で区間別進行方向別平
均旅行速度を計算

26

Link
No

Distance
(m)

Time
(h:mm:ss)

Time
(s)

Speed
(km/h)

1 1,189.07 0:01:21 81 52.8
2 4,270.21 0:27:02 1,622 9.5
3 1,300.52 0:12:01 721 6.5
4 2,695.75 0:22:20 1,340 7.2
5 647.69 0:02:42 162 14.4
6 1,595.43 0:09:55 595 9.7
7 1,093.15 0:05:33 333 11.8
8 573.08 0:02:08 128 16.1
9 437.69 0:01:30 90 17.5

10 367.68 0:04:09 249 5.3
11 1,249.34 0:05:04 304 14.8

区間平均旅行速度計算例 (Route 1の往路)

解析結果 (Route 1)

27“#N/A”は、データ欠測により所要時間が計算できなかった区間

Non-Winter
Weekday Weekend
Morning Afternoon Evening Night Morning Afternoon Evening Night

Link Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward
1 52.8 24.9 15.1 32.2 18.0 20.0 37.2 36.9 15.8 36.1 13.5 35.5 23.9 32.3 11.0 28.2
2 9.5 29.4 29.3 34.2 23.0 25.9 30.3 30.9 42.9 34.9 27.4 35.2 34.0 26.2 33.4 35.7
3 6.5 25.2 13.6 20.7 18.9 8.7 19.8 17.0 29.3 32.7 23.3 26.8 21.6 24.3 31.6 13.1
4 7.2 15.9 6.3 24.2 14.3 15.9 17.5 26.0 30.7 40.8 11.4 20.0 14.5 14.7 19.6 33.0
5 14.4 3.3 16.9 13.7 9.3 12.5 14.6 16.7 25.3 32.8 4.3 6.7 20.1 7.4 18.8 40.2
6 9.7 18.6 5.0 18.4 8.4 8.3 15.0 19.6 22.2 21.3 18.4 14.4 14.3 13.4 17.5 17.7
7 11.8 18.4 5.1 14.1 8.5 10.8 #N/A 15.6 19.0 20.8 9.5 15.5 12.3 17.1 13.2 13.7
8 16.1 14.0 15.9 17.8 22.2 7.2 #N/A 29.5 21.3 24.6 13.4 17.8 32.2 20.4 17.5 31.7
9 17.5 7.8 30.3 15.8 19.2 14.3 17.1 12.2 35.0 15.2 16.8 13.9 15.6 32.2 15.4 14.9
10 5.3 12.4 22.1 6.7 3.8 4.8 8.3 15.2 33.1 19.5 6.0 14.1 8.1 17.2 18.6 21.7
11 14.8 4.8 20.0 10.6 18.8 9.4 20.1 11.8 35.7 35.6 24.2 23.6 27.9 21.4 28.8 33.6

Winter
Weekday Weekend
Morning Afternoon Evening Night Morning Afternoon Evening Night

Link Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward
1 22.1 22.4 11.7 33.5 12.0 31.3 24.3 35.9 26.9 39.3 9.1 33.1 9.3 11.2 16.5 32.0
2 18.6 37.9 25.2 31.6 29.4 29.1 31.5 34.5 42.0 41.4 28.6 31.0 24.1 30.0 33.9 37.9
3 11.8 8.5 12.5 11.7 13.8 10.3 19.6 12.8 35.2 21.2 6.7 11.0 18.7 11.4 20.4 17.6
4 7.5 16.2 14.9 18.7 11.0 13.1 23.8 28.8 38.1 38.8 10.3 18.9 5.3 12.4 23.3 23.6
5 20.1 26.8 4.8 14.8 6.8 22.6 23.8 17.0 19.6 34.8 19.8 22.0 5.8 22.9 31.1 13.2
6 6.0 20.9 5.8 15.8 4.2 8.0 22.9 19.3 17.9 21.0 4.9 10.3 8.5 14.1 14.3 26.0
7 6.1 9.9 3.5 5.9 4.1 11.2 15.4 21.5 22.9 25.9 2.9 8.6 5.2 6.2 11.9 15.5
8 27.9 12.5 22.4 3.5 6.2 7.9 31.3 24.6 22.2 31.7 24.6 3.1 8.6 2.8 14.7 10.8
9 20.5 11.8 15.8 17.1 2.2 8.7 25.0 17.3 39.4 16.4 12.6 10.7 12.4 7.1 24.6 #N/A
10 3.5 17.2 4.2 6.5 3.7 7.1 12.1 14.1 14.2 26.0 10.4 6.3 3.4 16.8 17.9 #N/A
11 31.5 11.7 28.3 24.6 21.6 22.9 25.4 18.7 39.1 22.3 31.9 6.4 18.1 5.8 33.3 24.8

解析結果 (Route 2)

28“#N/A”は、データ欠測により所要時間が計算できなかった区間

Non-Winter
Weekday Weekend
Morning Afternoon Evening Night Morning Afternoon Evening Night

Link Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward
1 20.1 25.5 23.0 29.0 22.4 19.5 26.7 30.1 33.3 30.3 2.1 7.3 5.1 8.9 6.9 14.8
2 13.7 26.5 26.4 28.3 26.4 13.6 23.4 36.6 41.9 41.4 17.7 1.6 38.9 3.1 29.7 4.7
3 29.4 24.4 3.5 7.4 3.9 12.1 33.6 32.3 30.8 36.3 4.9 6.2 5.5 20.0 33.1 45.2
4 47.1 10.5 42.8 4.6 10.6 22.2 31.0 36.2 30.6 33.6 2.9 21.2 6.6 32.2 9.1 37.4
5 23.9 10.9 28.5 4.2 15.0 16.4 28.0 14.9 23.6 23.9 28.0 2.5 40.3 5.9 33.0 4.6
6 14.7 5.6 8.2 8.5 12.6 8.4 20.7 29.0 27.0 25.8 21.5 6.4 18.1 19.7 22.1 26.4
7 20.1 14.3 11.6 5.5 23.5 2.6 28.8 26.8 37.4 34.1 26.4 22.5 30.0 13.1 33.8 29.0
8 28.4 21.0 32.8 46.0 29.3 26.8 39.4 #N/A #N/A 37.2 33.3 29.3 30.2 9.4 41.1 37.9
9 38.7 44.7 38.7 31.1 44.4 39.1 50.6 #N/A #N/A 50.2 24.9 21.9 12.4 40.2 42.5 49.5
10 2.7 22.5 4.2 26.4 4.5 38.5 22.9 #N/A 48.0 22.2 11.8 10.8 2.5 29.0 18.2 48.0
11 10.6 15.2 32.8 20.6 5.6 12.8 33.3 #N/A 45.9 38.4 20.1 14.4 28.1 12.1 41.6 26.3

Winter
Weekday Weekend
Morning Afternoon Evening Night Morning Afternoon Evening Night

Link Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward
1 22.8 20.8 20.5 30.6 16.4 15.4 21.7 29.0 21.2 31.8 22.1 32.1 19.9 26.3 27.9 29.5
2 35.9 22.4 28.1 10.5 15.0 6.5 34.6 38.1 24.2 20.2 7.3 14.0 18.1 15.0 20.2 35.6
3 35.2 35.6 13.8 9.2 6.0 6.9 26.4 43.5 37.0 44.8 15.4 22.4 9.8 34.6 31.5 49.3
4 30.2 13.7 23.5 41.3 11.8 23.8 29.4 53.5 32.7 47.1 15.6 25.9 17.8 25.9 31.4 43.6
5 26.6 7.0 29.0 7.4 37.6 20.7 26.6 16.2 40.3 27.5 42.4 3.6 21.5 7.4 33.7 14.9
6 27.0 10.3 12.1 14.4 18.2 15.4 22.1 23.8 29.1 32.6 13.7 9.0 19.2 10.4 24.6 33.8
7 16.7 22.3 24.9 26.0 23.5 8.3 36.3 25.6 37.8 36.6 22.9 31.6 22.6 21.4 40.0 28.1
8 32.2 13.1 23.6 36.5 29.7 11.1 28.0 37.9 42.0 42.0 7.9 33.3 31.7 20.8 38.7 37.2
9 41.7 41.7 7.2 45.6 41.7 37.6 43.3 47.5 52.1 54.2 10.3 12.6 9.5 40.5 50.2 48.8
10 4.8 48.8 11.1 36.2 3.1 31.2 22.2 36.2 29.3 48.8 6.3 19.4 2.0 36.2 26.4 44.4
11 12.9 10.6 25.0 9.9 6.2 11.8 29.2 28.8 51.8 46.1 17.2 4.5 16.1 5.0 46.9 36.2

解析結果 (Route 3)

29“#N/A”は、データ欠測により所要時間が計算できなかった区間

Non-Winter
Weekday Weekend
Morning Afternoon Evening Night Morning Afternoon Evening Night

Link Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward
1 53.3 35.4 32.0 38.9 71.9 38.7 35.1 57.8 63.5 53.3 42.3 46.2 36.0 37.9 26.3 45.3
2 21.5 39.3 35.8 45.4 38.4 37.9 41.3 44.8 52.0 48.1 46.1 46.1 40.8 35.8 31.9 32.3
3 12.5 30.2 11.3 23.8 5.3 27.6 23.1 30.7 44.2 32.5 9.3 35.3 18.3 21.4 23.0 36.8
4 7.0 34.3 10.7 16.0 3.5 40.2 4.5 43.2 10.4 37.6 11.9 36.5 3.0 36.5 2.5 26.5
5 33.7 12.1 11.9 6.6 16.4 9.1 18.2 22.2 49.1 33.4 22.2 9.1 38.0 10.6 31.6 36.0
6 6.3 22.8 3.0 25.8 3.8 4.8 3.8 6.0 6.8 7.3 5.6 32.2 3.4 25.0 1.6 38.7
7 19.5 4.5 12.2 7.9 17.2 7.7 9.8 22.8 42.4 20.8 13.1 12.5 23.7 8.9 15.4 14.4
8 22.6 6.1 7.9 15.6 8.4 5.9 18.6 24.8 49.9 25.4 13.5 6.4 23.9 20.0 16.8 33.5
9 10.7 8.7 8.8 13.2 12.2 15.6 30.3 22.0 29.2 31.3 5.8 12.0 9.3 17.8 21.9 24.6
10 13.5 10.6 3.5 13.9 14.3 32.1 18.6 42.5 32.1 11.4 4.5 9.2 13.5 26.4 28.7 12.6
11 18.1 9.3 4.0 5.1 5.9 18.7 22.8 26.5 17.0 17.8 11.5 8.3 12.6 12.3 20.0 22.4
12 30.0 17.6 23.7 11.0 8.2 52.0 #N/A 22.4 50.3 56.1 6.2 53.0 4.8 20.2 11.3 22.2
13 17.9 3.8 5.5 8.7 3.6 10.6 #N/A 12.7 21.9 13.2 11.1 2.4 6.9 3.3 19.9 17.3
14 4.9 15.1 2.6 6.0 2.3 30.0 #N/A 26.1 17.8 25.1 3.4 2.6 4.8 19.3 18.5 19.2
15 4.1 12.5 5.2 11.6 1.1 15.8 54.1 16.4 45.4 22.7 5.4 4.0 8.0 12.0 23.5 13.6
16 8.5 7.9 11.5 5.7 2.9 4.5 16.3 37.3 14.0 25.7 9.0 6.8 9.9 9.6 17.9 10.4
17 5.3 4.3 15.5 4.0 10.1 6.0 22.2 20.1 40.5 17.9 34.9 4.8 20.5 16.2 21.1 20.3

Winter
Weekday Weekend
Morning Afternoon Evening Night Morning Afternoon Evening Night

Link Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward Outward Homeward
1 34.7 52.4 45.4 39.9 42.9 49.0 50.9 50.1 46.1 52.0 46.7 52.8 38.6 45.6 43.8 52.8
2 35.1 43.6 17.2 45.4 7.0 17.4 30.4 38.4 30.1 43.0 29.3 57.6 9.0 37.5 35.8 43.0
3 13.6 28.8 3.5 22.2 4.7 27.3 23.9 39.1 19.5 33.6 6.9 15.4 2.1 27.1 28.0 45.4
4 7.0 36.5 5.9 17.4 5.0 13.7 3.4 50.7 19.8 50.7 3.4 27.8 2.0 37.6 2.5 37.6
5 24.3 24.7 10.2 18.9 12.4 21.1 28.1 28.4 25.9 42.5 7.2 21.0 5.5 8.4 22.2 36.3
6 9.9 14.3 8.3 22.1 6.2 4.7 8.9 28.7 19.8 10.7 38.7 7.0 3.7 17.2 9.2 27.6
7 40.7 13.4 7.1 5.8 21.5 4.6 17.0 20.9 35.4 20.6 4.5 6.1 19.4 5.7 20.8 19.0
8 21.6 17.9 6.0 14.0 3.5 14.1 24.3 27.1 22.4 32.0 13.8 4.2 11.3 4.9 21.2 27.9
9 23.8 5.7 7.7 5.3 7.2 23.8 24.5 27.9 25.9 33.1 13.2 14.4 15.8 20.7 24.1 23.5
10 31.4 12.7 14.5 7.8 14.5 11.4 17.1 29.3 38.8 11.8 7.4 9.2 23.5 13.9 28.7 41.2
11 18.0 8.6 13.4 4.5 4.4 13.1 20.9 20.0 35.7 24.8 12.5 7.5 14.1 14.1 18.4 21.4
12 33.5 7.9 38.4 41.6 9.8 18.9 51.1 22.1 47.0 54.0 5.3 62.0 25.8 19.1 43.5 22.4
13 5.5 12.3 13.8 10.9 4.7 8.5 21.4 14.2 27.5 11.9 1.6 10.4 6.9 19.9 14.1 12.0
14 33.0 15.7 13.0 10.0 3.5 19.0 18.6 32.4 17.8 15.8 3.5 22.4 2.9 12.3 12.3 18.0
15 5.6 9.5 5.2 6.1 1.1 5.5 17.6 20.6 20.4 22.0 2.4 5.6 5.0 5.7 27.5 9.0
16 6.4 5.6 14.0 10.1 4.2 9.3 26.2 25.9 36.9 15.3 4.2 7.4 7.5 5.8 17.8 21.3
17 9.3 4.6 11.6 19.0 10.1 5.0 17.1 33.5 21.2 27.3 7.4 8.8 5.0 12.2 23.6 20.7

結果の考察
•平⽇

• 中⼼部では朝〜夕の時間帯で旅行速度が遅かった。
通勤ラッシュ及び業務利用等による混雑が原因とみ
られる。

• 夜間は車がすくためか、旅行速度が速い傾向が見ら
れた。

•週末
• 昼〜夕方は、買い物等での混雑による旅行速度の低
下がみられた朝と夜はで

•非冬期と冬期の違い
• Route 1では冬期の方が遅い傾向が見られたが、

Route2と3では季節による違いはあまり見られな
かった。

30
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今後の予定
•交通量調査と旅行速度調査結果を適用した

2019年の自動車からの大気汚染物質排出量を
計算
• 未測定調査地点の交通量推計
• 該当リンクへの交通量の割り当て
• 旅行速度区分の設定変更
• ⽇本の排出原単位の更新

•これまでの計算に関する見直しの検討
• 交通量伸び率

31 32

ご清聴ありがとうございました
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2020年の濃度シミュレー
ション結果

2022/10/5
JET 仲田

1
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目的
1. 2020年冬季のSO2濃度が前年よりも高くなっており、高濃度

の要因を検証する。
2. 2020年の改良燃料使用時の冬季の大気汚染構造を把握し、

2018年の生炭使用時と比較することで、改良燃料使用に伴う
大気汚染の低減効果を確認する。

3

2018年のデータを用いて構築した大気拡散モデルに、
2020年の排出量データを入力データとしたシミュレー

ションを実行した。

計算概要ー排出量

単位: ton/year

SOx NOx TSP PM10 CO
火力発電所 13,544 18,114 24,514 22,447 10,415

HOB 1,429 356 1,687 1,603 4,612

CFWH 498 126 73 63 4,414

家庭用小型ス
トーブ 5,649 1,583 1,510 1,394 52,239

自動車 298 3,546 244 244 20,287

道路粉塵 3,892 3,892

発電所灰飛散 4,951 1,521

合計 21,419 23,725 36,871 31,164 91,967

4
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2018年と2020年の排出量の比較

5

2018年 2020年

6
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2018年 2020年

7

2018年 2020年

8
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2018年 2020年

9

計算概要ー気象

10

項目 D1 (Whole 
Mongolia)

D2 (Central 
Mongolia)

D3 (Whole UB 
city)

Version WRF-ARW v4.1.5
Horizontal
Coordinate
System

Lambert conformal conic projection
Standard Latitude: 30 N, 60 N
Standard Longitude: 105.9 E

Vertical
Coordinate
System

σ-P Coordinate System The top layer 50 hPa (about
19,000 m)

Grid Number 160 × 94 × 32 121 × 121 × 32 91 × 91 × 32
Resolution 20 km 5 km 1 km
Height at the
Bottom Layer

About 27 m
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計算概要ー気象

11

Contents D1 (Whole Mongolia) D2 (Central Mongolia) D3 (Whole UB city)
Microphysics WRF Single-Moment 5 class scheme
Longwave Radiation RRTM scheme
Shortwave Radiation Dudhia scheme
Surface Layer Eta similarity
Land Surface Noah land surface model
Planetary Boundary
Layer Mellor-Yamada-Janjic scheme
Cumulus
Parameterization Betts-Miller-Janjic scheme (d3=0)

Landuse USGS
(WRF default)

Data Nudging Wind, temperature, and moisture vapor (Nudging Coefficient: 10-4 1/s)

Objective Analysis
Data

- Meteorological data:
- NCEP GDAS/FNL 0.25 Degree Global Tropospheric Analyses and
Forecast Grids, every 6 hours

計算概要ー大気環境濃度(2020/11-2021/2)
Misheel
Expo

⻄交差点
(UB2局)

第1住宅
地区

第13住宅
地区（相
撲宮殿）

100世帯 火力発電
所

Urgakh
Naran住
宅地区
（郊外）

Khailaast
Bogd
khaan
Museum

Tolgoit MNB Amgalan Nisekh

SO2

Count 2874 2873 493 2872 2874 2875 2815 2879 2841 411 2664 2779 2761
Percent 99.8% 99.8% 17.1% 99.7% 99.8% 99.8% 97.7% 100.0% 98.6% 14.3% 92.5% 96.5% 95.9%
Average 77.70 126.19 238.34 103.81 249.98 99.45 73.85 291.42 53.14 3.79 286.94 117.90 173.91
Max 661 843 1008 663 1393 880 408 1210 368 687.26 2330.22 832.35 1209.8
Min 0 3 13 4 7 1 0 11 1 -0.53 16.91 -9.2 3.75

PM10

Count 2679 2869 2489 2877 2840 2853 2857 2804 2849 2781 2671 2778 2761
Percent 93.0% 99.6% 86.4% 99.9% 98.6% 99.1% 99.2% 97.4% 98.9% 96.6% 92.7% 96.5% 95.9%
Average 82.05 112.51 154.77 113.16 153.69 155.58 118.18 172.43 118.37 86.94 104.98 88.33 79.19
Max 384 1399 3160 549 1919 2648 1403 764 9975 762.6 462.3 581.4 545.9
Min 4 2 7 6 0 16 11 1 0 2.5 3.7 1.8 4.6

12
Count: 有効測定時間数、Percent: 対象期間での有効測定時間数の割合、濃度の単位: µg/m3
灰色は有効測定時間数が68.5%を下回っているため、モデルでの計算結果との比較対象から除外する。
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シミュレーションモデル概要
項目 内容

使用モデル CALPUFF Ver7.2.1
地形データ SRTM30/GTOPO30 Global Data (0 to 900 m, 30 arc-sec)
土地利用データ USGS Land Use/Land Cover Scheme Eurasia (optimized for Asia)
気象モデル WRF-ARW v4.1.5
計算対象領域 UB市中心地域を含んだ34 km × 28 km
解像度 1 km × 1 km
対象汚染物質 SO2, NOx, TSP, PM10, SO4, NO3, HNO3, CO
発生源データ 2020年の排出インベントリ

火力発電所、HOB、CFWH、家庭用小型ストーブ、自動車（幹線道路、細街
路）、道路巻き上げ粉塵、発電所灰埋め立て地からの灰飛散

計算期間 2018/3/1〜2019/2/28
濃度計算地点 大気環境測定局の位置座標

1 km × 1 kmグリッドの中心座標
13

シミュレーション結果
• 2018年の生炭使用時と2020年の改良燃料使用時の冬季の大気

汚染構造を把握した。
1. SO2高濃度の要因の確認
2. 改良燃料使用に伴うPM10の低減効果の確認

* PM10濃度は、PMF解析結果に基づいて補正する前のものであ
る

14
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2018年 2020年

15

2018年 2020年

16

1360



寄与濃度断面図（SO2）

2018年 2020年

17

測定局での実測値と計算値の比較（SO2）

2018年 2020年

18
⿊の縦棒：標準偏差
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2018年 2020年

19

2018年 2020年

20
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寄与濃度断面図（PM10）

2018年 2020年

21

測定局での実測値と計算値の比較（PM10）

2018年 2020年

22
⿊の縦棒：標準偏差
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23

PP4

PP2

PP3

Amgalan

24

PP4

PP2

PP3

Amgalan
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計算対象範囲の発生源別濃度割合
PP HOB CFWH Stove Road Road

Dust
PP Ash Sulfate Nitrate

SO2 6% 4% 1% 86% 3% - - - -
PM10 14% 4% 0% 25% 3% 41% 0% 10% 3%

25

まとめ
• 改良燃料への転換により、家庭用小型ストーブのPM10濃度が

約半分に低減した一方、家庭用小型ストーブのSO2濃度は転換
前後で約3倍に増加した。

• 2018年及び2020年の測定局での濃度は、SO2、PM10いずれも
大気環境基準を超過している

• 特に、家庭用小型ストーブが多く使われている市の北部と南⻄
部で高濃度となっている。

• 改良燃料への転換は、PM10濃度低減につながる対策となる。
一方で、SOx排出量及びSO2濃度の低減のためには、硫⻩分を
減らすにように燃料を改善することが必要である。

26
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Thank you for your attention!

27
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