VAM™ Processing
Back Ground and Global Status

YTunusauna MBC*
UCTOPUA U TeKylllee COCTOSIHUE B MUpe

Richard Mattus

*VAM / MBC = Ventilation Air Methane = MeTaH BEHTUISILMOHHON CTPYyU



VAM PROCESSING

at the Da Tong mine, ChonQing Province, China
Ncnonb3oBaHne MBC Ha waxte [a ToHr, ropoga YyHumH, Kntan
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< World’s |argest VAM p|ant1 in operation in China » KpynHenwaga yctaHoBka no ncnonb3oBaHuio MBC paboTaeT B
Knutae

¢ Processing 375,000 Nm3/h of ventilation air

o . * MowHocTb 375 000 M3/4. H.y. BEHTUNMPYEMOrO BO3ayXa

“ Includes hot water generation for local use « VICONbayeTes NS HArpesa Bobl ANA MECTHOTO
MCnoJsib30BaHUA
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REFERENCES OF CONCENTRATION - CMM L
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REFERENCES OF CONCENTRATION - CMM
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CMM EMISSIONS - VAM vs DRAINAGE kq/h

BbIAEJIEHWA WM — MBC vs OEIASALNA
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“from typical coal mine globally
-OT CTaH,D,apTHOI7I LaxTbl rnodanbHO

GLOBAL CONCLUSION :

Most CMM is emitted as VAM

BbIBO[l: bonbwas 4actb LM Bbigensietcsa kak MBC



KEY CONTENT OF PRESENTATION

KINKOYEBBLIE MOMEHTbBI NMPE3EHTALNN

VEGTEC - MARKET LEADING EMISSION CONTROL ACTOR SERVING GLOBAL INDUSTRIES

- ®AKTOP NIMOEPCTBA HA PbIHKE CNYXXUT MOBANBHOW
MPOMbBIWITIEHHOCTW

VAM MILE STONES BY SEPTEMBER 2011: - OCHOBHbIE 3TAlbl PABOTblI C MBC HA CEHTABPb 2011:

v UNITED NATIONS HAS APPROVED THE FIRST VAM CER’s
OOH OJOBPUIIA MNEPBbIN CEPTUDWKAT HA BbIEPOC YITEPOLA (VAM CER'S)
v WORLDS LARGEST VAM PROCESSING PLANT IN OPERATION IN CHINA
KPYMNHEWLWASA B MUPE YCTAHOBKA MO NCMOJNb30OBAHMIO MBC PABOTAET B KUTAE
v OVER 625,000 CARBON CREDITS AND 100,000 MWh FROM VAM POWER PLANT
YCTAHOBKA OAET BOJIEE 625 000 CEPTU®PUKATOB HA BbIBPOC YITIEPOOA W 100 000 MBT/v

- ON VAM ENERGY RECOVERY & UTILIZATION
GUIDE LINES - MO PETEHEPALINU N UCTOJIb3OBAHUIO MBC AJTA NMPOU3BOACTBA SHEPT M
PEKOMEHAOALUU




MEGTEC - global leader in Industrial Emission
Control and Enerqgy Recovery & Utilization

MEGTEC — mupoBoM nuaep No KOHTPONO BbIOPOCOB,
peleHepdumn v nCiluJIb3UBAHNK JHEPIIN B 11PUOMDbILLIEHHDIX MacLu 1 adax




MEGTEC equipment — in total over 4,000 have been installed
B o6wem MEGTEC yctaHoBuna 6onee 4000 eanHuy, obopyaoBaHus

.. whereof over 800 Vocsidizers

.. 13 kotoporo okosno 800 yctaHOBOK
Ana okucneHusa «Vocsidizer»




Regenerative Thermal Oxidizers, RTO

Sizes ranging from 800 to 140,000 Nm3/h capacity, single & multiple can designs

PereHepaTuBHblie TepManbHbIe

Okucnurtenu (RTO)
MowHocTtbro ot 800 go 140 000 M3/4 H.y.

Vocsidizer ® RTO



Officially announced VAM installations Worldwide
- MEGTEC and others by Sept 2011 Bbino ouunanbHO 06bLABNEHO O MOHTaXe

yctaHoBok MBC no Bcemy mupy c yyactmem MEGTEC
ponsBoauTerien K ceHTaopro 2011

In all the World there have by 2011 only been
announced as successful VAM installations;
« 3 demonstration plants

» 4 commercial plants




Officially announced VAM installations Worldwide
- MEGTEC and others by Sept 2011 Bbino ouunanbHO 06bLABNEHO O MOHTaXe

yctaHoBok MBC no Bcemy mupy c yyactmem MEGTEC
ponsBoauTerien K ceHTaopro 2011
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Officially announced VAM installations Worldwide
- MEGTEC and others by Sept 2011 Bbino ouunanbHO 06bLABNEHO O MOHTaXe

yctaHoBok MBC no Bcemy mupy c yyactmem MEGTEC
M Apyrux npoussoaurtenen Kk ceHtsaopro 2011
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YctaHOBKa ncnonb3oBaHusA

MEGTEC VAM in China MBC MEGTEC & kntae [y gl

ZhengZhou Coal Mining Group, Henan Province

System capacity:
MowHocTb : 62 500 Nm3/h
VAM concentration:

KoHueHTpauma MBC : 0.3%-0.7 %
Actual often <0.3%

The installation includes VAM abatement
and energy recovery in the form of hot water for local use.

The globally first project to be awarded VAM  -based CER's (Kyoto related Carbon Credits).

YcTaHOBKa ocylecTBndeT CHmkeHne yposHa MBC u
pereHepauunto aHeprun B Buae ropsiyen Boabl 4511 MECTHbIX HYXA.:

lNMepBbIN NPOEKT B MUpeE, 3a KOTOPbLIN ObINK BblaaHbl CepTudunkatbl Ha BLIOpPOC yrnepoaa,
no MBC (Knotckue cepTtudumkatbl Ha BbIOpOC yriepoaa).




In full operation by April 2007 K anpento 2007 nonHoCTbI0 BBeAEHa B ) L™

_ the world’s first VAM Power Plant __°eTlyarauvio nepsas yctaHoBka no - =g
Npou3BOACTBY aekTpoaHeprum ns MBC



FIRST YEAR OF OPERATION
NEPBbLIN FOA SKCMNNYATALM




MEGTEC VAM Power Plant WestVAMP

at BHP Billiton in Australia dnekTpoctaHuma Ha MBC ot MEGTEC gns
komnaHuu BHP Billiton B ABcTpanuu

By mid 2010 over 100,000 MWh of electricity and
625,000 carbon credits generated.

(Mid 2011 numbers not yet reported.)

[To cocTosaAHuo Ha cepeanHy 2010 roga creHepupoBaHo okosio 100 000 MBT
anektpuyecTtsa n 625 000 cepTndurkaToB Ha BbIbpOC yrnepoaa.

(Mo coctosiHmio Ha cepeaunHy 2011 gaHHble NoKa He NoCcTynanu)

»




Environmental Responsibility

OTBETCTBEHHOCTb 3a 3aLLUUTY OKpYyXXatlLlen cpeabl

28
CLIMATE PROTECTION AWARD

MEGTEC Systems

M
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br pobal smimme mensl prdectine.

MEGTEC was awarded the
prestigious EPA Climate
Protection Award for 2008

- for finding a technical solution to
the VAM emission problem and
bringing it to the global market.

OTBeTCTBEHHOCTb 3a 3alUuTy
OKpyXamLuen cpeabl

- 32 pa3paboTKy TEXHNYECKUX peLueHUN
no npo6neme BbiGpocoB MBC n nx
BHeApeHue Ha MUPOBOM PbIHKe




MEGTEC VAM in China

YctaHoBKa ncnonbn3oBaHusa MBC MEGTEC B Kutae

+ Installed at the DaTong coal mine, ChongQing Province
% Supplied by MEGTEC
“ Investor is a joint venture owned by:

* Shenzhen Dongjiang Environmental Renewable Energy Co Ltd
* SongZao Coal & Electricity Co Ltd
* AES Corp (US-based global power generation company)



VAM PROCESSING

at the Da Tong mine, ChonQing Province, China

LlaxTa Oa ToHr B ropoge YyHumH, Kntam

+» The 6 Vocsidizer units

¢ Processing capacity is 375,000 Nm3/h of ventilation air
+» Includes hot water generation for local use _
* 6 yCTaHOBOK OJ151 OKucrneHus «Vocsidizer»
* MowHocTb 375 000 M3/4. H.y. BEHTUNMPYEMOro BO3ayxa
» byneTt Nnpon3BoauTbL ropsivyto BoAy AN MECTHbIX NOTpebHocTeNn



WHY ARE EMISSIONS OF VAM
OF INTEREST ??




One thin bubble of atmosphere

ToHKnm crnou atmocdepbl

-where the thickness to the Earth is like the skin to the apple
- TOSIWMHA KOTOPOMN, CpaBHUMA C TOSILLMHOMN KOXYpPbl A0N0Ka



By activities such as
fossil power plants and vehicles we are

moving enormous and increasing amounts of carbon atoms
from being Earth bound into atmosphere,




.. Slowly changing the composition
of the atmosphere.
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MemaH moxem ydepxueamb HAMHOI O 6osibwe menna!




MemaH umeem 2opa300 borbwee 8rusiHUe Ha pazsumue a5106asrbH020 MomerseHus.




ATmocddepa cocTouT |
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AproHa ! Gases of the atmophere:
‘ ' N, Nitrogen = 78%
O, Oxygen =21%
Ar, Argon = 0.9%
N+O+Ar = 99.9%

Of remaining 0.1%:

~1/3is CO2

~2/3 is many different gases
U3 ocTtaBwenca 0,1%:

MpubnusntenbHo 1/3 coctaBnsier CO2
MpnbnuautenbHo 2/3 apyrue rasbl
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PA can make a difference!
4 NMoaTomy aHTponoreHHble («noA,

BO3[1eMCTBMEM YerioBeKa») BbIOpPOCHI
MOFYyT NMPUHECTU N3MEHEHUA

co,’

Methane 0

MeTaH

* 30% more than by 1880

. 1R8N rnna conenwaHme r atMmnerhene VvrRenuummnock Ha 2RN0A



Green House Gas METHANE

NMapHUKOBLIN ra3 meTaH

GREENHOUSE GASES CONTRIBUTIONS CO, CH,
N20O Global Warming 1 25
' Power
CFCs 5% (21 in the first
12% Kyoto Period)
Trop Ozone ‘ co2
I
13% > 53% Life time in 20 000 — 12
atmosphere (years) 50 000
v" Second most important greenhouse gas
v" Much more powerful greenhouse gas than CO2
v Short life time in atmosphere, so emission reductions will have a quick, positive impact
V' Generates energy when abated (oxidized)

* Bropon no BaXKHOCTU U3 ra3oB, Bbi3bliBalOWMX NAaPHMKOBbIN 3hcheKkT
* HamHoro 6onbLIe NapHUKOBbLIX CBOMUCTB, Yem y CO2

« CopepxuTtcsa B aTMmocdepe B TeHeHue KOPOTKOro NpoMeXxyTKa BpeMeHM,

NO3TOMY YMeHbLUEeHMe BbIOPOCOB 6yayT Npou3BOAUTL ObICTPbLIN NONOXUTENbHbIN 3P eKT

e [lpn OKUCNEHUU OAeT IHEPrur




by source

BbiOpoCcbl MeTaHa B MUpe — N0 UCTOYHUKY

ISSIONS

Global Methane Em
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KOPOBBbI, OBLIbl U T.A.

Cows, sheep etc

Ckot

CAMbIE KPYTMHbIE NCTOYHWNKW

50-100 kg CH4 per cow

BIGGEST TOTAL SOURCE

PROBLEM

and year = 1-2t CO2e

B rog ot ogHom KopoBbI

Each source is very small

Kaxxabll NICTOYHMK O4EeHb Marn

BblgenseTcs 50-100 kr CH4

MNPOBJIEMA




TmilllonuCe

Coal mine VAM

= 50,000 tons
methane/year




5 million cars

1 million co

Coal mine VAM
1,000,000 m3/h, 0.8%

= 50,000 tons
methane/year
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THREE OPTIONAL VAM PROCESSING CONCEPTS /r%@/’%,
<

Tpu gononHUTenbHbIe KOHLUENUUU No UCNoJfib30BaHMIO MeTaHa

VAM Abatement Only
A Tonbko cHnxkeHue MBC

VAM to Thermal Energy N

MNMepepaboTtka MBC B TennoByr aHepruro

> VAM to Energy
_ MBC B aHepruto
VAM Pow er Plant (VAM to Electrical Energy)

AnekTpocTaHuua, paboTtarowasn Ha MBC (3nektpoaHeprusa ns MBC)







VOCSIDIZER technology for VAM Energy Recovery
TexHonorna «VOCSIDIZER» ans pereHepauun aHeprum ns MBC

0.2 % methane needed to maintain oxidation.
Energy of concentrations above 0.2 % can be recovered.
[ns okncneHmst Heobxoammo cogepxxaHue metaHa 0,2 %.
OHEPrnio MOXHO nosydaTb U3 KoHueHTpauum B 0,2 %.

54 MW(th) — 14 MW(el)

(at 30% efficiency)
(npu 30% aghghekmusHOCmMU)

lpumep

Example: 800 000 m3/h }

0.8 % CH,

27 MW(th) —» 8 MW(el)

(at 30% efficiency)

Example: 800 000 m3/h }

0.5 % CH,




Cogeneration of electricity and heating — plus cooling %*%%
4</hh

CoBmecTHOE npon3BOoACTBO 3JIEKTPpUYECTBA U Tersa, nioc oxrnaxgeHune

Cooling water from electricity generation
drives absorption chiller

OxnaxaeHHasi Boga oT npon3BoacTBa 3J1eKTpn4ecTBa
noctynaeT B XonoguribHyO YCTaHOBKY



Hot water from VAM

(thermal energy)

Nopsiyuast eo0a om MBC (TennoBas aHeprus)

BcnomMorartenbHbIn <
TEensI000MeHHbIN KOHTYP.
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0.3%

0.6%

0.9%

Heat straight from bed.
Water at 70 - 150°C

3 MW

11 MW

18 MW

For each 250 000 Nm3/h of ventilation air - - -

- - - MowHocmb 250 000 m3/4. H.y. eeHmuaupyemo2o 8030yxa- - -

Water at 1500C

Secondary heat-exchanger. 1 MW 8 MW 15 MW
Water at 700C
Secondary heat-exchanger. - 2 MW 10 MW




Electricity from VAM Power Plant

Jnekmpu4yecmeo yCTaHOBKa reHepauumn anekTpoaHeprum ns MBC

A
6\4»044
%,
A
Yy,
0.3% 0.6% 0.9%
Heat straight from bed. 3 MW, 11 MW, 18 MW,
Water at 70 - 150 °¢ = =
72-1 MW, [ 3-4 MW, | 5-6 MW,

- For each 250 000 Nm3/h of ventilation air - - -

-- - MowHocmp 250 000 m3/4. H.y. 8eHmMuIupyemo2o 803dyxa - - -

lower for smaller plants.

[ns 6onee KpynHbIX YCTAHOBOK KO3MMULMEHT Npeobpa3oBaHuUs
TENNOBOW SHEPTUM B 3NEKTPUYECKYHD MOXET AocTuraTtb okono 30%,
AONS YCTaHOBOK MEHbLUEro pasmepa — koadpuuneHT 6yaeT MeHblLLe.

For large size plants, conversion
from thermal to electrical energy can
be expected to be around 30%, and



Calculations of CERS

Vs

S
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Pacuet ceptndomnkaTtos (CERS)

Examples:

250 000 Nm3/h @ 0.9 % VAM comes to 240 000 tonnes of CO2e
125 000 Nm3/h @ 0,9 % VAM comes to 120 000 t CO2e

125 000 Nm3/h @ 0,3 % VAM comesto 40 000t CO2e

[Tpumep

250 000 Nm3/h KOHUEeHTpauum 0,9% VAM nonyyaeTcsa 4o 240 000 TOHH 9KBMBareHTa CO2e
125 000 Nm3/h KOHLEHTpaunu 0,9% VAM nosnydaeTca Ao 120 000 TOHH 3KkBMBaneHTa CO2e
125 000 Nm3/h KOHLEeHTpauuu 0,3% VAM nosnydaetca 4o 40 000 TOHH aKkBMBarneHTa CO2e

VAM conc'n 0.3 % 0.6 % 0.9 %
Nm3/h vent air
125 000 40 80 120
250 000 80 160 240
500 000 160 320 480
1 000 000 320 640 960

Annual emission reductions in thousand tons of CO2e

['odosoe cHUXXeHue 8bIbpoco8 8 mbicsiHax MOHH akeusasieHma CO2



VAM project economics indications

Dé\"’o
/W@/Y
<%

OKOHOMUYeCKNe nokasartenu npoekra MBC
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(D) /
£ 0 s
@ 6 8 10 12 14 16
Carbon Credit value (EUR/ton)

CONCLUSIONS for short pay back:

* VAM concentrations should be min % percent
 Carbon Credits should be minimum EUR 10/t CO,,
* Failure in international climate talks create
uncertainty about post 2012 credits

YCJIOBUA onga 6bicTport 060pa4yMBaeMOCTHU:

* MuHumanbHas koHueHTpaums MBC %2 npoueHTa

* CTOMMOCTb YyrnepogHoro ceptudmkaTa gomkHa COCTaBNATb

He meHee EUR10/3a TOHHY B akBMBaneHte CO2

* HeygayHble neperoBopbl No NpobrnemMe M3MEHEHUs Knumarta
CO3al0T HeonpeaeneHHoCTb ¢ cyabbon cepTnudunkaToB yrnepoaa
nocne 2012 ropa




HOW TO INITIATE A VAM PROJECT

Kak HauyaTb peanusoBbiBaTb MBC npoekT

1) Select a ventilation air shatft:
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2) VAM

with long remaining expected life time.
with a VAM concentration of 0.5% or more.
Identify possibilities of using thermal energy near the mine shaft.

Bbl6eDI/ITe BEHTUJITALMOHHbLIN LUTPEK:

»  C JONrMMM OXuaaemMblM CPOKOM JKCnnyaTaLluu.

»  C KoHueHTpauuen MBC 0,5% unu 6onbLue.

»  ONpefenuTb BO3MOXHOCTb UCMOMb30BaHWS TEMNMOBOM SHEPTUU NOBNN30CTN OT BEHTUNSALMOHHOIO LWTpeka

project stake holders _ should represent:

>

X3

¢

o,
o

The coal mine engaged in the VAM project (at least as minority owner)
Investor (can besides coal mine also be external)
Carbon credits administrator (can be investor, consultant or buyer)

YyacTtHuku npoekta no MBC gomkHbl npeacrtaBnaTh:

» LlaxTy, Ha 6a3e kKoTopoW peanu3oBbiBaeTcs NpoekT no fobbive MBC (no kparHen mepe, 6biTb MUHOPUTAPHbLIMU
BnagenbLamu)

» MHBeCTOpa (MO)KeT ObITb 1 BNagenbLeM LaxTbl, MOXET ObITb Y BHELLUHUM MHBeCTOpOM)
» A,EI,MMHI/ICTpaTOpa no yrnepoaHbIiM CepTI/ICbI/IKaTaM (MO)KeT ObITb MHBECTOPOM, KOHCYJIbTAHTOM UIA n0KynaTeneM)

3) Contact a supplier of VAM processing systems.

Ceskutech ¢ noctaswmukamm obopynosaHna ans ytunmsauun MBC



VAM CONCLUSIONS
BbIBOObl MO MBC

Most methane from coal mines is emitted as VAM.

MEGTEC has extensive experience of VAM Processing.

VAM Processing can have a major positive impact on
Global Warming and Climate Change.

Bonblwasga yacTb WaxTHoro MetaHa Bblaensietca B Buge MBC.
Y MEGTEC ecTtb 6oratbivt onbIT paboTbl ¢ ncnone3osaHem MBC.
3.  YTtunmsauyua MBC nosBonseT NosioxXnTesnbHO pewaTb npobremy

rnobarnbHOro NoTenneHns N 3SMeHeHns Knumara.

N




VAM PROCESSING STATUS BY SEPT 2011
COCTOSIHUE YTUNU3ALMU MBC HA CEHTSIBPb 2011

PROBLEM:
»Eailing Climate Talks is holding VAM investment projects back.

PROGRESS:

» Globally first VAM based CERs approved by the UN.
» Major VAM processing plant in operation in China.

» VAM Power Plant WestVAMP has generated over 625,000
carbon credits and over 100,000 MWh of electricity.

— .
MPOBNEMA:

HeynayHble neperoBopbl No npobrieme naMeHeHus KnuMmara TOPMO3SAT pasBuTue
NHBECTULMOHHBLIX NpoekTos no MBC.

YCIHEX:
OOH opobpuna nepsble CepTudmkaTsl, ocHoBaHHble Ha MBC.
KpynHenwas yctaHoBka no ytunusaumm MBC pabotaet B Kutae
AnektpoctaHuusa Ha MBC «WestVAMP» gana 6onee 625 000 yrnepogHbix
ceptudukatoB n 6onee 100000 MBT anekTpoaHeprum

77’L0(/V1]Oyowl Bnarogapto 3a BHMMaHue

RMATTUS@MEGTEC.SE
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