Upgrading Biogas to CNG-quality Methane:
Opportunities, Challenges and Economics
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Xebec Adsorption Inc.- 5 FXebec/AH]

N Manufacturer of gas purification & dehydration equipment
AL AR A &l 7K 5 633
N Renewable Energy & Industrial Markets:
FAREIH& Tk T )
— Biogas upgrading--7H3 S5k fi 4l
— Natural gas dehydration for CNG--K 4R it 7K
— Hydrogen purification--1§{t 2 4 &<,

N Asia operations: Shanghai; Singapore

WKz EAL:  Fig, By

N 19 Biogas Upgrading reference sites; 3 in Asia
19 H A SR AE T H s FLrp 3L

mbec s8R Introduction
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Natural Gas Consumption in China—H E XRS5 H 57

China Natural Gas Consumption China Europe
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N 21% CAGR in natural gas consumption 2004-2010
2004-2010 KRR IH PR N 21%FR A HCR

n Relatlvely small portion of energy mix — Large growth potential

Source: IEA ‘/'3 */j Elj*HXj‘EB(/J\ E/Jﬁélz/\’ Eﬁﬁﬁfﬁ%i‘{wﬁ%ﬁ

HE:
mbec b Natural Gas as a Fuel
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Natural Gas Supply & Pricing—RARS LNV & #%

/ Existing Gas Pipeline
WA RARAETE

»  Planned new pipeline
- TR R IE

A LNG Import Terminals
(existing & planned)
LNG 2¢ 3 452 b

n Supply largely controlled by CNPC & SINOPEC
KB A i & R A s T A

N Fragmented pipeline infrastructure; large areas without gas supply
T B AR AR K X O A Y,

s 314t R
RS mbec i) .5 Natural Gas as a Fuel
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# CNG Stations

Country NGV’s World Rank
B RARSRIKRE LR
;a;g/sﬁﬁg 2,740,000 1
%i‘tiéu 730,000 6
CEEia 500,000 7
G?%nny 91,500 18
S\%?;fn 32,000 24

i Natural Gas as a Fuel
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Value Proposition of CNG as a fuel in China

1 [ CNGIREH 4

i XeDeC

<
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N Cost of CNG retrofit: ~RMB5,200

JRAA RN EET FH: ~5200
N Relative Price & fuel costs:

FHATAT % &I A
Fuel Cost Daily Fuel Savings
R LA Cost TEKFF
B H R A
Petrol | RMB7.5/L RMB240/day | RMB112/day
VU ~47%
CNG | RMB4.0/m3 | RMB128/day

n Payback: 2-3 months
BegE oy 2-31H

et Natural Gas as a Fuel
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Biogas as a distributed CNG Source

ASAER—Ph 4345 A REYR

N Distributed biogas generation
from food waste in 2"d & 3" tier

cities
T I AR e R e AR T
HA

N ‘Industrial’ scale agricultural
sites: additional ~2,000 sites
A EMPAE RNV IR H = A
2,000 /ey

= LAV N Industrial effluent: additional
. : ~7000 sites
10 Million AT %—ﬂ‘f N
® SIOMIEN ARATTTA i TAHEk: #i9h7,0004 74

A >5Million NO KT HAN
B >1Million NEKF—HJi

mbec s Biogas as a source of Vehicle Fuel

PDF SCPEfH "pdfFactory Pro™ it FANE)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

CNG from Biogas as a Renewable Fuel

BSAEA—FhAT BAECNGREL

WTW GHG emiissions in g CO, eq./ km Source: US DOE

-24% -39% -97%

|

fossil fuels L biofuels 1

* reference vehicle: gasoline engine (induction enginge), consumption 71 per 100 km
3| di e B

m lbd 4 Biogas as a source of Vehicle Fuel
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Opportunity for biomethane as a source of CNG

HEYIFRIRS I CNGIREHI T 18

Market Feature—T 35454t

Opportunity for Biomethane—4#RRSHLE

1. Fragmented geographic supply;
iIncomplete pipeline coverage

P UL N AN SE S IS I

Distributed, local source of CNG fuel

AES, M HICNG R R}

2. Supply controlled by large SOE'’s
(CNPC, SINOPEC)

IR R AT Akl CrR A, A

Offers CNG station developers with independent
supply
CNGHi T A i w] AL A [

3. Priceincreases

Wi Lk

Offers long term price stability for project
operators

I H 1278 i S AU R AR S s

4. Increasing GHG emissions from
booming automotive sector
VAT
FF

R ERA N T = AR

Biomethane is a truly renewable transportation
fuel

PEIRAR A — PR R AT AR IS foet

xebec
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Biogas Project Economics— Case Study
BT H LT B m—ROIT 5
N Hypothetical biogas case study in Anhui Province:
DL 508 A E B e A
— Greenfield digester project
AR PRI H
— Biogas Production 30,000 Nm3/day (707 Nm3/h)
H P= V< 44K30,000 75 (707 J51/NF)
— Evaluate relative economics & sensitivity to key variables

FHOX PRI 22 5 200 o VP A & BEE P SRR AR

N Economic variables specific to project, but results illustrate
general trends

I H HAARA () ARG s, H eI ARG 3

mbec i Economic Case Study
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Units Scenario 1 Scenario 2
(AL (FHED (FT%2)

Operating Performance: £ 4%

Biogas Output <" & m3/day 30,000 30,000
Net Saleable CNG Per year Fp4F- RN B | Nm3/year 5,991,840 5,991,840
Installed Capital Cost: ZZ%& %4«

Anaerobic Digester K48 ¥ fif CNY 63,000,000 63,000,000
Biogas Upgrading & CNG Compression/Dispensing CNY 15,180,000 15,180,000
AV A &CNG e 45/ nvE:

Operating & Maintenance Costs: #:1/F&4E§ il A CNY/Year 2,912,921 2,912,921
Sales Prices: &5 ##%

CNG Sales Price (Per Unit CNG) CNGHY £ 1/ #% CYN/m3CNG 2.5 3
Solid/liquid Fertilizer [&l 14/ A AER CNY/ton - -
Revenue & Profitability: B & FI§e 1

Sales Revenue/Year 5 f4E IR CNY/Year 14,979,600 17,975,520
Tipping Fee Ab¥E7% CNY/Year - -

Net Cashflow (average 15 year) CNY/Year 10,671,660 13,143,294

Al G255

Project IRR it H PN &5 7 2% % 11% 16%
Simple Payback Period %% [ 1] Years 7 6

L
.'l.-:-
pLXHR
L

ﬁ'ﬁ%ﬁfﬁ Economic Case Study
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Biogas Project Economics— Case Study
HASIH L5 M mtE—ROIT R

24%

CNG Retail Price

22%
20% -7

18% e
16% /’
14%

12%

15 Year Project IRR

10%

8%

2 22 24 26 28 3 32 34 36 38

CNG Sales Price (CNY/m3)
mbec i Economic Case Study
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Economic Case Study— Conclusions

25T RPIT TR &

n Project IRR’s are modest (10-16%): 35 H P fi#% % e 25 2 —f%

— Unattractive for private developers to finance with 100% equity
X A N i 100% H A 5 B ik = W 551 )

— Debt required to boost equity returns
ot 55 EESRAC HE AL [P %

— Government funding required to boost project IRR & encourage private
investment (e.g. free land; CAPEX support)
4 e I H P (A1 sl I T 008 T3 B BUR I B BE B (S b,

L H $5E B
n Financial Upside: I} %5 [ [/ £ a5
— Tipping fees 4k 2 3k

— Revenue from by-products (biodiesel, organic fertilizers)

RN CEZISE, AHLIERD

mbec i Economic Case Study
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Biogas-to-CNG Project Scope
JH’:\.*_F’:CNGIE H

Animal Waste /
Agricultural Waste
BEERFVIRIE
EX]

Anaerobic Digester Upgrading Plant  4%] CNG

RE K% AR T CNG Compression &
Dispensing
RS EZR&INE

#%ﬁﬁiﬁ Xebec Technology & Experience

PDF SCPEfH "pdfFactory Pro™ it FANE)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

Xebec Biogas Purification Technology

XebecBE L EA

Adsorbent
Beds

High
Pressure
=HE

Low
Pressure

MR B PR

jﬁﬁﬁfﬁ' Xebec Technology & Experience
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High performance Rapid Cycle PSA
e P R PR A 3 s IR Y

.6 m Rapid Cycle PSA technology: [RiE/FIHFPSAE A
. — Structured adsorbent
SRR T B 5]
— Fast switching rotary valves
PR AR e T 4 1

m Superior performance vs beaded bed PSA:
DL 8 55 4% SGURURLIR R B TP S AR ELAR
— Faster PSA cycles (10-30X faster)
SRR AR IR JE 3] (PR10-304%)
— Intensified process: compact

sRAGAL B i

— Fast response to changes operating conditions

X TR A A AR I 5 AR AT PR e .

mbec b d Xebec Technology & Experience
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Xebec Technology for Biogas Upgrading

.....

Xebec Upgrading Plant at Halla Food Waste

Digestion Facility (Seoul,Korea)

Xebecif il f&2li%E BN H T-Halla%s B 535 )
Ci R 7 250

i XeDecC
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Xebec SR #ALIRAEA

High product gas quality — meet GB CNG
specification

i i o AR — A CNG GBZEK

Lowest energy consumption: 0.25
KWh/Nm3

RAEFE: 0.25T LI/ )y

Higher CH4 recovery than domestic PSA

suppliers (96% vs. 89-90% for domestic
PSA)

e N3 s 1 A PS AL Y. 7

Compact, skid-mounted design for quick
installation

Gk, RN T RO %

%ﬁm Xebec Technology & Experience
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Xebec Biogas Project Experience—XebecyH S H &%

Location Waste Source Biomethane B¢

WENE BB IR Feed Flow (Nm3/h)  End Use
Scenic View Dairy  Michigan, US Agricultural Waste &\l 3% 225 Pipeline
Rumpke Landfill Ohio, US Landfill 17§ E 1 17 ~7,000 Pipeline
Widnau Switzerland Agricultural Waste & MV.37 3% 200 Pipeline
Lavigny Farm Switzerland Agricultural Waste & MV.37 3% 120 Pipeline
UNH New Hampshire, US Landfill 3335117 ~10,000 Turbine
SKS Austria Agricultural Waste b1 3% 40 CNG
Swiss Farmer Switzerland Agricultural Waste b3 3% 225 Pipeline
STEP Switzerland Industrial Effluent T Mk & /K 250 Pipeline
Hilarides Dairy California, US Agricultural Waste & MV.37 3% 270 CNG
Daesung Seoul, Korea Landfill 337 3E1 17 250 CNG
SKS Austria Agricultural Waste b1 3% 150 CNG
Sempra Energy California Municipal Wastewater 17 B4 % 400 Pipeline
Halla Environmental Seoul, Korea Food Waste 4 i 1 37 700 CNG
SKS Austria Municipal Solid Waste 77 ¥ & {417 3% 200 CNG
SKS Austria Municipal Solid Waste 77 ¥ & {417 3% 200 CNG
SKS Austria Municipal Wastewater 17 E v % 200 CNG
Verdemobil France Municipal Solid Waste 77 ¥ & {417 3% 50 CNG
Loonggas Harbin, China Municipal Solid Waste T3 E{ & {437 3z 350 CNG

Terasen BC, Canada Landfill 2 I 5 17 300 Pipeline
mbec ‘ ik Xebec Technology & Experience
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Conclusions M4

N Rapid growth of Natural Gas as a transportation fuel in China

A T PRI A R R AR ATy — Bl il et

N Biomethane represents a distributed, renewable source of CNG

PRI AARESE — Pl oo A sUH n] F 2R [ CNG R R
N Large growth opportunities in food waste digestion in 2" & 3 tier cities
FE = 2RIk i b U BT BRI R LS

N Biogas-to-CNG project IRR’s are modest & Government funding
required to encourage private investment

Biogas-to-CNGH H H Ay W & e 28—,  BUMN I SCRPRHETT R TR 55 AR 1)

{J\
AN

mbec s8R Conclusions
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Xebec Adsorption (Shanghai) Co. Ltd.
H L BHE L B2 (L) H IR AR

IR AAYL MY X YT 2R 146925 51
5 %:201613

Hi 35 +86 (21) 3352-8700

{3 +86 (21) 3352-8725

Block 5, No. 92 Jaing Tian Dong Road
Songjiang Industrial Zone

Shanghai 201613

P.R.C.

Tel. +86 (21) 3352-8700

Fax. +86 (21) 3352-8725
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