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Environmental and energy problems have become a major problem within society. BioCNG projects are supposed to improve
the urban energy structure , realize waste harmless treatment, eliminate urban smog, and maintain energy security.
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® InJuly 2014, the MA and MF of PRC selected ten pilot projects as demo projects of the 2014-
year livestock manure and agricultural waste comprehensive utilization, according to the
"waste + organic fertilizer + clean energy" technical route to develop the comprehensive
utilization of waste in agricultural and rural areas. Special financial subsidy funds were
provided to support these pilot projects.

» The Hainan Chengmai BioCNG Pilot Project was the only project in Hainan to be selected by the Ministry

of Agriculture and the Ministry of Finance, and was granted a total of 20 million.
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Development baCkg rou nd Shenzhou BioCNG
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® In April = June 2015, in order to accelerate the transformation and upgrading of rural biogas,
the NDRC and MA carried out large-scale biogas and bioCNG project construction, awarding
investment subsidy to large-scale plants.

» Subsidies towards: large-scale biogas plants, granted 1500 yuan investment subsidy for per cubic meter of
biogas production capacity; large-scale bioCNG engineering, granted 2500 yuan investment subsidy for per
cubic meter of biogas production capacity.

» In June 2015, the second phase of the Hainan Chengmai BioCNG pilot project was selected to be one of the

demo projects, granted 33.75 million.
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Development baCkg rou nd Shenzhou BioCNG
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® In August 2016, the MA, NDRC, MF, MHURD, MEP and MST of PRC released the " pilot scheme
about promoting agricultural waste recycling use ".

» This scheme promotes: livestock and poultry waste, dead livestock and poultry, crop straw and other wastes, in
situ wastes, comprehensive utilization of energy circulation, government subsidies, market operation, societal

participation, explore effective governance models regarding agricultural waste resource utilization.
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Development baCkg rou nd Shenzhou BioCNG
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In September 2016, the NEA of PRC asked the NDRC, NEA of provinces and companies for
opinions about Guidance to Promote the Development of BioCNG production.

Development goals : by 2020, construct 200 bioCNG demonstration projects in large farming areas; bioCNG
production and consumption should achieve 10 billion cubic meters per year, and the proportion of bioCNG in

natural gas consumption overallin the demonstration county greater than 30%.
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Introduction of Hainan BioCNG Demonstration Project e

o IR Y RIR FoRTE T H 2 ERECERAN E  FEYR B T 2008 5 8%
ENPEAMRRESEREHE, SEEE T oh” FRERNER
WH. WEE TR WERRHEFERIE o T DL s R
BUR S NIERE P 2 FITE S, AE T A 5% R AL okt &t
NLAE i AR B BT REIR IR R A SRS

»  TRH BHFE30MLTT, BBR20EESIL, FEEERES2ALLTT .

The Hainan BioCNG Demo Project is the result of the bio-energy cooperation agreement signed
by and between the Ministry of Science and Technology of PRC and Swedish Energy Agency in 2008.
It is also a key project under the new energy construction and energy-efficient and emission reduction
program included in Hainan’s “Twelfth Five-year Plan”. The project is designed to develop a public-
transport system covering entire Hainan with buses and taxis fueled by BioCNG generated from local
organic wastes.

Under the project, 20 biogas plants will be built involving a total investment of RMB 3 billion
with a capacity of 200 million BioCNG Nm? / year.,
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Introduction of Hainan BioCNG Demonstration Project
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in2012

Phase 1: 2 digesters,
15.0KNM3 BioCNG
Phase 2: 3™ digester,
adding 15.0KNM3
BioCNG
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3 new plants will be
built for the next step
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Feedstock mix will be
adjusted accordingly

=2, 3MEAEET)
BETEMN. CERO
FREE: 30KNM3E4E 1A,
JFORHH AR AR A B
It 1

d N EYIEE R
Shenzhou BioCNG

Expansionto other

cities in Hainan
¥ & 2 s HAR

20 BioCNG plants will
be built in total.
Most of the plants
concentratein
Haikou region.
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Construction & operation situation of Chengmai BioCNG Project RIS

BB AEMRRS I FEmEE

layout diagram of Chengmai bioCNG plant
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Construction & operation situation of Chengmai BioCNG Project oo Beche

BIBEREYRMRSIME Chengmai BIOCNG Project

BREA

1.881Z Tt AR T RMB 188 million
Investment
30,000Nm3/d
F=HBE Capacity 3 JiNm3/H (Z)1.44 5 M /AR AR (approximately 14400 tons/y, standard
coal)
> 6000/ H BB e > 600t/d leachate
> 2000/ H & 5 EFHY) > 200t/d of kitchen waste
wagp OO/ !
s > 1000/ H T B s > 100t/d municipal waste slag
: > 80Mi/H & & #(dF > 80t/d livestock manure
Processing of N
oreanic waste > 30m/H ARAEIFEF > 30t/d cropstraw
§ > 200RME/HHEE. REE. gBYEE. TEgs > 200t/d bagasse, cassava dregs,
Ve 55 energy grass, municipal sludge, etc
> Somi/HANLUEK (an: MK, WFERWS) > 50t/d organic wastewater
5 255 ‘ \ .
T%{@B‘J 25043 Ml A~ A8 B2 B 750 434 HE AL ZE R} 5 SR Over 250 buses or 750 taxis
Vehicle fuel
i BE VR HE R 2
B fits of .
enee:e ;:v(i)n 1) B FACZ187000 /4 L5 1) substitute for about 8,700t/y diesel
/R 2) b A AR B2, 68 I /4 2) reduction of CO, 26800t/y

and emission
reduction

i
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Construction & operation situation of Chengmai BioCNG Project S

PRE-TREATMENT DIGESTION Gas

- Upgrading of biogas to Bio CNG with
minimum loss of CH4

- Odor control system

BR

- fRAE CHME I R THRAVES

- SR EH R S

Bio-fertilizer
- Separate digested material to liquid

fertilizer (membrane filtrate to 10% DS)
and solid fertilizer (dry to 85% DS)

A& W HERL
- EEERBEIER GLEE10%EASE)
K BERERE (HTZ8s%FEm e &)

Pre-treatment Digestion

- Reception and storage of organic - Long retention
waste material. time inreactor
- Pretreatment and disintegration for maximal

of organic waste. biogas yield.

T Ak DaN 2
- B W AEE R HURR - K A% B a] AR
- b T R 45 B R Bt B KBS HER
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Construction & operation situation of ChengmaiBioCNG Project™ ™"

REHAR
Key Technology

W R A FR1.275 77 W K B HE 75 5K
HEANETIZH, TEWHiHE
FEPLTHER: 30KW,

R Pi2,5W/m3, 16RPM

0000

U

Mixing the12000m3 Top mounted
mixer with 3 level mixing blades.
Continuous operating.

(I

Installed power 30 KW,
2,5 W/m3 reactor, 16 RPM

U

Anaerobic mixer

RE B 25
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Construction & operationsituationof ChengmaiBioCNG PYojec
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Pretreatment of kitchen waste

R Bt b 3R PAL




=\ BEEHEYRASINEZFEZEE RN N somEmesE

-Shenzfou BioCNG
e

Construction & operation situation of Chengmai BioCNG PYojec

Q B\ 125085875 //DE (—HD
O AR 4ikE E40-50%
= F“’Z‘};"f‘gﬁ’m Q R4)5 B (CHA) & B 1497-98%

From biogas Q BiOCNG}&Fﬁl%EP @ﬁ%ﬁﬁéﬂg EF*%(CH‘”'{&E
o T 1% (FeEKEEANISE)

O BioCNGELASHSES: 0,3-0,5 Mpa
i ™ 0 50% CO2AAERE: 0,24 kWh/Nm3 (&
1 R HIE A AL
5 Biomethane out
E Ee::ggﬁcn U Capacity 1250 Nm3/h of biogas (first phase)

U CO2 concentration biogas 40-50%

U Upgraded BioCNG quality CH4 97-98%

U Los of CH4 in scrubber air below 1% of produced

BioCNG (15 degree in scrubber water)
O Outgoing BioCNG pressure 0,3-0,5 Mpa
U Energyconsumption 0,24 kWh/Nm3 biogas at 50%

Malmberg Biogas upgrading
B EKBRE SR

CO2 (including cooling tower and chiller in Hainan)
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Construction & operation situation of Chengmai BioCNG PYojec

A3 E: EAS1000Nm¥h
ke Bl CR: >97%.
A PSR >96%

JELHR 4l B H BRLFE
<0.30Kkwh/Nm3¥B =,

U000

Capacity: 1000 Nm3/h of biogas
methanerecovery: > 97%.
product gas methane content :>
96%

U of electricity consumption of
membrane purification section :
<0.30 Kwh/Nm3 biogas

U000

Membrane distillation ‘
R 20 TR K
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In March 2014, according to the "waste + organic fertilizer + clean energy" technical route, the first
demonstration project in ChengMai (capacity 15000 Nm3/d of bioCNG) was completed smoothly.

f“lﬁ_$ﬁﬁ ﬁz%%ﬁk IF *ﬁﬂ,m)#
Photo of phase 15t of Chengmai bioCNG plant
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Construction & operation situation of ChengmaiBioCNG Project™ ™"
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® Phase 1 of ChengMai bioCNG demo plant successful operations show: the key technologies of
Hainan bioCNG project were verified, "waste + organic fertilizer + clean energy" trinity model is
feasible and can be large-scale popularization and application.

AP G TS AR AR S ] R (E ) RIS = dm ks il R
OV BL A A SEIR AR IR B 7 % AR AR A A B R T (A | =
JE4ERARS)  (GB 18047-2000) FRuEZER, |
Results of site test conducted by national competent quality and gt C)
technology supervision authority show that the BioCNG produced by the

Demo Plant meet or are higher than applicable national standard- éli%j?% 7 A A
Compressed Natural Gas as Vehicle Fuel (GB 18047-200). Test report of bioCNG product
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Construction & operationsituation of ChengmaiBIioCNG She&Zf‘)” e
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In June 2015, ChengMai demonstration project phase 2 project approved large-scale bioCNG
demonstration projects by NDRC and MA of PRC, increase the capacity of bioCNG to 30,000 Nm3/d,
and increase the processing power of 600 t/d leachate.

® 20154F9H, HFEMBHAMBE _MBF ML HELEGE
(PPP) RTEIH, HH5RAEMRKA W : -
> BIEEMMNEMRSIPPPATETE (With20164E10H )AL "’m“ﬁi%”%fﬁ?“"&%%ﬁ?&’ﬁ?ﬁﬁ”“
> WBOWERRAZEELENAEPPPIREIE (BELD

In September 2015, MF of PRC announced the second PPP
demo project, two project is associated with our company :

> Chengmai shenzhou bioCNG PPP demo project

> Haikou kitchen waste and waste slag disposal service PPP project
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Construction & operationsituation of ChengmaiBioCNG
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Shenzfou BioCNG

BORBE DL iy B | g , —
gg | RRRERBERIR | £ eeeminniA
. ) ) Chengmai shenzhou bioCNG PPP demo
Project Haikou kitchen waste and waste slag .
. . . project
disposal service PPP project
BEIEFTY . TBESHE . &8 30,
20010/ H 28 6§ & 2547 FEFTRIE S WBUGISE, &1t
SOBERUE 1000/ H 7 3 AL 150M/ 2 |
process object 200t/d of kitchen waste :futc enkwaste, municipa wast-e.s a;g,I ;
100 t/d of municipal waste slag ivestock manure, straw, municipal sludge
and so on, the scale of combined
treatment for 150 t/d
R EE 15 4 20 4
concession duration 15year 20year
o B I ORI US 2804.4 75 7T 295077 It
annual fiscal subsidies 28 Million About 9.5 Million




=, BEERHEYRARSTHEBREZEEB N e

Construction & operation situation of ChengmaiBioCNG Project™ ™"
—HTFE Phase?2

T TREEfRECERR R,
PLIEHEAT & .
The subject facilities construction of

phase 2 has been basically finished,
equipment are being installed and debugged.

7]
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Problems in operation of Hainan Chengmai BioCNG Project RIS
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Before the PPP agreement, the Chengmai plants could not
reach full capacity due to economic problems, since the price

of collecting and transporting organic waste is too high to be
financially sustainable.
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Problems in operation of Hainan Chengmai BioCNG Project RIS

E R R, oz BABH

AR 2 AR T, SRR E5 I, TP R O AR A K L T 3L 72
WUMRALBCERE A, N T v o B

BUWBAE B R F A PR EBOR, W ISR B AR TR A Bl A5
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Raw materials collection is very difficult and involves high costs

» Dispersed waste distribution, costly to collect and transport

= Low degree of mechanization

= No clear government policy for organic waste disposal. Collection, transportation and

processing costs are higher than the value of output produced from treatment.
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Problems in operation of Hainan Chengmai BioCNG Project e ST

" SRERR  ERE A& KWRA  BRER BRI o _
IRER /R (m3/MD  (myYR)  (HER) G Gompy o GO

Dail Government
Material items consumytion Gasrate  Gasproduction Procurement costs subsidies for Mmaterial cost
(ton/rt):l) (M3/ton) (M3/d) ( RMB/ton) materials (RMB/d)
(RMB/ton)
& B Z5{¥ livestock manure 30 63 1890 120 0 3,600
YE ¥ FEFT crop straw 20 60 1200 260 0 5,200
H ¥ bagasse 50 90 4500 350 0 17,500
AREH cassavadreg 30 75 2250 165 0 4,950
A HLIZK organic 50 50 2500 70 3,500
wastewater 0
AEYR EL energy grass 30 60 1800 125 0 3,750
HA4th others 30 50 1500 100 0 3,000
240 15640 41500
BAEMRRTRRAA (TT/m3) e

Unit cost of BioCNG in raw material (RMB/m3)

FECA BUR R BN R0 T, ALY R IR SR BRI A sl 1526570 /m3.
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Problems in operation of Hainan Chengmai BioCNG Project RIS

T B &5 AR A R, R

o FURMCERAE . AR FEIH LG AR, ZEANZBHIERRE, WRAT LS EALE
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= FEELIHSESENZXeRBAIEIR, 5 RlEALH 22y LI ITH %R A 5L
77, AEIR 5 HR 52 BT X T B AN E E

Project economic efficiency is not good; financing and loans are difficult to come by

« Collection is difficult; high raw material costs lead to low project economical efficiency. Banks
and social capital are not assured of project profitability.

= Many domestic banks and other financial institutions have expressed interest in/support for the

Hainan Chengmai project, but in the end projects are blocked due to profitability uncertainty.
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Problems in operation of Hainan Chengmai BioCNG Project RIS

EVPRRSBMEERZR, MEIAMMEE
o AR L R AL, VMR A, AR AR R IR B A BRI N 25 R T, A
AR 4 AR

BioCNG terminal sales are limited because there are no dedicated BioCNG stations,

have to sell at a low price
= CNG station location examination and approval is very difficult; bioCNG product can not enter

the terminal application market smoothly; has to be sold to middlemen at a lower price.
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Advantages that the PPP model brings to the Hainan Chengmai BioCNG Projeet >"em"ou Bechc

®  PAPPPI H K A AEIEAEMRAR[ L) HWRT REFHIRNEFHEN, BRT EARA 25
PEAS R P K < o8 1) L

®  Two new PPP projects for the Chengmai bioCNG plant have improved project economics and solved

two important issues: lack of raw materials and high costs.

® LI EZ I ANET YA, )5 4@ Increased the source of raw materials, co-
LR digestion of multiple organic wastes

& G RIETHAPPPIIE Mk TS T € The two PPP projects account for % of raw
- X material requirements in the biogas plant, meet

121 JE R R, F N LRI B 305 U more than % raw material requirements of the
WALEE, FLim 2 VH A TAE3/4 UL B 1 IR biogas plant if waste leachate is added.
= € Multiple material supply reduces unit waste
® SOUWH RIS B, Wb reatment costs. )
R . PPP mode gives the bioCNG project reasonable
BN/ D)
qﬁmﬁ:ﬁ#%&\@f&z"( M expected profits, attractive for financial

Eﬁﬂ%’ﬁfﬁiﬁ?%’c%lﬁo
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Problems in operation of Hainan Chengmai BioCNG Project RRARENSRERS

BIE TG B BHr=3.05 75 BRE i & i

30000 M3/d Chengmai Demoprojects raw material costs

- SREER TRE AR RUERA  BORREROER B
g (Mg /R ) (m3/IH) (m3/R) (&%) Gu/w) Mg (o/m) (Ju/R)
Government
Daily . subsidies for .
Material items o Gasrate Gasproduction Procurement costs materials collect Mmaterial cost
(ton/d) (M3/ton) (mM3/d) ( RMB/ton) and transport (RMB/d)
( RMB/ton)
28 6t R F-4) livestock manure 200 42 8400 150 125 5,000
T B & municipal waste slag 100 3 300 100 90 1,000
B %5 ek garbage leachate 600 12 7200 0 0 0
& 8 %5 livestock manure 80 63 5040 120 100 1,600
VEWIFEFT crop straw 30 60 1800 260 200 1,800
“H i ¥ bagasse 20 90 1800 350 0 7,000
K2 cassava dreg 20 75 1500 165 0 3,300
A HLIE 7K organic wastewater 50 50 2500 70 0 3,500
HAth others 30 50 1500 100 0 3,000
1130 30040 26200
M AEMR R TUFRBA (6/m3) 0.87

BioCNG unit raw material costs (RMB/m3)

FEA BUN IR RHSGE AN RITE DL, B A R IR USRI SR B B AR 33 750.87 76 /m?,
i 2 77 it JEA BB A RAR R 1T8/JT A W 5585 R n
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Advantages that the PPP model brings to the Hainan Chengmai BioCNG Pro RRETR -G
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© I H AL OAVEIEA S, ATEAEEE DAET A WE. Rk, TIRERSKETEFY,

NEEOMBEILRET — R 2 FIRANGRELET G, A2 & RENA NIRRTV EIRIR
A B IR RTINS o

o BWZHREF, EPLHE, NBUFAEY, BEXRT=AEZRIANHNEFYAEIRELHE MR
BT E b, MARERR, STBUNER, FRINESLCES BT ERRRE.

o RAPLEABRRENE, BEBHRERA BRI HERASS, BRBERE RS, FRHEE53E
FRIEAR. BRI ANFE.

®  This project is located in on the Haikou and Chengmai border, meaning that the project can treat
organic waste both from urban areas and the countryside.

® Unified processing of urban and rural wastes: from a government perspective, three-five small
scale projects have been combined into one large scale project, which helps reduce construction
points, easier for government to manage and focus on guaranteeing raw material supply.

& Concentrated disposal can create economies of scale, which attracts capital and solves the

problem of financing. Large scale projects also lead to utilization of better technology, attracts
higher level talent, etc.
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Advantages that the PPP model brings to the Hainan Chengmai BioCNG Projeet >"em"ou Bechc
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® PPPEIXMRR T I HZEBER N REMEMEFEA L W&, REEARNEE, FRERE
MR RIS, R EE SRBUR ST WAL B AR 55 SR S B s, 3900 7 X &Rl
RIS 71, fEEEENRRTIRTEIRE IR AB TR, BRT — P RH . W
J 7 ETFHEAT R BT A

® The PPP model not only solved the lack of raw materials but also economic problems.

® Regarding project operation, there is now guaranteed supply of raw materials, reduced cost of
raw material collection, and also reasonable investment returns via access to the service fee
provided by the government for waste disposal. This adds to the attractiveness of the project

for financial institutions.
& The PPP agreement has made the business model of the Hainan bioCNG demonstration

project much better. It is currently a replicable, scalable, economically acceptable example.
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® On 11th October, 2016, the MF of PRC issued “the notice of further advance in the field of
public service government and social capital cooperation work”, requiring that new projects
construction such as garbage disposal and sewage treatment plants must use PPP models.

» This notice indicated the direction for garbage disposal projects using PPP models in the future; provided policy
support for the construction of urban and rural organic waste treatment plants using the PPP mode; and put

forward a unified plan for solving ecological/environmental problemsin urban and rural areas.
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