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China‘s need for energy HEKGEEER

China’s energy consumption is continuously rising:

& ) BEVR TH RE RS K
- primary energy demand is expected to increase up to 3,975 Mtce in 2015 and
up to 5,467 Mtce in 2030
— R EBEIR TSR W AE 20154 K- 33, 975 MR HERE, 7ZE20304EH K 25,46 7R UE
LS
- electricity consumption is expected to increase up to 4,723 TkWh in 2015
and further up to 7,513 TkWh in 2030.
$EEHEBEWIHE20154 8K 34,723 TkWh, 20304E#K 37,513 TkWh

(Source: IEA)  CRUg: [HBraedEE)

- Coal covers almost 70% of the primary energy supply.

PR 53 T JLF70%M — IR RETE AL .

- Facing limited domestic recources Chinais expected to become a coal net
importer of 90 Mtce 2030.

TET A BR BT B Y B9, P B R AR 1 BE O BORFFE2030 R I8 2190 MibTAR o

—>China needs to utilize every energy ressource possible.

B TR 2 A A AT RER REE B



China‘s Biomass Resources Y EK4EY REE

- Studies estimated that the currently the theoretical total biomass resource in
China accounts for 2,620 to 3,510 Mtce.

wra b, B Er EEW S AV R IR 2,6208)3,510 FEAREE .
- Of this amount 440 to 640 Mtce can be seen as the available feedstock per year
for further energy production.

FHA44021640 MUAREE I 2EY) 5B T AR R EEAT AR I REIR A7

- NDRC estimations of the available feedstock resulted in an amount of
500 million tce in 2007.

B E R KR FT R H T RRMA 45 R A 2007FE A SZmERREE, ST ERRI.

- This energetic potential is equal to 17.7% of the total primary energy demand of
the People’s Republic of China (PRC) during the same year.

FI4E, RS & T P E—RERESERTRKL7.7%.

- Currently, only 1.5 to 2.5% of the potential available feedstock is transferred into
energy leaving a tremendous amount of energy resources unused.

B, fUF1.5%-2.5%0 A R AL N REIR, KERRRERIRARBN M.

(Sources: Li, 2010; NDRC, 2007; own calculation)
CRJS: Li, 2010; HZ kS, 2007; 5D



Governmental efforts towards Biomass Utilization

R EEY A R B B 2K BUR

- High political motivation to support this sector based on environmental and
energy politcal challenges faced at present

H44ts, HEEREIRE mE™ERPRAR, BN SR AV RA AT L.

- Political goal::
3 GW from MLSBPs in 2020
Hiwn: B|20204E K RBES TEFZREE3 GW

- In monetary terms:
220
- Total investment by the MOA into the biogas sector until 2010: more than
24 billion CNY.

B[20104F, RAFAERSATIHIB R BT 2401 N KT

- Average annual investment support of the MOA over the last 3 years alone
5to 6 billion CNY per year.

AL E=FN, RIHFEFHEES0-60/47T.
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Current Subsidy System for Biogas production in China

T A SEP RN A R

1) Subsidisation of the construction investment (S¢onst)

BB AN

For MLBGPs, the government will subsidize in the western areas 45% (max. 2.5
million CNY), in central areas 35% (max. 2 million CNY) and eastern regions 25%
(max. 1.5 million CNY) of the total investment. The local governments will give
additional support according to the standard not less than 5%, 10% and 20% of
total investment.

X . REMXATRESITE, PROHABIIE BBHFEKI45%. 35%R25%,
BEABIARBIE2500 6. 2005 L1507 76, HF 4 B EAMET I E B 8% K15%.
10%F120% ) Fr#E T ABCESA .

2) Subsidisation of biogas based electricity fed into

the national grid (Soyr) TS FH M & H KA
0.25 CNY/kWh (projects before 2010) Duration: 15 years
( 20104FRIIH ) RFLEmfH]: 154F
1styear: 0.25 CNY/kWh, decrease 2% each year. (projects after 2010)
¥4 1 0.25 CNY/KWh, %4/b2% (201045 5H D
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Effects of the policy support until now Z4HJBE SRR

The Construction Subsidy and several support policies
have had a positive impact on the Chinese biogas sector:

S BCRMEA LI B K BURX B SATE = T AR ET R0 -

- Rising number of biogas plants ¥HS TEEE KN
Until 2010: 4.641 large scale BGP, 22.800 Middle scale, 45.300 Small scale

$120104F, 4,641 KMH T TRE, 22,800/ M T 1, 25,3008 /N T /%
- Increasing size of biogas plants JHS TEREY X

Introduction of super-large-scale BP (> 5000 m?3 fermenter volumen)
BRI TR CRIBEHEARR> 5000 me ) 513
- Rising numbers of biogas companies HS A5 K0
- Increasing operational knowledge #{E4NIRFIAMTE

-> Pointing towards a positive development of the sector

PR T HAATIRIAR R R
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1) Grid connection is only obligatory for BG-plants > 0.5 MW
Installed capacity

HSFMRBERERHTRIAE> 0.5 MW FIESTE
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Challenges faced today: FLA-TH I KIBkik:

2) Low motivation of the grid companies to connect

HL Y AU A SERFIE I PR

3) Missing grid connection leaves the current output subsidy
without effect

I M A AN B S BB IR R BE A H

4) Overall low specific biogas productivity
(nm3 BG / m3fermenter volume / day)

TR R BB
— e
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Research Introduction RS =

The reasearch analyses the economic feasability of 4 case studies
(Beijing and Sichuan) under different subsidy scenarios
KR T ANEE] AEEFEND A FIRMEEZR 25 T AT
The research follows the approach of: AHFFTRH 5 E:

Abandoning the construction subsidy to reallocate the construction
subsidy funds into the output subsidy, creating an exclusive
subsidy system

JRFERE VAN, B0 Eoh A P R BRI, Bl — NG R
- By doing so the policy makers would create a strong economic
incentive for the biogas producers to increase their specific biogas
productivity
XEMBERRE QR —ANEFHRNE, UMERKEERRESTR
Further 8 theoretical cases have been developed under the same
scenarios to verify the former results

AESMARER TRERRFICLRIET ZHTRER.



= ‘ o 1> 4
A) A

-> Grid Connections are guaranteed for every BG-plant
BMESITERIEM KB
-> Current Output Subsidy system is fully working
L HT AN R R e 218 1T
(this situation reflects the successfull implementation of the current
Chinese legal situation) CIXFf 244> H [ N7y B D) S it ) 5 490D
4) Low specific biogas productivity (nm3 BG/m?3fermenter volumen/day)
WA T AR B
-> Can a fully output oriented subsidy system create
incentives contributing to overcome this challenge?

AR R IR 37 R R AR WU £E P DA S R B ik 2



Assessed case studies TEALZEIRFST

Unit Data Set 1 Data Set 2 Data Set 3 — Design Data Set 4 — Design
L ¥0A HyEL HE2 Bl 3- it Hidma-veit
Name Shulong Sanyuan Lvhe [ Lanyan Animal Beijing Degingyuan
2R Breeding Cattle Farm Husbandry Technology | Agriculture Technology
Company =Juhlkgkfr | Development Company
BRHTAR | T Company BB YA R
O] VUG HE B RO B | AT R ]
AR~
Location Sichuan, Beijing, Sichuan, Beijing,
HE Deyang City Yongledian Leshan City Yanging County
V)i, #EBHTE | Municipality i, SR Jbat, ZEpRHE
Jbnt, IKIR)E
Fementer size nms3 700 1,200 1,600 3,000
KRR
Animal type - Pig Cattle Pig Chicken
BRRA
Animal number c 2,000 2,000 5,000 3,000,000
ERLE
Biogas produced | nm3/day | 180 800 1,600 20,000

AR

Data assessed through interviews with the owners/operaters of the respective biogas plants in 2011
Hlle eI T 201040 5 10 T RR I B8 # ISR D7 A -
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Feasibility of case studies — under current subsidy system

FE S HTANU AR T R BB SRR AT

Unit Data Set 1 | Data Set 2 Data Set 3 — Design Data Set 4 — Design
Bhr 1 2 Ha3-w it Hia-veit
Fementer size nm3
R 700 1,200 1,600 3,000
Biogas produced nm3/day
REA B 180 800 1,600 20,000
Biogas usage nm3/day 90 for
. 400 for
electr_|0|ty/ electricity/ 400 1,600 for electricity 20’00(.) .
90 direct . for electricity
direct use
use
l CNY
Total investment 1,400,000 3,291,900 4,060,000 60,000,000
costs
SCONST CNY
Y R > 114 ) 11 ) 2! k) 21 )

TR ML 00,000 900,000 050,000 000,000
Sour CNY
) \ . N 184,781 212 2 4,7
V3 o A 84,78 821250 3,285,000 54,750,000
S (incl. Sgonst and | CNY
Sour) 1,584,781 2,721,250 5,335,000 56,750,000
NPV CNY
FELE -345,054 -1,329,022 3,758,337 47,156,055

Page 11
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Feasibility of case studies — under current subsidy system

FE S HTANU AR T R BB SRR AT

1) The two smaller cases do not reach a positive NPV

BTIHA AT oMby X A S BHFDUE Y T

2)Even though the net connection is hypothetical ,the biogas plants did
not maximise their production to make use of the biogas to substitute
their own gas consumption, which would even create a higher income
BME R IIEM R B, R TEFEE BRI = UAE B 5 FESHE
#, FETEZHHEA

—>The reason for this behaviour could lie in a missing economic
incentive.

H BB 5 K JER B g 2> 22 B Sl

Therefore we will now abandon the construction subsidy and increase

the feed-in tariff in order to create a strong incentive for the biogas

producer to optimize his production behaviour!

FrUABA TS BT Berh G, 38in_E W e,

A3 BB REBURN VR A= E AL A=
o pagel2



NPV and BG-Output under the current subsidy system
FELHTAMNEE R TR IEMES TER H

NPV
Current subsidy system relies on two aspects:
LHTANE R A AT
1) Construction subsidy (Seonsy) EEBCHME
2) Output subsidy (Sgyet) Hir s
(feed in tarif of 0,25 CNY/kWh fed into the
ettt eeen electricity grid)

Y
s‘[ cunction B (P A #M0,25 CNY/KWh )

> nm3 a) Production of X nm? biogas over the

whole lifetime of the BGP (15 years)
| ; BATRBETEGAYT (156) HSR-X

> Leads to: 83:

function A : nm?
b) NPV of Y for the biogas producer
Sconst - : AR Y
: c) total Subsidy payments of
S I G A S BRI UG+ E R U

: Construction subsidy + Output subsidy
X SN + i R

1
Sconst *+ Sout

Iy

v

Theoretical total production of a BGP and it's generated income over the whole
lifetime (15 yr) under the current subsidy system

HAHMERR THARTREBITAART (1559 KMERFEEKE




Abandonment of the Construction Subsidy HFE B AMNE

CNY

function B

........................................

\

SOUT

.o

Effects of an abandonment of the Construction

Subsidy: FAFRBAMERIRR:
1) Producer has to cover the whole investment costs |,

Ve -k Cle ol a4

2) Producer has to increase his production up to X+Z
nm? biogas over the whole lifetime of the BGP (15
years) to reach the same NPV (Y) than under current
cirumstances
ELHIHERT, E-EBRESKTEENBITEGEAT

(155) WS ERFBIX+Z nm3 7 8 2 R 3 I E

» nm33) Total Subsidy payment of the government decreases:

function A

SCONST

function D

function C
Io -1

X _ X+2
v
Theoretical total production of a BGP and it‘'s generated income over
the whole lifetime (15 yr) without contrauction subsidy and under the
same feed-in tariff than under the current syste

BOFREBAMY, AR EREMAMNET, R LREA ST A0 AN
(154F) P RE®™ B SR

BURAT H B AN D -
Output subsidy < (Construction subsidy +
Output subsidy)

2 1
SOUT < SCONST+ sOUT

Key Result: FEZH,

- Lower subsidy payments B&EFMERA

- Higher Biogas production EEES~&

> Favourble scenario for the government X{BUFH Fl
BUT: {H&:

Might discourage the producers (more effort for the
same NPV (Y) than before the abandonment)

A RS AR
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Reallocation of funds into an exclusive output subsidy system

HAMEBUCR T 1 5 <20 B

Effects of an increased feed-in tarif:

P e RS B A R
1) The feed-in tarif or end-product revenue can be
increased _ P B BB L= AR 3 0
: 2) A strong incentive for the biogas producers to
{Y RO SORRN CORN increase their output up to X+Z will be created.
SOUTI

function B BhASAR =R, #nERTIERIX+Z,
......................................... ! 3) The NPV will increase L&ﬁﬁ%’%’i@m
\ : 4) The total amount of subsidy invested maintains

0 » nm* constant FMEEFRFERTE
(Construction subsidy + Output subsidy)
| = Qutput subsidy (with increased feed in tariff)
function A
: : Key Results: FEZR
Sconst 1 - NO additional costs for the government
tncen % TR A i

- function € (SOUT1 + Sconst = SOUT3)

’ | X —»  xuz - HIGHER Biogas production (X+2)
Effects of a change in the subsidy distribution modalities (by constant Yaﬁfzﬁi@ﬂn (X+Z)
total amount) on the income of a biogas producer over the whole - HIGHER NPV for the producer (Q)

lifetime of the BGP (15 years)
e NEFF z , . o .
qﬁl\ﬁ ié“é %z[) %%ﬁfﬁﬁﬁ (154F) ™, AMUARR BT A= R A= b A0 ifzﬁ‘ @%{Eﬁﬂn Q)
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Feasibility of case studies — under current subsidy system

FE S HTANU AR T R BB SRR AT

Unit Data Set 1 | Data Set 2 Data Set 3 — Design Data Set 4 — Design
Bhr 1 2 Ha3-w it Hia-veit

Fementer size nm3
BT AT 700 1,200 1,600 3,000
Biogas produced nm3/day
REs B 180 800 1,600 20,000
Biogas usage nm3/day 90 for 400 for

electricity/ oy 1,600 for electricity 20,000

. electricity/ 400 -
90 direct . for electricity
direct use
use
l CNY
Total investment 1,400,000 3,291,900 4,060,000 60,000,000
costs
SconsT CNY 1,400,000
N x> > 11 H 2 21 ’

AT (MG 900,000 050000 000,000
Sour CNY
) \ . N 184,781 212 2 4,7
V3 o A 84,78 821250 3,285,000 54,750,000
S (incl. Sgonst @nd Sgyr) | CNY

1,584,781 2,721,250 5,335,000 56,750,000
NPV CNY
¥IE -345,054 -1,329,022 3,758,337 47,156,055

Page 16




Feasibility of case studies —under NEW subsidy system

FEHTHIAMNEE RS, REIKTH

Unit Data Set 1 Data Set 2 Data Set 3 — Design Data Set 4 — Design
¥ 1 2 Hm3-it Hma-ve it
Fementer size K& EEE{AR nm3 700 1,200 1,600 3,000
Co fermentation Bt 4 & I yes yes yes NO
Biogas produced ¥#S7r=& | nmd3/day 349 1,179 2,227 20,000
Production Increase 0
e o 94 47 42 0
SOUT
NEW feed in tarif CNT]/kW 0.55 0.42 0.29 0.19
R AN
ly CNY 1,540,000 3,291,900 4,060,000 60,000,000
Sconst CNY 0 0 0 0
Sout CNY 1,584,781 2,721,250 5,335,000 56,750,000
NPV CNY 254,671 -820,946 3,968,753 39,177,522
NPV Increase CNY 599,725 508,076 -210,416 -7,978,533

Higher need to maximise the income = higher need for optimized production (co-fermentation) - total higher output

MBI TR > ML > FEE™=H

Page 17




Verification ZiE

Development of theoretical cases 8T L4 (1) & &

Installe | Type Number | Total Average Specific | Average Total | Average Yearly
d of of feedstock Investment Costs | Investment Production
Capacit |animal |animals | needed per | per ton of Costs (1) Costs (C)
y needed |[year feedstock
Unit kW C t/yr CNY/t CNY CNY
Case 1 | 75 Pig 12,000 |52,560 189.249138 9,946,935 810,765
Cattle | 2,400 35,040 236.308364 8,280,245 674,840
Case 2 | 150 Pig 24,000 |[105,120 129.467208 13,609,593 1,109,182
Cattle | 4,800 70,080 161.66089 11,329,195 923,329
Case 3 | 750 Pig 120,000 | 525,600 53.6208768 28,183,133 2,296,925
Cattle |24,000 [350,400 66.9543955 23,460,820 1,912,057
Case 4 | 5.000 Pig 800,000 | 3,504,000 18.9705138 66,472,680 5,417,523
’ Cattle | 160,000 [ 2,336,000 23.6877754 55,334,643 4,509,773

1) Connection between the Total feedstock needed per year (x) and Average Specific Investment Costs
per ton of feedstock (y): y = 72,868%x0-5477
(based on: ADB report Preparing the Integrated Renewable Biomass Energy Development

Project)

2) UNFCCC research from 2008 leads to a ratio of 8.15% between the investment costs and the
yearly production cost.

Page 18
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Feasibility under current subsidy system

+ S()UT)

LA AN AR R BRI AT M
Unit B8f7 | Case 1 Case 2 Case 3 Case 4
1 2 ZHI3 Zphl4
Installed kW 75 150 750 5,000
Capacity
ZERE
Pig %%
X m3/day 1,200 2,400 12,000 80,000
Sy CNY/kWh |0.24 0.24 0.24 0.24
NPV CNY -10,050,604 -11,052,981 |6,293,538 241,192,667
S (Sconsr | CNY 4,365,200 6,730,400 |25,652,000 | 159,680,000
+ Sout)
Beef Cattle 4~
X m3/day 1,200 2,400 12,000 80,000
Sy CNY/kWh |0.24 0.24 0.24 0,24
NPV CNY -7,124,459 -7,046,931 14,595,835 260,796,597
S(S.CONST CNY 4,365,200 6,730,400 25,652,000 159,680,000




Feasibility under NEW subsidy system #F4MEEZR T K471

Unit 847 [Casel E#J1 [Case2 E#]2 |[Case3 EHJ3 |Cased EHl4

1 | Installed kW 75 150 750 5,000

Capacity

ZRRE
2| Pig %4
3| NPV (before) CNY -10,050,604 -11,052,981 6,293,538 241,192,667
41S (before)] CNY 4,365,200 6,730,400 25,652,000 159,680,000
5| X (before)| m3/day 1,200 2,400 12,000 80,000
6|(Z m3/day 662 750 1,091 1,974
7 | S42 CNY/kWh |0.29 0.26 0.24 0.24
8| NPV, CNY -9,621,823 -10,733,349 6,202,256 240,045,031
9| So 112 CNY 4,365,200 6,730,400 25,652,000 159,680,000
10 | Beef Cattle 4
11 | NPV  (before) CNY -7,124,459 -7,046,931 14,595,835 260,796,597
12| S (before)] CNY 4,365,200 6,730,400 25,652,000 159,680,000
13| X (before)| m3/day 1,200 2,400 12,000 80,000
14| Z m3/day 624 700 987 1,730
15 [ s, CNY/kWh |0.29 0.26 0.24 0.24
16 [ NPV, CNY -6,647,875 -6,665,247 14,628,674 259,941,074
17 | S 12 CNY 4,365,200 6,730,400 25,652,000 159,680,000

Increased NPV: Pig: Casel, 2

Beef Cattle: Case 1, 2, 3
Slightly Decreased NPV: Pig: Case 3,4

Beef Cattle:

Case 4
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Key Findings and Recommendation FZEZ5 RN

- By rellocating the funds of the construction subsidy into the Output susbdiy the
feed in tariff can be increased (no additional costs)

BUAMNEEFT 2B HAMET, EMEMERRE CEFSNRAD

- Output oriented subsidy system would create strong incentives for the biogas
producers to increase their production, through optimized production behaviour
and the adoption of co-fermentation

= AN A RR A T B [ A T E B A AT ARG B E BRI R RE

- Increased production would increase the NPV of the BGP and the total amount
of biogas produced in China

FRENEBSENESITENRR, WiEgnTPEASKKESSE

- Larger BGP can operate profitable under the current subsidy tarif, giving an
iIncreased production through the adoption of co-fermentation

RSB A REEMIN T =0, KTV TR AR I F AR AT

- A more diversfied subsidy system is needed, taking the size and feedstock of
the respective BGP into account

BAIRE—MESHARAEER, BHITERIEN R RRES BN
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Future Possibilites FEHT] Gt

Output subsidies can be further specified in accordance to the end
product produced by the respective BGP

FEHAMNE IR AL, 5HENKESI TRENREA=IRIF—

By doing so, the government can support and steer the production of
certain end products like

XEER, BUR AT ASCREAIR I e & = ) 47, e
- biogas ¥BX,

- electricity K H

- biomethane &4 B 4%

- fertilizer E¥}

Page 22
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Thank you for your time!

gt

Dipl. reg. wiss. Michael Oos Optimization of Biomass Utilization
Project

T H B[]« BRRHZE A R e LA I E

michael.oos@biogas-china.org www.biogas-china.org
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