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1. Welcoming address by DBFZ — Prof. Michael Nelles

| am delighted to announce, that the project ‘Energetic utilisation of agricultural residues in China
and Germany’ (ChinaRes, Funding Code: 22025816) was established in November 2017, due to
the financial support of the German Federal Ministry of Food and Agriculture. This allowed the
Deutsches Biomasseforschungszentrum gemeinnutzige GmbH (DBFZ), located in Leipzig
(Germany), with the assistance of the Chinese Academy of Agricultural Engineering (CAAE) to hold
a public workshop on ‘How to foster the utilisation of agricultural residues in the biogas sector in
China?’ on the 14th of November 2017 in Shuanggiao/Beijing (China).

Over the past few months, we have made some great steps to intensify our collaboration
between China and Germany. On the 13th of September 2017, we successfully inaugurated the
Sino-German Centre for Biomass research with the unveiling of the Centre’s Plate. The
inauguration ceremony and science workshop took place in the presence of representatives from
the DBFZ, the German Ministry for the Environment, Nature Conservation, Building and Nuclear
Safety (BMUB), and the Chinese Academy of Agricultural Engineering (CAAE). It is our goal to
strengthen the existing research contacts and initiate new joint projects in the field of bioenergy
and waste management. Aside from the scientific topics, the new Cooperation Centre will also
contribute to a better interconnectedness and networking of stakeholders from both countries.
Prior to the inauguration ceremony at the DBFZ, there have been two similar launches in China.
The Sino-German Centre for Biomass Research was launched on the 18th of August 2017 at the
CAAE in Beijing. The main objective of this Centre is to find solutions for the various challenges
with the Chinese agriculture and to investigate their relations to climate protection and nature
conservation.

The Director of CAAE, Prof. Dr. Bin Sui, and | would like to express that the new Centre is planning
to initiate joint research projects and find viable solutions for the many-sided challenges
regarding the utilization of agricultural residues.

Finally, the "Sino-German Regional Centre for Biomass Research" (C-DBFZ Anhui) was established
on the 11th of August 2017 at Hefei University. Prof. Dr. Jingmin Cai (President of the Senate at
Hefei University) together with Minsheng Wang (Vice Mayor of Hefei), Daming Zhang (Vice
Director of SAFEA in the Province of Anhui) and Zhongyong Yu (Director of the Administration
Office for the Lake Chao, Anhui) unveiled the Plate for the new Regional Centre. This Centre will
also focus on the material and energetic use of agricultural residues, but will limit its activities to
the province of Anhui (65 million inhabitants). The inauguration of the new Centre is another
milestone in the long lasting history of the joint cooperation between Hefei University and various
German institutions.

Again, | would like to welcome you to our public workshop in the frame of the new project
“ChinaRes” and | hope we will make a good progress and will have some fruitful discussions.

| like to thank all participants for their valuable and comprehensive presentations, which are
summarized in this reader.
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2. Welcoming address by CAAE - Prof. Zhang Yuhua
Professor Michael Nelles, Distinguished Guests, Ladies and Gentlemen, good morning!

It's a great pleasure to meet you again in CAAE. Due to some other official affairs, vice president
Zhao Lixin and Prof. Meng Haibo cannot attend this workshop. At the outset, | wish to
congratulate, on behalf of vice president Zhao Lixin and Prof. Meng Haibo, the opening of the
Public Workshop and ChinaRes-Project meeting, and extend sincere welcome to all our guests
and friends.

Take this opportunity, I'd like to give you a brief introduction of CAAE. Chinese Academy of
Agricultural Engineering is state-owned, and subordinated by the Ministry of Agriculture. CAAE
now consists of 11 institutes, nearly 600 staff members in total. In recent years, around the
agricultural engineering industry chain, we've done much innovation work on resources
monitoring, protected agriculture, products processing and circulation engineering, waste
comprehensive utilization in the field of agriculture.

CAAE has 5 MoA Key Laboratories on Resource recycled utilization, Agro-products on-site
treatment, Agro-waste energized utilization, Construction of protected-agriculture, and Remote
sensing of farmland utilization. Plus, MoA Biomass Engineering Center, and MoA Seed Processing
Center are 2 new platforms for our innovation. We have 2 academic journals, which are the
transaction of Chinese Society of Agricultural engineering and International Journal of Agricultural
and biological Engineering.

Today, this meeting place is the MoA Biomass Engineering Center. It owns a total area of over
4000 square meters, which is divided into 7 public labs, 12 specific labs, and 5 pilot processing
labs. Now We have 500 sets of different instruments and equipment in these labs, still we will
get more instruments for improvement.

Since 2008, we have established a closely cooperation with DBFZ. We both sent researchers to
visit each other, conducted academic exchanges together and held academic workshops in China
and Germany respectively. This year, we both set up the Sino-German Biomass Research Center
in CAAE this August, and signing ceremonies were held. In September, Prof. Zhao Lixin visited
DBFZ for signing a cooperation agreement in Leipzig, and held a seminar. It further enhanced our
cooperation between the two sides.

It is a great pleasure for us to hold this workshop in CAAE. As one of the organizers, we promise
you that we will offer a careful service work for you. At last, welcome you to come here for further

exchange again, and wish you everything is fine in China.

Thank you!
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3. Agenda Kick-off and first Workshop ChinaRes

Public Workshop:

“How to foster the utilisation of agricultural residues in the biogas sector in China?”
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agricultural biogas sector -
current challenges and future
perspectives

FEME: PEKVES-H
IRRE S5 RSB

Key note: The German
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3.2 Participants

Name

Institution

w4
Michael Nelles (Prof.)

Britt Schumacher

Kay Schaubach

Meng Haibo

Yao Zonglu

Feng Jing

YU Jiadong

Huang Kaiming

Zhang Xi

Sun Liying

Marco Roelcke

Qian Mingyu

Zhou Hongjun (Prof)
Jiang Hao(Associate Prof)
Fan Jingchun

Dong Renjie (Prof),

Guo Jianbin (Associate Prof)
Wu Ke (Prof)

Jin Jie (Prof)

Chen Jun

Bao Teng

Hfr
DBFZ

DBFZ
DBFZ
CAAE
CAAE
CAAE
CAAE
CAAE
CAAE
REEA
GIZ CN, DCZ
GIZ CN
CuPB
CuPB
CUPB
CAU
CAU
HFUU
HFUU
HFUU
HFUU




Workshop “Energetic utilization of agricultural residues in China and Germany”

4. Presentations Workshop ChinaRes

4.1 Welcome presentation by DBFZ

China China
University of ) Agricultural
Petroleum Y| University
Engineering Beijing Beijing

Hefei
University
(HFUU)

Welcome to the Workshop

“How to foster the utilization of agricultural residues
in the biogas sector in China”
1st public workshop of the project

“Energetic utilization of agricultural residues in China and Germany”
CAAE; Shangqiao, Beijing, China, 2017/11/14

Deutsches Biomasseforschungszentrum D@ With support from
gemeinniitzige GmbH
Federal Ministry
J(\\ T B 314 Agticature
Name”  Leibniz-Institut fiir ydecidenotihe

Agrartechnik und Biookonomie

Organisation DBFZ

DBFZ Deutsches Biomasseforschungszentrum gemeinniitzige GmbH
(German Biomass Research Centre)

Monitors and
supports the general
management

Sole shareholder Consultative function

BMEL: Federal Ministry of Food and Agriculture

BMBF:. Federal Ministry of Education and Research

BMUB: Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety
BMVI: Federal Ministry of Transport and Digital Infrastructure

BMWi: Federal Ministry of Economics and Energy

SMUL: Saxon Ministry of the Environment and Agriculture 2
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SR P T B A 4 BE R S P
Chinesisch-Deutsches regionales Zentrum
fiir Biomasseforschung

DBFZ )
‘_/"J

R T A BT R P
DBFZ

Deutsches Biomasset forschungszentrum

5

Universitét (@
Rostock Sl Traditio et Innovatio

% (German RETech Partnership

& Recycling & Waste Management
Made in Germany

The German RETech Partnership is an independent network of
companies and institutions operating in the German waste
management and recycling sector. It aims to promote worldwide
technology transfer and provide access to German expertise.

EERETech & FAH B EFRBUAFA R, L5 FIRETREIFA X AR 1 HZH,
BEARITURZABHNARNLMS EN— T RILEENE. HRERE
(RS Hz 2 BREHAMEX AR REH L, ERERARRYIERTY
ﬁb

Michael Nelles: Member of the Managing Board &
Director of the China-Working Group

10
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% German RETech Partnership
’ Recydling & Waste Management
Made in Germany

DBFZ

@ | + Federal Ministry for the Environment, Nature
* | Bulcng and NoconeSoeny " Conservation, Building and Nuclear Safety
- ZEEEHSHE, BRARY .. BRSEEET

Federal Ministry - = = =
L | for Eesnomic At + Federal Ministry for Economic Affairs and
Energy

« EEBRREH GRS

and Development Devel opme nt
- EEEAZHSESRED

™ | Federal Ministry + Federal Ministry for Economic Cooperationand
for Economic Cooperation

DBFZ

“SAFEA is responsible for certifying foreign experts
to work in the Chinese mainland and organizing
overseas training for Chinese technical and
managerial professionals”.

S ADpmasT }7.5;‘
2 e
xreR’

“DBFZ, together with 14 other top institutes worldwide, passed the certification
process of the Chinese State Administration of Foreign Experts Affairs (SAFEA) at the
end of 2016. This certificate entitles DBFZ to offertraining and further education in
China.In particular, it is planned to provide vocational education and training on
biomass and bioenergy, to foster the joint scientific research and applied technology
development and transfer, to analyse industrial policies, and to do market
assessment. In orderto provide the expertise on biomass and bioenergy, DBFZ will
deepen its cooperation with the established scientific partners in China.”

11
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Opening workshops “Chinese German Research Center
for Biomass Research” in Peking and Leipzig o i

Chinese - China — China B
Academy of & Y University of | Agricultural 4’:.’}\ Unl;lgzity
Agricuftural ) Petroleum R University w//

; N/ (HFUU
Engineering Beijing Beijing = )

Welcome to the Workshop
“How to foster the utilization of agricultural residues
in the biogas sector in China”

1st public workshop of the project
“Energetic utilization of agricultural residues in China and Germany”
CAAE; Shangqiao, Beijing, China, 2017/11/14

Deutsches Biomasseforschungszentrum D@ Withsupport from
Q Federal Minisiry
of Food

Mare

V Leibniz-Institut flir bytectenatthe
Agrartechnik und Biodkonomie
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4.2 Key note: The Chinese agricultural biogas sector - current challenges and future
perspectives

The Chinese agricultural biogas sector —
Current Challenges And Future Perspectives

Beijing
2017/11/14

¢ & & Background
& & R[H#E History and Current Status
& 7Z7£I38% Problems and Challenges

BELiERARFZE Solutions

13
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—. B & Background

1.1 RILEFNIRIE J Production of Agriculture Waste

FERHF ERUEFVTEESZNERX, 015FRERUEFVEEMREN
FIF1ESL: China produce the most amount of agriculture waste. In 2015 , production and not used

amount of agriculture waste are as following.

o RIEMIFEFT 104 12, 20%KEYFIA Straw about 1.04 billion tons, 20% not used properly.
0 ESEITH 3, 40%LA EFRABZFIA Manure about 3.8 billion tons, above 40% not used properly

o EFA 2312, KEBAKRBYFA Vegetable waste about 230 million tons, most not used

Agriculture waste has become an important source of non - point source pollution in China

14
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1.2583S I E i Functions of Biogas in China

PUBSHEMRARSATELIESE, UG AT RITEE
BRMRBENIRAEEERSR, h$E “+=Z87 B8, &
KRBRAIRE BFFA SIS IR TR B

President Xi Jinping has pointed out: Producing biogas and
biomethane should be the main pathway and producing energy and
fertilizer should be the main utilization for treating livestock

manure. At the end of “thirteen five” period, we will solve the

problems caused by manure from large scale livestock farms

BEIERRNIEFYERUABNEERE  ERVEFILENEEFR. MF
BRIV AIX AT,
Biogas engineering is an important path of agricultural waste resource utilization, the main

means of agricultural waste treatment, and the key link of planting and breeding of recycling

agriculture.

1.2 $BS II2Effi Functions of Biogas in China

& R EFCIERIEZEFE main solution of agricultural waste pollution
20%RIFPFEFT, S6%EBEFENRBIBYFIA. ARRIBSAARAL
BRURFMEFY, HERMIE.
20% of the crop straw and 56% of the livestock and poultry manure are not

effectively utilized. The development of rural biogas can effectively deal with

agricultural and rural waste and improve the condition of rural environment in China.

15
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1.2 $BS IIE5E i Functions of Biogas in China

& R EERREZELNFE important supplement to clean energy

2015F £ ERERHBRP R RS A64%, RASIIMREFE32.1%. HEXE
F2030F AL BRER S —RBERIH B L ERSEI20%ES -
In 2015, 64% of China's energy consumption was accounted by coal and 32.1% of

natural gas needs to be imported. China has pledged that the non-fossil fuels shall account

for 20% of primary energy consumption by 2030.

1.2 $BS II2Effi Functions of Biogas in China

€ FFEILRIHIXEBAT key link of breeding and planting for recycle agriculture

2ERE., XE, FELER232CE, EHHEREN s TEXEMRES,
WMTESRAE, SHTIERE, DIEAKESREFEE.
Total area of orchard, vegetable garden, tea garden is above 15 million ha. And

amount of chemical fertilizer used in China is much higher than that in US or EU, which

caused the soil harden and pollution problems in soil and water.

16
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— . &FE[B EHistory and Current Status

2.1 ZERAHEE Development history

O 520045, SEFA-STEHNTERRKIIESIREAFHER; Since 2004, the central
government made explicit demands on the development of biogas in rural areas every year

O “+Z3&" #6, SEREHEINLIATRMESER, mEsamelid, SEMRERE
BEIEEX£EE 11 /54 ; During the 12th five-year plan period, 14.2 billion RMB from
government funds was invested in rural biogas, number of biogas plants increased to above 110,000

O 201557, PREFRELFABECABEASIERAMENRRS IERASMBEZIR;

After 2013, the central government invested in large-scale biogas and biomethane plants
O Z2017%F, RRARAFHECOLCZ T, XHZRTBMHRELEPDRRS K SW B 1423 K2

BSILFRHIH. By 2017, 6 billion RMB from central government has been used in construction of 73

large-scale biomethane production plants and 1,423 large-scale biogas plants

10

17
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2.2 BEREFFTE £ Change of framework conditions

O Z8FEAXNPMBEUNEALTFER

livestock breeding type changed to scale and intensification

O REWHEESERMER. RFSCIZEME

pace of urbanization in China is accelerating, young rural labors went to cities

O ReEER e B e MERIL, ARRMEDHNTTE. KIE
F, ERAE, MBER, BT RAESAREZE

fossil energy, electricity supply is more abundant , easier to obtain, cheaper

2.3 15 IN%E Policy Changed

¢ (EELFE/ERT=R"ME) National rural biogas development plan for the
13th five-year plan —from MOA, China

¢ (FREEZENEBRLIETERER) (RR%E (2017) 25) Action planon
replacing chemical fertilizer with organic fertilizer in planting fruit, vegetable and
tea—{from MOA, China

¢ (ESmALTEAThIEEEEFERFTOERCFANER) (Ehk (
2017] 48E) speeding up the utilization of breeding waste—from office of the State
Council

¢® (ERERUEZEHNLTRUBHATATEEBHESESERLFAIED
B (KBRS (2017) 13525) promotion of the utilization of breeding
waste from the whole county level —from MOA and National Development and Reform

Commission

18
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2.4 $%:$510 B Support project

O R EFMEFRUFIFIXALIE Projects for
resource utilization of agricultural wastes

O ERRWATHFEL RN RIEX National
agricultural sustainable development test

demonstration

O RUZEEFEXFESBEIRRILTE Project

for construction of ecological recycle agricultural

O FHEAFIBIXATE Project of Straw

comprehensive utilization

=. BB 5#HtEL Problems and Challenges

19
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3.1 RREREEIEAR Anacrobic Digestion Technology

ﬁ""—"

I > ==

o RERETMNERRAZ, The pretreatment of
mixed raw materials is mature

o UMY AREITIE. IREREAERA A
mature dry and wet anaerobic fermentation
technology was developed

o FEMEE, >15m¥m’d Gas production

efficiency

RARETMNERARAALRR Raw material pretreatment
technology is not mature

REBWAR |, hlEFssi. ERERE
Anaerobic digestion is not synchronous, intermediate

products control difficult, mass transfer heat transfer
PSR, < 1m¥/me.d Gas production efficiency

SEMEEHKFAEL , RESERREHEE

Anaerobic fermentation efficiency is low in China

3288

DUtES , BEBRRIEEE The biogas
slurry can be used in land directly
BEESIIEHIRARE Pollution control
technology of odor during composting
BRREINER R AR advanced

treating technology of biogas slurry

FhFRllAICES | BEBREIZAHFEE Too large
amount, the land around the biogas plant does
not have enough capacity for biogas slurry
HIBRRSFTIITHIRARKTAE Low level of
pollution control technology of odor
BRESGNEF RS The utilization

technology of biogas slurry treatment is lacking

SESMEKFELL | BERERRIXSEREX

Compared with the advanced level of foreign countries, the secondary pollution risk of

biogas slurry in China is very high
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o REAENFFMERRHERME,. R
. F=ERZEFUL Anaerobic fermentation and

resource-based equipment design modularization,

production standardization, product serialization
o TIEEiTIER IR RS ZASEE The operation

of the online monitoring system is mature

TR, RE|iEK., BAIRE. BEaRERML
FEIKHR , BRI, TR low
level of equipment for biogas production and lack
of modular design and standardized production
TiRE(TEE0EEICHE Lowlevel of intelligent

control of engineering operation

SESeiHKFRLL  RERESEEE. RE. IR ER
Compared with foreign advanced level, China's equipment intelligence, standardization,

industrialization level is low

PO. fi#R52 Solutions

21
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4.1 BEEFRAZE Overall Solutions

| Agricultural waste | [ Livestock manure, crop straw, vegetable waste ]

I
I
I
. 1 ; North and Northwest- - I
Regiontype || South- Water network Southwest-Hilly Water Shortage [Northeast-Cold |
1
1
1
]
1
1
1

I Purification and :
: purification of Biogas |
| Main technical route |' d : b |
| Storage and |l petreatment LN 1 —>| Digestate fertilizer |
| transportation Fermentation |
| }
| ]
| ]

Shurry fertilizer
]

Digestate | | Nursery
Fertilizer

Product utilization |1 Biogas | |
1

42 BB FEREKMX South Aera— Water network
FERERR: EAKMESEERTZE ANER. BRSRHL. BREHNENS.

Regional features: warm and humid, the river network is dense, the risk of non-point pollution is

high, low capacity of biogas slurry.

>ETEX: FEHESREUHTELD R Ef e, T THEAFRREHEK,
EFASFRERSY, FESNKEEERGIE AR, Main patterns: manure and straw
transportation and pre-treatment, sequencing batch dry anaerobic fermentation, producing biogas
and digestate fertilizer, wastewater from breeding after treatment reach discharging standard.
>FREEA: RREERE AR LR, RETLAEEA. TEFHRREHENEAR, BiE
FIBEFE A, JBARR A2 He A i ARKey technologies: Straw and manure storage and transportation
patterns, Straw pretreatment technology, sequence batch dry anaerobic fermentation technology,

digestate composting technology, land utilization technology of digestate fertilizer

Livestock Feedstock

manure Storage and
transportation .
Pretretment

Biogas |

Crop straw Digestate fertilizer |

organic

 wastewater | Discharge ‘

22
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43 @875 EESX Southwest area-Hilly

P KSR SIEEE, ERFTEEA, LEBNHFEEEEK. Regonal features: warm
climate, large quantity of vegetable waste, low organic matter content in soil.

» EERA: EXAMEgRsad R R EnmaE, MTEEREESREHEK,
FEEMAEES, BEMDR, ER3EAERERRs R, BiRtEAiEsER.
Main patterns : vegetable waste and manure transportation and pre-treatment, wet two-phase
anaerobic digestion, the main products include biogas, digestate and biogas slurry, digestate as
nursery substrate , biogas slurry as fertilizer application.

> XEEA: REMEER AR EE. RRTLERAR, REREESKEENK, BEM
BRFBEEAR, BEEREFAREAR, GERBZEMEARER. Keytechnologies: vegetable
waste and manure storage and transportation patterns, pretreatment technology, two-phase
anaerobic digestion, fertilizer producing technology with digestate and biogas slurry, nursery
substrate producing technology with digestate, land utilization technology of digestate fertilizer.

Vegetable Feedstock Biogas
waste Storage and Digestate fertilizer
transportation
Livestock . Nursery Substrate ‘
manure Pretretment Slurry fertilizer |

4.4 BHEEHIBIEE North and Northwest- Water Shortage

> EESR: SETER BRAFEEX,. BREMNEESITE. Regional features: dry climate,
large amount of straw, strong biogas ability.

> EERAX: BART BR FEESFELRAEEMTLE, #HTEEPHAREH
#, EEFREFBER, BEMGR, BEPREMERIEAERER. Main patterns:
com straw, vegetable waste and manure transportation and pre-treatment, wet single-phase
anaerobic digestion, the main products include biogas, digestate and biogas slurry

> REEAR: FREEE ARG, BERTAEER, BEAAREHEK. BEMIR
FIREFE A, BEERHZ2EATAR. Keytechnologies: storage and transportation patterns,
raw material pretreatment technology, wet anaerobic digestion, fertilizer producing technology

with digestate and biogas slurry, land utilization technology of digestate fertilizer

Straw
Vegetable Feedstock Biogas ‘
waste
SEILES ar_1d Digestate Fertilizer ‘
i transportation
Livestock ,Pretreatment Biogas Slurry |
manure
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%X Northeast-Co

]}

Livestock
Wastewater

feedstock, main products include biogas and digestate.
> KREAR: RREEERERAE. RRTAERSER, FHREEAREHEN, BEME
EEIBE R AR JBREARALZ £EA AR, Keytechnologies: storage and transportation patterns,

raw material pretreatment technology, continuous dry anaerobic digestion, fertilizer producing

Feedstock

Livestock
manure

}

anaerobic digestion, wastewater and produce biogas slurry are used for the treatment of

Pretreatme

nt

Crop straw

Storage and
transportation

Slurry

> XiEES: SEERS, BHTEA, £ 4R TEYE. Regonal features: cold weather,
large straw yield and winter biogas treatment
> EEER: BAEF rEEEFEUEEAWMEENTAE, #HTTEEEAREE K,
FERKMTEARBEENARA T RETLE, TE~-R8HEES, 8E, 25kAR

1 . Main modes: corn straw and manure transportation and pre-treatment, continuous dry

technology with digestate and biogas slurry, land utilization technology of digestate fertilizer

Biogas

Digestate
fertilizer
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4.3 Key note: The German agricultural biogas sector - current challenges and future
perspectives

Deutsches Biomasseforschungszentrum DBFZ

gemeinnutzige GmbH

German agricultural biogas sector -

Current challenges and future perspectives

BRIV BS-B RIS IS RFRTR

Prof. Dr. Michael Nelles, Dr. Walter Stinner, Tina Schmalfuss

Public Workshop: “How to foster the utilisation of agricultural residues in the biogas sector
in China?”, CAAE; Shuanggiao, Beijing, China, 2017/11/14

Content B n@

* Current situation BAIHER
* Change of framework conditions 1EZ2 5 4RItk %E
* Change of energy concept REJE T = M ZE
* Change of substrate concepts & ¥ & I ZE
*  Alternative energy crops Z1{LEERIEY
*  Agricultural residues R EEZEY

* Manure utilization, potential and characteristics Z£/5#|f. BHE

it
* Biogas in future bioeconomy ;BS 5 R F LML G
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Base for Legal and Technical Biogas- D@
Development i3S X REVER G AEAM

1990s Technical pioneering b # 41904 X H A ST

* 1991 Legal Basis: Electricity-Feed-In-Act (StromEinspG)ik#E & ti:
HAREE

* 1996 Waste Managementand Waste Disposal Act (Kr'W-/AbfG)E
MERESHIEEE

2000-2012 Distribution and Professionalization 43 %1 5 %4k
* 2000 Renewable Energies Act (EEG) RIEHAREEE
* 2004 Premium for energy crops REIR{EMI{RES

* 2012 focus on residues and cost reduction EEF/E M5 ARE
&

° 2014 focus on cost reduction FE FRAE(E

Biogas Plant Distribution in Germany D@
(98% agricultural plants) EEASITES
(98% NAVBR)

2016:~8,700 plants

-~ ~8,500 plants
On-site electricity conversion
of biogas and satellite-CHP

ARSI S rEmE
— 196 plants
;‘::::q‘“""‘“ Upgrading to biomethane
2 BRIRATE
® 4-6
@® 7-15
® -
— —lOMeter
0 45 90 180
42015
© DBFZ Deutsche: 9 H. 2015
Source: DBFZ: Stromerzeugung aus Biomasse. Zwischenbericht May 2015, Leipzig 4
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Biogas Plant Distribution in Germany D@
BEEBR|IESH
* High animal densities in the North-West and in the South (2-4

Large-cattle units (LCU) per ha) Fdt S BRSFIEZ E K (B A H2-
434 )

* Low LCU in Eastern Germany (ca. 0,5), but bigger single herds 7 &}
FFIEEEIK (0.5), EZEFEHEKX

* Average herd size in West Germany around 70 cows, in Eastern

Germany ca. 500 cows P8 &} T AET0L 4, FREL500:%

* > Different economies of scale / transport costs for manure use in
German regions T~ B E &5 iR/ 2515 R A TG

* 80% of cattle manure digested in East Germany (Thuringia) Z=E 4
ER80%MI 4 FE22 IR E AL IR (E #41R)

* 70% of manure in East Germany instead of 50% in German average

(Thuringia) 7R ER70%2%15 0 & FEES0%3575 (K #4R)

Biogas Plant Development in Germany D@
EEESKE
10.000 5.000
= > 1000 kWel EmS501 - 1000 kWel
9.000 +— mm>500 kWel =151 - 500 kWel I 4.500
=m70 - 500 kWel 2370 - 150 kWel
8.000 + == 70 kwWel -m-install. el. capacity [MWVel] 4.000 F

7.000 + 3.500

6.000 3.000
5.000 + 2.500

4.000 + 2.000

number of plants [-]

3.000 + + 1.500

installed electrical capacity [MW

2.000 +

- 2016: ~8, 700 biogas production plants incl. upgrading plants for biomethane in operation
Source DEFZ. installed electics - 2016 PR AT LR 218700 B2, BIE R4 E 6
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Substrate Distribution in Germany DBEZ)
EP S il
Mass-related Energy-related
ETEE ETHER

3% 4o, 3% o o Animal excrements

) . 14% —

%5

® Energy cropsHEiR
£

s |Industrial and
agricultural residues

w DIFIRIESRY

Biowaste and
green waste

2%

~

AR E AR
Source: DBFZ: Stromerzeugung aus Biomasse. Zwischenbericht May 2015, Leipzig 7
Change of framework conditions D@
EZEF MR

* Stop of the special incentive for energy crops
21 T AT REIRVE IR AN G

* Change from fixed incentives system to tendering process
HEE MG R G RE R A R

* Exception only for manure digestion plants <75 kWel installed
power and plants for municipal organic waste

F:jﬁ’ﬂ%fl\=|=75kWe|§$IL?§§E’~J%§‘£$%5E STBMEHmEINEFDA
SIB
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DBFZ

No new plants for energy crop digestion
THELURREY A RAESTIE

New business models necessary for new and existing plants
MFHEMER SV EFTEFNELEX

Strong need for cost reduction and new business models
BRBERAFH AR EX

Especially for existing plants after 20 years of guaranteed
incentives (change to tendering procedure or other business model)

éﬁiﬁ?ﬁﬁzoﬁﬂef%l‘mﬁﬁiﬂﬁ BT B (B EirsEthElL
=)

DBFZ

Biomass is the most limited source in the energy system ¥ 24t ER AP S

PR 1l % I

Wind and solar power are much cheaper and less limited REEFIA[REEEEER
FE 2>

Future energy systems will consist strongly on fluctuating wind and solar power

FERERRGF B IKSRIZE R EEFI A RERELE R

Challenge of reliability of supply = & {#t &7 2 Pk &k

Biogas is able to be the joker in the system ZSIFMERGTHN TEEE
Peak load in electrical grid & FiFlZ
Traffic fuel Z5A L
Smart heat, industrial and household fuel 2§E# 1. T F0% eIt

Powerto gas.... 55,

Flexible power/storage capacity has a higher value R;& % = /A EHBE X ME
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DBFZ

Annual energy crops (esp. corn silage) most economic crop for
fodder and biogas BEIR{EY) (372 F ) ERAFMERFIESR
#

High cropping density in intensive animal regions (where also
biogas density is high) EFEFZEXeEREMMHREZEES (RFX
2BREER)

Biogas use has lower requirements on feed £ 58S EFILEVE H1H
HERIE

> perennial crops with advantages for soil fertility, groundwater

and biodiversity protection possible ZFE £ E¥xt F LR H, T
KMEMEZFHERTERF

Alternative crops like forage legumes, Wild flower mixtures

Silphium perfoliatum, Szervasi-grass etc. have positive impact on
land use EXEYLLINZ ., FE. MFESE, X FLHERFHAK
ppAln 1

DBFZ

Unused potentials of harvest residues like beet leaves, straw, etc.
—LEG B FRR Y RER, LNEEN, BiTE
Large potentials esp. of straw E5E KHEH, 7 2FEF

Big challenges of straw digestion in the field of rheology = FT;H 1t
AREHZEFERLEEKX

Deficiencies of Macro- and Micronutrients XEf M ETEMRZ

12
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DBFZ

Different methods of pretreatment for straw/lignocellulose

available EA ZM L BIEH/ KRR AERNAE

Mechanical, other physical, chemical, enzymatic and biological

methods available #l#. 2 #EH. L8, BEF LM A E

Up to now no independent evaluation available = B, [4:&H5k%
SRR IX T SR B TE S

Challenges for technological/economical optimization A /2257

P4t E il ki

i3

DBFZ

Liquid manure with low value to be transported ;EH /& AZI5 R (E Y

Strong economies of scale at manure digestion 2575 & BERYZR 5F i 18
ERK
Typical farm size in Eastern Germany 500 - 3000 Large cattle units

(LCU) EE AR A A B ISR E N E500-3000% 4 4L

Typical farm sizes in Western Germany <100 - 300 LSU 7&&f<100-
300 4 H{i

Ca. 15 kW per 100 LSU possible (ranging from 8 - 30, depending on kind of
animal, litter, yield level, management of feed residues, grazing) £100:k4#
15KkWEEH GEMS8-30, BUR T8, 4. R E., RIRFEHMNER. #5H)

Ca. 80% of cattle manure used in biogas plants in East Germany
(example Thuringia) ZE - &i80% 4 EHAFr~ax

Only ca. 30 % of total manure in use in Western Germany?8 £} {V /]
30%

14

31



Workshop “Energetic utilization of agricultural residues in China and Germany”

Slurry and manure from livestock in DE DBEZ)

Resource potentials EEZ 5 [R#E

Cattle slurry
Untapped potential 9.1 Pig slurry
= Cattle manure
W Pig manure
® Chicken manure
Current utilization . 4.6
i - 1

e po“"'ial _ ni =

0 5 10 15 20
Million t dry matter

Brosowski, A, Thran, D., Mantau, U., Mahro, B., Erdmann, G., Adler, P, Stinner, W., Reinhold, G, Hering, T., Blanke, C.:
Areview of biomass potential and current utilisation - Status quo nic v nd in Germany
Biomass and Bioenergy, 85, p. 257- DOl 10.1016/j biombioe. 2016.10.017

i5

Manure characteristics- D@
(1) Dry-matter (DM) content Z575 %514 (1) F¥)0i

* Dependent on stable system EUR FHiZ %240

* Factors are litter-use, dung-removal technology and stable

ventilation AR BEEFYER. FEIZMHEENR

* Typical DM- values in China for cattle and swine manure much
lower than in Germany FEFEMEENTY RN ELT ERETFEE

* Reason: Manure scrubber or perforated floors in Germany, [R & : &

% REIZEARE T LA AR

* Flat concrete, dung-removal by water in China FfE % F/KEFih,
JKopE

16
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Manure characteristics- D@
(1) Methane yields [R#H4FE (D BB~ 3

* Dependent on manure type, litter, Volatile Solids (VS) and age FUR
FEI5ER K. VSRS [E]

* Feed-in without pre-storage! i $1 4 & HE TRt
Substrate DM-content Methaneyield Ff &7~

B8 TYREE m?3 CH, perton of fresh
matter (FM), Eif#ER] Ffx

Cattle manure Germany &£3& 8 10

Pig slurry Germany #& 2& 6 12

Pig slurry China # [Ej53& 3 6

Solid dung (fresh) T2 (&) 25 50

Chicken manure (fresh, no 15 37

litter) B3 (EFEE. L£ZEYD

Manure characteristics- n@
(1) Methane yields [R#3H45F1E (1) B e = 38

° Dependent on manure type, litter, Volatile Solids (VS) and age FUR
FaEi5EE, 2%, VSFINT[A]

* Feed-in without pre-storage! i# %5 & H Fi;Eith
Substrate DM-content Methaneyield
m?3 CH, perton of fresh
matter (FM),

Pig slurry Germany & 6

12
Pig slurry China & 3 6/,/

High water content in China by dung removal with water g T-7K 28, P EEXE LKL
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DBFZ

High reactor volume = W 22 &= K
High storage volume for digestate ;&% fifith X

Higher costs for digestate use as fertilizer (transport + spreading or
upgrading-treatment) ;3% A FEH RS GEH+SURIENI)

High energy-need for heating up N FEHE%L
Example: {510

Heating-up of manure in Winter from 0° C to 40° C (digester-
temperature) ZZ=N#435/5M0° CE|40° C (FENEE)

=40* 1,163 kWh = 47 kWh (without any losses 1T {a] {7 %)

CHP-use of Chinese swine manure: 24 kWh of exhaust heat 1 [E ¥
R R 24kW

>> High water-use in stable means energy limitation for biogas use
or need for co-substrate! HiE AKZEEGKEBRSFAZRAFTEE
& KE :
|

9

DBFZ

Cost efficient scale of manure digestion technology Z£i5 [R S 5 R B B A FE

Synergy optimization between stable and biogas plant #i-Z¥;ZS " Bt R
it

No manure store below stable - scrubber instead of perforated floor #ii& T 7725 - ;3
scrubberfCEF LR

Combined planning, saving of planning and construction site equipment costs % — &3+, L&

T, MR RE m

Combined piping % —&38

Use of scrubber manure shaft + pump -saving of pre-storage {1 | 287+%, TETLEMH
Joint storage BX& (577

Reduction of water in stable - enhancement of dry-matter content 1i-Z [Z{E
KE, EBIMTHE

Combination with cost effective other residues (e.g. straw) S HMt{EE FE IR
& KB (LEmFEF) e
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DBFZ

Optimization of carboxylate production 1L #ZHEEEh 4 7~
Synthetic fuels JE S
Platform chemicals &1L &
Crop protection agents fE4{E377

Fiber processing by biogas process 4t T 7,

Phytomining - biogas technology to treat biomass for rare earth

elements mining EEYAE-FIHBSBAGEBEY R SEHEER

Phytoremediation with biogas treatment to regenerate polluted

sites 7B BSEME E BEISE£ i

21

DBFZ
Liquid manure, especially cattle manure belongs to the most easy
substrates & {A 3515, HFi24 %, BERESHNEH
Easy rheology Jiik 1= 1F
Well balanced nutrient contents & 57 #i
Easy bioprocess (possible inoculum) 5 SCHl & ¥1id 38 (3Efh )

Chicken manure difficult due to high N-concentrations (ammonia
inhibition) and sand content (sinking layers) B F & &K ES (FH1%])
LR ER CRE) Bt b2

Straw (litter or co-substrate) can equalize high N-concentrations 55T
(TEAZmBRERE LB AIUTESRIKE

Sawdust or woodchips problematic litter (undegradable, swimming
layers) TERHUERBEE AR CLRRZE)

Long straw as litter > pretreatment (rheology) KFEFH{E A2, TiatiE

Adequate management of disinfection and cleaning agents X H 77/ #1;&
RS L ”
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DBFZ

Avoiding of methane (CH,) emissions 3 % B ik

Ideally direct feed-in without previous storage BT EEFEE
18

Avoiding of nitrous oxide emissions (N,0) especially from solid

manure chains B2 RELHHK, F7EMERESH

No ammonia emissions from closed digestion tanks, but higher
ammonia partial pressure by digestion (degrading of proteins to
ammonia) S HREEPEEER, ERREFILERSETE(E
BT EENE)

> surface covering of tanks, soil integration of digestate fE{AX M
&%, BAEB5LRE

Degrading of odours (e.g. indols, scatols, organic fatty acidy) £

iR (5, 2R %, HYLIEER)

23

DBFZ

Direct hygiene aspects: EHiEEE
Degradation of pathogens 7 KJF/R{A

Hygienisation possible by thermophilic process or by pre- or post-
hygienisation (exhaust heat from CHP) #| 5B A EEH=EEid
T B A AE O BEILR)

Indirect hygiene aspects even more important: SEEEHEEETE

Strictly feed-in of fodder residues without pre-storage ;&H& Tl E
Gk ES e g &

Biogas-use of all manure FRE 251585
> Vectors (Insects, Rodents) loose habitat and fodder base

> Animal farms loose attractiveness for secondary (long distance)
vectors like birds and carnivors

24
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T
w

@

o

cons: DBFZ / Tina Schmalfug

Options for Utilization F|FAA X

Combined heat and power (CHP) 7 B Bx =

Peak load, e.g. combined with wind and solar power

R FIA PR AR I

Heat utilization (CHP or boiler) for heating / drying /
cooling I B (BB LR KR) AL 18, Fllm

Biomethane as fuel ¥ B Ve N IEE

&

00

cons: DBFZ / Tina Schmalfufs

—r

Options for Utilization - D@

intention of smart biogas FIF AX-ZEES

Combined heat and power (CHP) 4 FH B

/——_—__
< “ Peak load, e.g. combined with wind and solar power

A FIAPERE R

Heat utilization (CHP or boiler) for heating / drying /
cooling A\ FI F (R ELER ™ Bidm i) (54 F12. &lim

Biomethane as fuel =¥ B IZ{E A E

26
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Options for Utilization - n@
intention of smart biogasF| A AR-FEIAS

Peak load, e.g. combined with wind and solar power

A FA PR A I

High need of flexibility

Icons: DEFZ / Tina Schmalfug 27

Deutsches Biomasseforschungszentrum DBFZ

gemeinnutzige GmbH

Smart Bioenergy - innovations for a sustainable future
Come and join us!
BELEYRER - N T IR EAFT
XA AFA ]

DBFZ Deutsches

Contact Biomasseforschungszentrum
Prof. Dr. Michael Nelles gemelnnutzige GmbH

Tel. +49 (0)341 2434 - 112 Torgauer Strafle 116
E-Mail: Michael Nelles@dbfz.de D-04347 Leipzig
Phone: +49 (0)341 2434 - 112
Dr. Walter Stinner E-Mail: info@dbfz.de
Tel. +49 (0)341. 2434 - 524 www.dbfz.de
E-Mail: Walter.Stinner@dbfz.de
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4.4 Effluent utilization and nutrient management plan in agriculture in the North China

Plain

pcz i
3
y MmiEreulmiu

Technische :
Universitat Institute of Geoecology

Braunschweig Tafe s 5a Tolk K&t fR AR AFT

(%
ocz 2

German-Chinese Agricultural Center e @RIl

VB oo i v

March 23, 2015: Official opening ceremony by German Federal
Minister Schmidt and his Chinese colleague, Mr. Han Changfu
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Contents of presentation i 5 N &

Introduction 4148

Nutrient aspects 7847 77

Biogas digestate ammonia emissions BIEES#E A

Results from field measurements in Hebei Province Jldt& K ERBE R
Nutrient management calculations 543 & IR+ &

Conclusions on use of biogas effluent as fertilizer J3& /8 A {ERERHA &0

R

Technische

Universitit November 14, 2017 | Roeicke | Workshop ChinaRes | Page 3

Braunschweig

1. Introduction 43

ol sl o FUMDOTS Bl TEURER UBERAEER

In the peri-urban areas of Beijing livestock densities reach 10-15 livestock units (LU) ha™ (1 LU = 500 kg)
IR X N EFRE AR S AWM 10-15 K EHA (LU (GVE) (1LU=500 2 )

Pollution from livestock raising, wastewater is often dumped into rivers or canals

REFREFREVIFE, BKEFEEMENRRAER

Soil pollution (HM, antibiotics) +#i54 (E£E. fiER)

Progressive de-coupling of plant production and animal husbandry F#ig L f157 & B 25 4B

Landless livestock farms — logistical problems due to surrounding small-scale farmers

T EKRME E R - BENMENRAFROYREE

China now faces a major nutrient management challenge

FEAE GRS EENERIE

Technische

Universitit November 14, 2017 | Roelcke | Workshop ChinaRes | Page 4 atre +
" Braunschweig b i
s universitatbonn
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1. Introduction /4

1.2 Pollution from excess nutrients & B it ®l & 75 1075 1

Technische
Universitat
Braunschweig

DER SPIEGEL (2013)

November 14, 2017 | Roelcke | Workshop ChinaRes | Page 5

2. Nutrient aspects £ A (—)

2.1 Nutrient effect of nitrogen &I 23R
* Higher pH value of digestate in comparisonwith raw manure 5248 2@ R, BIEFHIpHE =:
- Effecton ammonia losses &% £ HE.

* NH,*-N constitutes roughly 65% (80-70%) of total N in digestates /& AE 4 A7/ £765 (60-70%) NEE R

Calculations using mineral fertilizer equivalents (MFE) LIV ELE (MFE) &
1styear: MFE = (40-60%) $—4: MFE=(40-80%)

Longer-term application of digestate (10-15 years): MFE (1=tyear) = 60-70%. 70% (mainly NH,*-N).
BIEREIMEA (10155 « MFE(H—%)=60-7T0%. 70% (EZEAEER).

But: Ammonia losses must be extensively avoided! E2: SFER LRI ES!

¢ Technische
% November 14, 2017 | Roelcke | Workshop ChinaRes | Page §

Universitat

< Braunschweig

Fachagentur Nachwachsende Rohstoffe e V. (FNR), modified {EE T B A FEEA, 4T
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2. Nutrient aspects7£ 7> A (=)

2.2 Nutrient effect of phosphorus, poassium 8. 4 KI750-3808
= Availability of P, K, Mg for fertilizer calculations: Bt. . SHEIEAERTE:
P=100% K=100% Mg=100%

* Amount of solids in biogas plant determines the nutrient content of the digestate after
fermentation

HE: BARERTHEEE. e REEBEETHRS AR

- Ifmany solidsin effluent—= high P content 2 cropland area limited by P requirements of field
crops

EBMTEEZ> BIER > RHERZR TEUMBRIFER

- Ifsolids removed from effluent, > cropland area limited by N (or K) requirements of field
crops

EEENBRT 8 > REEFEZRTEINE (@8 BFk

Technische
Universitit November 14, 2017 | Roeicke | Workshop ChinaRes | Page 7

Braunschweig

3. Biogas digestate ammonia emissions 3 IE & HE
3.1 Ammonium / ammonia equilibrium at 20 °C, 20 °C i - &
)
S
:z‘:" ]
NH,*
—_— ] 4
"
T
zZ = bl
S § i
€ %
o=y
=8
8_ #
g bl
o Hy
Z L
©
@ { T : . .
® w om @ W W W
) pH
o %; Len?r:;:?:: November 14, 2017 | Roelcke | Workshap ChinaRes | Page &
.%S.:“-“ Braunschweig \p
Havanan State Research Center for Agriculture; TUM Chair of Plant Nutrition (Fabian Lichti, 2012) B2 FIT A B2t 5 ]
ERETHEMEFHMIAET ( Fabian Lichti, 2012 ) [~
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ws
Usocheng

Technische

4. Results from field measurements in Hebei P

BIREHER - WA KH RS R

+ Years: 2015-17 (2015-17 £) a R

* Locations: Baoding, Zhengding ) & Mﬂ,‘ =

+ Climate: subhumid (3iZ{EX) oot o 52?‘.”"‘; 3

* Mean annual temperature 13.4°C S
(FFHEE) ks o

+ Mean annual precipitation: 680 mm A Wy w0
(FFHENE) BT A

«  Soil type: Ei#BL s
Eutric Cambisol (fEFIER+) 5

+ Soil pH (H,0): 6.9 — 8.0 (0-20 cm) A

. CaCOs: 0.1 —3.7% (0-20 cm) i

sz
]
nEan
Huludao
Jus
Ginhuangdso

A5
w"{,’f‘? L

U T hadatdesin

November 14, 2017 | Roelcke | Workshop ChinaRes | Page 9

Universitat
Braunschweig

Calibrated Draeger-Tube Method (DTM)

L

_ —
J——

RIERWERE. HREE. TRYE

Technische

4. Biogas digestate ammonia emissions 7

November 14, 2017 | Roelcke | Workshop ChinaRes | Page 10

Universitit
Braunschweig

Kevin Taubert, 2017 Fftise Tk A%
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4. Biogas digestate ammonia emissionsig itk

4.1 Zhengding, pak choi(Brassica rapachinensis), May 2016 FExE, /» N
. 5 e Biogas digestate
e ° NH, fluxes [mg N m2 h'] ¥ REE
z g — m B
g o
= 5
E]

2 g |
% o |
z ®
=
=
8 e -
May 03 May 04 May 05 May 06
£ 8] o
z 2 —_—
g2 o — w Urea top-dressed
5 7 R
- [=]
r °
Z o
Y
=
2
T A P S— L e —
o ° T T T T T T T T T T
May04 May05 May06 May0?7 May08 May09 May10 May11 Mayi12 May13
"'; 8 1 - M1
z o | —_— M2
E Z —_— M
5§ Cowmanure
7 % 43
Z o
g O
T 24
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4. Cumulative ammonia emissionsi3 IE&I%E &
4.1 Zhengding, pak choi, May 20161E5E, /NE3E
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© L] RE R

T T T T T T T T T T T
May03 May04 May05 May06 May07 May08 May09 May10 May11 May12 May13

Time [d]

| K< Al &

>
7|

F e

Technische
Universitit
~ Braunschweig

Meike Widdig, 2016 et ise LIk A%

November 14, 2017 | Roeicke | Workshop ChinaRes | Page 12




Workshop “Energetic utilization of agricultural residues in China and Germany”

4. Biogas digestate ammonia emissionsiZ IEEIE &
4.2 Zhengding, Chinese cabbagelFsE, KEE

NH, fluxes [mg N m2 h-"|&iF RiEE

40

s Top-dressed i 4 mm

30 * l

25 —=—=TD11
“\ —m-TD12

\\ == ==TD13

Total flux [mg Nm2h'!]
o
5]

w
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3 2 —=-DD12
t® k ~ =DD13
E
g 10
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time since start [d]

Starting date: Sept. 15, 2016

% Universitat November 14, 2017 | Roeicke | Workshop ChinaRes | Page 13

Braunschweig

Kevin Taubert, 2017 FfbBm Tl 3¢

5. Biogas digestate ammonia emissions

Zhengding, Chinese cabbage (Brassicarapa chinensis), Septembe

Mean absolute and relative NH; losses

Replication Type of application | Amount of applied Absolute NH; loss
NH4*-N [kg N ha'] [kg N ha]

Top-dressed# i : 1.76 £ 0.52
Furrow appl. 78R 4917 184045 38409

Top-dressed 48.97 472073 96+14
Furrow application 4761 2.59+0.33 54+07
Top-dressed 51.12 219+ 040 43+08
Furrow application 49.34 1.94 £0.52 39+11
Top-dressed 49.43 226+017 46+03
Furrow application 48.42 1.40+043 2909

51 08 B Mt
5 09 B &

: Universitat October 13, 2017 | Roeicke | Manure Management Dingzhou | Page 14

"g Technische
% :
Braunschweig

Kevin Taubert, 2017 Fftise Tk A%

45



Workshop “Energetic utilization of agricultural residues in China and Germany”

("l?.‘i‘f‘s
5. Nutrient management calculations 352> & 2151 T
5.1 German scheme for determining fertilizer requirement (example)
P o E AR R R R H (D

Greenmaize FAEkK N P,0; K0
Expected yield Tt 7= &:
50t FM per ha & /A H500EE57) 3 x0.004 | x0.0017 | x0.0048
Cropremoval EYME] [kg/ha] 204 86 241
+ Unharvested parts FUTEE [kg/ha) 20
= Nutrient requirement 345+ &3% [kg/ha] 224 86 241
Recommended fertilization EijEiEE incl. soil N, deposition: 104 86 241
[ka/ha] AREDEPRHEMAIERTR
Fertilization plan A2 %13 50% mineral N, 50% digestate: 52
[kg/ha] 50%FEHLEIE, 50%:E I 52
Biogas digestate contents [kg/m?] iBAELE 5> 454.4(x 60%NH,-N&&E) =27 1.9 5.0
50% of N fromdigestate [kg/ha] 52 /2.7 kg NH,-N/m? =19 m3 36 96
50% ) A BB RE
Additional mineral fertilization [kg nutrients/ha] 52 49 145

RACIR [A T Fe s i)

Universitit
‘¢ Braunschweig

5. Nutrient management calculations 357> & B iHE ;I-'.._!‘-‘

5.2 Properties of digestate of biogas plant in a Pilot Pig Farm near Beijing 3 & 2%

HREEE
Item g7 Stamm Guo
DM T#1& [% of FM] 0.81
oDM FHLF4F [% of DM] 54.0
Total Kjeldah! N 44 [kg/m3 FM] 0.84-1.54 0.83

Total P 4% (Total P,O,) [kg/m3FM] | 0.18 (0.41) | 0.06 (0.14)
Total K 447 (Total K,0) [kg/m3FM] | 0.47 (0.57)| 0.49 (0.59)

NH, N &4 5 [kg/m?] 0.895-1.608
EC #1532 [mS/cm] 12.3
pH 76-7.8

m

%

e
¢ Technische

% Universitat November 14, 2017 | Roelcke | Workshop ChinaRes | Page 16
e Braunschweig 1= "
Stamm (2013) Bonn University, Guo (2012) fE7IbAE o universitatbonn
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GR
A

5. Nutrient management calculations 545 B 5 i'!!!!“

5.3 Crop nutrient requirements (Beijing region) (example)

fEWEFER JEsEHmXd EFD

Crop type Grain/fruit Mean N uptake | Mean P uptake | Mean K uptake
fEMER yield level
[iin/mu] [iin N/mu] [iin P;05/mu] [iin K;O/mu]
[kg/ha] [kg N/ha] [kg P;0s/ha] [kg K;0/ha]
RERTFE | THEARTRKE | TFUBRTERE | THERXE
[Fries] &[] LA/ &l [Fré/ 8]
winter wheat 640 19 6 16
ZINFE 4,800, 145 46 117
summer maize 896 26 oE 27
HEEX 6,720 193 82 200
Orchards 3,150 15 10 221
Fh 23625 113 77.9 16

jin/mu * 7.5 = kg/ha

Ly,

P
.!:‘;ﬁ a2t Technische
-ﬁa; Universitat November 14, 2017 | Roelcke | Workshop ChinaRes | Page 17
)

. e -
e%|<5 Braunschwei
"*l(.\\J g

Heimann et al, 2013 #{tE Tl A5

G
( ult:"

%
5. Nutrient management calculations 7 & 22 i+ 5L I-‘!!_n

5.4 Fertilization plan winter wheat-summer maize double-crop rotation (Beijing region)

(example) 4/ & -B AP FR AR EIRETHR ChsX )

Per1 haandyear S48 4H N P05 K,0
winter wheat/summer maize

Mean nutrient requirements Winter wheat & /\3:145|  Winter wheat& /+3%: 46 WW: 117
[kg /(hayr)] . SummermaizeE =2 193] Summer maizeE £ 82 SM: 200
ZAERIEFRFHIEGTR Total 3tif: 338 Total:128]  Total: 317
Fertilization plan AE #1321 100% digestate i AC

Biogas digestate contents 1.57 25 x 70% (NH,-N#: 7))

[kg/m?3] iBREA 5 =1.10 0.899 0.990
100% of P from digestate 128.3/0.899=143m>ha

[kg/ha] B & eI ARIR AL 157 (NH,-N&F) = 9.5 m¥mu(sr 77 #/5) 141

Additional mineral fertilization
[kg nutrients/ha]
HEAAL [ T aRsr/ ] 181 0 176}

Ly,
e

_n‘gﬁ . Technische
3 %; Universitat November 14, 2017 | Roelcke | Workshop ChinaRes | Page 18
-

s "
*IB|<5S Braunschwei
Togent 8

Heimann et al., 2013 #{EFr LAV #2; Luo etal, 2014 hEF A5

47



Workshop “Energetic utilization of agricultural residues in China and Germany”

G,
’lalt‘;

5. Nutrient management calculations 545 B 5 i'!!!!‘

5.5 Prices of most commonly applied mineral fertilizers in China (average purchasing
price for farmers in 2013) and their nutrient contents A E & ¥ & ARK{LIEGHE (RR
FIWSE) MEFGEE

Fertilizer type Chinesename Price perkg pure pure pure
)i ¥ i FH bulkfertilizer| nutrients| nutrients| nutrients
[RMB Yuan] 2igF o LT e
4 AR [%N]| [% P,04] [% K,0]
Urea E= 2.00 46 0 0
DAP (diammo- |BEE_—4& 3.80 18 48 0
nium phosphate)
SSP(single SRS 0.80 0 18 0
superphosphate)
TSP (triple BB RS 2.50 0 48 0
superphosphate)
NPK fertilizer =MBEERC 3.00 15 15 15
(15/15/15, Cl)
NPK fertilizer =M™585ES 3.30 15 15 15
(15/15/15, 8)
KCI S 3.20 0 0 60

Ly,

P
.!:‘;ﬁ a2t Technische
- %} November 14, 2017 | Roelcke | Workshop ChinaRes | Page 19

Universitat

",ﬁ 7%¢ Braunschweig
c'l(.\\‘

Source: Fertilizer company in Hefei City, Anhui Province, June 2013

G
(TS
T\

5. Nutrient management calculations 7 & 22 i+ 5L I-‘!!!‘

5.6 Saving mineral fertilizer costs winter wheat-summer maize double-crop rotation
(Beijing region) (cost calculation example)¥ 2946 B A4 M F-B EAF=RME (BUEE
X Tt E A

Per 1 mu and year & g f4¢ N P05 K0

winter wheat/summer maize Winter wheat /2: 19.33] Winter wheat: 8.11 WW: 15.58
Mean nutrient requirements Summer maize E £ 25.73 Z/ph#E: 6.1 SM: 26.82
lin N, P,O5, K;Of(mu*yr)] Totalitif: 45.06 Summermaize: 11.00 Total: 42.40
ENEIBEA FHFSER EEA: 11.0

[ri. B 8/E Total: 17.11

Biogas digestate contents [kg/m3] | 1.57 x 70% (NH,*-N&&)=1.10 0.899 0.990

AR 53 [kg/m?]

Nutrients saved by digestate 20.93 (NH,*-N) 17.11 (P,0;) 18.79 (K,0

iin N, P,Og, K,0/(muyr)]
AR AT

Costs saved [Yuan/(mu*yr)] 45.51 Yuangr, urea fR 3 38.02Yuanii) o, 4 Yuanit
% A [T R4 220.96 Yuanii. DAP 558 — & SSP il B4 KCl & ke
209.33 Yuanit =584 70.67 Yuanig

M 187.92 Yuan3y
DAP B3R — & :/\-15EA§§
171.09Yuanyg —! C

Yuan/mu * 2 = EUR/Ma =M5E &

Ly,
e

_n‘gﬁ . Technische
3 %; Universitat November 14, 2017 | Roelcke | Workshop ChinaRes | Page 20
%758 Braunschweig

5o

Heimann et al., 2013 #{EFr LAV #2; Luo etal, 2014 hEF A5
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5. Nutrient management calculations 545 B 5

5.7 Calculation of area demand (example) T IR T RKit5E (EEH)

Per1 ha and year & 2 l&4F
(Nutrient requirements calculated on

basis of P CIBE AEHEH A9 FK)

Total volume £ {£52
(Annual amount of effluent) [m?] 33,950
(BFALRFRE MY

Calculated volume per ha &2 118 H {55
(100% of P from digestate 57 & B iiE 2

=) 143m3ha
Calculated volume per muE w5 L £33
(100% of P from digestate Fr & #i 1B AF

#iH) 9.5 m3/mu
Annual area demand [halyr]
FEIMERE R[S BUF 33,950 m3lyr : 143 m3/ha = 238 halyr
Annual area demand [mul/yr]
48 AR T R [F /4] 33,950 m3/yr : 9.5 m3/mu =3,570 mujyr|

Ly,

A

E "2¢  Braunschwei
vl
"'l(\‘J

Luo et al, 2014 hEF ZF

2 N
vt Technische
ﬁ;; Universitat November 14, 2017 | Roelcke | Workshop ChinaRes | Page 21

] ] N NSRS,
6. Conclusions on use of biogas effluent as fertiliz "Iugt‘
YA ¥ TR B ) 45 4 SARBT

Only C is reduced: high loads of N, P, K still remain in the digested effluent

REWELT: B&ENERRNEERT

Digestate very suitable for maize with its high N demand; if loss-reducing techniques used = can help
save high amounts of mineral N fertilizers

BRATER EAATERRES; MEFID BSRHRAsEm-> M TR EAERE
Mineral N fertilization has to be reduced since the available biogas effluentN makes up at least
60% (-70%) of the total N

R LAED, BRAELETHTAR 52 2R &560% (E70%)

If continuous application over several years: High balance surpluses for P and K

EEENFREE: #aNEEERTH

Frequently P is limiting factor for cropland demand (besidesN)
BEFEREFSERARIERE BT

Digestates should also be targeted on crops with high P and K requirements

BRER &t E R TR R RENEYD

* Double-cropping systems, as frequentin China, are very positive. Nutrients taken up all year round
VERAFFEEAMREER, NFESMAFRRER. S0 EFRA

= Application of digestate to cereals and orchards is recommended; but viewed as critical to leafy
vegetables, which are mostly shallow-rooting and for direct human consumption

BTSSR ERE, IRREAA T ARSI 3t > A s

53t | a Technische

3 Universitit November 14, 2017 | Roelcke | Workshop ChinaRes | Page 22
e Braunschweig

Méller et al., (2009), Institute of Plant Nutrition, Hohenheim Uni 2 B8 A 5840 E #2:8F F0AT, Thoringen Ministry of Agriculture Report (.
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i
oczfi2

Please feel free to ask question 7. DERLDN
inmﬁ%lﬁ] marco.roelcke@giz.de or m.roelcke@tu-bs.de

Supportedby:

BMBF-MOST: ,Recycling of organic residues from agricultural and municipal origin in China“ (2008-2012)
GIZ & E EFr-4&{EFLH Sino-German Project of Optimization Biomass Utilization 544 ¥ F e84 (L 7] 15 B
(2009-2013)

Heinrich-Ball Foundation {&H £#%-{H/R&E 44 (2015)

DAAD-CSC PPP project,,Quantifying ammonia emissions from cropland after application of different organic
fertilizers including biogas digestate from intensive animal husbandry operations in the North China Plain”

(2016-2017) EXBHEZELEEZ AL (CSC) MBEEZ AR F L (DAAD) 20155 FESERIEFF T E (PPP)

Technische

Universitit November 14, 2017 | Roelcke | Workshop ChinaRes | Page 23

< Braunschweig
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4.5 Introduction of participant - DBFZ

Deutsches Biomasseforschungszentrum DBFZ

gemeinnutzige GmbH

Introduction of participant - DBFZ

SESHAINT Y - DBFZ
Dr. Britt Schumacher

Public Workshop: “How to foster the utilisation of agricultural residues in the biogas sector
in China?”, CAAE; Shanggiao, Beijing, China, 2017/11/14

DBFZ - Development, Task, Structure n@
DBFZ - X[&, 1£75, 4t
Development % &:

Founded on February 28™, 2008 in Berlin as a non-profit LLC (gGmbH)

© 2008E2ASH LI THM, AERFHIIE

¢ Sole shareholder: The Federal German Government represented by the Federal
Ministry of Food and Agriculture (BMEL)

¢ MRS BERSE SN BAROBER B

Scientific task # #{E %
* Support of the efficient establishment of biomass as a valuable resource for
sustainable energy supply within the scope of applied research

¢ AEYRERAT ARSIV N AR

StructureZ5 44
¢ ~ 200 employees in administration and
research departments £]200& E R iEE TSR 0 ‘

Managing directors ¥ {F:
* Prof. Dr. mont. Michael Nelles (scientific)
* Daniel Mayer (administrative)
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Qualifications of our staff 3 {1 /7 THIHIRX DBFZ

® Energy and environmental technology / engineering (40)
= Natural sciences (21)

1 Economics (20)

m Other (19)

®m Mechanical engineering/process engineering (18)

® Arts and Humanities (13)
Employees
@ Environmental protection/environmental sciences (11)
1 Geosciences (9)

@ Biotechnology (9)

1 Agricultural Sciences (6)

[ Forestry and timber industry (4)

Fields of study [number of people]

R
as per 19 January 2015 3
DBFZ - Research Focus Areas B 2% il DBFZ

Systemic contribution of biomass

|

Processes for chemical
bioenergy sources SmartBiomassHeat
and fuels

Anaerobic
processes

Catalytic
emission control

Pictures: DBFZ; Gabriele Jepsen - Fotolia.com (photo above)
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.

Objectives of the research focus areaffzg B 17

DBFZ - Anaerobic Processes K EBf 7% DBFZ

Biogas plants must become more fiexible in terms of their substrates and energy delivery. Only
then will they be able to continue making a major contribution to the safeguarding of energy
supplies in future” ;FS/ B9 HRGERAN LT FEENRE, REZHEFREEIFESFFE
HIREIR R T (R R A TT i
(Dr. Jan Liebetrau, DBFZ)

Flexibility in terms of substrates and litigation R = &
Process monitoring and control 178 1 il 5 284
Reduction of emissions FE{EHE

Increasing efficiency and reducing costs 2= % 22 & 1E
Coupling of material and energy use of biomass % & &

Key reference projects (Selection) =T E I B (F7it)

Flexibization of Bioenergy as regional compensation option in the German electricity
grid (Regiobalance) 8 [E i1 W £ WRER1E A A A EMRIFIEHARE
Operation-related emissions from biogas plants (BetEmBGA) ;B S iE{THEK
Potential to improve the performance of bio-gas plants - energy efficiency of
repowering measures ;AR BITHEBIRAE S - SUEMEES

Applied Research at DBFZ n@
DBFzZHI N A%
Biogas Pilot Plant ;25 Combustion Lab A0 Fuel Conditioning Lab o

/Al

Fuel Technical Centre Engine Test Bed Analytical Lab
PREHEAR 0 RENHIE R DITERE
Pictures: DBFZ / Jan Gutzeit 6
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Deutsches Biomasseforschungszentrum DBFZ

gemeinnuitzige GmbH

Smart Bioenergy - innovations for a sustainable future
Come and join us!

BELEWREIR - N T AIFLRRFEQHT

R An A F A ]

Contact DBFZ Deutsches
Biomasseforschungszentrum
gemeinniitzige GmbH

Dr. Britt Schumacher
Tel. +49 (0)341 2434 - 540
E-Mail: Britt. Schumacher@dbfz.de Torgauer StrafRe 116

D-04347 Leipzig
Kay Schaubach Phone: +49 (0)341 2434 - 112
Tel. +49 (0)341. 2434 - 468 E-Mail: info@dbfz.de
E-Mail: Kay.Schaubach@dbfz.de www.dbfz.de
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4.6 Introduction of participant - CAAE

A B R SIMRIARFTE N
Brief introduction of IEEP

E A= R Profiles of IEEP

¢ HIGRT40N, EFERASETURARPIRIBA, BEI3A, EHELRIA.
A total of 40 employees: 13 senior engineer, 13 doctors and 2 postdoctoral

& TEDAEETRELDA, FERUTRE, FBTRE. FENE. £5%.
W2, AEETEZFE . 19 graduate students, covering agricultural engineering,

environmental engineering, environmental science, ecology, mechanical engineering,

thermal engineering and so on.
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Eﬂﬂﬁ[ﬂ Research direction

Agriculture Waste

1
1 Raw Material Supply Technology Raw Material characteristics Research :
1
Lo ——— 1
i (. R
| Thermochemical conversion Biochemical Conversion 1
| I g mgre— I ]
<: Clean Combustion ~ Pyrolysis Carbonization =~ Anaerobic Digestion ~ Aerobic Composting ::>
Densified Biofuel Pyrolysis Gas Biochar Biogas Biogas Shurry Organic Fertilizer

Energy

I |
v

Fertilizer

Bl 5 (% Research Facilities

Rl BB R TR
Biomass Research Centre, MoA,

R BEBEARFARASEAGE S
EQRZEE
Key Laboratory of Energy Resource Utilization from Agricultural
Residues, MoA

RUBRUEFVERUFBEAIBE

Key Laboratory of Technology and Pattern of Resource Circle
Utilization, MoA )

SN ARIER, ISNEFUIEE, 2/ hHALEE
8 public laboratories, 15 specialized laboratories and 2 pilot

laboratories

EENIBNFRBEREERE, HiM766E

total 476 sets of instruments and equipment, including LC-MS,

ICP, TGA, GC, etc.

Ministry of/Agriculture

- “Biomass engir}fe;ing center of;
[ |
‘ {
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Laboratory

Public Laboratory

Specializedlaboratory
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4.7

Introduction of participant - CAU

BESTHIP\ B8 & T1E

RESEARCHES AT BEST

ERA— T

Pretreatment for unique feedstock

FEEE R
Dr. GUO Jianbin

= e = B 5
Poultry Livestock Straw Kitchen Activated
manure manure waste sharry

Dr. WU Shubiao

=G

Ir¥6 m

Dr. QIAO Wei

REEELR

Anaerobic Process

HMETE | | FEHE = AT || FEREE
Trace Microbial Monitor Remote Membrane
element additive prewarning monitoring reactor

BB

Digestates post-treatment

AT

Dr. ZHOU Yuguang
skl bt il BEEH AT SR TEEE
Field NP Liquid Constructe GHGs =
applicaj COVery recveling d wetlands reduction Eqmpment
Y8/ yelng 1
'Y .
/ ‘
agesmo
RN s A A T N ] A i e A i e N e Ry
Pre-treatment of
Feedstock | Harvest, Transport, ; Ecological Impact and
Evaluation Storage materials to be AD AD Biogas Use Liquid Digestate | Solid Digestate Economic Feasibility
% 4 [Ea AL 4 B i A et ] B Ay S AT B 47 5t A A 4 e o HE B i
Raw Materials . Mechanical Soil/Water Pollution
Components Crop Residues Grinding CSTR Gas Storage Components Components Mitigation
DR B & 7h ¥ i5 ) s B T i W 7 AR A
- | Ruminants manure and ‘ . Digestates .
Accessibility Steam UASB Gas Cleaning |Digestates Storage GHGs mitigation
wastewater Storage
A i EE T 1 5 % B e A A bl 1k i iy 1% o k) 1t A2, 8 3
Economic Non-Ruminants manure Briquettin Gias Pipe Value-added Chemical Fq er
Feasibility and wastewater o e P Products Reduc:
. 5 A i A% UM 3 .
. Low-cost Membrane
Kitchen Wastes Settlement |y izontal Tank NG Condensation
J2 3 TP ok N BT
Vi Wa . < . e Feasibili
‘egetable Wastes Separation Stripping Economic Feasibility
EE ¥ L - AATLENS
B A 5 5 oA 40 5 BALE
gl
. . Process Value-added Social and Ecological
Municipal Garbage Send Separation Monitoring Products Benefits
A S S B ey A LB HELMAES | | .
Molasses Alcohol Biogas - .
Wastewater Hydrolysis Leak Crop Field Load
b Gk ng Ak i A R
My 1 Sludge Acidification S Operation Injection
AT ALBE SR | ... BAaEEx | | ...
Other Organic Wastes .
from Industries | U Dr. Biogas
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R R EFRAR
) WET STORAGE OF CROP RESIDUES WITH DIFFERENT
@ PROPERTIES

B Storage for the year-round substrate supply

B Complex characteristics (cellulose, lignin, water
contentet al.)

B High Dry matter loss (could be as high as 30%)

RS IR U A0 7 TR M K% B R 2 9 %

) VEGETABLE RESIDUES AD OPTIMIZATION

ages|o i

30

25

—a— A1l

20 e A2 20 4| —v— M1

cenge M2

15

[
\
\
\
\
\
\
10 \
|

VS contents (g/L)

i

0 30 60 90 120 150 180

Time (d) Time (d}
2018/1/13 Zuo Z, Wu S, Zhang W, etal. 2013 Bioresource Technology 4
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CO,

@ MEITTR k We < H, i
.} "/D TRACE ELEMENTé" ]HCO_MFRb
[V L
5-HCO- I—LSPT
FyoH, k‘ Fypol, <— H,
Ll et e =H,SPT
L a k FypoHy «— H;
CODH
acetate =y HS-CoA CH3-H,SPT
@ e/Co/Ni/Z k HS-CoM
CH,;-S-CoM i
k HS-CoB)
[F%O-Nil CH, i

1. Zandvoort M H, Hullebusch E D, Fermoso F G, et al. Trace metals in anaerobic granular sludge reactors: bioavailability and dosing strategies[J].
Engineering in Life Sciences, 2006, 6(3): 293 - 301

2. Shima S,Warkent@(}lﬁf@ﬂ_B K, etal. Structure and function of enzymes involved in the methanogenic pathway utilizing carbon dioxide and moleculBr
hydrogen[J]. Journal of Bioscience and Bioengineering, 2002, 93(6): 519 - 530.

) REUR B 5 = R
~  PROCESS MONITORING AND FEED-BACK CONTROL

TVFA/TICZBaiEE(Y ppY-D-14
o [l

i

H

abobalaliol

C PN
T
;}r = V“ -

FWASRG AWEH
w g of ma x| i VFAZS

o mofo mezEA

el
ol omenonen N (o IE2 IETY | |

R, A, X R, MER, BLA AENBRIELERBRERRELTE SR EE
B[] Zodsilils=1R, 2015, GEYO
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@

BoEEn

i EH
o0 H1 57
oEFE

e & /R/THRD

MANURE CONTENTS MONITORING

RS EEPERE. FRREMEERES . WOER . TR, BRI A LU BRI

Sefmg— R R
':F%E PR [0 [N- [N- [N- |Pa0s |K:D® |N/PaOs)
(afka) (M tor* |min* |org* | * (a/ka
.
ﬁﬂﬁ (arka) |(9/ka [ta/ka) |(arka) |(arka |}
o TE ) )
TRE 85 | 64 |41 | 20 | 21 | 1.5 | 58 | 27
°pH R 250 | 188 | 7.8 | 1.6 | 6.2 | 44 | 5.8 | LB
= = = = T
.)E\EL‘ ﬁmﬂ‘ %M§b = B3 194 | 152 [ 53 | 0.9 | 44 | 28 | 61 | 1.9
= ih TRERE 93 | 43 |71 | 46 | 25 | 46 |58 | 15
.:m\ﬁP205~ ﬁ%lm R T 250 | 116 |105| 3.8 | 6.7 |12.4| 58 | 0.9
0¥ (A, 573 | 416 |256| 2.5 | 23.1 [19.6|15.5| 1.3
o BFK20% [FEsR G

*:N-tot = 23 N-min = H&H, N-org = fibLE. P.0s = MLk, KO = MM,

‘ﬁg (55, 4. %'« éﬁ]\ E‘;") N{P0s= BEEN

Fe TR
=3 P et
ELE (F. H. %, B, B, R e T —— - 5
& 3R ﬁmﬁ__ T TEE e % (mam) 70 w35 85
Ruswee s i %vnds 89 B4 £ 65
G{W!—-I e "‘ utt e 9000 000 £7008. 18800
. 7 78 78
Saser s 408 42 252 306 ‘
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> B LEBRERAETT R

10GAS FOR CLIMATE CHANGE MITIGATION
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] _— || i
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-300 —

-500

Biogas - CHP Wind energy Hydroelectric Nuclear power Photovoltaics Natural gas ~ Hard coal Bown coal
power plant

Specific CO, Emission Associated with Energy Generation

Resource: Poeschl M, S Ward & P Owende. 2010. Prospects for expanded biogas utilization in Germany. Renewable &
Sustainable Energy Reviews: In Review
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4.8

Introduction of participant - CUPB

b)Y Tl s RF

gl o/ CHINA UNIVERSITY OF PETROLEUM

Introduction of Institute of New
Energy, China University of
Petroleum-Beijing (CUPB-INE)

B E A HAFACR)FEE R R

Hongjun Zhou

S EA
i cupP

R K TR

Ja%LRY

China University of Petroleum Beijing = [ £ i K 2% (Jt %)

® 1953 Beijing Petroleum College Founded Jt 5 Al B Ak 3L
® 2005 Renamed as China University of Petroleum £ & AthEHAMBKE

A key national university under the Ministry of Education

HEBEREEERKFE

cuP

BRAR FORF
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@ tazvx3 Foundation of INE-CUPB i &ERfF5TBR R 3L

research directions, with the aim to develope clean energy.

» PEABAFE (ER) FEERMFRARIIT20114F,
FREFRERME AR ER T

FEMRETEZ—,

'Y =

AT

./o-..- 30 ;
S 0E 2
o/ 1028
052
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20

-3

Flgsl

—_— R ) S OE ——E O REE

China’s oil consumption and imports (1990-2009)

Plants

/ﬁm"

\ Orgeml:ms ‘

» INE-CUPB established in 2011. Bio-energy is one of the main

LAE PIseilR A

KR
?ﬁ'iﬂ!

Evolution of fossil biomass energy

cupP

ERMAR FeRF

@) taz4x3 Research Areas fiff 54

» Direction1: Bio-energy

» Direction 2: Clean Coal

»Direction 3: Energy Efficiency & CO, Mitigation

» Direction 4: Solar Energy

» Direct ion 5: Energy Storage and Fuel Cell

cupP

ERAX FTORF
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@ tusuxs Biogas £YIRS

FEMIRA . FERARAS AR BRI 2 R VR R
FE R TIT A PRBL T AL J2 PR R AR R S ) e
WRENS

Biogas: to provide cooking fuel and automotive clean gas in Liquid biogas
new rural areas; to solve the problems carried by garbage ,
waste oils, waste water and waste gas in urban areas.

R
Food waste

Purification and
ﬁ*ﬁ% - S

upgrading
i QQQQQ,
5 a )
Wastewater & g A5~
and sludge 80 w /| % HiFlectricity

FlkEF B )

] - - N\ ’
Agricultural Bk A Hont
waste

IERFRAC T Rafe _’
Pre processing Anaerobic 3
of raw materials fermentation B ; Fertilize

EE M SPipeline gas

T
7

R

Biogas residue

Road map for development of gas technology

® 1aanad PRSI AT & B2k E

~ ¥ —-CO+H,-»CH, AMSEMRLELER
coal—-CO+H,—CH; Synthetic gas biomethanation technology

B —CO,+H,~CH, CO 4 kTR AR
electricity—CO,TH,—CH,; CO, biomethane technology

*< #—C H,+H,0—CH, #BISHEAR o FEREER

0il—C H_+H,0—CH, 0il gas technology Junlan
technology group
RH: KI+ESEE T ZEEA Country:straw
+ livestock and poultry waste —dry fermentation
technology

) | b ALELTEAR

&b SEG
5'% Wit EE+EERIR CHTCREERE City:

kitchen waste + living garbage — HTC and waste reduction

biological energy .
source T— mhExE
Sichuan Lu&a%a

A roadmap for gas technology awnx mean

g

(AN
N
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@ tazux3 Lab and project fields SLI8 =B IiH

cupP

BAMBR FTORS

@ tasuxs High-value agricultural product & /= @ {EK

BRARHENRS, FFRH—FPAIZFHAEREmM LT, ST
2T R mAEMETER T KRS, AP AIE T ER s E R AR A
— 2B

Simulation of the intestinal system: The compositions of traditional
Chinese herbs can be metabolized or biotransformed by human intestinal
bacteria, and may exhibit significant different biological effects. This method
may help to realize the value increment of agricultural product.

Zgﬁi 5 117 R T TR ——

SR
2 Simulation of the Simulation of the Composition
Chinese herbs . .
stomach system intestinal system analyses

cupP

BAMBR FORS
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@ tuzuxy High-value agricultural product R/ @mS{EL

—— %32 Before the simulation of the intestinal system
{h4EE 1t After the simulation of the intestinal system

TR R A

== =5 ==
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gz TN, SEAKPIRAREERE IR R ETEaRa 1
KiE# . The antioxidation activities and uric acid degradations g~y

have been highly increased by using our method.
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4.9 Introduction of participant - HFUU

Introduction of participant - Hefei University

INTRODUTION

Hefei University, previously known as Hefei Union University,
is an undergraduate wuniversity founded in 1980.
Anhui Province and Lower Saxony, Germany came to an
agreement in 1985 to cooperatively develop Hefei Union
University. The university became one of the two model
universities of applied sciences in China assisted by
German counterpart.

\ Students: 17000 A

?

: 979

- o IB5 B ARWYS LRAR

HEFEI UNIVERSITY

@
Ay

r a
- : :
\

=
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@ On Oct 30, 2015, Chinese Premier Li Keqiang and German
Chancellor Angela Merkel visited Hefei University together.

@ The two leaders announced together that
a demonstration base for Sino-German education cooperation
and a fund for the same purpose would be set up
at Hefei University for further cooperation.

i

N

o REMS S (W) *
mmxhw—mm Art”
- A

»

Research Platform

Sino German Biomass Research Regional Center(Anhui)
Sino German Cooperative Environmental Technology Transformation Center
Hefei Environmental Engineering Research Institute

Academician Expert Workstation of Water Environment

Control and Pollution Control in Hefei University

Anhui Solid Waste Energy Utilization Engineering Technology Research Center

City Solid Waste Treatment and Resource Utilization of Engineering Technology Research

Center of Anhui Province
Collaborative Innovation Center of Pollution Prevention and Ecological Control in Anhui
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e
oA
® |
'}

Innovation Team
Dr. Michael Nelles

Professor, University of Rostock, Germany

The thousand person plan supporting engineering project of high-level foreign experts

Chinese Government Friendship Award

Dr. Achim Loewen

Professor, University of Rostock, Germany
Engaged in waste biomass, wastewater treatment and other fields

Mount Huangshan Friendship Award Winner

Industry technology leading and achievement transformation

Garbage component analysis and component detection, establish
garbage data file of Hefei City......
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To assist the new crown company in Hefei Longquan landfill gas power
generation through the United Nations CDM Executive Council (EB)
certification issued, carbon emission reduction (CER) totaled 130 thousand

tons, the first carbon trading revenue of about 975 thousand euros.

The city Thermoelectric Group Tianyuan thermoelectric company to
cooperate in the implementation of sludge generation projects
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ol s 3 s

sl

Key technology research and enéineering demonstration project of .
municipal sludge treatment

» Authorized Patent K\U ‘

78 patents were authorized and 25 patents were
invented in the past three years.

=
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Polymer Absorbent

e

W,

A new type of sludge
sampler

Kitchen waste oil water
separation equipment
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M)
® .
1y

&

Hefei University has established a long-term cooperative
relationship with more than 30 environmental
protection enterprises.
aEss
{ \U//;

International Conference on Environmental Technology and Knowledge
Conversion (the 6th )

4th 1

fer
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4.10 Introduction to the ChinaRes project

Deutsches Biomasseforschungszentrum DBFZ

gemeinnutzige GmbH

Introduction of the ChinaRes-Project m.:;m::m

ChinaRes 1 B 744 | E=2

Dr. Britt Schumacher, Kay Schaubach, Dr. Walter Stinner B

Public Workshop: “How to foster the utilisation of agricultural residues in the biogas sector
in China?”, CAAE; Shanggiao, Beijing, China, 2017/11/14

‘Withsupport from

New project: ChinaRes = D@
#17 B : ChinaRes S

Energetic utilisation of agricultural residues in China and Germany
pRAEFMEERIEFATE
Partners & {5 i

72l ZREN R B 22 BEChinese Academy of Agricultural Engineering (CAAE), S E 7k F China
Agricultural University (CAU), P E G M7 F (3b=) China University of Petroleum-Beijing (CUPB),
& B F University Hefei (HFUU), ¥ B2 R0 T2 54 W& SriF 7 fiLeibniz Institute for
Agricultural Engineering and Bioeconomy (ATB), #&[E 4 ¥/ ¥ 7% 1 (-DBFZ Deutsches
Biomasseforschungszentrum gemeinnutzige GmbH (DBFZ)

Aims Efr

1. Improvement in the energetic utilisation of agricultural residues like solid dung or liquid
manure in China and Germany 2% B {E 720k F 7 ¥ (o0 egeR LRI A

2. Reduction of emissions during the storage of animal faeces F&{ETE & 2B il 12 P HIHER

Networking activities amongst Chinese and German stakeholders in the biogas sector {Zi# &

FEr P = o —
sk AR 2

w
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a)

b)

c)

d)

e)

f)

With support fram

* FrdiriMwlm
o

ChinaRes - Tasks 1 B X% |~ DBFZ

by deeision sl the

Tasks {T%

Summarised presentation of methods for livestock housing & M & 77 /&5

Identification of best-case plant concepts (barn, manure management
and biogas plant) ITREMIREEE (S £ETESFER)

Identification of barriers for the energetic use of agro-residues ¥|E b FEF HEER LA B

BT

Development of technical concepts for a better design and
a coordinated operation of barn and biogas plant AT & LAFR1S
FIFIETHBIAETT

Comparison of results of China-Germany 1845 & H#;

Networking activities amongst Chinese and German
stakeholder in the biogas sector £ 8 SiT 35

Duration: November 2017 -October 2020

HATREIRR: 2017 FE11 A FI20208F 10 A

ChinaRes - WP/Schedule T{F 2. I [a] 3k DBFZ

1. Regional residue potentials b [X EE35 497 J1(DBFZ)

£
4._Biogastechnology ;i8S i A (DBF2)
5. Bestcase plant concepls & £ T 12#5% % (DBFZ, ATB)
6_ Barriers and optimisation potentials f= 15 5# J1{i{£.(DBFZ. ATB)
ica
i i istribution {7

7. Technical concepts £z R #f 2:(DBFZ)
8_ Assessment of concepts # 244 (DBFZ. ATB)
9_ Recommendation for actions and distribution {TEhFHEr B (DBFZ)

10. Organisation exchange with and travel to China resp. Germany 0 2 &t =357
(DBFZ ATB)

11_Networking activities 171 32 F 75 5)
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. /—J ¥
ChinaRes - WP/Schedule T{E2. Hf[a]3k DBFZ
Project month
1] 2] 3] 4] 8] 6] 7] 8] s[10[11]12[13]14]15]18[17[18[10]20]24]22]23]24[25]26]27[28]20[30]31[32]33[34[35]38
2017 2018 2018
11[12] 1] 2] o[ o[ s[ 6] 7] 8] 9[10]11]12] 1] 2 3] 4] 6] 6] 7] 8] s[re[a1]12] 1] 2] 3] o] s[ 6] 7] 8] 910
4P 1| |canceled (D) T
AP Z cancelled (D )

AP 3
AP 4
AP S
AP 6
AP T
AP &
AP 9
AP 10
AP 11

Project work
Intemational W orkshopsite chnical tour (D=Germany, C=C hina)
progress report (D )finalreport

&(DBFZ)
s N‘ﬁe;smmt of concepts #§E:31F{&(DBFZ. ATB)
9. Recommendaiion for actions and distribution T E13(DBF2)
10. Organisation exchange with and travel to China resp. Germany ﬁ 15 i 375 (DBFZ. ATB)
11_Networking activities {732 755 5)

Withsupport from

Federal Ministry

)i
ChinaRes - Activities for distribution | {=w==  DBFZ

B e 5E 1 -
1 Final report in Chinese and German for potential biogas plant operators

NBSMNEREHBIERERS

2 Atleast one article in a popular journal as well as information of biogas
organisations ZVE AT LI BSALTN LR F—RBXE

5 Submission of two reviewed papers IZXRWEXE

4 Submission of an abstract as application for a presentation at a national
or international specialised fair or conference Z EI R 2 & Efreil i
—RHE
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With support fram

|
ChinaRes - Activities for distribution I D@
B HETr-—E3n B,
Stakeholder-workshopsat the beginning and at the end as well as a
“technical tour” in the middle of the projects in China and Germany il B

FeMERNELATERXABH R NEHMARPERREERE

6. Central website to disseminate backgroundinformation, project finding,
matchmakingetc. BTN B Wit X T BE &, MIEER

7. Continuous contact to stakeholdersin both countries incl. ad-hoc working

groups SEEFI BB X A FLENREDE

5 Preparation of follow-up project; R&D as well as implementation & &

& e, HRURHIIT

&

ChinaRes - Networking activities ‘;;“',j:;m
i B X E S “  DBFZ

Goal B #7: support of exchange of stakeholders within and between
countries 3 % 4 [E 1T/ 305

/ I‘I‘
-Collaboration with Chinese\)
experts G ERE -
-Central website for
background information,
project results, events and
matchmaking ¥ 31 F 4 = 77 10
BEER WMBL£R EFkE- 7%
~ -Workshops and technical €) Fﬁ?”" L
b tousBiteSsHAER | AE
“-Working groups T {8

By chris i& - Own work, PublicDomain,
hitps:icommons.wikimedia.orgiw/index.php?curid=107 65865

By Alanmak- Own work, PublicDomain,
hitps:/icommons.wikimedia.orgiwiindex.php? cund:ﬂfg'ﬁ
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gemeinnuitzige GmbH

Britt Schumacher
britt.schumacher@dbfz.de

Kay Schaubach

kay.schaubach@dbfz.de

+86 171 5007 9002

Deutsches Biomasseforschungszentrum DBFZ

DBFZ Deutsches
Biomasseforschungszentrum
gemeinniitzige GmbH

Torgauer Strafle 116

D-04347 Leipzig

Phone: +49 (0)341 2434 - 112
E-Mail: info@dbfz.de
www.dbfz.de
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4.11 Manure management and biogas plants - the operational and technical challenge in

China

B 4T A @ Wo 69 Uik B Hu B,
Opportunity and Challenge of
Biogas Sector in China

Z =
Li Jingming
R FWENESERFERIP DS EE X
HEEAIFSAEER/MTEIMPB K

Chief Expert of REEA, MOA
Deputy President, Executive Deputy General

secretary of CBS

7§ BRPGE “H—OEAh”

V first household digester in Shaanxi Province

19744F, Bﬂ?chBA
X BRI STE R |
FIF B T Beras
B —O@ES. 1975
F8H, £BHEERY
SEX BRI

In 1974, XiJinping as Secretary of the Bnga e Party prancn,
built up the 1°t household digester in Shaanxi.In 1975, R ER AR Ml

Shaanxi Provincial biogas conference held here.
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‘R REAER
“l am a biogas expert”

R SR AR I PR HISE A

L ] /

20044F, RHEWTIEZ RN IEFRE
B ZBME R, EREIZE1974F 7 AR
KN R—EE RS H— O e, &’
A “BUEIFHILS, NRBIEX
In 2004, Xi Jinping mentioned he is also a
biogas expert, when he was interviewed by
Yan’an TV.

s REWHEG BAEE
=77 biogas Exhibition in Liangjiahe Village

e | )
20154F, RWEHASEWHERKANBHAE T “BARE” , HEFETHREA.
In 2015, REEA made a biogas exhibition in Liangjiahe Village, welcome more than 1000
visitors daily
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o BEWE BN R LR
"“" 1%t industrial biogas plant in Liangjiahe

~v-

d o BEFHESRT LA A AR T
BANBEI AR TR, SRR KB RE2805C
JrK, RIS AE2000L oK, #1307 5
K, BRIKBEIHAT R, HHZ4E. FFA
AbER1800MEF B525)5, FEriB TSR, 4F
KEEA125)8, FEHHEESAEZI8000E 4

s B B S EEEL00N, BIR150004, R

Digester 280 mJ, gas holder 200 BEFEAFHIIEAT TERAESR . Rk

m3, digestate storage 130 m3, B ﬁZﬂﬁ)—ﬁ, :]:20175153)1@)&«

CHP 40 kW, treat manure 1800 N -

tons/a, biogas 70,000 m3/a,

electricity, 120,000 kWh/a,

GHG reduction 800 tons

CO2eq, solid fertilizer 100 tons,

liquid digestate 1500 tons for

1000 mu Eco farming,

investment 2.2 million,

constructed in March, 2017

A BAIE R0 B ' 2575 A 9] 3

S
G
2,

\:’ Xi cares animal manure treatment

SNAE+ RS _»'{ :F&G %EEIT%
Dec. 21, 2016, Xi held the 14t meeting of Leading
Group for Financial and Economic Affairs, cares 6
topics affectlng people s well being.

Promote the treatment and resource utilization of
animal husbandry waste, is a great job for more

than 600 million farmers, to rural production and

life environment, rural energy revolution, improve ° —~
soil, and agricultural non-point source pollution
control

89



Workshop “Energetic utilization of agricultural residues in China and Germany”

 REAWADEETTH

two main directions

- ZRREFEUTSE. SER. migteErrE, ESHAEMRR TN
FEAFTT, Pt A RN seE AR A HLIL A EZAE R 7,
NFAE “H=0" B, EXRERME B JIrEIHIET B TEAL
.

Persistin government supports, enterprise as main body, marketable operation,
take biogas and biomethane as main treatment direction, take locally utilization
of rural energy and organic fertilizer as main utilization direction, aim to solve
the problem of anlmal husbandn manure treatment during 13 FYP.

ALl

(A‘" H 3 Outline

n

O #1i&8 Opportunity
O $kik Challenge

ARl BRAP DG

Rural Energy & Ei of Agriculture, P.R.China

20
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A SAT W AR 4158 BB X #F
always supported by government

g2t [E] DLRAS 2] 25 Ja H R4 3 0 O IS HRF;  supported by every
President since the estabhshment of China

FH ORIV AN [ K& B B AR AR #AEVE SN S A

the support to biogas sector has been taken into account in laws and
every FYPs

B IRERRNER 1 Hu T BURF th H & — RAIBUR

policies from Ministry and local government

2003 HIRSEERAT A SR BRI E, RO
AT 4241278,

Since 2003, central subsidy for biogas > 42.4
billion RMB

A AR AT61 Ji T, SErEiRREES)
117.9125AC, BT3RS 2 22 4
4
Household dlgestel 41.61 million, biogas capacity
1'1.79 billion m3, but
3 the market needs and

@ decreases
continuously_
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FRERLENIAL, HPRB0.757H4, +
B 10774, NEI9S2AE, FFETES26.99145L
Rk, WRP212H 7, FRKHE6.86/ZT TLAT.
plants: 113000, including 7500 large scale,
niddle scale 95200 small scale. Annual

rmlhon houséholds blogas supply, electr1c1ty 686
million kWhe

e, TAAATEPIRRSTIZ IR
(A‘f Biogas/biomethane industry getting

oy
%
L]

o)
)
4,

o w‘::,l-"’

l
¥
Y

A XEED § 0075 KE
9//5»1 |ﬁi‘;§sn§:\' EH*F[&%'LEE

25000 emploges yeEs TANET

BEEE62105
Gross annual 'value 2 b]lhon RMB @. REERURFERIERRAM

%‘i@,fﬁﬂmﬁ@; T @ RS S T

>2000 enterprises

INSTITUTE OF BIOGAS RESEARCH OF MOA

i L. 85, 28, B C}ﬁ?i’sﬁﬁﬁbﬁ X
E TLLFIEI\ WE. BE. MR &z,

e e AT R o JMS IAERURSIR

Cover whole industrial chain: design,

construction, investment, operation, 0 TR 4t’y *
management, service, products, equipment, srAuAY
facilities, material production, etc.

y & Environment Agency, Min
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() BV EMRA AT AL RIS R
§ biogas/biomethane sector getting diversity

JE R T 2 e
feedstock
R L LR
AD technology
AR 2 2 A
engineering

A 7 i 2 A
Production &
manufactory

I FH Qs 2 A

utilization

Dec.30,2016 and Feb.4,2017, Minister Han
held MOA executive meeting, focusing on
animal husbandry waste treatment and
resource utilization

’zil?ﬁﬁ E?Ez: '

L.-‘:Lﬁ?fﬂl?i .

Emphasized: take animal husbandry waste treatment and resource utilization as the

key work of agricultural non-point pollution control, persist in problem-oriented. Aim
to demonstration at 1%t year, promotion at 2" year, become effective at 3™ year, and

complete at 5t year. Focusing on scaled animal farms a ounti ,
standard, treatment and supervision based on law. ?d‘lf ﬁf‘_‘f‘_}.ﬁ_ J%?%I*F
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) FRBMREG R
\/ related units fast action

2ARAEICR RO 2 EH B S35 BRI AR QIRTERE, 30024l By S —HEER
BRLR

End of this Feb, Beijing, establishment of China Animal Husbandry Manure Resource
Utilization S&T Innovation Alliance, > 300 members.

A RAEHMBKY A T 2B EEFERFVRRLAASU, EHEISESMIFHE;
End of this Jun. Changsha, Hunan Province, Vice Premier Wang Yang participated and speech
in the National Animal Husbandry Waste Resource Utilization Conference.

Bah T B BRICFIATEITR. REXBHIEBAILIETS);

Startup of “Animal Husbandry Manure Resource Utilization Action Plan”, “replacement of
mineral Fertilizer by organic fertilizer in fruit, vegetable, tea planting action ”
HETEFRERL. BI1XH. PRAKBEAL.

Opinion from the State Council, document from authority, middle- and long-term development
plan are issued.

e EEBAATH (B
(/‘\/ Opinion from the General Office of the State
“ Council

20174F6 H12H, ESBPAT TR STk #HJMH
SR FO SRR BRI, 3514751, /2]

ol e e WE G (S N SR B i

Jun.12,2017, “Opinion on promote the animal husbandry waste
resource utilization” issued by General Office of the Snuc
Council, incl. 3 chapters, 14 aspects, is the 1% gui

about manure treatment in China

BUREFERHUGE MG AP R TR
KRB LESVIECR, S aERE. AR
RSB REERE 2T H.

Policy includes subsidy for aﬂrlcultm al machinery
procumbent, biomethane projects and scaled biogas
projects, and supportable policy for tax, land use and

TJL“BZE‘

Rural

BT 5T A i A
Mo NS R

electricity use.
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d TR LR R B

2" Fully use existing policies

2009, NPC revised “Renewable Energy Law”, stipulates renewable electricity, gas and heat
shall be fully proteLt' /e ac

20105 %

2010, NDRC issued “notice reofu'dmo complete price policy for agricultural- and forest- waste
power generation”, stipulates a benchmark price of 0.75 RMB/kWh for agricultural- and forest-

waste power generation pr0|egt
57 P = AR AN 55 55 3 tEHX) » REFH
& iﬁﬁloooaﬁﬂfﬂ j

L'lt’ilCiUlle mentloned using a;

2017. 1\10 A&MOF issued “notice regarding complete implementation works
animal husbandry waste resource utilization project” gV # R I 4 75 54 BRI R 1L

Rural Energy & Environment Ag Agriculture, P.R.China

7% BRI CTER KEAL
=2’ 13t FYP for biogas development

MRV RRILELT21; 172 new biomethane projects
FrEAEA KBS L3150 3150new scaled biogas projects

FrE s/ NRYES THE255004; 25500 new small and medium biogas plants
INER GE. F) AEEHFANEH10004~; 1000 certified fruit-, vegetable-,

tea-, biogas-, husbandry-, circular agriculture bases.

S ESFELEEREIISOCIL T K, ErFERRIE200/7,3L 5 K. Newly increased

biogas capacity of 5 billion m3, accumulative value 20 billion m3

BEBES00{7,5.

Total investment 50 billion RMB
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Y BT AR s

\/ Biogas sector transformation and upgrading

mwﬁﬂmwﬁ [ K &L 522042 7053 3 S FF25 2240
FARF AR AT DL K 386/ F1S224 AR AL R ESVE S TR
2017@2&?&&-\204&%?%& R R SLRE T 18N EY KRR
=01 E $n485§/\%m;%ﬂcjci/€ wIﬁo

» 2015 & 2016, 2 billion RMB per year of central subsidy to support
25 and 22 biomethane projects, 386 and 522 scaled biogas projects.
_2017,2 billion RMB supports 18 blomethane prOJects and 485

" scaled biogas projects.

s n evaluation for demonstration projects lﬁ &i‘éomg \
& ‘ T “‘% " == .

u$U,EH.¥HjE${L_ﬁLE$11 ' R 7=; Jan. 1, a014

lation on scaled hus dry pc cont , requires that
animal farm (community) shall build up facilities for separating the
manure and rain, stor AD and composting, fertilizer production,
biogas prc)dl.lc.ticm_, di tate separation and transportation, otherwise,

E@#%Eﬁﬁﬁﬂ%ﬁﬁki&iﬂﬁﬁﬁiﬁﬁ ZEE
IBRUGIEIC, JE I Tl - ——

Jan.1,2018, “law about enwronmental protection Fipig

tax”, stipulates the enterprise which discharge . WEE
untreated waste to environment, or discharge, stack, i ken;du K
treat to institute which has license, shall pay the tax. : !
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% 2017 R E TR
22" Key works of MOA in 2017

IVIOA&IVIOF Invest 2 IVIOA&NDRC invest 2
billion, build up 51 billion, support the MOA&MOF 1 billion,

animal husbandry large scale biogas 100 demonstration
manure resource projects and counties for mineral
utilization biomethane projects fertilizer replacement

demonstration in fruit, vegetable,

A#R#ARE. 2&. WIAKA
Aim to green, ecological, cycle MMM

ALl

(A"‘ B LEE KPP Challenges

TRERME: WTHESERTRE?

Size of project: how to define a suitable size
RIS : W TR fRER 2 BSRIE ?

Feedstock: how to guarantee a stable feedstock supply

e KIHS: TR A mim AR ?

Use of product: how to cultivate end market and user

B ae3T: WA EBOR . PrER B2
Innovation: how to fit into current policy, standard and catalogue

IEEE: T2 R R E 2

Supervision: how to supervise the whole industrial chain
SRR R

Procedure: how to simplify the project procedure

DAL LEH. AP L. B

Aim to make enterprise gets profit, user accepts, sﬁﬁ%iﬂigx
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@ & 2 Outlook

2 AT E BT AT R BALR, SERANER
Biogas and biomethane sector is facing the best development opportunity,
has a large development potential and space

AL A T

Fully use the bridge function for the plant-husbandry
combination and cyclic utilization, contributes to MOA “one
control, two reduction, three basic” strategy, and “fruit-
biogas-husbandry ecological circular agriculture”

Animal and crop farms do their own job about animal
breeding, plantingand epidemic prevention, the leave

RUBRUESS

manure treatment and digestate utilization to biogas s

H1%5: 010-59196306
fEH: 010-59196394
HL MR lijingm@agri.gov.cn
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4.12 Processes and business cases - the economic challenge in China

T8 TRy r8LTry

& 5

ECcONOMIC CHALLENGES FOR BIOGAS IN CHINA
--PROCESSES AND INDUSTRIAL MODULES

TZ5mlRf-HERSESLFH EBE
BA

TERIUAFHER, EVEEMENZSEARTRELE
ERFEVRENFSRARERKSARPOIE
RUFBMAIBEERAEFUFRERIREESEER

EREMRSSHF & RFEEFBEARGTL (1) FORIEFE

Professorand Head, Bioenergy& Environment Science and Technology, China Agricultural University BEST)
Director, National Center for International Research of BioEnergy Science and Technology (iBEST)
Executive Director, MoA Key Lab of Clean Production and Utilization of Renewable Energy (CPURE) )
) Deputy Director, State R&D Center for Efficient Production and Comprehensive Utilization of Biobased Gaseous Fuels (BGFuels) )

Doasao gu@-ag

REFESHREL 2L RIVEA]

)
@ ENERGY/ENVIR FOR DEVELOPMENT

[ [ PR o 2500 - UK
France
Japan
5 20.00 /‘ - China
€ - Brazil
.§ 15.00 Feland
2 —— Mexico
H ‘o Malaysia
§ 1000 7";2“ S. Korea
§ / Greece
500 - dia
i~y - Austrata
o ,’ Russia
N 0.00 ’ ’ = Thailand
° 0 100 200 300 400
-7 ang Primary energy per capita (Gj)
vo N . S
o A \t’s
*oatale *
= *' AT - S
"
g ‘ P ve W&
. o 4
s A'(N.nn..:w. > < " ‘
.a’~. v

Arncel Totsl Energy Consumption. BOE per capits
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@ BN AE RSB
THINK ABOUT WASTE FROM DIFFERENT ANGLE

N. P. K---Nutrients L%}
C--- Energy FEJR
H-O---Water 7K

2018/1/13 3

@ SRR
< SUSTAINABLE DEVELOPMENT

aae (o]
]
o WRBG P 25 1 o th 28
5 Environmental Kuznets Curve-EKC
2
&
5 ow the developing
2 coxqtries have no
) excuse to pollute the
o environment
[
.§
v
0
o
Per-Capita Gross National Product ——
2018/1/13 4
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BREHER &8 FREIET AE A A KRR’
ANAEROBIC DIGESTION AND COMPOSTING ARE

KEY TEC

@0 ao

S B WA R MW |
[N s S

L

HNOLOGIES FOR MTR

ERESERASTIE
EFE Biogas Plants .

FBIE Solid .

| gRERER.
Compost/Medium

SB Liquid

h 4

HEHE Liquid .

wERmER || BEeE | )
Fast AD .

£ )

Storage

BB E

S/L separation .

B8

A

®H

Solid P

AT

DM Added . [ ]

R N

Composting

Local
Use.

3

FiExE

&

Dry manure .

Commercial products

B @

8ik-225 4.8

On-site composting with beddings .

2018/1/15

T

(X4 R A

Reginal use

“ommercial
products .

HRE. BREEAFHN. P. KFESHRE (%)

e

NUTRIENTS LOSS (%) DURING COMPOSTING,

AD, AND STORAGE

aa (@]
FEAEAIE SEEME | £BREX | £2HRE 5
Manure treatment N loss Ploss K loss £ i References
e Eghball et al., 1997; Fukumoto et al., 2011;
318 Average 30.7 11.2 18.7 : : : :
T fEAverag Larney et al,, 2006; Luebbe t al., 2011;
i%HE. 7 Range 70~559 | 2.4~282 70~35.0 Michel Jr et al., 2004; Ogunws.md.e etal.,
Composting 2008; Parkinson et al., 2004; Tiquia et al.,
BAEE 0 a4 21 21 2000, 2002; Tran et al., 2011; Tubail et al.,
2008
BR “F 15 {8 Average 9 4.2 4.3 . e
: 4 < A5
Angerobic | 08 Range | 5.0-12.2 0-9.0 2060 | opcvanoct al'-‘zfi%%gﬂﬁ%zmz-‘ T
digestion A n 5 5 3 RN
Dewes 1997; Dong et al., 2011; Hassouna et
“F 15 {8 Average 37.8 48.1 43.3 al, 2008; Kiilling et al, 2002; Petersen et al,
e 1998; Rigolot et al, 2010; Shah et al,
St) . 2012;Tran et al, 2011; Thomsen, 2000;
orage W Range | 10.0-69.0 | 24.667.7 | 18.0-75.0 |ypvonel 2010; Tittonel, 2001; Wolter, 2002;
: Wolter, 2004;VanderZaag, 2010. & 17T,
FA#n a1 23 23 pELE = EAE.
2012;
2018/1/13 6
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82280

THEFIMH, HAAELE.
FAEERTHZHESR MIFKEME, HECODI L LLER™ERHTR.

FOKR B EFREIT LB KRR

LIQUID MANURE TREATMENT: BOTTLE-NECK

DIFFICULTY

coD NH,-N P ™
b 3 Cr '3
SRR | WA (mg/L) (mg/L) (mg/L) (mg/L) PH
- REE S 2500-2770 230-290 3550 320-420
6.375
AKmZE | 15600-46800 | 130-1780 30-290 140-1970
& RRCE - 920-1050 40-60 16-20 57-80
7175
AR 6000-25000 | 300-1400 3550 300-500
ot FigZ 2740-10500 70-600 13-60 100-750 6.5-8.5
FIESRIE: HI-BAT-10 I S & B EMRRETFEALEE &M
2018/1/13 7

A A BRI REHUBOR A # 57 FE 38K
WHY AD FOR LIVESTOCK WASTEWATER

TREATMENT
88880
e “a
AR AL
3
......... SRR . || | 1|
ﬁ@J i 2

e o PURIGRA | RERWE W
“WRREE T AL

TN

RE R

2018/1/13
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Boa

(@]
100 ics, solids Plug-flow
g Solid-phas
| — leach bed
o process ‘
= Anaerobic lagoons R stability,
- | ’ ammonia levels,
@ 10 concentration
£ input characterization, profiles
= conversion extent, inhibition i |
= Solid-liquid [
'.2. interactions,
5 bed properties,
inhibition
& in
T \
2
Process stability
E |
14 i
= operating costs AnMBR |
3 |
Effluent quality, solids |
accumulation, energy
consumption
|
|
01 - ——— i
0.01 0.1 1 10 100
2018/1/13 Feed Solids Concentration (%) 9

& B RK R R

HmERKEFECERE?
GERMANY: BIOGAS ENERGY WILL NOT INCREASE
AS IT WAS BEFORE?

Gross electricity generation of renewable energies 2000 - 2035 Blomass: indding blogas

will keep a stable proportion

Cumulative installed Capacity in 2015 ' tolal renewable: energy
~ 85 GW variable renewables

41.6 GW onshore wind (2015: +2,3 GW)
3.3 GW offshore wind (2015 +3,5 GW nef)

400

350

300

250 39.7 GW Photovottaic (2015 : +1,5 GW)
§2oo

150

50

: llII|||""|

2000 2005 2030 2035

2010 2014 2020 2025
sHydro  wBiomass (incl. Waste) mOnshore  mOffshore  Solar PV

2018/1/13 Source: Agora 2016
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@oiiy @riog @rouitry @peer @rivea

Biogas Opportunitics Roadmap

1. BHRIRATFAEZE;

. RABLAAKE, BRE LA AGAK;

3. RETHMHMAHLER, AXKFki L
VT ERE LT T TP

4. RzBREGHERA, HAFENNK.

1. Waste Treatment
Enhance efficiency and reduce cost

3. Development mechanism and modules for
biogas plants sustainability

4. State expert team to support biogas
development and realize the Roadmap

@ o -8 ) e —
UsD
Y -

AA2000 5 B % 1Az, AR AE£11000 5 4. F2030%,
7‘630301.A3é BRARMAZERL, HHER P XA5400
Zm.

More than 2000 Biogas Plants in US now and there will be

11000 more. By 2030 the bio-natural gas could be

supplied for 3 min households and contribute to 54min m3

GHGs reduction.

2018/1/13

SENBESTRE

ﬁoeAs TECHNOLOGY IN US

— Plug Flow (102)

~——Complete Mix (30)
100 ——Covered Lagoon (35)
—induced Blanket Reactor (5)
——Anaerobic Sequencing Batch Reactor (3)
~—Fixed Film (2)

Plug Flow 42%

80
g ~——Unknown or Unspecified (4) Complete Mix 37%
H
S 60
p
2
E
3
Z w0
Covered Lagoon14%

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

EPA: https://www.epa.gov/agstar/agstar-data-and-trends#adfacts
11

PEASITIEEERN

@ CHINA BIOGAS MODULES

[Gasleitung

2018/1/13

12

104



Workshop “Energetic utilization of agricultural residues in China and Germany”

) MIx MANURE AD TREATMENT 4 BIOGAS AND
§ FERTILIZER

— IR R P R IS 2R SR LI RIS S ey i e e
> FA “ERSTE——STESNE—BSREE y
—BREEELFE" pESLEER, KAT=AKS

234 BB H I e s g
BHRE6TE, SEAEFAMHEE2000E |
BrEBS37F 3 >
BEATEEHX20SHEHNER. #E. @mgmﬂt
EE [EHLA KA BT 6750 R

YV VVYVY

) R = iR R R H

< MINHE PHASE II
808200

B G2 7000E, HF=/E70000m3, HIRAEDRAS40000m’; S8HE13M0; REE
RATIRREACSIRIZ, REEZI2E, £ERBERAR324m

Chicken manure 700 t/day to produce 70000m3 biogas and then 40000m3 biomethane. Total
investment 130mln Yuan for 12 tanks 3724 m3 each.

»Feeding TS~10%
BENRE£110%
»Ammonium 6000mg/L
HAREL6000mg/L
»Biogas production: 1.5m?/m?
ERFERELSm3/m?/d

B —LE%&%%% EMRRSESR. MRS

Upgrading by membrane filtration : :
CH,%>97%; CH, loss <0.5% Bio-CNG station
2018/1/13 Source: DONGTL, in GreatCycle meeting, 2017 14
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209

MR -8 =7 B SAEE™. PPP
Mi1x MANURE 3RD PARTY AD TREATMENT FOR
B10GAS-FERTILIZER CO-PRODUCTION, WITH PPP

ARRANGEMENT

a0

S B TR AR A

RN
£ A B %.0007191

e R

LA frod 0B
*
- REA &
E0EG o & U
e A w G o :

55 7 27

& REARES, BHORUALAGENEHEFRE.

2018/1/13

ERR A

e M

T mE

BT AR

Kb (2016199 %

i

BRI K B BRI 58
KPR KREKARH & A5 R
TS I M A MLl

SMARKAE SR(H)FER KSXRD KENMRE:
(RFEANBRAAS R RS L RN L) EHER
RARAR AHRMED AAXRNOE X,
#ady

RRWAFKARRM ALK
0648828

15

ags

{LPIER: B=J7RFHEFLEEIIE

a0

TLo8 B HEass

HNF P S E6000F BRAS
Xinyu Biogas Plant
Biogas for 6000 household cooking

2018/1/13

=

r F=

All pig manure transported into biogas plant by truck. TS >6%
THAEIEEMITFES TR

TSEHNE, TS>6%

T RS R
FAEFRERF VA0 (5. BRI .
AR PRIET7K X HI SR S5 1A &R

Nanying Biogas Plant, Jiangxi Province

3RD PARTY CENTRALIZED BIOGAS PLANTS

Capacity 400k-tons/a waste (including manure, wastewater

and dead pigs)

Source: Wang LP, in GreatCycle meeting, 2017 16
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> FESEE R
VILLAGE BIOGAS PLANT

ETREZERERENBRMN
FEEBESRE N9, BRAEFT
TR AR RN 127.31tC0O,; BSAE
R RHME B 45 5 AT I8 4 I 1 A D R
M S CO,HEMEHN379.07t, FrLLIE
REIFEER “FER” . FFBHCO,
£4251.76t.

208080

Annual production of biogas:
99900m?, the carbon footprint of biogas
productionin the year is 127.31tCO,.

Being fuel substitution to ordinary
coal (CO, emission of 379.07t).

The biogas plant gives annual CO,
emission reduction of 251.76t.

2018/1/13 17
BRI A VUR KRB S EAR
5/ BIOGAS FROM HIGH ORGANIC LOAD
WASTEWATER
208080

BITR B =ANER HHR300m3 CODN10 Amg/ LKA NLEK, BREBS37A
m’. FEEKAFRAERS-67T, MEMF~E30-507t. HA~{EZI11005 TT.
30,000m3 biogas from 1,300 m3 wastewater (COD 100,000mg/L). The wastewater
treatment cost is 5-6RMB/m3, now producing value of 30-50RMB/m3.

2018/1/13 18
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208080

"FEMBTHASKIE
QINGXIAN CORNSTOVER BIOGAS PLANTS

aoa

a0

B DA R Oy RERE K
NEW MODEL FOR ENVIRONMENT PROTECTION:
FAST AD FERMENTATION

160 160 7
e * . -~ "‘I .
; eet ® w3 f PR 2 ..
= 4n / ot
% 120 / K o | P 30K
s d &= / 4
ot 4 2 I
5 80 I‘ 5 80 :
fit p Bt }
r . J! I 4
1414. . #4074
o 4
0 v 0 . .
0 10 20 30 40 350 60 0 10 20 30 40 50 60
REAE (d) HEAtiE (d)

IR (F) MFFEK ) RERE
Pig liquid manure (left) and Dairy (right) Fast AD

WA T ERA RN RS AT ER
Fast Plug-flow AD

20
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Ja KBS WA

) POST-FERMENTATION AND LIQUID DIGESTATE
=t STORAGE
Ba@-80

A
BiE L R G
. [oweE )
s : | omitisae |
5} + descontinuously |
3
S —
N b R
i: SN
‘ N
0 ] 00 1% 0 = w
Hydraulic reteation time (d]
Weiland, P. (2009231874 f MBssprog 161 Bi I im Verlich.

Erstellt durch Johann Heinrich von Thunen-Institut (VTI), Gulzow, Germany.

@? g Ep
‘ /) EXAMPLE IN SHANGHAI
T D)

Biogas for power ieneration

2018/1/13
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@\ 1IE R ZE A
= EXAMPLE IN ZHENGDA

BA GEAGIRSEMSEHE KB

Biogas leaching into air or collected

2018/1/13 23

.\ AR ERF A

@ UTILIZATION OF BIOGAS SLURRY

2018/1/13 24
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i C 7436 B

ANMIMAL-CROP MATCHING

@

@as=@o

Nutkgients Proddicts
2018/1/13 ' 25
L8

s LR EN&(K11%,

BHEFHIFESD (N P. KD EP;f{g,EKQOO/@EL
NUTRIENTS IN DIGESTATES : ;35 = 272!

) 4000 - S EEEEEEEEEEEEEEEEEEER
3500

=l 3000 |
@0@=@0 = 2500

RERBBEBRT S 2000 -
BAREBEWAEKR =150

=

L
o e
EEr
A
HooaT
&
!
e
i

BOARFEEE 0 st
A5 o ]

R SRR PEEy-aa 2

[)LIGE, B2, TR =5 ?i&ﬁfﬂ!ﬁﬁ&ﬁ%ﬁﬁﬂ??&ﬁ%ﬂ% BELES, 2011, 29(1): 3438,
RI=ES A ﬂﬂﬂﬁﬁ%ﬁﬁﬁ&ﬁﬁ@ﬁﬁﬁ@ﬂ%ﬂ@pﬁiﬂﬁ !, 2013,
%ﬁiﬁ HAZEHE r2on 5 TERE SRR SR RE) BERS, 2012 30(3): 17-20.
i, E0Eh, % AT

LE0E ¥ SREBRER RS ). 2013 Fﬁgﬁiﬁﬂ%%ﬁ?ﬁﬁ%&}l% (FABR6E013.
Bl BiE. B LR RAREENESAHET WM A0, ERAE, 2013,
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/.\ a: 853, ;:augm-ziﬁ éﬁ %%@f%ﬁﬁ
PLANT-HORMONE IN DIGESTATES

@as=@o

1A 7 i FERTIN 72864293 65.88+2.13 68.24+1.98

R (1-10 _ 31.44+4.06 16.96+0.08 24.2541.03
’E:g/ﬁrj é% _ 13.58+1.14 23.624+0.23 25.274+2.01
K, &k
fg ﬂ‘ r%— Xﬂ' _ Pig manure < Cow manure T Chicken manure|
EUER - i - <o

= summer
BHmE 2 I autumn
ﬂ;ﬁﬁ . : o [ winter

2018/1/13 GA 1AA A 1AA

B GA ABA GA AR ABA
FeiE: ERTRENTYRE “BEERER R SRR E S AL g‘%

@ TEBUR B =6 -H &

BIOGAS SLURRY APPLICATION FOR GRAPES
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@) VBB AR H R FH R -3 R
s BIOGAS SLURRY APPLICATION FOR APPLE
(> JI) [0 ]
2018/1/13 29
VB WK BB — 4R A - YT 7
. FERTIGATION TECHNOLOGY FOR BIOGAS SLURRY
@ APPLICATION-JIANGXI
Bae-80

XFEHEAMAREERERMERE, BRETTH ‘&5 —2A8” @&.
Support the construction of pipe and pond in the field for digestate transport and utilization

Source: Wang LP, in GreatCycle meeting, 2017
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e
rEEREeeEEzR e VP ARAERGRLE I I E
A RREERAEEERERESE D EGULATIONS FOR BIOGAS
201 Pt EGTATES FERTILIZER TESTING
802280 201 X-XX-XX& %1
SRR ARRORIE B E 77 5%

Regulations of Ar

ate Fertilizing Effect Test and Assessment

EWH)

Rt AR 3t B E R AR
ICS 27.200

J73
2018/1/13 31

(THER) ZrmllER

FLUNCTUATE BENEFIT ROUTES

Ba@-e0
1. TFESLEE RS Fight for construction subsidies 1500Yuan/m3
2. W HNSEHI T 29107/ (1 an97m/3k58)

Charge waste transportation payment 10 RMB/tons (<15km)
3. {8=#JR Energy
< H# Power generation from biogas 0.75Yuan/kWh
= R AR Gaseous energy 1-2 Yuan/m3
RS, BioMethane 1.5-4.5 Yuan/m3
4. AHLAEHE . BHLET % E 7 9007T/ M, VB SER&i-2~+ 70/,
Organic fertilizer product: 900 RMB/ton; Biogas slurry -?~+ RMB/ton
5. Ev: 5§ I 5 Waste treatment charges Depends, -??~+?
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EHRW =G —ARBAESILIE, 3?2
THREE MANURE AND ONE STRAW PLANTS: ?

2018/1/13

aaa (@]
Feed stock Temp (°C) Digester Volume (m’) Biogas (m’/d) HRT (d) Process  Gas application
Pig manure 35 1x320 100 40 CSTR Household
Chicken and pig manure 35 2x1,000 600 50 CSTR Household
Dairy manure 35 4x550 2.000 50 USR Household
Maize straw 55-60 1x400 120 50 CSTR Household
i e maire et
b manure ’ %
il B e S S
20 — A
H PERI e e
Z 200
8100 —
2 <« plantHRT
0
0 10 20 40 50

30
Time (days)

Source: Wandera SM, Renewable Energy, 2018 33

I ETER
w» ' IMPR

= R A e

Chicken Manure Mixed Manure
500 o0 ooe| 500 I s
400 f;‘-ﬂ::““n 0 ﬁg"_" aa-aoaaal L = S
-
% 300 ¥, 300 £
E & & CHIWO Trace Metols & CH VO Traoe Mesais
=200 & CHAWO Trace Metass Prea | 200 WO Traoe Metais Pred
g ©  CHeWTrace Metals. ©  Cri Wah Traoe Metais.
w0 & e CHA Wi Tracs Mesas Pred. 100 == == CH4 With Trace Metas Prod
0 T 0
0 5 10 1520 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55
300 300
Straw ow Dung O
=0 ﬁ'ﬂ,@,‘g,“?ﬁgﬂ =0 JRSREAE ahs
4 =
@ 200 200 p /i
150 150 ot NiCly-:6H:0
5 * & CHAWO Teas Masis ob & CHAWO Troce Metsls 2 2
2100 | B - - - - CHWO Trace Metals Fred 100 = === CHA WO Trace Metals Prest
- © G4 Wien Trocs hotais a ©  CHA Weh Trece Metols e
© é = == =~ CHA With Trace Metals Pred w o — - - CHA W Trace M s Pred CuCl-2H;0
i .
0 0 - -
0 5 10 15 20 25 30 35 40 45 50 55 D 5 10 15 20 25 30 35 4D 45 50 55 NaMoOy2H:0
250 - Pg Manure .
oo 000 duration (d) _ _
@ 200 ST Substrate R} Trace metals (with / without) P (mLCH./g-VS) Increment
g Without 2 A1 79
150 i s Y
2 QT Pig mamre 43¢ With T % =
100 —— G4 With Trece betals Pred Without 250 288
i +38 . °
. Mixed mamure 3 #+783% With FEN 6 10%
. 53
Dty mamre % Without E 0] 78 26%
0 With iR 98
© 5 1015 20 25 30 35 40 45 50 55 Without fﬁj]l] 169
duration (d) : o <o
Maize straw L5 With AN 160 5%
20 18!1!13 Source: Wandera SM, Renewable Energy, 2018 34
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R MR R E SRR BRI RE
| INCREASE BIOGAS PRODUCTION FROM

| Dairy Manre CONTINUOUS AD OFl AIR¥-AND SWINE WW
T 15 Feeding TS: 4.43% Feeding TS: 0.84%
Sa HRT 16d f 7 ;| mri0d
g Er 10 CH, Increasedby 11%0 E E CH. Increased by 21%
H 0
2 5 <
== dairy mamie == swine wastewater
—0=Fe2+ Smgl —B—7n04mgl
! ;) 5‘0 lll)D 1;0 ZI‘D ! 0 1‘0 ;'.ID 3‘0 4‘0 5‘0
Accumulated added VS (g-VS) Accumulated added VS (g-VS)

& 7T IRESED = PR Increase the methanogenesis activity by adding Trace Metals

e

120

o | m-situ acetate (2g/1) added into digester | In-situ acetate (2g/L) added into digester
= =
E"' 3 y=03038x w0
E N R? = 0.9985 +32% E +78%
il 2+
B3 | Dairy manure+Fe E 60 - Swine manure+Zn*
. E
g 2] ] w0 y=4955
5 Dairy manure 'E * R*=005515
E 1 E Swine manure
g
o i . : 2 0 : : J
0 3 10 13 20 o 3 1o 15
2018/1/13 Time® Time(h) 15

Unpublished data, BEST lab, CAU

G? BN 414 IRBUAE SR
) ITEC-INTEGRATED TOWN
- ENERGY/ENVIRONMENT PROTECTION CENT
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EREEMNBETHRELZERAR

ANAEROBIC TECHNOLOGY IN
SMART ENERGY INTEGRATION

/ S

gueom|a

2018/1/13 - 37

-_——_

B RE TR M 2% P ) SRR B BOR B AT
AD PROSPECTIVE IN SMART ENERGY

@ INTEGRATION
Bos2B0 ——ANERRGNERERRG .
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| 2018/1/13 | 38
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BESTH A # & TAE

RESEARCHES AT BEST

RN — AR

Pretreatment for unique feedstock

IrEb Bl
Dr. QIAO Wei

FRERAR,
Dr. GUO Jianbin

B
Poultry

marnure

B Eista B 15 REERETE
Livestock Straw Kitchen Activated Anaerobic Process
manure waste sharry —

=R
Dr. WU Shubiao

RS A

Digestates post-treatment

sRutE || EEs

FMELE | | REWE FREE
Trace Microbial Monitor Remote Membrane
element additive prewarning monitoring reactor

AT
Dr. ZHOU Yuguang

#BAR | [ mwEk |[eeow | | ATER | [ s TEER
Field N/P Liquid Constructe GHGs .
- ! . Equipment
apphcaj}?ﬁ g/ qEeevery recycling d wetlands reduction 39
=7
¥
BB ERE R E K
ages|o
K A A s M F Ak ¥ 1] FRE ] e A A i A BB 1T 5 Y
Pre-treatment of "
;:::::;:i‘:; H"n'?:;t;::::xpn' materials to be AD AD Biogas Use Ligquid Digestate | Solid Digestate ?:::5‘:: ;’.':::E;:;d
- E E
R 7 i ¥ WL 8y 58 W R I R A

Raw Materials Mechanmcal
Components Crop Residues Grinding Gas Storage Components Components Mitigation
o] % b % b s 0 e T o e e 7 AR
. . . Digestates P
Accessibility Steam Gas Cleaning |Digestates Storage ;i:::x:h GHGs mitigation
42 5% 1 JE 4 o B PR EE it w5
Economic Non-Ruminants manure . . . Pipe line and Value-added
Feasibility and wastewater Briquetting Plug Flow Gas Pipe Pumps Products
9 b iR 1588 & Ak A% MU 3 s | ...
. Low-cost Membrane
Wa E N "
Kitchen Wastes Settlement  |yyorizontal Tank NG Condensation
L T T T B AR
Vegetable Wastes Stripping

R AT
BN I KL AR LR FW
s
. ) Proces, Social and Ecological
Municipal Garbage Send Separation w;::.::.;g ocia ;;:ncr::; ogical
i 5 B A A BATEERH | 20 |EkELMAEA|] 00000000 | ...
Molasses Alcohol N .
Wastewater Hydrolysis Crop Field Load
L1313 FE TS

Acidification

Injection
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Y

@

—o

e & |\ II5 T

MANURE CONTENTS MONITORING

@as=@o

TR

BHLR

HGE

opH

HE. AHLA. THLA.
B P205. BEEE:

o SEFK20%%

RS EEPERE. FRREMEERES . WOER . TR, BRI A LU BRI
FO— IR B

PR 18l [N- [N- [N- |PaDs |K:O® [N/P20s]
{ofkg) [i  [tor* |min® org* [+ |(afkg
(a/ka) |(9/ka |(a/ka) |(g/ka) |(a/ka|)
) )
FRE 85 | 64 |41 | 20 | 21 | 1.5 | 58 | 27
#F- e TRV B 250 | 188 | 7.8 | 1.6 | 6.2 | 44 | 58 | LB
ﬁ IEEEESE 194 | 152 [ 53 | 0.9 | 44 | 28 |61 | 1.9
THIESE 63 93 43 7.1 4.6 2.5 46 | 58 1.5
T A AL 250 | 116 |10.5| 3.8 | 6.7 |124| 58 | 0.9
EECEIET)) 573 | 416 |25.6| 2.5 | 23.1 |19.6 155 1.3
*:N-tot = GE. N-min = &, N-org = {iHLE. P.0s = Bfli. K:0 = SAlH.

'A%Er (%\ ﬁﬂ\ %\ éPSL %‘;’“) N/P:Os= @B/

contentet al.)

S
EER (R @ W | WO = g
ofAER oo 34 A
o4 H1 7 e o -
BHAE = PR e S
| & o S S
| ragum gy ds 5900 00 11000 2000
2018/1/13 5 . 1
= ol T B -
N N,
AT 77 A
/i\, WET STORAGE OF CROP RESIDUES WITH
y
— DIFFERENT PROPERTIES
Boeo.0

B Storage for the year-round substrate supply
B Complex characteristics (cellulose, lignin, water

B High Dry matter loss (could be as high as 30%)
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e

7 E"O/Fe-] f)H t2e < H
HCO Mpr TRACE ELEMENTS

808080

5-HCO-H_.;SPT
FypH, k’ Fyol, < H,
L |
Ll Fe/N'| CH,-H,SPT
£ 4 k Fpdy, «— H
CODH
acetate =y HS-CoA CH3-H,SPT

@ ﬁe/Co/Ni/Z k HS-CoM
® k HS-CoB)
B [ EE

1. Zandvoort M H, Hullebusch E D, Fermoso F G, et al. Trace metals in anaerobic granular sludge reactors: bioavailability and dosing strategies[J].
Engineering in Life Sciences, 2006, 6(3): 293 - 301

2. Shima S,Warkent@(}lﬁf@ﬂ_B K, etal. Structure and function of enzymes involved in the methanogenic pathway utilizing carbon dioxide and molecdidr
hydrogen[J]. Journal of Bioscience and Bioengineering, 2002, 93(6): 519 - 530.

@ N RN
- AMMONIA STRIPPING

2018/1/13
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IRE & B 72 B 5 = 5t )
PROCESS MONITORING AND FEED-BACK CONTROL
' TVFA/TIC2BaNiEE(Y ppy-D-14

pHERIE =<0 [l
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2018/1/13

Unwanted signal
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BRLERBHE DTk
B10GAS FOR CLIMATE CHANGE MITIGATION

B0@=@0
) 100

703
508

300 4——

g COY kWh

100 | 23 39 61 89

.
-100 4—
114
300 18—

-500

Biogas - CHP Wind energy Hydroelectric Nuclear power Photovoltaics Natural gas Hard coal Bown coal
power plant

Specific CO, Emission Associated with Energy Generation

Resource: Poeschl M, S Ward & P Owende. 2010. Prospects for expanded biogas utilization in Germany. Renewable &
Sustainable Energy Reviews: In Review

2018/1/13 47

BRIERS: W KE. BB T
BIOGAS CARE:
@ ACTIVATE EXISTING BIOGAS PLANTS

g0esaa
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2% | AEAxRE fﬁ
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TRERGFA L
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aoz-ao Dr. Biogas

2018/1/13 43
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W EBT TRAXE-SERNFIE

NEW COOPERATION OPPORTUNITY

208080

@ iiR= e o LN 3 AN v S
RESEARCH CENTERS IN UGY

ageo.0

2018/1/13 50
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© AR SR AR

23] » I 0O Bioenergy and Environment Science & Technology Laboratory

2018/1/13 51

YOU WILL BE THE HEROES WHEN
YOU TOUCH THE GREAT WALL
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