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1. Welcoming address by DBFZ--Prof. Michael Nelles

I am delighted to announce, ofdgrsculturdl tlessduesinGhinact 0 ETn
and Germany® (ChinaRes, Funding Code: 22025816)
the financial support of the German Federal Ministry of Food and Agriculture. This allowed the
Deutsches Biomasseforschungszentrum egneinnutzige GmbH (DBFZ), located in Leipzig
(Germany), with the assistance of the Chinese Academy of Agricultural Engineering (CAAE) to hold

a public workshop on 6How to foster the wutilisat
Ch i n a ?edl4tloafi 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
SinoGerman Centre for B o ma s s research wi t h t he unveiling
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 managementAside from the scientific topics, the new Coopation 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 SineGerman Centre for Biomass Researalas 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 massjded challenges
regarding the utilization of agricultural residues.

Finally, the "SinegGerman Regional Centre for Biomass Research*I8FZ 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 offdile 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 energetiase 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 vasiou
German institutions.

Again, | would like to welcome you to our public workshop in the frame of the new project
0ChinaResdé and | hope we will make a good progr e

| like to thank all participants for their valuald 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.eDio some other official affairs, vice president
Zhao Lixinand Prof. Meng Haibo camot 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 ChinaReProject meeting, and extend sincere welcome to all our guests
and friends.

Take this opportunity, I 6d | i ke to give you a
Agricultural Engineering is statewned, and subordinated by the Ministry of Agricutet CAAE

now consists of 11 institutes, nearly 600 staff members in total. In recent years, around the
agricul tural engineering industry chain, weodve
monitoring, protected agriculture, products processing and circuiat engineering, waste
comprehensive utilization in the field of agriculture.

CAAE has 5 MoA Key Laboratories on Resource recycled utilization, -pgrducts onsite
treatment, Agrewaste energized utilization, Construction of protecteariculture, and Renote
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 anddmtational 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 aademic exchanges together and held academic workshops in China
and Germany respectively. This year, we both set up the SiBerman Biomass Research Center

in CAAE this August, and signing ceremonies were held. In September, Prof. Zhao Lixin visited
DBFZ fo 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 carefuservice 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:

OHow to foster the wutisl iisnattihoen ba fo gaagsr isc
E " vB T "3

3.1 Programme

Presenter Comments

-

Registration
09:00 & 09:45
Y
Prof. Meng Haibo,
Welcome “ CAAE 3

09:45 § 10:15 15min each

by host and organizer 7/8_
Prof. Michael Nelles,

n DBFZ
T

Dr.Feng Jing

15 Ne

Key note: The Chinese
agricultural biogas secto®
current challenges and future

10:15 8 10:35  perspectives B

7
h T i CAAE 3 78
Fooobk
Key note: The German
agricultural biogas sector
current challenges and future Prof.Michael Nelles,

10:35 8 10;55 perspectives DBEZ
T
h ! "3 -
Eoo

10:55 6 11:10 Tea Break
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Effluent utilization and
nutrient management plan in
agriculture in the North China Dr. Marco Roelcke,
11:10 8 11:25 Plai DCZ,GIZ " 3T
. b
T Y. 1 M C 3
G | 78
11: 25 8 12:25 Introduction of participant CAAE, REEA, 5min each
DBFZ+ATB, CAU, CUPI
a w. HFUUY and others @y B 5No
12:25 6 14:15  Networking Lunch
Intrpduction to the ChinaRes Britt Schumacher, Kay 19 min,.incl.
14:15 3 14:45 PO Schaubach DBFZ discussion
ChinaRes T 10 Ne
Manure management and
biogas plantsd the Sun Liying
operational and technical
14:45 § 15:15 challenge in China a)
T b 0 REEA 3
b
Processes and business .
. Prof. Dong Renjie,
casesd the economic
challenge in China
15:15 8 15:45
6]
L 3 oT CAUT 3
15:45 8 16:00 tea break
Open table discussion
OPotentials a visitors may give
optimized operation of impulse talks (5min)
livestock farming and biogas o to present
plantsé all participants, themselves and
16:000 17:00

interest in project
av. 7 BNe T b

Y

-

Ger manyé
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Wrap up and . .
acknpowrl)ed ements Qian Mingyu
17:0008 17:15 g
b
18:00 social event with dinne
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3.2 Participants

Name Institution
i B
Michael Nelles(Prof.) DBFzZ
Britt Schumacher DBFZ
Kay Schaubach DBFz
Meng Haibo CAAE
Yao Zonglu CAAE
Feng Jing CAAE
YU Jiadong CAAE
Huang Kaiming CAAE
Zhang Xi CAAE
Sun Liying REEA
Marco Roelcke GIZ CN, DCz
Qian Mingyu GIZ CN
Zhou Hongjun (Prof) CUPB
Jiang HadAssociateProf) CUPB
Fan Jingchun CUPB
Dong Renijie (Prof), CAU
Guo Jianbin (Associate Prof) CAU
Wu Ke (Prof) HFUU
Jin Jie (Prof) HFUU
Chen Jun HFUU
Bao Teng HFUU




Wo r k s Bnergeticautilizatonofgr i cul tural residues in China

Ger manyo

4, Presentations Workshop ChinaRes

4.1 Welcome presentation by DBFZ

s China China
2 University of ) 4| Agricultural
Petroleum G| 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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China cooperation partners (examples) DBFZ
China * Sino-German ( _ i k :
i China . Chinese
i i ricultural Center Chinese
University of Ag il Acadetwon &Academy of
Petr(_)_!eum University Saitncs Agricultural
Beijing Beijing Engineering
State
Administration
of Foreign Shenyang
Experts Affairs Aerospace

University

Chengdu
c@ Institute of
Biology

Tongji
(@) umersty

Shanghai

| S
—

\ Huazhong
”/ USTC Wuhan

. Hefei
4 German RETech Partnership z Uni\?ereslity
e ’ Recyciing & Waste Management ng wtstenn N (CETK)
Made in Germany
4

perz) CETK

Universitat (.

R k 7/ Traditio et I ti
OStOC 7/ Traditio et Innovatio AR AR L
ey
hE-::
6.00% 0.10% Py
00%
1.00% "'\
<24
18.10%
w S84 5
0.30% = -
1.90%

e e BESIREREATEIN
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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

China — China

Chinese - T =
Academy of f University of Vi y|  Awgricullural 4:0’}\ Unl;lgzity
Agricultural ./ Petroleum L University s/ (HFUU)

Engineering : Beijing Beijing A=

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

12
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4.2 Key note: The Chinese agricultural biogas sectord 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

& B5 T2 A% 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 > ==
i b

o BEREITFIANMERAAE The pretreatment of o BAFEIIAMNERARA AR, Raw material pretreatment

mixed raw materials is mature technology is not mature
o JURL Y RIITIA. IBEAREARERA A o REBEWARLS , FlEF=pEHE, EREHRE
mature dry and wet anaerobic fermentation Anaerobic digestion is not synchronous, intermediate
technology was developed products control difficult, mass transfer heat transfer
® PSS, >15mim'd  Gas production o FEEREE , <1m¥md.d Gas production efficiency
efficiency

SEMEEHKFAEL , RESERREHEE

Anaerobic fermentation efficiency is low in China

3288

o [UMhiEE , BEBRFmEAH Thebiogas o FhFIIAILES , BESREZAHFEE Too large

slurry can be used in land directly amount, the land around the biogas plant does
o BESETIIIRHIR ARG Pollution control not have enough capacity for biogas slurry
technology of odor during composting o HIERBESETRISHIAKHE Low level of
o BRAELMEFIBERIRME advanced pollution control technology of odor
treating technology of biogas slurry o BREZUMENBRAES The utilization

technology of biogas slurry treatment is lacking

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

biogas slurry in China is very high

20
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o REKBNFFESIHERY, SR o TR, R|EK. BRI, BEEREIRML

1. TEAZEFIK Anaerobic fermentation and BEIKHE , SRR R, fEET" low
resource-based equipment design modularization, level of equipment for biogas productionand lack
production standardization, product serialization of modular design and standardized production

° Iﬁﬁfﬁ'&ﬁ%ﬁ?ﬂ RN The operation ° Iﬁﬁifi’% BRI ARG Low level of intelligent

of the online monitoring system is mature 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

> XS SEERE, ERXFEEKR, TBEEIESERK. Regonal features: warm
climate, large quantity of vegetable waste, low organic matter content in soil.

» EEREA: BERMEERSEIBYRANGEEMALRE, HTREREEGREHEK,
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.

> EERA: FARER, BR. FEESFELDEMNBEMFLE, #HTEEEEREHE
#, 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
HIEFE AR, BEABAZERATAR. 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-Cold

]}

> 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
anaerobic digestion, wastewater and produce biogas slurry are used for the treatment of
feedstock, main products include biogas and digestate.

> OREREAR: RRUMEERAEIEE,. RATLGESAR, THREEARSEENR. BEMAE
HEI BRI AR SRR RAL £MEA AR, Keytechnologies: storage and transportation patterns,
raw material pretreatment technology, continuous dry anaerobic digestion, fertilizer producing

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

Livestock

Wastewater l .
iogas

- ik Pretreatme

Livestock Storage and ¥ + =

manure transportation il Dlge_s_tate

Slurry fertilizer

Crop straw
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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 EETFEHZE M E A A[Z 2
& E

° 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% 14% o Animal excrements
S %75
® Energy cropsHEiR
e

s |Industrial and
agricultural residues

w DIFIRIESRY

Biowaste and
green waste

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

BE il & Uk
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

BASEER)
Biogas use has lower requirements on feed /£ /yiB S R # Eb 4 A1
FERIE

> perennial crops with advantages for soil fertility, groundwater
and biodiversity protection possible ZFE £ E¥xt F LR H, T
KMEDSHFEERTER/F

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
ERXK

Typical farm size in Eastern Germany 500 - 3000 Large cattle units
(Lov) EEAR AR AR ) S TE H R 500-3000 % 4 H 61

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
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Wo r k s Bnerpeticautilizatonoagr i cul t ur al residues in China and
Slurry and manure from livestock in DE DBEZ)
Resource potentials EEZ 5 [R#E

Cattle slurry
Untapped potential 91 Pig slurry
= Cattle manure
W Pig manure
Current utilization . 4.6

® Chicken manure
Technical potential

Theoretical potential

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 FIfA7A = DBEZ)

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

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

Options for Utilization - D@

intention of smart biogas FIF AX-ZEES

Combined heat and power (CHP) 4 FH B

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

38



Wo r k s Bnerpeticautilizatonoagr i cul t ur al residues in China and Ger manyé

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
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