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RURAL AREAS AND AGRICULTURE
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RURAL AND AGRICULTURAL GREEN DEVELOPMENT POLICIES
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AGRICULTURE AND RURAL SECTOR BECOMES FOCUSED IN CLIMATE CHANGE MITIGATION
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® 2014 CN-US declarations: 3-5 out of 8 are related to agriculture and rural sector: @renewable energy, 3agriculture,@energy saving bldg.,
(®low-carbon transportation, ®methane/non-CO2 emission

® 2022 Joint Glasgow Declaration on Enhancing Climate Action in the 2020s: Regulatory frameworks and environmental standards, methane
emission measurement and control policies, deployment and application of technologies, incentives to reduce agricultural methane emissions,
joint methane abatement studies, Methane national action plans, joint meetings

® C(CN-US Sunnylands announcement: Launch of the enhanced climate action task force for the 2020s; Implement the national methane action
plan and refine further measures; Develop respective methane emission reduction actions/targets to be included in nationally determined

contributions by 2035; Nitrous oxide emissions; A high-level event on local climate action in the first half of 2024.
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Source: WGI. IPCC AR6. 2022.
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O {EARFaSINSIYI(SLCP), HIREXRSFRFmA11.8EF, D RIHEIE

PR IRIR BRI B R AN A 2 —.
O $/E30FRFEKRIHIIFES 0% AT E20505E B/ >imFH0.18°C.,
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40%

Leaching from
energy sector

Wastewater Jj;:7j(§tf%;ﬁ Other

Bl & 74 4k

Solid waste

LI 3
Animal manure Ej]%;gfi ////////%% I

IKFEFh1E
he \RHES 16%
1RZLEE IR
EiRE (2019)

Enteric methane 1% f71& % [
18% 5%

O Methane is a short-lived

gaseous pollutant (SLCP)
with an atmospheric
lifetime of 11.8 years.
Reducing methane
emissions is one of the
most cost-effective
strategies for rapidly
reducing warming rate.
50% methane emission
reduction in 30 years will
result in 0.18°C
temperature-increase
reduction by 2050.
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United Nations Environment Programme and Climate and Clean Air Coalition (2021). Global Methane Assessment: Benefits and Costs of Mitigating Methane Emissions. Nairobi: United Nations

Environment Programme.
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BIOGAS PLANTS FEEDSTOCK IN GERMANY

3% 39/
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GeoBasis-DE / BKG
© Deutsches Biomasseforschungszentrum gemeinnitzige GmbH, 2023

Database biogas DBFZ; operators® survey 2022 (reference year 2021)
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@( FIVE ROLES OF BIOGAS PLANTS
AasIiE i NN
Biogas plant 1 Digestate

Biomass Easily Degraded Hard Degraded
and Biowastes

HET= ES MHERE
Compost Emission Compost

-+
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ES=ZE(#E Animal Manure

{EYDFSFF Crop Residues

SRimiizik Fruit and Vegetable Waste
AT A iEL IR Rural Household Waste
G173 Food Waste

EIsRiiiifk Kitchen Waste

152 Municipal Sludge

TEIRLI Landfill Waste

t2 T {7l [E7K Light Industrial Wastewater
HE3R T 47\l 7K Other Industrial Wastewater
BSrT & Total bio

A R4 IAS Biogas based Methane, bem ST

A LIE(EReiRPRIteaL, LAFREJaf6)

CHINA BIOGAS POSITION IN ENERGY

2020 2025 2030 2060
B& mEs Be ES RBe mas BR ES
feed biogas feed biogas feed biogas feed biogas
2790 234 3395 | 142.6 3701 353.9 | 3320 | 896.4
860 2.41 900 368.4 950 1282.5 | 900 1795.5
250 0.2 260 1.92 280 10.56 | 250 80
163 0.42 160 2.96 140 14.41 80 45.1
75 16.8 80 27 90 85 90 166
121 6.4 140 63 160 149 190 342
47 2.0 70 6 100 15 90 28
100 164.2 140 126 160 79 190 37
4556 228 5000 | 300 5530 331 6710 | 537
1981 39.6 2410 | 49 2870 57 3110 | 63

108.688 RINRY
29.006 65.213 142.64 239.4
AN ARFT 1.586 30.953 99.682 169.0

520205 F RS HE  (333.989) % of 2020 NG consumption

m2020FFAASHOE (139.7) % of 2020 NG importation
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CHINA BIOGAS POSITION IN AGRICULTURE

SEHEPREREHHETENEE(TEITR

= A
221 FEFEREB2.7MCH (TIR)  HEBFEA Contents of major elements and trace elements in livestock
(2.5%) =W (1.2%) FOEH (1%) 700, 335, 2798 and poultry manure (DM based)
1%, 2020F=ERARCHTEE1833.80/5M, KFRBIE 243 o yir e FIE PLOE
#reEE653.85 018, RAMICITAERS41.9101) . 55 Nutrient Cow dung Pig manure Sheep Chicken
A e manure manure
Fressem aIERRR— 2, L TN (%) 173 291 2.23 2.82
In 2021, the 279 million tons animal manure (dry matter) §2§ TP (%) 882 1'133 0.78 1.22
: . : TK (%) i 0.78 1.4
hl :
contains roughly 7, 3.5, and 3 million tons of total nitrogen 2 B (mgkg) 228 217 308 24
(2.5% of DM), total phosphorus (1.2% of DM) and total 242 7n (mg/ke) 187 199 146 130
potassium (1% of DM). As comparison, the chemical  £%f Mn (mg/kg) 355 261 172 143
fertilizer consumption in agriculture are 18.3, 6.5, and 5.4 £%H Mo (mg/kg) 3.7 <3.0 3.4 4.2
million tons of TN, TP, and TK, respectively. Manure contains £8K Fe (nghkg) 1952 1845 1921 1901
. o £ Cu (mg/kg) 167 50 23 13
about half of the nutrients used in agriculture. BYUE OM (%) 73.6 77 602 68.9
U 0 . . .

NS, &. BYIEREEYEFRNIRS TEIROAVER, &ZRMECurrent Progress in Soil Research in People's Republic o China,197-206,1986.
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AMINO ACIDS AND PLANT HORMONES IN P1G MANURE BIOGAS EFFLUENT

251 Fh3E Acids WBEELEEBIR Pig manure based ¥&3E Pig manure
VR ERR &R threonine 3 —
Essential amino acids HNEZFR valine 66.4 53.5
FEFER methionine 36.5 443
AR EER phenylalanine 65.2 33.15
FREER lysine 88.3 55.62
FEZ\ER arginine 76.5 47.8
=S8 leucine 3.6 11.18
S=E R isoleucine 7.2 —
AR histidine 16.2 —
1T Sub total 362.9 245.55
IEVEFER K| IZE S Aspartic acid 110.3 99.68
Non-essential amino 22 F R serine 71.8 62.5
acids HE R elycine 11 —
RS EL alanine 150.1 230.5
BLEER cystine — —
ABEFE clutamate 86 65
FRUER proline — —
&1t Sub-total 429.2 457.68
;jl::h ;Efﬁﬁ%%ﬂl? T 2 € Chicken ma\nu\r\‘e‘ \ 43¢ Cow dung — 1 3 Pig mamfr(? —
Plant hormones of Phytohormones J& # Raw material TR 7 EH R : 78 I & " , ERLSE i
Fi Biogas slurry A aw material Biogas slurry JZ ¥+ Raw material g iogas slurry
raw manures and
th.ld digestate Gibbel'ellil.l aci(i.l (GAy) 1.45+0.65 44.83+1.68 3.06+0.67 38.53+1.40 4.25+0.26 16.37+2.16
Indoleacetic Acid (IAA) 4.44+0.03 36.841+4.32 7.05+0.92 17.38:+2.31 4.37+0.02 21.17+2.02
(mg/L) Abscisic acid (ABA) 6.45+0.15 13.234+2.82 7.24+0.28 2353227 8.79+0.37 35.59+3.4>
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Emission source
Feed crop production
Transportation
Enteric fermentation

Energy
Manure Management

Total emission
Fertilizer replacement
Energy replacement
Soil carbon fixture

Net emission

AV LIE(ERAEPRIMEGL, LAFRE/af6)

CHINA BIOGAS POSITION IN CARBON MITIGATION

T ol ..
HERIR | %fﬁfé{;%qq'ﬁm‘m“ﬁ";’f %ﬁaﬁ’%@i %;%g%@ HERLE/(tCO1e/5F) Em1ss10ntC02e//a/
JE—  HITERUERE) |, 15%FENG HEGHE, B
_____ s e L Y
ERhstg  CEHEEREESERERERZE, Bk 0.034
.................................... -~ BACENBES TERRER 1%, o
imaklE EEHOREECFSHETEERR, TEZEEK 3.840
Ab\ ...... “’ ............ 7J(S|ZT§E1:}-LHEIJE ‘;JEIJ;{&';JI:IJ;EEE @ﬁ;ﬁﬂ(ilzjzg;éio ............................................................................................
BEIFHFE 0.622
CHOR | EEERE #IBHRS EIRq0 . ERmO Atz
REEE gp 0 R IR REE | pEsIE KRS I
 5.637 0.796 0.464 1.252 0.382 0.115
BitHERK 12.875 8.034 7.702 8.490 7.620 7.353
{LREER{T -0.404 -0.415 -0.321 -0.299 -0.546 -0.575
BEREL®  0.000 0.000 -0.209 0.000 -1.253 -1.297
TIEE K -1.739 . -1.739 -1.739 -1.739 -1.739 -1.739
FFHERY (:1_0732_:’ 5.880 5.454 6.452 4.082 | (:?:742 R
Open All Solid composting Solid composting  All biogas with  All biogas with
lagoon  composting + liquid biogas  + liquid lagoon open pond storag close pond storage
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PADDY RICE EMISSION REDUCTION POTENTIAL

TEHBGURHEE: EEER-AEAH, BETEEKS TR, NEEHESCIEABGURFN, FEHE B SHEEF
(BEAT{E426 kgCH,/(a-ha)2!, ERTAHEEEZI213 kg CH,/(a'ha), BJ5.964 t CO,e/(a-ha), EAZFEHHERGTHERE T3
EA19{E207 kgCH,/(a-ha)2!, FRIERHEE 1I1R39%Mh1, RHEEZIS1 kg CHy/(a-ha), B[2.268 t CO,e/(a ha),
BeRECEHE: TERBHENRIREEPERIEWFIRE, S8R keEYRITIAHE0.005 tCO,: NEFRERIEEIWEER
ECEHEL.065 tCOy/(a-ha); ERZFEEEIRE(CIRHE0.405 tCO,/(a'ha),
GEEERGRHER BRI RE R, WEEEn SLIEHEEL7.029 tCO,e/(a-ha); EBEZFEEHHELT2.673
tCO,e/(a-ha), EHAFEHEBGURHEEIISREA 585%.

Methane emission reduction in rice field: Rice straw removal from and fibre digestate return to the field, coupled with
water management, can achieve halving of methane in the double-cropping rice fields in China [1]. The simple mean
methane emission factor in the paddy field is 426 kgCH4/(a-ha)[2], and the methane emission reduction is about 213
kgCH4/(a-ha), that is, 5.964 t CO2¢/(a-ha). The simple mean value of methane emission factor in single season rice field
is 207 kgCH4/(a-ha)[2], and the methane emission reduction potential is estimated at 39% [1], and the emission
reduction 1s about 81 kgCH4/(a-ha), namely 2.268 t CO2¢/(a"ha).

Energy substitution emission reduction: All the methane emissions from paddy fields were recovered and used, and 1kg
biomethane burned reduced emissions by 0.005 tCO2; for double-cropping rice scenario, energy substitute emission
reduction is 1.065 tCO2/(a-ha); while energy substitute emission reduction is 0.405 tCO2/(a-ha) for single scenario.
Considering field and energy derived emission reductions, the double-cropping emission reduction is about 7.029
tCO2¢/(a-ha), and 2.673 tCO2e/(a-ha) reduction for single crop rice. The contribution of field methane reduction
accounts for 85%.

SUHEF, ETASTEEAPRIURTRE. REESD]. 2022

PEERA RN E

= A
;REJ'_'\:':-

aRRESINERmEIER (1T) [S]. 2011



UhASEIEF K TEMMERY R TR 70

CH4 EMISSION REDUCTION IN DAIRY AND PADDY RICE PRODUCTION

BOs= 80

o FRBESIIEMENFHES, 1S I A/ FRITRHFELI197keg CH,/(a head),
® Annual methane emission reduction per head of milking cow is about 197 kg
CH4/(a'head) by AD treatment of the manure.

o WEFEHUSCIFEHE B HHEEZ213 kg CH,/(aha); BAEFEHBRREEEZIS1
kg CH,/(a'ha) ,

® The methane emission reduction in double-cropping rice field is about 213 kg
CH4/(a-ha), while in single season rice field is about 81 kg CH4/(a-ha).
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FIVE ROLES OF BIOGAS ENGINEERING
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Emission Mitigation Q
o BioGas with Carbon Capture
- and Sequestration
R © SEHER ®© N
BEIRE( BEilR{N{E Neghtive emijsion RE#MiE BERE
Energy substitution Renewable Energy , Fertilizers Energy substitution
Ogas
SIS L=
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HHERE R TIEEK

Soil Improvement Soil Carbon Storage

ERHERY IMRERIPE

Avoidance Clean Environment
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. SUCCESSFUL BIOGAS PLANTS
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MODERN FARMING GHGS REDUCTION

f@

TP p s == b BIRE e
H N E PR BT R G T rtmEY)1.95 kg COse (kg CO.0/ka JET)
(0.82-5.00) , EE/SwES. ALTSIRIE. BARHEM
REEABEFSINI (31.8%) . BERE AL 5 855% 21750.9 kg

(30.0%) . FEFEEE (20.8%) . BER (9.7%) .
=i (7.7%) FEE (7.2%)

The annual average carbon footprint of milk 1s 1.95 kg
CO:.e/kg fat and protein corrected milk (FPCM). There
are great differences in GHG emission, ranging from
0.82 to 5.09 kg CO.e/FPCM. Regions in south China
have the highest carbon footprint, while those in North : : , : .
China have the lowest level. The largest emission source 0 5,000 10,000 15,000 20,000 25,000
1s feed production and processing (31.8%), followed by o ENHM A TS SRS (L)
enteric fermentation (30.0%), manure management B MAES e ST = ’
(20.8%), energy consumption (9.7%), transport (7.7%) B e
and manure application (7.2%).

[1] http://www.farmer.com.cn/2022/01/27/99887278.html
[2] Dong H, Wei S. 2021. Greenhouse gas emissions on Chinese dairy farms and potential for reduction. CCAFS Working Paper no. 384. Wageningen, the Netherlands: CGIAR Research
Program on Climate Change, Agriculture and Food Security (CCAFS).
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Collectlon and transportatlon
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CROP RESIDUES BIOGAS

B ERENFENBAI E, BAR
B = R I2 = 10% ~ 30%., & FfE
FF e EHR1R <3cm, 4-IERE
$13£ 5 10-30t/h,

Wet-storage for 6 months, methane productivity
increased by 10-30%. Special machine to grind
residue into pieces smaller than 3 cm.

Uk FREN
Crop Residues BMP m3/t DM
> ¥ £+
INERRE KRR EARE HELREAT Fresh 53738
Wheat straw Rice Straw  Maize Residue F I AEAT Silage 531.7
£ 4% (%) Cellulose 38.26£4.40 41.30£3.60  37.243.38 T &= & AT Yellow 376.5
N ITHR (%) 'Hemi-Cellulose  [PIRYERRL 18.65¢2.90  17.38+3.16 - e
AREZE(%)! Lignin 21.732.53 18.5143.04  23.13+2.92
o5 M #E(%) ! Sugar 1.68£1.29 5.15+4.01 6.24+3.88
fHEE 5(%) ! Protein 3.28+0.93 5324149  5.89+1.74
C(%)! 42.46+1.11 40.67+1.80  44.06%1.55
H(%)! 5.29+0.66 5274072  5.62+0.57
N(%)! 0.61£0.17 0.8740.23  1.07+0.27
S(%)! 0.36+0.13 0.36£0.14  0.42+0.26
O(%) ! 42.13+1.58 40.954¢2.32  41.79+2.67
7= Fiss# ) BMP (mL/g VS)2 3 130 - 290 150-280  210-310

14-398.2015, 2Gao Ruifeng et al.(2012), 3 Croce et al.(2016),
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MULTI-FEEDSTOCK BIOGAS: (SEMI) DRY, THERMOPHILIC, CSTR

KBEFEFLIEE (FH/LE) straw, 10000t/a 3
EEFEFESHIEE (FH/4E) manure, 10000t/a 2.6
F£=BS8EH (Fm¥/4E) biogas, 10000m3/a 1225
£ YR ARS (Fm¥/4E) biomethane, 10000m3/a 500
RHEEY (kW) 1437
T ( =aRE e I T EREE (JFTKWh/EE) power, 10000 kWh/a 640~1150
ABEATR (m®) AD volume 17182
HREE~SE (m¥m+d) Volume biogas production 2.3
iz F£H/YR=E (AM/E) Organic fertilizer, 10000t/a 3.0

R |
> H
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INYI ANIMAL MANURE TREATMENT AND RECYCLING
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5. ASHIERFE
DARE TO IMAGINE THE BIOGAS FUTURE

ARSENAMRT ETERIRENRBESHKHE T (BGCCS) 2RUMEFDLIEIE R SERRERZ. A
SR, Bk, AR RISt RES LRER. €ERE, BRRUNESHIIRFERRNREITT.
BR (YRR 2EORARANE . JHREMITFEN T BESEER, ALFTRERMES AR
(T, B, & B, KT  ERRNIEFHEERRGTMEEKINAE,
ARIEHEAEXEDRERRIA: XEHE. SMETRME. STEERME. ZMINENE;

el EURR, BREBRIEAXRNEFT

AEMILEFERAPBABER, REAIEARNTBEM.

Public / Governmental recognition: Biogas based carbon capture and storage (BGCCS) is the best way to reduce
pollution and carbon in agriculture and waste treatment. Pollution control, methane emission reduction, energy
production, farmland quality improvement and soil carbon sequestration, and beneficial revenues, are the key links of
sustainable economy.

Biomethane is the most cost effective, scalable and sustainable renewable gaseous energy available, providing high
energy system value across the economy like industry, power, transpiration, and building; It has a long-term role in
climate-neutral energy regime.

Biogas has entered the era of regional collaborative development: the whole county to promote, a variety of resources,
a variety of energy coordination, a variety of function coordination.

Whole biogas chain technologies innovation and optimization to increase the foreseeable economic revenues.

Policies harmonization throughout the social and economical system, to guarantee the biogas industry stability.



(1) FEEFREICRESIE

COLLECTION, TRANSPORTATION, STORAGE FOR CROP RESIDUES AND AD

IR < 3em, BICF > 61 A,
AR R = R AR 5 10% ~ 30%.
grind residue into pieces smaller than 3
cm; Wet-storage for 6 months, methane
productivity increased by 10-30%.
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Collection and transportation

® Crude Protein 4 Water-soluble carbohydrates
A Moisture content
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BEFFENREEHRNEN N
3-4kg CO2/kg N,

Nitrogen use efficiencies are 3 times
higher in digestate-derived tailor-made
products than in unprocessed
feedstock. GHGs emissions from

mineral fertiliser production is some
3-4 kg CO2/kg N in Europe.

=

ORGANIC CONVENTIONAL

BSIIRS T 15010 7RE (22012
) FN200M KRG (7T00NCHKREE) | FU
EESS0AMRISAMEMINTERY)., 59
IIMHEEFEFRS-2 1 RZBETEFR40kmZ N
ES TR, FIs1T85hnE, BESthikioE,
A Danish biogas plant serves 150 farms (220
manure tanks) and 200 farms (700 digestate
tanks), collecting 500,000 tons of manure and
150,000 tons of food waste annually. Five 39-ton
tankers work within a radius of 40km between 4
and 21 o 'clock every day, travelin

Tank gauge §
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1.8 tons of (NH4)2S0O4 from 100 tons of
digestates slurry, said F. Adani

B EiROE: BU. BhEFE. T
B SRER: 2EpH. RININERIF
B RRRAE: BE. INEREIA. R

(3) BSIEFSENY

NUTRIENTS RECOVERY & RECYCLING (NRR)

B Phosphorus stripping and precipitation

RePeat, BioEcoSIM, NutriSep,

Struvite precipitation

B Drying: Belt dryer, Fluidized bed
dryer, Rotating disk dryer, Bio-

Liquid-solid separation techniques
* Decanter centrifuge .
* Screw press

* Belt press

Nitrogen (ammonia) stripping-scrubbing
* pH elevation with CO2 stripping or thermal drying (composting)

with caustic

* scrubbing with acid or gypsum

B FUMMAAEE T BrkeNF=4E3-4kgCO2

B ERAEFDFIARICREMIERS3ME

B Mineral fertiliser production means 3-4 kg
CO2 per kg N in Europe.

B Nutrient (nitrogen) use efficiencies are up to 3

Evaporation and condensation

e Vacuum, atmospheric pressure
* Single phase, multiphase

* Falling film, forced circulation

* Addition of acid or not . .
times higher than unprocessed feedstock.

B BEE BERAE
B T w. REIK. TEEE. £WhFE (HE)

Marieke Verbeke, Claudio Brienza, Kimo Van Dijk. Scenario’s and schemes of proven nutrient recovery and reuse techniques. Public Report: H2020 project SYSTEMIC Deliverable 3.2.

available at https://systemicproject.eu/businessdevelopment-package/

O.F. Schoumans, I. Sigurnjak, L. Hermann, M. Verbeke and A. Williams. A roadmap for the transition towards a circular economy for nutrients recycled from organic waste streams at anaerobic
digestion plants. Experiences from the EU H2020 project SYSTEMIC. November 2021. https://systemicproject.ecu/wp-content/uploads/D4.12-final-roadmap-incl.-cover.pdf
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(4) BRIEREPREN

RE-ESTABLISHMENT OF BIOGAS PLANTS STANDARDS SYSTEM

O XE8inE, BHRESEE, BHREXE, BRINSLH, BRIRSHEIR. RERAEN, ROBERRE
O REABSIN=E (REAEE, REABSHNESDE REABAGRS...............
O BSIiE (BRIETRES, @nMEASIELZ, BEXA, BSRIE S

[0 Mass of standards. More than a hundred! Among them,
some of the contents repetitive, contradict, useless, and
wrong. Lack of necessary standards [£] NYT 1200.6-2014 B TARRANEESOM, 22
. 1 : [€] NYT 1220.1-2006 B TR2RAREE S1865: Tt
0 Anaerobic Ferm.enta}tlon Laboratory (Standard devices, - oA i
parameter determination method, test report

[€) DB 37 T3117-20183 55 [ NYT 1220.3-2006 2= TIZEANES 53555 wTRK
[] DB 45T 627-2009 FEESH

. . s . . @ DB 51T 271.3-2009%4IF [£] NYT 12204-2006 BSTIANED B4isss: imEE
[ Biogas plants (Standard equipment, subdivided biogas % 05 17312 2000ztirmsey ) NYT 12205-2006 B TARRoAAS 585 mRiwh
o o o 5410 5 . o [] DB 51T 807-2008 FAdFFA7 @ NYT 1220.6-2014 BSTISRANET H6885 oM@
engineering process, digestate fertilizer field application, ) 703 1087 wAES [ NYT 1221-2000 MUERARHES ISR, $rREZSHAIE

emissions accountin v i e e I 28 R R
Goosocococsesose oot e iy 1T 25742013 BT BRERE B
D .............. % (G;: ::;5;@ NYT 38-1999 (€] NYT 00-2014 RSP BB % ig iz‘;iigljﬂ*ﬁ%%%%ﬁﬁiﬁf:ﬁfﬁwii -
A é i ]359(@ NYT 1168-200 &‘F_ NYT 114.496.4-2014 glkf=, far = ﬂ%‘“ﬁggﬁﬁ e Ifilﬂ%LI‘Tﬁ*ﬂ)B
[ 0B 11 9] G 3840(8) NYT 1536-200 B NYT 465-2001 Fm&mfﬁ?}ﬁiﬁlﬁﬁmﬁtﬁiﬁﬁﬂﬁﬁﬁmﬁ
[€] DB 12 @ BT 25245) NYT 2600-201 @ NYT 466-2001 Fm@ﬁgﬁﬁslﬁjtfﬁiﬁ+mm@mﬂm
€ 0B 12 @ BT s6sl8) NYT 2623-201 [€] NYT 2451-2013 PR SHIE T4

¢ DB 21 i [€) NYT 2452-2013 HREREA TS e L SRS
% 0B 21 B D832 [ 6B 275315] NYT 4046-202 RS oty e e P Lol

] DB 37 [2) GBT 27622-2011 BB THaiERER

| b % ES g‘; @ GBT 33760-2017 EFMBEAGRESAMHEE T EANEE MAEK
i 1] GBT 36195-201 8@ ELEHAMNERANTE

[€] GB 41 [€] DB 37534-2005 &m#=smA SACTIAFRFE

[€] GBT 2 [€] DB 44613-2009 B&FEISAIHETE

[S] NYT 1168-2006 BEZEELEMANEID,

[&] NYT 2065-2011 BALIERRAAD

[§] NYT 2374-2013 B TERERBEEINERATE

[€] NYT 2596-2014:B5E

|g] DB 36



(5) SMaBERFES

SYNERGY OF DIFFERENT RENEWABLE ENERGY

BaE
Excess electricity converted to H2 for methanation
Organic waste is reduced SO EIRE S SRR
to biomass in a grinder f
BEYEREN R —
‘-f“_\.;-- ' Biogas plant converting Q
' waste to methane and CO, 5 =
2 .
Organic waste is_ @-u *z’l%lg PR Water . -
transported ] ettt
BHIEKISE R
) I_-I-z |
[ - = (&
| CH
A I D —
- CO,+H,
i .25 ™ /. CO, / H2 methanized/ sent to natural gas grid
Ll ) SRS R
Organic waste is collected _The residual product is \ .
preventing methane and CO; efficient fertiliser in the Vi ¢thame
evaporation from farmland fields with less smell CH,

W= A S R RS = i e
it % BRBERESRED
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TWEA
Bio-substances
Industrial flue-gas

AHEE
Reforming

"j:"fv -:;-"‘-}i\\
4 y LI BN
VA% T\

4

#3n Bottle-neck challenge:
0.7 mmol H, L-1bar-!

Archaea CH, +2H,0

4H, + CO,

Conversion

(6) HEER:

PTG: “MINING” DISTRIBUTED BIOMETHANE

PHNENRR 0"

= RN AR RNA

RuEMNwa

HERLow-CH 7, BERFHEILLE, FERFTEWTF It

Mining biomethane from low-cost and low carbon electricity
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MONITORING BIOGAS LEACHING

e

aa ao

B RERICESHE B Feedstock storage and feeding area

B B5AEFX B Biogas production area
- KRR * The digester
- IS * (as storage
- FIE * Pasteurisation
- B, @] * Gas equipment and pipework
B ERoBEESCE M Digestate separation and storage area /S Slberyank
m BASFA  Liquid digestate storage e
- BEE (R « Solid digestate storage Grain store
BE5E35 n Biogas utilisation area VA e
) * Biogas combustion (CHP units and boilers) /7™ : g .;..'-f, A & ";i__é,(; Mixing units
- E4E  Upgrading units e DR s Sk 7o JI AN
- FRiFIA « Utilisation of biomethane
. )—Et:./_:\, R Off-gas — Silage clamps
- X¥E * Flares

CHP N,
Alan Leonard, Naser Odeh, Robert Stewart. July 7, 2017. Methodology to Assess Methane Leakage from AD Plants. Part 2: Monitoring methodology. Ricardo/ED10015/Issue 7
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LOW-CARBON AND ZERO-CARBON PRODUCTS

FREAMASRANIL20{2%T, 100%K 1Y
MNTAZNBEARRBEENRAIAS . B

ARBEFRLEDRAT AT EZH MR KR H E‘:ig* 4
£RIKS (RNG) /7. o K
............. ¢

Fotatses " 2O

[

Shell is spending nearly $2 billion to buy

100% of Denmark-based Natural Energy ‘ L ’ | “ ,‘
Biogas. Natural Energy Biogas is the largest EERR IS E T O
producer of renewable natural gas (RNG) in UK carbon footprint accounting and net zero potatoes

Europe.




(9) ASkEERERGE, BEFAREE

RELEASE DEVELOPMENT SPACE

Ba@-ai

/0% =40 HE HE/10% =40 HE 2R/10% &E% HE

El73 7.885 585 6 0.805 0.60 28 7.080 4 RHBR
IR4H8.92%

=3 4.143 307 13 2612 194 2 1531 9 hERR

At 3.835 284 16 8.747 6.48 3 4912 27 TR

bins 4.050 3.00 14 4586 340 1 0535 17 FERER
NX4H15.00% k< 4514 335 12 4544 337 12 -0.030 15 RERR

ik 6.098 452 8 4163 3.09 13 1935 7 hERR

Wi 1738 129 21 3.995 296 15

15 8.765 8.667 4

x4 209 | 18 | lades | 1072

20.63% x

'R 7.109 527 7 6.698 497

g 0.693 0.51 27 1.733 1.28 26 —1.040 19 FRERER

i) 0.591 0.44 29 9.118 6.76 2 -8.528 29 BRI

=) 1619 120 2 0.695 052 29 0924 11 BEER

573 1.210 0.90 24 1.614 120 27 -0.404 16 RERER

IVX4H6.37% )| 0.900 0.67 26 3.106 230 17 -2.206 22 R TR

R 1058 0.78 25 2.172 161 25 - 1114 20 hERER

L i3 1476 109 2 0.642 048 30 0.834 12 BEER

FH 0382 028 30 2570 190 23 2187 21 hERER

FaE 0.669 0.50 28 5.641 4.18 9 -4.972 28 BRI
[NEE 5.838 4.33 9 8.636 6.40 5 -2.798 25 FERER
T 11.704 8.68 3 4.058 3.01 14 7.646 3 ROBR

VIX4H33.69%
o)1l 13.694 10.15 2 3551 263 16 10.143 2 EOBRE
PaE] 14.209 1053 2458 1.82 24 11.751 RRBR
Uty 3.008 223 17 7289 5.40 6 -4280 26 ESEUNGS
Rk 3.921 291 15 2.650 1.96 21 1.271 10 FERR
pite 1.994 1.48 20 2.821 2.09 18 -0.827 18 BREERER
VIX#15.39%

paNic] 4.855 3.60 Jo 2752 2.04 20 2103 6 FERR
V] 4.515 335 I 2.790 2.07 19 1.725 8 FERR

5] 2470 183 19 5.020 372 10 2550 24 hERER
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(10) AR IES5KES
BIOGAS IN CARBON TRADING
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6. PEINRIVKE

CHINA AGRICULTURAL UNIVERSITY

| R T1905F T AFERMAF; 1949F9HA
FPRERILARZERLTEREKF, 19514
P RARBKFERRK.

| Established from 1905, as College of Agriculture,

~ ™ Imperial University of Peking;

- Beijing Agricultural University has been
established just before new China was set up in
1949. The university President was Assigned by
Chairman MAOQO in 1951.
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THE BEST-BIOENERGY AND ENVIRONMENT S&T LAB

R R BARE SRR E
(F B Rk X %)

Key Laboratory of Clean Prodwstinn and Utilizatinn of Renewable Enengy, Ministry of Azricultare. P.R. China.
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Chemical Analyses Anaerobic Experiments Lab
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production.

China-Denmark
CLEAN WASTE: Clean
and environmentally
friendly animal waste
technologies for
fertilizer and energy

AEHEIFES

ANNUAL GREAT CYCLE CONFERENCE

Journals and accumulated IF exceeds 152

34 joint articles published in SCI indexed

27 1292

Great Cycle Animal manure treatment and recy@lYng

2008

China-Germany
(BMBF):
Recycling of
organic
residues from
agricultural and
municipal
origin in China.
Heiner

2013

Great Cycle established

—Gofdbach——

35
30
: N China-UNDP SSC Day 25
Stuttgart China-Netherlands: 20
Agricultural Green 15

Development

2018 I

China-Germany (IRTG 2366):
Adaptation of maize-based
food-feed-energy systems

JTT.ITZT

28.557

26.049 25266
19.477
16.078 I

to limited phosphate

resources. Hans Oechsner

2018 Great Cycle: Biopollution to
agricultural soil and water

Sri Lanka/Ethopia: |

Transfer

China-UNDP and | ' // 47354

Renewable | |
Enercg y‘r
Technology |






BIOGENIC RESIDUES IN GERMANY

AVERAGE VALUES

Year 2015 THEORETICAL TECHNICAL TECHNICAL BIOMASS
Unit Million t dm BIOMASS POTENTIAL BIOMASS POTENTIAL POTENTIAL USED
Biomasse total 77 238,6 112,7 83,4

Biomasses in focus 60 145’2 61,5 38’5

42 MATERIAL USE

~ 453
23,7

ENERGY USE
31,7
13,7

MATERIAL OR
ENERGY USE

1,4
1,3

USE NOT DIFFERENTIABLE

5

OTHER AREAS

5

2,7
NOT DATA SITUATION MOBILISABLE TECHNICAL
MOBILISABLE UNCLEAR | BIOMASS POTENTIAL
125,9 0 29,3 TOTAL
83,7 0 22,9 BIOMETHANE (out of
digestion)

Monitoring of the bioeconomy

Resource base and sustainability ‘
FZ

Arbeitsgruppe Biomassereststoffmonitoring (AG BioRestMon) DB
\ ot
Source: DBFZ Ressourcendatenbank 12,/2020 ﬁll/vmo RN R .
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