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Fraunhofer IWES (Institute for Wind Energy and Energy Systems
Technology) 3557 BUE R X BE S REIR R A TR 5T

B The research activities of Fraunhofer IWES cover  Fraunhofer IWESKIBFRIEZNME & R EE

all aspects of wind energy and the integration of IS NFHE, K EAERIFEES DR
renewable energies into energy supply structures. BRMEH=F .

® The main areas of research are== LA 58475

Technology and operational management of wind turbines and wind
farms

Dynamics of wind turbines and components
Component development for rotors, drive trains, and foundations
Test and evaluation methods for wind turbines and components

Environmental analysis of wind, sea, and seabed for utilization of wind
energy and marine energy

Control and system integration of decentralized energy converters and
storage systems

Energy management and grid operation

Energy supply structures and system analysis
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Zhaos
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1.风力发电涡轮机和风力发电设施的技术和日常管理
2. 涡轮机的动力学和结构
3. 转子、动力系统和基件的开发
4. 涡轮机的检测与评价
5. 对风、海洋和海底进行环境分析，辅助风能和海洋能源的利用
6. 分散化的能源转换与储存系统的控制欲系统整合
7. 能源管理与管网并入
8. 电力供应结构和系统分析


Research Topic:
Gas Upgrading, Injection and Grids

B Intention of our workI&A T H

Integration of biomethane in future energy supply systems478 0l i B4 [ H 24 R RETRAL I & &
Improving efficiency of biogas upgrading izt & ¥ R 4iRCE
Sustainable biomethane provision ] 52511 B Bt b

B R&D topicsHlf & F i
Technology and system analysisti AT R S50 H7
Simulation and modeling of technologies and systems

PORM ARG R HE RIS

Assessment of new technologies such as power-to-gas
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What are we doing in the field of biomethane

AR T IRIVEN

Research and consulting along the
whole value chain of
biomethane...from well to wheel.
M2 ZER , MZEAEYT BB s

AT B S T AR

o b—->ao0gogg

Political consulting (% % 1]

Feasibility studies for upcoming plant operators,
utilities and investors

NI ImEE AHF AT RIS Al Tt
g_ﬁ

Profitability analysis and due diligences (e.g. for

investors) fu It A BT T BT AR A 1Y DTk

Surveys of new technologies for technology
providers before market implementation

BTG Z BB B B A

Trainings in the fields of biomethane provision,
distribution and utilization

XA etz H Al

Technology and system evaluation and

optimization AP I R

Infrastructure for field tests of pilot plants
/NS Tt
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Zhaos
打字机文本
从生产到运用——沼气经济链


Biomethane value chains (in Germany)
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Biomethane incentive system in Germany
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Incentives scheme (amongst others)iihit %l (HAd i) .

« Investment cost share between connectee and grid operatori%: {2 il B 378 7 .2 8] A5 4% A Ho 2

+ Covering of operational costs by grid operator [ Fi ¥ ia % & HIZ S A
+ Fee for “avoided grid costs” paid by grid operator to connectee i {3 6 i A 2% ] F 01875 7 S A28 1 3 v
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Triangle of sustainable biomethane implementation
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So far biomethane is not
competitive to natural gas,
incentives are needed to ensure an

Q economic feasibility
9} O0dboogboooboodooodd

e Limitation of emissions for toxic .\0Q
gas compounds cn
&

e Limitation of GHG-emissions
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Social aspects

Additional costs of biomethane have
to be accepted by society
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Zhaos
打字机文本
目前沼气与天然气竞争处于劣势，需出台激励措施，以确保其经济可行性

Zhaos
打字机文本
环保

Zhaos
打字机文本
经济

Zhaos
打字机文本
社会方面

Zhaos
打字机文本
有毒气体及温室气体排放
需被限制

Zhaos
打字机文本
社会需接受沼气的额外投入


Development of biogas upgrading plants worldwide
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[Raw data based on IEA Bioenergy Task 37]

 Figure shows 351 plants 351 %)
 Estimation: Total number by end of 2014 is > 400%//2014%F it /51 £7>400
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Development of biogas upgrading plants (left) and
biomethane production (right) in Germany
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Development of biogas upgradmg plants (referred to
technologies) in Germany f2EHBESEELE) (BARTH) HIARE
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Biogas upgrading plants in Germany: Cumulative
frequency of installed plant capacities
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Biogas upgrading - Technology overview
AR oE——BOREE

5 methods state of the art
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Zhaos
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吸附

Zhaos
打字机文本
吸收

Zhaos
打字机文本
渗透

Zhaos
打字机文本
低温处理

Zhaos
打字机文本
变压吸附

Zhaos
打字机文本
水洗

Zhaos
打字机文本
高压膜分离

Zhaos
打字机文本
低压膜分离

Zhaos
打字机文本
物理吸收（有机溶剂）

Zhaos
打字机文本
物理吸收（无机溶剂）

Zhaos
打字机文本
化学吸收（有机溶剂）


Biogas upgrading Technology overview
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Cryogenic
Adsorption Absorption Permeation upgrading
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Pressure Swing Adsorption 28 JEIR [ (PSA)
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Pressure Swing Adsorption 2% W [t (PSA)
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Pressure Swing Adsorption 28 JEIR [ (PSA)

W

o B i N Fraant B DDD ’ ) “ R

0ooo Oooo 000 Demand oo IZI_IZI ooog H L Off-gas [ %rlgcli]sign
Electricity Heat Water on Operation Methane treatment .
. recovery desulphuri-

demand demand demand chemical pressure loss recom- . .

rate zation required
substances mended
[KWh/mn3sc] oo0oooQg  loarl [%] [%] A
FeA | 0.16-0.35 0 No No 1-10 1.5-10 90-98.5 Yes Yes
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Zhaos
打字机文本
电力需求       加热需求      水需求      

Zhaos
打字机文本
化学药品需求

Zhaos
打字机文本
运营压力      甲烷损失

Zhaos
打字机文本
甲烷利用率

Zhaos
打字机文本
需要精准脱硫


Pressure Swing Adsorption Z& FEIK [ (PSA):
CH,-concentration off-gas versus CH,-loss (slip)

RS e IS H B ok

—>results of a 2-week measurement campaign at 2 large scale plants
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Water scrubber 7K ¥t
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Water scrubber 7K ¥k
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Water scrubber 7K ¥k
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Zhaos
打字机文本
分离器

Zhaos
打字机文本
脱水器


Water scrubber 7K ¥k

[kWh/mn3gc] [bar] [%] [%]
| Ve X
JEHE 0.20-0.30 0 Yes Mﬁ”"ﬁﬁlﬁ@yﬁ URER 4-10 05-2 98-99.5 Yes No

only e.g. anti-

>0.2 -<0.3 0 Yes scaling/fouling 4-10 0.5-2 98-99.5 Yes No
agents on demand

___—
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Water scrubber 7K

CH,-concentration off-gas versus CH,-loss (slip)

R eIk S R e iR

—>results of a 2-week measurement campaign at 2 large scale plants
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Biogas upgrading - Technology overview
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Physical Absorption (using organic solvents)

PV (i A LA

[Fraunhofer IWES Beill
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Physical Absorption (using organic solvents)

PV (i A LA
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Zhaos
打字机文本
废气

Zhaos
打字机文本
吸收塔

Zhaos
打字机文本
脱水器

Zhaos
打字机文本
分离塔


Physical Absorption (using organic solvents)

PV (i A LA

IR
B sk hntEsk T2 i
Temperature .
Electricity Heat level process Water Deman.d on Operation Methane e OnS Prec|5|.on .
. chemical recovery treatment desulphurization
demand demand heat (in the demand pressure loss .
substances rate recommended required
column)
[kWh/mn3gc] [°C] [bar] [%] [%]
FieA | 0.23-0.33 0.10-0.15 40-80 No Yes 4-8 1-4 96-99 Yes No
No Yes Yes No

[Fraunhofer WES Beill
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Chemical Absorption (using organic solvents)
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Chemical Absorption (using organic solvents)
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Chemical Absorption (using organic solvents)
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水分离器

Zhaos
打字机文本
脱水器

Zhaos
打字机文本
废气

Zhaos
打字机文本
脱硫

Zhaos
打字机文本
分离器


Chemical Absorption (using organic solvents)

PEERAC CRLESH)

LK _
EHAFENR Gk T ZHM  KER =2 EEET BEdidk BIERIHR RS ANPREY TR R
Temperature . .
Electricity Heat level process Water Deman.d on Operation Methane LG Off-gas PreC|5|.on .
. chemical recovery treatment desulphurization
demand demand heat (in the demand pressure loss .
substances rate recommended required
column)
[kWh/mn3sG] [°C] [bar] [%] [%]
N I ‘)L':l':
rangesyz{ 0.06-0.17 0.4-0.8 106 - 160 Yes Yes 0.05-4 ~0.1 ~99.9 No Yes (HK;?)?%JL

~ Fraunhofer

IWES



[Vol.-%]

0.5

0.4

0.2

0.1

0.0

Amine scrubber &%

CH,-concentration off-gas versus CH,-loss (slip)

R H B B H BE 5%

—>results of a 2-week measurement campaign at 3 large scale plants
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Membrane separation 543 B ¥
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High Pressure Membrane Separation 15 54> B 12
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High Pressure Membrane Separation 15 54> B 12
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High Pressure Membrane Separation 15 5 E 4 B

[Fraunhofeg\MES'| Beil]
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High Pressure Membrane Separation 15 5 E 4 B

R K Ik KR A2 K BEEN Fgetnk | FEAHE )ﬁ’-@ﬁiﬂiﬁu A UE At
-gas
. Demand on treatment . .
E‘Leecr:ra':";y Heat demand Water demand chemical Operation pressure Methane loss - exz:ha::t - recommended Prezcalilig: ‘r’eestli’r)eht;m-
substances b (methane loss q
>1%)
FHGEd K> 1% )
[kWh/mp35c] [kWh/mp3gc] [bar] [%] [%]
ranges 0.18-0.35 0 No No 7-20 1-15 85-99.5 Yes Recommended
HEFE ]
typical values 0.22-0.29 0 No No 7-20 0.5-2 98.0 - 99.5 (Yes) Recommended
jie iy
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Off-gas treatment JE < AL FH

Degradation of CH, in the off-gas through& < H' 1 B ke e i

B Regenerativ thermal oxidation (RTO)& # X #&E M (RTO)

Water scrubber, Phys Absorption, PSA (new generatlon) Membrane (new generation)
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Specific biogas upgrading costs Asia (e.g.: Thailand)
(related to 2015) A FRE4EA (fF]: ZRE])

(20154F)

Specific upgrading costs [€Cent/kwh (Hs)]
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Specific upgrading costs — assumptions and framework
HARRTIRAERA - (RIFIHEZE
conditions for calculation 11544

= Place of delivery: Bangkok/Thailand =z it fi: 24 /%H

= {N20154F AR

= BOR: PSA. UK¥E. MEBRTR. BEK

s URAEMEAE: 15022 (EPEGAS) - 1508 (JB)

. Investment and maintenance (as full maintenance contract) costs based on price indications of current plant generations of 4 technology
providers

= PREANEE B R EET Y BT 4 BORBE Y B RN AR AR R
Costs for planning, permission and further construction costs: 10 % related to investment costs
MK AT, DUt s AR . AR B 10%

= FE: 5%

= EERE 154

- PREGZRA: ERARR0.5%

Plant availability T.) 7] % : 96 % (8410 h/a)

Specific energy consumptions (related to 55 % and 65 % methane concentrations in the raw gas flow)

and methane recovery rates are based on warranty values

BARIREIIHFE (OB B BEIR 55 % /165 %), FVBE ISR B T E A P AR (E

TARERBRAS : 4 ZRER/kWhel

= NI B
Precision desulfurization (if required): H2S reduction by 100 ppm, 5 € per mn? raw gas upgrading capacity
and year (includes costs for activated carbon, costs for disposal of loaded coal as hazardous
waste and carrying costs)

U R e — Jel2100-ppaad . SRl se
(ELARIE IR AR, AL IR S MG IS R ) M A B A _Z Eraunhofer

IWES

B 713100 i H 47 =R

AN PRV I = i )
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Biogas upgrading — Which technology should be
selected?

PR A —— Mg AR A ?
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Biogas upgrading — Which technology should be selected?
HAIRAN—— N30 RO ?

® ,Technology openfi A TFF i !

=>» there is no “best upgrading
technology” 7 “EfEIREIHEIR”
® First define your project B 5t E XARIFIE!:
Raw gas quantity (“today” and “tomorrow”)JFR T in (“4 R F1“HA )

Raw gas composition main compounds (CH,, CO,, N,, O,)

RS R EE LAY (CH4, CO2, N2, 02)

Raw gas composition trace compounds (NH},\organic silicon compounds; - cocktail)
=

JEBRF T PR LAY (NH3, AP e, M)
Product gas requirements (standards, grid operator, ...)f i A ER (brdE. BHRIZE R, ...)
Process energy availability and costs T. 2 #E g ) AT i 4 Al i A
Experience of own staff i T &L

W Site visitsIl37 1 1]
Talk to operators [A]ia & 72k

Get objective practical information about experiences
made M\ 2 56 1 3145 5 U S b B 45 S
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Biogas upgrading — Which technology should be selected?
AR —— N g F R 3R ?

¥ Define your evaluation criteria
& SRR R

Investment costs are only one part of... & %% sliAS 1) H & H A 1 —#K 7.

specific biomethane provision costs E k4= ¥y B e fh N il A
Costs of full service contracts 2R 55 & [F 1 %%

Methane loss resp. methane yield (what are your raw gas costs?)

Rk b= 8 (IRINERVSA 22?2 )

Plant availability T.J #w] Fi i

Required space, height, ...fTH 0. S, ...

References (experience of manufacturer) =% ik (Hilli& FE 1456
Service (availability, quality, ...) k% CRITAPE. s, ...)

=
"

> R
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...questions?

I o ¥l |' .. f 2l i
[Copyright: Schmack Biogas AG]
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Contacts

Michael Bell

Fraunhofer IWES

Department Bioenergy System Technology
Gas Upgrading, Injection and Grids

Konigstor 59
34119 Kassel/Germany

+49 (0) 561 7294-421 |
michael.beil@iwes.fraunhofer.de A ER . LG
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