Future Perspectives of Biogas
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Flexible power generation to balance future electricity

systems
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沼气行业的前景
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作为灵活多样的电力生产方式来补充完善未来的电力系统
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Main task: 0 0 0 0O
Cost efficient wind energy plants
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主要职责
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高性价比的风力发电厂
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主要职责
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整合利用再生资源，实现可持续、
可信赖的电力供给


Herculean task: ,,Energiewende”
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Howtosolveit? OO OO O

Which will be the task of energy from biomass and biogas?
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如何解决？
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生物质和沼气在能源革命中会起到什么作用？
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- Role of energy (electricity) from biomass and biogas
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电力系统改革
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生物质和沼气发电的重要意义
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i

= BRI SR BB R L

The current status: Energy mix in Germany
HEARGHIN: EERESE RS

Shares of energy sources in net electricity generation

in Germany (percent) & &2RREVRIAY & HL 5 EE

23

2001: 548 bill. kWh 20m: 579 bill. kWh "

Renewable Energies:

B Nuclear energy g B wind oo
B Hardcoal AL B Biomass oooo
B Naturalgas KRS I water 0oQg
B Lignite 5 Photovoltaic [0 [
B Fuel oil, pumped storage and other MunicipalwasteQ 0 O O
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Source: BDEW " preliminary figure
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风能
生物质能
水能
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-> Increased challenges to
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N Maln pillar will be
fluctuating, weather
dependent RE sources
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B Dynamic expansion
of PV and wind
energy plants
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水利
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内陆风能 海岸风能  生物质燃料和垃圾
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Main challenge [ [ [0 [J
®m ... will be to synchronize the varying electricity demand with the fluctuating
powergeneration  moppppoOO0O0000000000000C0

&  Electrical load in the period of one week— & P4 i Hi, 7 fia fir
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起伏不定的电力生产必须满足起伏不定的电力需求。
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主要挑战
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Baseload power generation with biogas!

AR IR S

Power generation from renewable resources and load, January until February 2050 (based on Meteo year 2006)
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Assumption: Perfect electrical grid, no Must-Run-Units (MRU) necessary
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Target is not to waste cheap electricity from fluctuation
renewable sources!
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EE-Einspeisung und Last, Mitte Jan bis Mitte Feb, 2050 (Meteo-Jahr 2006)

100 ‘ i i
I I [ [ [ [ [ I I [ [ [ I I I I [ [ [ [ I I [ [ [ [ [
FhG IWES 2011 Il Biomasse EE
Il Geothermie || Hhi#k
90— Bl Laufwasser || 7k fE
I \Wind onshore || i [ggﬁﬂﬁlé
I Wind offshor iR X BE
! pv
- : 2 Stk
| 28 Fifi
70

GW)

[4)]
o

Leistung (

IS
(=)

w
o

20

e
o

q5 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

Jan Feb

\

~ Fraunhofer

IWES



2) EYIBURBIIHE SR BIEER X

Balancing power demand without e-mobility, heat pumps and air conditioning

(Meteo-year 2007) 1 117k P4l (R4riaici. HafIzis)

Residuallast ohne E-Mobilitat, Warmepumpen und Klimatisierung (Meteo-Jahr 2007)

60 l [ l l l l l [ [ l l
Bioenergy Germany &= 4 ¥ i EEJE: 4.5 GW /30 TWh
a0~ Biogasi’<: (2012) 3,18 GW / 22 TWh .

Balancing power (GW)

Uberschiissef 4x: -187.7 TWh' Defizite 755
-100—43.5 TWh

Minimale Residuallastif/]Ni% B f71 4 -109.9 GW
Maximale Residuallastif: k5% ¥ fifi 48.2 GW

[ [ [ [ [ [ [

© Fraunhofer IWES 2010

Il fizite (Last > EE-Einspeisung)7:5 ({ifif>% HALFT)
Il Uberschiisse (EE-Einspeisung > Lasty#{4x (% H LR > 51f)

_129an Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
11 HAn 12
Source: IWES-calculation for UBA Energy goal 100% electricity from RE —
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Advantages of energy from biomass and biogasF| Fi 4= 41 R F¥E <=4 REIR AT L -

B Electricity generation is independent of climate influences. A3 &5

M Biomass and biogas can be stored and its power can be produced on demand.
VAR ASME T, AT UE AR 7 sk 2 i

First incentives from the legislator 37 % il :
B Direct selling of electricity from RE at the wholesale market 7E#l & T3 44

B Selling of balance power & i H JJ- -

Preconditions for a demand-driven power generation from biogas:
TR BRI S T A R R et A -
A guaranteed biogas supply whenever needed for power generation!
UNIREERER SEEL L SRR, D IRRIE 8 AT AR |
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3) Technical concepts for a demand-driven biogas supply for balancing

power generation.0 000000000 OOOOOOOOOOOOOOO
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（用于支持电力系统的）沼气发电需要考虑的技术性问题


3) Technical concepts for a demand-driven biogas supply

TR IRB I K RS RS BRI A&

2 technical concepts

2REARHE X

Biogas storing i85k 17
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Biogas Storage at a conventional biogas plant
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Biogasraum
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3) Technical concepts for a demand-driven biogas supply
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2 technical concepts

2REARE &

Biogas storing A5 6if 1+
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3) Technical concepts for a demand-driven biogas supply
7 KRB HIVE R BB HE N 75 255 B8 A 5O 4 0] R

2 technical concepts

2RFARER

Biogas storing 3 <Mt 1+

Source : KWA Contracting AG

\

~ Fraunhofer

IWES



Biogas upgrading and biomethane grid injection
BRRAESEYH HiFH A BN
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沼气中含有多种废气，必须经过处理才能得到可燃性极好的甲烷，
然后才能被人们用于生产和生活。
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生物质燃料的生产 供应                 发酵产生粗沼气
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加工      运输供应   
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应用领域
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电力加热
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暖气
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用作燃料
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地下气网
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沼气设施


Biogas upgrading and biomethane grid injection
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3) Technical concepts for a demand-driven biogas supply

TR IK BRI S AN T 5% R SORE (A

State of the art of demand-driven electricity generation in
Germany
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3) Technlcal concepts for a demand-driven biogas supply

TR IR ST SR AL R 7525 R R BOR 1 (R
Conventional biogas plant concept ca. 450 kW, full load
hOUFS 8760 h/a (refered to related power)

BB IR ) 29450kW | TZRETEL: 8760 hy

1 %as storage

Power generation capacity

oot

Haase Energietechnik AG
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电力生产能力
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沼气储存


3) Technical concepts for a demand-driven biogas supply

TR IX B R AR 25 SR BOR M R

Conventional biogas plant concept ca. 450 kW, full load
hOU I'S: 8760 h/a (refered to related power)
%%%%f%%%w,ﬁﬁﬁﬁ-wwwa

Increased power generation

capacities
ooooo DR
Wk &

Haase Energietechnik AG

Example:

Related powerj#: ca. 450 kW,
Installed capacity 7FIL4’§§ 1000 kW,
Full load hoursi#ZET44:: ca. 4000 h/a
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电力生产能力增加了
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沼气储量增加了


3) Technical concepts for a demand-driven biogas supply

T KIR B T Sk AL 7578 R R BSOR M [B]
Conventional biogas plant concept ca. 450 kW, full load hours:
8760h/a (refered to related power)

TEGIH ) 29450kW, T EL: 8760 h/a (whieids, s som 1)

Expanded (external) gas
Increased power generation storage

capacities WA (UM i EIE T
LR RE I N T / /

ZANI
. \,@\‘E . \ﬁr&: (\"%’p
N N G N Y

Haase Energietechnik AG

Example iz :

Related powerZj*%: ca. 2J450 kW,
Installed capacity 7]%”% 1500 kW,
Full load hoursH£FT45: ca. 212600 h/a
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/\)

Demand-driven power generation

3) Technlcal concepts for a demand-driven biogas supply

N 5 745 i I LA 1 [

KRB A& FE

Electricity generation from biogas, it

there is not enough electricity
production from sun and wind
energy plants!

TR K BHRERA KRB TS 15 19 2 FEL TR 3K
S 4 TR R WA &R L REIR

Discharging of biogas storages
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3) Technical concepts for a demand-driven biogas supply

T R IK SRS AR N 7755 R B R
Demand-driven power generation 75 sKIK B & H

No electricity generation from
/r biogas, if the sun is shining and/or FiIIing of biogas storages

the wind is blowing! T EEA 5
WK FHEEFI XRE B 48 7T LA A2 RE
AR, B AL AT -

Ncﬁbgas supply
‘ KH

- Y=lb
Wl WL N© S
L] N B ‘ k\ § \ Q,
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3) Technical concepts for a demand-driven biogas supply

TR IR BB BN 2% R R BN A

Demand of compensation electricity to cover the residual load
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折衷的办法满足电力需求的其他方面
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不足
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剩余


3) Technical concepts for a demand-driven biogas supply

TR IR BB BN 2% R R BN A

2 technical concepts e e

2R AREE

Biogas storing ¥ it 17

Biogas production
on demand

MR >RAE TS
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3) Technical concepts for a demand-driven biogas supply
specific methane yield

TR IR B B BN 2% R R BN A

Variation of substrates Z:FEH 284k cumulative methane yield

goooon

* YcH4 COM Silage m ycws beet silage & ycwe rye silage e ycwe cattle manure
—fs-CH4 COM Silage —rs-cHe beet silage — rs.cus rye silage fs.cH4 Cattle manure

,';"
™
= 1.00- 05
= boooo ooooQ OoooQ 00
& 0.08 — loa b
1 E
3 0.06 —+03 %
B — -
e 0.04 02 =
= an
3 5
£ 002 Lo1 %
g ' =
O
L;E,} 0.00 e . (1.0

0 2 4 6 8 10 12 14 16 18 207 22 24 26 28

Time [d]
Figure: Specific methane yield and cumulative methane yield from the digestion
of cattle manure, corn, rye and beet silage in batch experiments under mesophilic
process conditions over a digestion time of 28 days (adapted after Mahnert 2007)
(y CH,: cumulative methane yield, rs-CH,: specific methane yield).
QE’] Elﬁ—?%ﬂ)éﬁ AT SeE, FEREE RN E A T, At a8 KR
. Bk B HEEHIOR AR AR R &
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specific methane yield
沼气每天的产率
cumulative methane yield
沼气的总产率
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打字机文本
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3) Technical concepts for a demand-driven biogas supply

TR IXBHIHE SR AN 7775 8 R SOR M (Rl
Variation of substrates and its feeding intervalls

B BORH Y [R] AP 2R

270 -

]
L
o

230 -

210 -

190 -

Biogas production [m? h'1]

170 -

150

o 1 2 3 4 5 & 7

Digestion time [d]
Figure: Simulated flexible biogas production during one week achieved
by a variable feeding of manure, maize silage and shredded wheat of a
mesophilic driven biogas plant with 500 kW installed electrical baseload
power capacity (adapted after Kirchner in Hartmann 2010).
—HF AN ENS00kWHI R ALVE ST, OB, TORT IR SN2 A
AT, S P ADoK ]
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3) Technical concepts for a demand-driven biogas supply

?RE’IXZJJH‘J%B R FEBEN TR RS Y BOR I Al

Amiouer

2 technical concepts

2REARE S

 KWA Contracting AG Biogas storing AU A7

Biogas production
on demand

MR KA
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3) Technical concepts for a demand-driven biogas supply

TR IR BB BN 2% R R BN A

Amiouer

2 technical concepts

2REARER

: KWA Contracting AG

Biogas storing ¥/ fif {7

Biogas production
on demand

MR RS
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3) Technical concepts for a demand-driven biogas supply

TR IR BB BN 2% R R BN A

Adapted biogas plant configurations
HAEES) WEE
Example:yiff| ReBi biogas plantm] f=0HES)

U
CSTR reactor Biogas production
Biogas \
. /

i (AR

, i
Solid hydrolysate

Biogas

CSTR reactor

\ 4

BEE ‘
H: ZEE Crew press
Substrate

WA=

Solid-liquid Biogas production
separaton |  E____ Biogas P TS
[ 73 7Y

''''''''''''''''''

Variable HA
feeding

Biogas
T

Liquid hydrolysate
&t
Storage Fixed bed reactor
buffer tank
7

WK
S

Recirculation of process water

AP FZK PG A A

ﬁﬁ* ReBl——_ﬁﬂﬁ /:L}—
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Biogas produciton

3) Technical concepts for a demand-driven biogas supply

TR IR BB BN 2% R R BN A

Biogas production on demand with the ReBi biogas plant configuration

GERDRCENE T T L i

Biogas production in the course of one day Daily electricity consumption in different seasons
. oooooo 0000000000000
GW
300 85 -
250 80 1
75 4
200
70 A
150 o5
100 60
50 > Febr. 2012
50
0 T T T T T T T T T T T T T T T T T T T T T T T T 1
45 A
0 4 8 12 16 20 24 wl mgoon
Time {h] 01:00 03:00 05:00 07:00 09:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00 Stunde
Feeding Biogas from - - - - Biogas from the digestion of
intervall fixed bed solids
HbH digester S R 2 T
52 R
b

|
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沼气的日产量
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（不同季节）电力的日消耗量


3) Technical concepts for a demand-driven biogas supply

TR IR BB BN 2% R R BN A

Biogas production on demand with the ReBi biogas plant configuration

R TS R SR P

Biogas production [L (h m3)]

400 e

350

300

250

200

" Fixed bed[fl5E/K ~ Feeding intervall #:EHKIA]fE

VNN JUVI JURNNA

2389 259 279 299 110 310 510 710 9.10 11.10 13.10 15.10 17.10 19.10 21.10

Time [d]ifTR] (R
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Necessary gas storage volume

4) Technical concepts of a demand-driven biogas supply
Comparison of the on site biogas storage demand with a biogas production on demand
BIGES TR EBREFET R LR

Advantage of biogas production on demand% 7 4= /= 13 < L H -

¥ Reduced necessary biogas storage demand -> reduced investment
D BRI SR TR, bR
B Increased overall flexibility #InvE< & H ) R 35 T

Electricity generation 8h/day 3 days without electricity generation
N, N,
R H 8/ NI/ R 3RARKFHE
20,000 - QE’ 90,000 - /
/ 2 80,000
> /
15,000 g 70000 7
_ / £ 60,000 >
E % E 50,000
= 10,000 o = -~
: 40,000 /
8§ 30,000
5,000 == & 20,000 . -
o ’ /
/ Z 10,000 / ------ -
/ /
0 ; - - - 0 - - - -
75 250 500 700 1200 75 250 500 700 1200
Biogas production [m3 h-1] Biogas production [m3 h-1]
=== Continuous biogas produciton === Biogas production on demand === Continuous biogas production = === Biogas production on demand
FERETT Bt AP AT AP
_——
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4) Cost analysis and comparison of demand-driven biogas supply concepts
T SR X Bh Y E A R B  B A 4 HT 5 EE AR
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4) Cost analysis and comparison of demand-driven biogas

supply concepts #

TR KB AL T SA

IVEL SN )N RS e

Balance power generation oriented on the daily residual load

AR5 A H A B ar T4

-> Biogas supply at 8 hours per day % H8/Ni i3
9.5 -
9.0 -

Biogas supply costs

[€Ct kWh_lHi]

N N
o u
1

o
o

o
n

o
1

u (e)}
(O N )
1

-
-
-
-
-
-
—

Tl T
-—._.-._.__':':~: .....

1325 2650 3710
Thermal capacity [kW]

——CP —%— CP-Ul --&-CP-BS -~—"-ReBj = ReBi-IFBB

Additional costsfff ing%4s: ca. 0.3 €ct/kWh

AN

ExplanationiiiBH:

CP: conventional biogas plant # HES)

CP-Ul: CP with upgrading to biomethane and
grid injection 2% 2= A=) H B A LI E N
mAa)

CP-BS: CP with expanded biogas storage
I3 CEAE S R ERE AR

ReBi: Biogas plant configuration for biogas

~production on demand # & A ERES)

ReBi-IFBB: ReBi biogas plant configuration
with additional digestion of press fluid
from the integrated generation of solid
fuel and biogas from biomass

(Substrate: Grass silage from semi-natural

grass land) XJ>k 5 [l /4R A 5V S 2
G e A AT AN R m U e CH T

J O %E#ﬁﬁzi%q}raunﬁofer
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4) Cost analysis and comparison of demand-driven biogas

supply concepts & KIXSHBLTH AL B K AT 5 Hoi

Balance power generation oriented on the weekly residual load

AR 305 o e A i A R

ExplanationiiBH:

CP-BS+IFBB: CP-BS with demand oriented
addition of easy digestible press fluid from
the IFBB technology. % 75 A % 3k H [ 4484
BEFAE Y BV S LG A 77 0 s im A AT A4t
REFREAERT 78 T REIES
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Thermal capacity [kW]
——CP —%— CP-Ul —“— CP-BS
---fr-= CP-BS+IFBB -*~'-* ReBi = ReBi-IFBB

Additional costsfff N 4<:: ca. 1-2 ct/kWh

For all other abbreviations:
Please see previous slide! A4
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5) Condlusion|; pnpoonooo
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6. 000000000 ouododooooongn
m The transformation to an electricity system based on renewable sources is

characterized by an increasing need for balancing power in order to compensate
power supply from fluctuating sources, such as solar or wind.

m Biomass, more precisely energy from biogas, has the potential to generate
electricity flexible on-demand.

m A demand-driven biogas production is vital for balancing power generation and
can generally be achieved by biogas storing or flexible biogas production concepts.

m Results of the cost analysis and comparison of biogas supply configurations show
that a demand-driven biogas supply for short term balancing power generation can
be achieved at the lowest costs by on-site biogas storing.

m Whereas, flexible biogas production concepts are an opportunity to ensure the
biogas supply for long-term balancing power generation.

m A demand-driven electricity generation from biogas (biomass) offers substrates
which are not commonly used in biogas plants and innovative biogas plant
configurations a chance, especially if there a huge variability of electricity

production is required. —
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Zhaos
打字机文本
1. 需利用可再生能源发电来平衡风能和太阳能在电力供给中的不稳定状况。
2. 沼气可灵活地按需发电
3. 需求驱动型的沼气生产对平衡电力系统很重要。
4. 沼气发电很经济，可以最低成本短期平衡发电。
5. 灵活的沼气生产对保证长期发电平衡也有很好作用。
6. 对于发电变化性巨大的创新型沼气厂是一次机遇。


Residuallast (GW)

Balancing power demand without e-mobility, heat pumps and air
conditioning (Meteo-year 2007) H /) 7 R-F CREBaIACE . REMZTD
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Renewable Gas —Power-to-Gas Al F4 544K - B /-,
energy storage by coupling of electricity and gas gridsii i i 77 H1 ISR H /A B
ZEIATRE R /F > Technical simulation of photosynthesis & 1E F BRI A

POWER [ NATURAL GAS KRS
NETWORK NETWORK

Wind X " - for Heat fTitgz
- il - for Mobility i3z
as turbines,
Solar’tf Gas CHP
T BRI
renewables POWER GENERATION AH
bR A BRI D e

ENERGY STORAGE fi#fiE
w0l fo,
EIect%I sis, P
- Atmosphere j(/_zh H2_Ta¥]k H EF'XJE’T%&E CH4
- Biomass, Waste E¥IiRE, &4 Methanation

CO; CO; + 4H, — CHy + 2H,0
m CO,-Tank

Source: Sterner, 2009
Specht et al , 2010
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Power-to-Gas — combining advantages of the energy grid

Harth S

electricity grid HM Natural gas grid 957}{/5"%%

Fom Nonweg
i S

Transmission capacity '

/" single-figure GW double-figure GW - {/#=
A MU EL o |
Storage capacity
0,04 TWh,  #it%E 220 TWh,, + grid

aaaaaa

Pros and Consfltk & Lk

+ high-quality energy 1t i g + versatile energy source £ Hi& eI
high-price energy 1 #& = & low-price energy 1 &Ik 5&

- electricity hardly storablef Jj#:fiff + major storages fifi 51 K

+ direct use is highly efficientn E4#%{# - high power conversion lossi= J)5 e gt

H, 1BE%k - power transmission 0,5% / 1000 km
- AC transmission loss?Z i % F # 5E H, limit today % H FRl:
3-10% / 1000km 2% vehicle}i%;
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Energy Balances BRI

Renewable Gas - electricity-to-gas ] B4 S {&-H -5
efficiency chain X% 5%

Waste Thermal Integration in Biogas Plant!
T e — LA

P B RS A € :
PHLIE T R 5 g
5| Methane
Efficiency rates{di =R -
KEE R ‘
60% 60-65 % methane F %%
KH .
36% TR CENERATION. ' 60% 35-40 % electricity H,
100% POWER STORAGE f#fE . -
100% 75% 80% 50-60 % CHPz

; Vs. 0 % cut-off
R o %f* Vs. more efficient but
; € % limited capacity storage
i - g alternatives
| = v SR, AR AR
21

- RE - electricity becomes primary energy

© IWES, Z5W, 2009 ﬂﬁéﬁ%ﬁ)&%igﬁg%

Source: Sterner, 2009; Specht et al, 2010
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Biogas as a CO,-Source
HANENCO2KTR
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Biogas upgrading as source of CO, for methanation

ELECTRICITY HLK NATURAL GAS g ey
NETWORK g NETWORK

MhE Wind o _ for heat Ttk
FAHLI ™ - for transport A T7¢il
AMHE Solar Tﬁgiiés
KHTHTER

H NN Other
AMEFT R AERER renewables POWER GENERATION

00
——— RS 1 1O O

Elec roﬁyF/sis,
H,-Tank

et iR | CHa

Methanation

CO,-Tank

Heat

Biomass, Biogas

Waste ; upgrading

ERIRRE L e T T BT — ' Source: Specht et al, 2009
) C Sterner, 2009
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Zhaos
打字机文本
发电
储存电能


Direct methanation of biogas

ELECTRICITY NATURALGAS [ [ 0O 0O
NETWORK _g. NETWORK
L.
00 -fUrwarmeDDDD
- far VerkehrD 000
KWK, GuD,
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Andere
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_______ H _Z_C_)_iTC_)_z_"_m""""""""""""""“I
H, i
Elektrolyse, b !
[] Hz-Tank HA Methan- CH,
| Biogas iSi
| CHJCOTank |0 ISlering |
|:| |:| COZD (Biogas-Tank) i
| qum §
Biomass, |! Heat #AE E
EYIRRE ﬁ ‘i“‘D‘ “““““““““““““““““““““““““““““““ ' Source: Specht et al, 2009
& 351 Sterner, 2009
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甲烷分离

Zhaos
打字机文本
电解质室

Zhaos
打字机文本
甲烷CO2室

Zhaos
打字机文本
风能

Zhaos
打字机文本
太阳能

Zhaos
打字机文本
其他可再生能源

Zhaos
打字机文本
气涡轮机

Zhaos
打字机文本
电力储存

Zhaos
打字机文本
沼气储存

Zhaos
打字机文本
发电

Zhaos
打字机文本
用于供暖
用于交通

Zhaos
打字机文本
天然气网

Zhaos
打字机文本
沼气厂


(H,Konzentration /%

Extract of measurements il &

Course of the product gas composition at the outlet of the PtG-plant
PtGIA) HE A AR #h 2
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After the start up phase a steady methane content Jii 2l1J5 & 42 & 1 H Je & 1> 93 Vol %
Other components HAthi53: 3% CO, and ca. 4,5 % H,
characterisitcal measurement for the entire operating period - T4/ & #4510 &
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Future outlook B

= Development of digestion technologies for the treatment of lignin rich material.

-> This would increase the regional biogas potential!
Dodboodoodboodboodboodboodboodoodboodnnod

= Development of new biogas plant concepts for flexible biogas production.

-> Necessary biogas storage capacities can be reduced!

Jogboouodbouotdboboobouogo

= Biogas plants as back-up units in island systems.
-> Since they are dispatchable power generation units.

Jotboboguotgbtdbtoboboboubotubtbtobobon

The biogas potential worldwide from organic waste materials remained unexploited.
Biogas as a source of energy from waste can play a main role, since biomass and
biogas can be stored and energy can be generated on demand, in future renewable
energy supply systems.
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Zhaos
打字机文本
发展发酵技术，以便利用含木质素比较丰富的原料，增加沼气发展的潜力。

Zhaos
打字机文本
沼气发电设施用于岛屿的电力供给，因为他们是可控制的电力生产单元。

Zhaos
打字机文本
运用沼气发电新理念，减少沼气储存设施的投入。


- Thank you
for your attention.

[Copyright: Schmack Biogas AG]
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Contact:
Dr. Henning Hahn
E-Mail: Henning.Hahn@iwes.fraunhofer.de;
Phone: +49561-7294-261

Fraunhofer Institute for Wind Energy and Energy System Technology
Division Energy Process Technology
Konigstor 59, 34119 Kassel, Germany

... advancing enerqy systems
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