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Evepyelakn noAiTikn otnyv EE
BlopeBavio otnv EE
Mapaywyn Bropebaviou
Xpnoeic BioueBaviou
Epnoodia

[TAEOVEKTNMATA

Biopebavio otnv EAAGOaA
>uunepacpaTa




To BiopeBavio GUVEIOCPEPEI OTOUC
oTOXOUC TNG EE

2 AoQAaAsia eveEPYEIAKOU £(POdSIaCHOU
> [lapayeral ano PeydAo EUPOC EVOOYEVWYV MNYWV
Biopadac
9 BiwoipornTa

> Eival ATE, akoAouB&gi OAOKANPWUEVO OXEDIO
dlaxEipIonc Kal ene€epyaciac opyavikmwy
anoBANTwV

2 AVTAywvVvIoTIKOTNTA

> 2TnpIEN TOU NPWTOYEV TOMEA HE UWNAN
npooTiBepevn a&ia o€ TOMIKO EMINEDO

> TeEXVOAOYIKEC KAIVOTOMIEC

> O&€oeIc epyaoiac Pe Tn dnuIoupyia TnG
£Q00IaoTIKNG aAuaidac Tou Blopebaviou



® Bioaepio-BiopebBavio otnv EE

2 17.783 ppovadec Bioagpiou ornv EE 1o 2018

S H OUVOAIKN €YKATEGTNUEVN NAEKTPIKN I0XUG
EKT||I._|.nenK€ oe 10.532MW kai napaywyrn 65.179
NAEKTPIKNG EVEPYEIAC

= 2501% novaoec avaBabuionc Bloagpiou aTnv EE 10

< H ouvoAIkn napaywyn eKTINNBNKE O€
19.352GWh/€10oc n 1,94 bcm Biopebaviou

NMnyn: EBA - European Biogas association 2018



Movaodec BioueBaviou otnyv EE
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Nnyn: EBA 2018



BiopegBavio otnv EE
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Strategic vision, obstacles and first proposals

vision

“We should leave the oil, before the oil leaves us * Fatih Birol, Chief Economist of IEA [1] At the beginning of 2008 uncovered demand exceeded
already 12.5 million barrels of il per day of total worldwide daily production of about 84 million barrels of crude! [1] The Eurcpean Union (EU) is
committed to a long term vision to combat climate mitigation and improve energy security by binding targets of 20 % improvement of energy
=fficiency, 20 % higher application of renewable energy sources and 10 % share of biofuels by 2020. [2] Under idealized conditions would it be
theoretically possible to substitute almost the complete amount of now imported natural gas to the EU by establishing biomethane and bio-SNG
[substitute natural gas) plants in 25 km and 150 km corridors along the pipelines on both sides from Russia to Western Europe [3]

Main barriers and obstacles (BaO) First proposals for solutions
Up to now, REDUBAR partners have identified as most important  — First, most important step is to elaborate comprehensive biogas,
for the EU and most of the MS non-technical BaQ groups: biomethane and bio-SNG strategies
Strategic, social and political aspects at regional, national and © Create conditions for profitable operation and investment security
international level (Priority of access, feed-in tariffs etc.)
Missing priorty to access of biomethane to the grid and © Information and training campaign directed to all target groups
economic and financial insecurities, including competitive © Organize stakeholders
uncertainties concermning priorities in application as injected © Implement as soon as possible reliable legislative rules, norms and
biomethane versus microgrids versus direct use as automotive standards
fuel © Improve research & development
Existing adverse legislation, technical rules and standards © Elaborate convincing criteria and conditions for accelerated technical
Level of knowledge and information of most of the target Application
groups

Growing restrain of farmers for long-term binding agreements
on supply of substrates with rising food prices

General balance l:llc\und'?r:es of the added- State-of-the-art of biomethane injection into the grid in Germany and Greece
value chain
[ ——

System boundaries based o .

et dufinirg tha bourdasies of the w e .,-.n.mn.mn.....u.s;

i =

B gan, —rremthmea U

Blomess suppim  Chsn of cwnes - o e Srancres, socm posiions and
i Mlumece mnng the totel techno g iow ceae ol ges (njecean 0 SR

First conclusions and actions

Objectives Analyse BaO to find out best conditions for win-win situations, facilitate convincing lighthouse-projects, n activities and rules
Estabdish an crganisation start information and training campaigns and elaborate checklists for bankers, investors and farmers, * Organise collaboration. joint
with all interested in bio- and create a BioMethane Board as platform for regional, national and in future Eurcpean co-operation activities and projects between

methane and bio-SNG pariners, (Inaugurated at May 21, 2008, in Berlin, as independent initiative by BEK and FEE) stakeholders along the com-

ready to active partcipation and piet= added-valus chamn
co-finaneing

Contribute to elaborat ministries, related pariamentary

mathane and bio-SHG smg.es committess. permitting
Act in fawour of the binding ) authorities, federal grid agency
targets of the European Councd * Work according 1o annual
Lobby for biomethane, bio-

consensual plans for lobbying.

SNG, conversion e‘fbm-gases in fﬁﬂnmr:llat;:s and scientific-
combined power and heat echnical activibes
cold [x..-.e?; T.arget groups * Strive for co-operation with all
Faclitte public-private re- Gas companies (nawral gas. gnd ovmers, irsnsportars, Gisibutars, SUppiers) e e s, o
seard!ml evelopm I_bl_‘_-‘an-d sion Biomethane (Drogas) pr g agricultural or biowaste collecting companies energy uillages which are ready
m"“‘ A= "ﬁa‘ ol gonen ' Project developers {e-gmeenng. planning. |r|vEst|r|g enterprises) to share aims and eforts
isation : ' Political decision makers * Utlise and disseminate the
i i ace results of the REDUBAR- and
HES‘HH';:‘: frading pl for The BioMethane Bolrd s rndv to co-operate with interested target grnun: and projects at Euronm and national levels. other prog {17 action:
ometh, ted parties might wm.wt by electronic mail the above mentioned address. Check of softwars tool)
Fasi Brs: Dba Sresen schriles’ Ois imrmtcreks Erageegenss [E4) acwig Aarm [The el sr ringing” Tha 4 ssuncs smer| inferde 2o o V. Basie, Smel 2000 -
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® [Nlapaywyn Biopebaviou

< To Bloagpio napayeral ano Tnv Avagpofia Xwveuon
OpYAVIKWV drnoBANTwWV.

2 Meta Tnv AX TO Bloagpio upioTaTal kabapiouo,
avapBabuion (anopakpuvon CO2 & npoobnkn
nponaviou) kal xpnon Je B€I0AEC

2 TO napayopevo agplo ovopaleral Bioyebavio
noiotnTac L (89% CH4) kai H (96%CH4)

2 To Biomethane ovopaderal kai Renewable Natural
Gas, avaAoya Pe TNV Jop@pn nou anobnkeusTal bio-
Compressed Natural Gas (bio-CNG) kai bio -
Liquefied Natural Gas (bio-LNG)



Tomorrow’s Digester & Gas

' Upgrading Process Flow

Misc. Digester ;:,,";. q 3 Electricity

Organic Gas o 20 TR & Heat
/ CHP Unit  Biogas m
d 5 Y , - “A' -

I3 l_, N £ ; .1'__ £

—_—t W* %i &J-& .

2 . 'b W= o Biogas Station *

Optimized Gas Upgrading ' P

Anaerobic S —— -

Multiple Sources of Co-Digestion SN =

Feedstock, e.g. ) i

Slaughterhouse Waste, -

Manure, Food Processing _ - el =

Waste, Organic MSW, Bio-Fertilizer Small-Scal 2
Sewage Sludge, Crops, Liquefier

etc.



Movaodec BiopeBaviou ava npwTtn UAR

AT CH DE DK ES F FR HU IS IT LU N NO SE UK

M Energy crops W Agri residues M Sewage
Landfill B Biowaste, municipal waste Industrial (food and beverage)
Unknown

MnyA: EBA 2018




TexvoAoyiec AvapBaBuionc ortnv EE

Pressure Swing Adsorption
Water Scrubber

Physical Absorption
Chemical Absorption
Membrane Separation
Cryogenic Separation
Unknown

MnyA: EBA 2018



Parameter Water Organic Amine PSA Membrane
scrubbing physical scrubbing technology
scrubbing
typical methane content in 95-99 95-99 >99 95-99 95-99
biomethane [volgs]
methane recovery [%] 98 96 99.96 98 80-99.5
methane slip [94] 2.0 4.0 0.04 2.0 20-0.5
typical delivery pressure 4-8 4-8 0] a4-7 4-7
[bar(g)]
electric energy demand 0.46 0.49-0.67 0.27 0.46 0.25-0.43
[kWhel/m?® biomethane]
heating demand and - medium high - -
temperature level 70-80°C 120-160°C
desulphurisation process ves ves ves ves
requirements dependent
consumables demand antifouling organic amine activated
agent, solvent solution carbon
drying (non- (hazardous, (non-
agent hazardous) corrosive) hazardous)
partial load range [24] 50-100 50-100 50-100 85-115 50-105
number of reference plants high low medium high low
typical investment costs
[€/(m3/h) biomethane]
for 100m3/h biomethane 10,100 9,500 9,500 10,400 7,300-7,600
for 250m3/h biomethane 5,500 5,000 5,000 5,400 4,700-4,900
for 500m3/h biomethane 3,500 3,500 3,500 3,700 3,500-3,700
typical operational costs
[ct/m?2 biomethane]
for 100m3/h biomethane 14.0 13.8 14.4 12.8 10.8-15.8
for 250m3/h biomethane 10.3 10.2 12.0 10.1 7.7-11.6
for 500m3/h biomethane 9.1 9.0 11.2 9.2 6.5-10.1




BiopeBavio oT1o dikTUO TOoU DA

o
Utility-controlled
flow computer
Lipgrading unit ‘[ ].
munitarin
E Sampling port
Lipgrading unit 1 =
- B Pressure
Shut-off valve ( w |____ Codler requlator ¥ Toanid
b N - =k Q0 ]
L J Chromatograph or Fast shut-off
C:hmml:llagraph or —_ L wohha index mefer Flowmeter valve
wobbe index meter p ik Redundant
Flare COMprassnrs
To doester Odorization
From digester

Mnyn:Electricgaz



AnaiTnoeic BiopeBaviou yia eyxuon oTo dikTuo Tou PA

m-mm

"Methane (d|str|but|on gnd)

Methane (high pressure
transmission grid

___
Oxygen  |% | = <05 @ <35} 000 <1
Sulphur |mgm” | @ <143] 0000 | @ <23
Hydrogen sulphide  |mgim® | <5[ <7} |




AvaBaBuion Bioaspiou
Laholm - 500 m3/h

Propane 95

A

\ Gas analysis  Odourising

Absorption
Evaporator q l;l column

¥, /T\
4_,,_/\J P Flash

tank

Desorption
Raw biogas column

Water
0<_‘ separator <—Q—

Buffer tank

Upgraded gas T Bio
E' filter
\—/ >

L Air blower
Gas
Water cooler
separator Selexol
H2S removal > pump

. ) i Compressor
with SulfaTreat l |
Q{' Chiller




Biopala og oxnuarta ?

Mnyn:Wuppertal institute- PSI



>Tabuoc olavounc Biopebaviou

as vehicle fuel

Source: Owe Jonsson & Gustaf Landahl



XapakTnNpPIoTIKa BloueBaviou yia Kivnon
AUTOKIVNTWY OThn 2ounoia

IdioTnTa/2UCTACN Movaoda Tunog A TOnog B
AgikTnG Wobbe, i, MJ/Nm?3 44.7 43.9
AgiktnG Wobbe, ., MJ/Nm?3 46.8 47.3
CH, Vol% 07+1 97412
H50 ax mg/Nm?3 32 32
05, max \Vol% 1.0 1.0
CO5+05+N,, max Vol% 4.0 5.0
H5S, max mg/Nm3 23 23
MeBavoAn Vol% 0) 0)
>wuaTidia ... um 5 5

Nnyn: Traffic and public transportation authority, city of Gothenburg




Biogas in Transport

& role au gaz netl
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® To Biopebavio OTIC HETAPOPEC

Mnyn:Swedish Biogas Association



Biopebavio oTIC HETAMOPEC
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I'Inyn Swedlsh Blogas Assoaann




BiopueBavio oTIC HETAPOPEC

Mnyn:VOLVO



Biopebavio oTIC HETAPOPEC

https://cen.acs.org



https://cen.acs.org/

Biopebavio oTIC HETAPOPEC

Mnyn: VERBIO Vereinigte BioEnergie AG



BiopeBavio OTIC UETAPOPEC

Mnyn :www.greencarcongress.com & Municipality of Konstanz



Compressed natural gas-

a way towards renewables

180

164
160
140 -

120 -

gCO, equivalent/km

100 -
80 -

60

40 | NG
5

| N—— bed

Gasoline () LPG Methane  Methane Biomethane Electric  Electric
(40% 100% (EU mix) (100% eolian)
bio-methane)
a2 Biomethane use will further reduce greenhouse gas emissions:
- Avoidance of natural methane emission in the atmosphere
» CO, closed cycle from agriculture and forestry

a Biomethane produced from biomasses is a second generation bio-fuel with no impact on food
production

a2 Biomethane can be distributed through the existing CNG pipeline network




The most affordable fuel:
Ex. Panda

Gasoline Metha ne

-55% compared
to gasoline

Average Fuel Prices: January 26th, 2012




NMAPAIQI'H BIOAEPIOY
NMEPIEKTIKOTHTA MEGANIOY
ANAKTHZH MEOANIOY
AIAOEZIMOTHTA MEGANIOY
NMAPAIrQrH BIOMEOGANIOY

KATANAAQZH AEQOOPEIOY
42.6 Kg/100 km 1 0,6 Nm3/km

KATANAAQZH EMNIBATIKOY
OXHMATOZ 0,08 Nm3/km

5 ayeAadec napayouv 90 tn/eToC
konpid, 2.843m3 Bloagpiou =
1.615m3 BiopebBaviou/eTOC
CAPITAL COST

OPERATIONAL COST
PRODUCTION COST

3.500.000m3/eT0C
61%

98%

95%

1.987.685 m3/£T10C
165 AEQ®OPEIA/£T0C

1240 EMIBATIKA OXHMATA/€T0G

1 EMIBATIKO AYTOKINHTO/£T0C
ME 20.000km

1.800.000 euro

210.000 euro

4,20 euro/GJ




© Eunodia

2 AVTaywVIOHOG OE OXEoN ME TO DA
2 AuokoAia npoofaonc oro dikTuo TOUu DA

S MpoBAnpaTiopog O€E oXEoN HE TIG
NPOTEPAIOTNTEC EPAPHOYWV TOU BloaEpiou

S AUuOTNnpoOi TEXVIKOI KOAVOVEG Kal mnpoTuna
OXETIKA Yia £yXuon oTo dikTuo DA Kkal Kivhon
oXNHAaTWVv

> KooTog OXNHATWV Biopebaviou Kdl
OUVTRAPNONGC UWYNAOTEPO TWV CUHBATIK®V

2Zrnv EAAada: To Pioaspio npowbeiTar yia
napaywyn NAEKTPIKNG EVEPYEIAC



@ [NAcovekTnuaTa Bioyebaviou




KuweAn kauoipou (fuel cell) ue xpnon Bioaspiou

Off-gas
W
|

Converter !
O - Sl e
CO+H2O _’H2+COQ : : :

3

A
T I HoO  |Hp, CO

Biogas .| Biogas Ly
cleaning "| upgrading Gl £ H0 3H, + CO : §

A y

Heat
consumer

Electrolyte

Ho
H,0

Electricity
consumer

FAL-Tec TR : W0202282
Weiland Fuel cell with biogas processing system CDR




[IAEOVEKTNUATA

..ny Graddfil

s
-

BIOGAS

BiopeBaviou

Aev popoAoyEiTal
20% MIo OIKOVOUIKO O€

OXEON UE TA CUPPBATIKA
Kauolua

Ta oxnuara e€alpouvTal
ano TeEAN kal 0aocpouc
Awpeav orabueuon
40% MPEIWPEVOC POPOC
O€ ETAIPEIEC UE OTOAO
oxnNUaTwv Plopgebaviou

E20 anokA€IOTIKA POVO
yia oxnuata PBiogebaviou



O >upunepacuaTa

® To Bloagpio EIVCII TO YHOVO MOU MMOPEI Va oényr]osl
OTAV NApaywyrn ‘avavewoigou puaikou agpiou’,
O€ avTiBeon PE TNV Napaywyn NAEKTPIKNG.
EVEPYEIAG MOU UMOpPEl va eEacPAaAIOTEl ano
NEPIOOOTEPEC AVAVEWOTIUEC NMNYEC.

S To BiopedBavio pnopei eniong va e§acpalioel
EVEPYEIAKN EMAPKEIa oTNV Eupwnn
avTiIkaBIoTwVTag TO EI0AYOUEVO (PUOIKO AEPIO OE
nooooto ano 10 ewg kal 30% o€ XpoviKo opifovTa
ewc 2030-2050,



Biogas Plant= a Cow made of Steel

. 117 Digestate:
b i Organic Fertilizer
\\ Digester I ‘
Bi- Fuel System (CNG, Biogas) " to‘rage?
Asaworen - . :
2 TN 3 ‘|
Q Vmy : .
:

erste Versuche mit Biogas

Volvo S60

czafir@cres.gr
210-6603261

J"g KAME

Sy o
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