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A Total electric installed caWCity: 1BNe(ST 50%, CC 25%, 20162023 - . 0 -
ICE 13%, GT 10%B62 TWhH 3@00Aeho £ mm: 2 F  8Bubblingcombustorwithin 1| e eeee
electricity demand). bubbling gasifier iR Ijl g

. . - LR

A Total thermal installed capacity: 3@Mnh ->775 TWhp F From UNIFHY to BLAZE | [\ o 7 s
2500Aeh Europeanprojects L\ S

A Overall cogeneration ratiagt0%(Electric/Thermal) | .

. A b c e

A End usespaceheating (Zero Energy Buildings (ZEB&ZED) s 7 & :
FTNRBY 0 MK MH proacesshealingfemigsiit from rges _Contit
industries: e.g. CO2).

A Lar%est capacitgountries Germany, ltaly, Poland and kN
Netherlands.

AFuelnaturalgass pm: > az2f AR F2aaArf F I | o | 3
and oIl products 5%glomass(timber by-products, black 98] 6] 1908 L
|IQUOF, WOOd, StraW, anlma WaSte, O MSW attamEd 20% /(,;{;;,Izgeg; :;;:r,)n gasifier  Indirectly heated fluidized bed steam gasifiers .
but there is difficulty in converting different biomass - @ e L.
feedstocks in &eliable and Economic (Efficient and Clean) Fhsges e il ™
way especially in small to medium scale. -

A Below 1 MWebio CHRmainly applied are: Biomass - aroic
combustorcoupled to organicankinecycle OR(, Biomass = 1
fixed bedgasifiercoupled to internal combustion engine o 7 o | o |
(ICH ¥ 1922 1973 1993 2003
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) BLAZE / BlOmass bowcostiAdvancedZerosEmissian-am T

- Mmediumscalenintegrated: gasifiduel cellCHR pla

BLAZHBEOO (100 kWth biomassDBFBGntegrated with 50 kWe = e

SOFCis comparedto a 100 kWth biomasscombustorcoupled T T  Cesl depleted ah
to a 15 kWe ORCand a 100 kWth biomassfixed bed gasifier .
coupledto a 25 kWe ICE Buildingsheat price: 0.06 €/kKWht T [ reet xchanse

(AEh 3000 electricaland 2500 thermal) Industrial heat price: sumel 1 r:;

0.04 ¢/kWht (AEH 7500 electrical and thermal). Biomass TEEE

price: 60 €/l (Binyfilar to the price of high humidity wood SOF.;E

chipsfor BLAZE)L00 €/k i(@nyflarto the price of low humidity i Al

wood chipsfor ORGand ICEsystems) recircutared y

BLAZE: overad@l0%!|(versus 65%; target SEITAN/75%) -

electrical50% (versus 25%; target SETAN->30%near-zero N _ . W
gaseous and PM emissionsalP it 9:low 4008 & /BWe (actl&aln noew _’f__ !

M T 1 kWe), Retk9of = 0.25F /kWhedldG (pdzle ivhg, dmn ¥ = ~%
electricity production cosh. @ mnvh 6 k D& 8z £ n dHH o 5T KRIDEEEES e
SETPLAN target of 20% cost reduction by 2020, and 50% by | Soomc™ S e e o s
2030). Smart CHRinal conference ¢KS LINE2SOGA KIOS NBEOSADBSR
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» BLAZE #
N

Flexible electricity
supply and heat
integration with agro,

Objectives: to develop Biomass, Low cost, Advanced and Zero Emission small-medium scale CHP plant «BLAZE» industrial or buildings
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o R WP2: [BIOMASS ASSESSMEN
\— GASIFICATION ANDICONDBITIO

TOTAL AVAILABLE BIOMASS (kTon/year)

120,000.00
100,000.00

Humidity (3%- Cl %wt, dry Ash melting T
Feedstock CATEGORY wt, as : : : 5
: (DT} (°C)
received)

Municipal waste

Secondary residues of
industry utilising agricultural
products

Sawmill waste Primary residues from forest
Multi-essence wood chips Waste from wood

wood industries
Secondary residues of
industry utilising agricultural CATEGORY potential (Kton dry massl/y)
products Agricultural residues 264986,32
Secondary residues from Primary residues from forest 167641,91
wood industries Municipal waste 89763,53
Primary residues from forest P :

Agricultialresiiues Secondary residues from wood industries 87906,47
Secondary residues of industry utilising agricultur
products 29527,11

Waste from wood 26418,22

: _ Secondary residues of Digestate from biogas production 12634,60
Rice husks industry utilising agricultural

products CATEGORY é 2 a l:l €

Digestate Dot b il o Waste from wood 15
production : :
: Agricultural residues 28
Black Liquor Secondary residues from : :
Primaryresidues from forest 35

ITALY I

LATVIA =
LITHUANIA =
LUXEMBOURG

FRANCE N—

SPAIN I

GREECE =
HUNGARY mm
MALTA

CYPRUS
NETHERLANDS ®

CZECH REPUBLIC mm

GERMANY I

POLAND M

PORTUGAL mm
SWEDEN —

AUSTRIA =
BELGIUM ®
BULGARIA ™
CROATIA ®
DENMARK m
ESTONIA 1
FINLAND -
IRELAND 1
ROMAN A e
SLOVAKIA =
SLOVENIA 1
UNITED KINGDOIM  n—

wood industries
35
Secondary residues of industry utilising agricultut

products 55

60

Digestate from biogas production NE Oget DS R
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» BLAZE $

Olive pomace

Almond shells

In-bed implementation

Primary additives

Na,CO,, K,CO;: x 100 stoich.

c-Dolomite
(0-45 %-wt)

Steam/Biomass (OLV)

Equivalence Ratio

05vs1.0

0.25vs 0.30

WP2: BIOMASS ASSESSMENT,
GASIEICATION ANDNCONDRITIONIN

% wt, drybasis

Feedstock
I:IIIISLS 7.1

2.8

IEIIII4&8 61 05

0.06 0.08 |32.1
<0.01 <0.01 )43.2

Calcin. Dolomite

Observed Effect

1- Reduction of HCl content around ~ 10-100
mg/Nm?;, vs 510 mg/Nm?y,, (theoretical value).

1- Appreciable effect on gas composition (H2
enrichment, from 25 %-v up to 35 %-v, N2-free);

2- Important effect on Tar content reduction (%-eff:
> 45%-wt on Tot GCMS: 25 g/ngd,yvs 13.7
g/Nm3dw; Benzene, Toluene, Naphthalene = 1000s
mg/Nmadry);

3- H,S content reduced to tens/few mg/Nm?y, (vs
320 mg/Nm3dw (theoretical value);

1- H; enrichment (H,: 25 — 35 %-v, N2-free basis);
2- limited reduction on light hydroc. content (i.e.
CH, + G H,);

3- lower effect on the reduction of tar content 25
g/Nm?3y, (~ 30% based on Tot GCMS);

1- Minimal effect on gas composition (CO2 %-v
increase);

2- Limited effect in the tar content (~ 15-20%-wt on
Tot GCMS);

Co-funded by the Horizon 2020 programme
of the European Union

U Bed materiali(e. olivine,
calcined dolomite)

U In-bed sorbentsi(e. calcined
dolomite, Na2CO3, K2CO3)

1- Reduction of HCI content < 20 mg/Nm?;,, vs
55 mg/N m3dw (theoretical value)

1- No appreciable effect on gas composition (H2
content ~ 35 %-v, N2-free);

2- Important effect on Tar content reduction (%-
eff: > 50%-wt on Tot GCMS: 28 g/Nm3dwvs 10
g/Nm3dw; Benzene, Toluene, Naphthalene =
1000s mg/Nm?3;,)

3- H,S content reduced to tens/few mg/Nm?3y.,
vs 27 mg/Nm3dw(theoreticaI value);

1- H; enrichment (H,: 35 — 45 %, N2-free basis);

2- No effect evidence on light hydroc. content
(i.e. CHy + CH,);

3- lower effect on the reduction of tar content
28 g/Nm?y, vs 19 g/Nm?y,, (~ 30% based on Tot

GCMS);

1- Minimal effect on gas compaosition (CO2 %-v
increase);

2- Limited effect in the tar content (~ 15%-wt on
Tot GCMS);

KIS NBOSAOSR
Horizon 2020 research and innovatiprogramme
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A BLAZE f WWWM“SS%MMEN
N GASIEICATION IAND\JG@IN.WK)

“Im_m_dﬁtﬁu_c‘z}' | 100
BI:IL—" T Out 90
@ MEM/CA
(.\l... 8 & s i Manometer %
I MFMIC3 Thermocouple 70
I}l_ﬂﬁ,u_o;_.l.-_h._‘,._. E data logger §
wr MFMICI W i S w0
ninge P ) . S 5
Syringe Pump "?’ Evaporater & g ?
qu'_.,:._, e ffj ) I_tttnr r g "
Syringe Pump Tube fumace £ H  Packed Bed system S
i |z (i) 0
e - o .
| MFMIC control | Furnace 1| B
= T system | controller 5% fl s 10
: Mi i I 0
#8 #10 #11 | == Bascston (e 850°C 750°C
) : : = | o
Ceramic candle Partially filled catalyst B 2x Catalyst ij ® THEWICS ® Katalco 57-7 (50 ppm H25S) Katalco 57-7 (100 ppm H25)
Bed material Olivine Olivine + dolomite i ! H Katalco 25-4MQ (50 ppm H2S) Katalco 25-4MQ, (100 ppm H2S)
Avg Temperature (°C) 848 844 844
Steam/Biomass 0.52 0.50 0.58
GHSV (h) 4492 4227 2324
Gas yield - Stainless
(Nm?® dryN,free/kgp;,) et L e Ceramic—. & steel tube
i candle %
H,O conversion (%) 56.24 54.84 28.24 _Catalyst
H; (%vol dryN.free) 55.69 55.06 53.31 pellets
CO (%vol dryN.free) 31.59 31.39 34.73
CO, (%vol dryN,free) 11.05 12.12 11.34
CH, (%vol dryN,free) 1.67 1.44 0.61
LHV (MJ/Nm?) 9.04 8.85 8.75
H, (Nl/min) 10.10 10.17 10.24

To Vent

Toluene/1-ring

(mg/Nm* dryN,free) 73/46 N.D./389 N.D./208
Naphthalene/2-ring
162 85 N.D.
(mg/Nm?® dryN,free) ¢ K S ; i Tar vmplmg
Total Tar (w/o benz) 342 474 208 > b e

(mg/Nm? dryN,free) Horizon 7
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Gas flow
Sorbent (g)
T (C)

P (bar)

GHSV (18t

6  (ppmv)
BL (cm)
Bed L/D index

Particle size (mm)

Total flow (NmL
min®

Equilibrium
zone

WP2: BIOMASS ASSESSMEN
GASIEICATION ANDNCONDRITION

Experimenta
Conditions

Syngas*
0.5¢0.25
450¢600
0.951.05
25¢50
400 260
0.8¢1.5
1¢1.9
1.5¢3.0
305+1

Mass transfer zone Unused
(MT2) zone

1

Cout/ Ci (1y9)

B e
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[ Tank
50 U-shape reactor

Paper published in

Bl Valve

-~ Analog control
== Electrical control

seSulg

Energies journal E.
Ciro,A5 St { Q9 NI
Hatunogly L. DeFotto,

E. Bocci

Kinetic and
Thermodynamic Study of
the Wet Desulfurization
Reaction of ZnO
Sorbents at High
Temperatures

"""""" By-pass

Heating
tape

Condenser

_, A ZnOsorbents showed the best performances of absorption capacity of th

capacity of 5.4 g per 100 g of sorbent and a breakthrough time of 2.7 h.
A These materials also have been shown acceptable results up 93500
A A watergas shift (WGS) and a catalytic reactions was observed afnibe
performance.

A From thermodynamic analysis, the endothermic features for the
deactivation reaction was observed and thermodynamic calculations for
enthalpy, entropy, activation energy and diffusion coefficient were
calculated.

A The modelling of the bed fixed reactor and subsequent estimations of be
reactor were carried out to sizing the dimensions of a fixed bed reactor
¢KS LINR22SO0ia KI @S NBOSAOYSR
Horizon 2020 research and innovatiprogramme
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N/

WP3:530LIDXOXIDE FUELSCEL RN o:venmpoa sseon
(SOEC)FESTS

Contaminant 1-ring tar 2-ring tar
thresholds Toluene Napthalene
Low High Low High Low High
ppm(v) 1 3 60 180 5 15
mg/Nm3 (dry) - - 250 750 25 85
003 I EE;“;’":‘E:%EEA:‘:"; < long term H,S 3ppm naphthalene 15ppm
= nzsg:z |2cn°@05::n' {%‘ ; s _l,'
é’ 0015 P, ‘/': " \M Ld\‘ jo e o Wy Y S—, R - J Y
[=) s l\“ : ,::l,f':
- (Pe) /\ y\ 06 : . . - T
b [ B t (h) L\
Several tests were performed to analyse single and rsalitaminant impact on
o syngasfed SOFCThemulti-contaminant tests generally confirm the results obtained
” from the singlecontaminant (H2S mainly affecting charge transfer; tars affecting R(
Sl and diffusion but also charge transfeROmobility was observed for the tdaden
\ syngas compositions, possibly due td€p which induces a dynamic effect on RO
SRS A 2™ Tar presence (in smaller concentrations and with cells with higher initial voltage) s
to mitigate the H2S poisoning (possibly due to a concomitant activity of Ni for tar
o 20 a0 co s0 100 120 reforming). This is however not observedsfor allzsamples; beingrelated tosH25¢Tal

t(h)

Horizon 2020 research and innovatiprogramme
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A
o U cells BLAZE 2021-2022 _%: M”
= Compresicr Ice machine J0'(: . Exhaust
=1 N 0l >‘ ......... e - < _
™~ b ‘ e | IF =1
B - g— —
rro | "\ re s . 4 Burner
0! § 2 [ Air In A
ol AL | , - s 2 / ' Cathode
bl Wy | | W R ey S ]
X . 23 o] | - o
:
s  § g i GC analysis
= S s e ' 5 e
S IR B "
Y e B, s o= L]
»o | " Py il o < v —
Y  itas et S
oo}
.....
Condensator
.
- iy
oo | Fuel In
o - — — o " oo
Initial drop, Second drop, under EIS measurement Cell failure
0.30 0.15
under 2ppm H.S 0.625ppm H,S A a0 Rz B ~—Zm
005 ~-220120_RU2 ~+-220120_RU
. --220121_RU2 --220121_RUp
’ ‘ 0.20 —-220124 RU2 0.10 --220124_RUP
| q . 220126 RU2| 220126_RU
€ o015 200127 RU2| § --220127_RUp
£ 2
£ o010 £ 005
o o
E 0.05 E
0.00 0.00
-0.05
-0.10 -0.05
0.0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 1E02 1E-01 1E+00 1E+01 1E+02 1E+03 1E+04 1.E+05
- K 2 N e v 4 I O c]. ~ e é ReZ [Ohm*cm2] Frequency [Hz]

o To To o I

WP3:5800IDXOXIDE FUELSCE R ovopseoverms
. B LAZE " = * of the European Union
g * - *

— (SOEC) E’EESTS@

3700 hof impurities exposure Sulfur (DM®)2- 4ppm Light tar (Toluene20- 400ppm Halogen (HCH:- 50ppm
EIS under nominal polarization D&ialysis; stableperation in clean syngas (90008)4 uV/h ¢0.4%/kh)

S deactivates Ni starting from 0.2ppm (30ppb) Affects CT and RWGS 9% voltage drop at-fggaholCioluene mitigates-8ont
Partial recovery (logarithmic) 50% in 33h 80% in 250h
HCI leads to irreversible degradatic6@ uV/h) for 550ppm

nation

¢KS LIN2E2SOla KIgS NBOSAOSR
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Syngas ; %
outlet 0 e

Steam GB in

Steam Inlet Syphon 1 _
3

\
\.\. 1

_ Air Inlet Combu;
Steam Inlet Gasifier \ -"//
=/

Steam Inlet Syphon2 .-

~e 1N

TN e e

W —— S . W ——
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seraze/  WP4A.NMODENINGIANDRDOTHD:

v Iteration ot £ vs EMl0
1

. o Clean - i i
Biomass Gasification e : 25 [P I
chamber syngas hoe g.. \ wl E I : L
o with Gcu i SOFC LSM FTU N
m i 035 2
ea i?f:ﬁ;gg _ : e =S : 3 m Description
: | Air [ | HENarea % ;_,;‘»""‘33' Eff,h asel . —~ "l:,_“ Base case; BLAZE plant without AOG use.
I 1 COG _: : : = P~ AOG recirculation to the gasification chamber.
LPG Combustion : AOGhtoThe_SEFE L;M_an:d;ir;et_ 11 AOG recirculation to the SOFC LSM anode inlet.
chamber I (| _ AOG recirculation to the gasifier combustor without FTU.
__________________ | s
4 AOG to the gasification chamber : 5 AOG recirculation to the gasifier combustor with FTU.
Air :-__File_gai___________________! e, - g Capte | AOGusedinaGT.
AOG to the gasifier combustor ; = E Distance
Gross power SOFC (kW) 25 25 25 25 25 25 0.333 0.330 0.967 0.330
Gross power turbine (kW) 8.973 782.475 751173  837.502  839.452
Air compressor (gasifier) (kW) 0.291 0.363 0316 0327 0.226 0.292 690.000 690391 697473  690.022
Air compressor (SOFC) (kW) 0.663 0.746 0.611 0.663 0.663 0.663 51270‘;54 72; 87792 1236224‘:)78 13‘15 igg
AOG compressor (kW) 0 0.098 0.123 0.129 0 1.361! 321274 398,596 356.899 221.770
[T 6.00E-05  3.24E-03  6.12E-04 6.00E-05 6.00E-05  1.00E-03 279.412 200000 236054 428615
Net power (kW) 24046 23788  23.947 23877  24.106 31.656 642.955 550967 634334 626.737
073 o075 os os 075 07 ECTOMM, coorit  7sossi s s
SOFC efficiency 0.50 0.47 0.50 0.50 0.50 0.50 B —— T
0.34 0.37 0.39 0.38 0.44 0.45 E 0.8105 07925 08179 0.7587
Cooling water produced (kg/h) 189.68 213.61 174.52 189.68 189.68 189.68 | Areafmy | 9.980 11.543 13.614 6.727
Cooling water produced (kW) 9.51 10.72 8.75 9.51 9.51 9.51 14.606 10.027 29.977 26.360
Cold utility (kW) 6.23 8.06 18.75 18.35 4.72 17.41 155.826 153.954 190.537 161.233
Eff, — 0.22 0.28 0.45 0.45 0.25 0.38 e 3.158 10.696 3371
Total effICIency (Eﬂ:e| + Eﬂ:th) 0.57 0.65 0.83 0.83 0.69 0.84 0.173 0.000 0.902 1.196
Recirculation compressor (kW)
AP (mban) 550 €0 270 - 0.122 0.115 0.153 0.360
Steam needed (kg/h) 19.85 3.75 10.19/16.50 9.63 9.13 12.10 28.05
° @ T2
Inlet fan T (°C) 200 200 20/200 e 1
Total power needed from turbine (kW) 0.315 0.060 0.162/0.209 @ 200°C Ll 14.35 19.05
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- WPS5| INTEGRATION i
. OverallCHPpilot system:Gasificationunit + CHFsub-units

X 4 M- ® Aanmelden =

e B == -
—OE0
J53: reglts -
calc)
- - »i’.:‘
...... B — =
""" [ — ) i

| o 0 g [ SHYGEARE— = [
-1 == et
1 = = - —

A DoubleBubblingGasifierCombustor
A Gas cleaning unit (GCU)

A Turbofan/steam driven compressor (TF)
A 25 kWe Large Stack Module (LSM)

A Anode off gas pogprocessing section

A BoPPID, HAZID, HAZ@éhe

http://www.blazeproject.eu/ ¢KS LINP2SOua KI@S NBOSA R
This project has received fundiingm the European y A Hghigoa 2020 research and innovatimogrammeunderGrant Agreemenio815284 Horizon 2020 research and innovatiprogramme
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Start-up phase Gasification test
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NS

WP TEEGHNECONOMICOSACIAID
EWN@@NMEND’A!&SAS&ESSME

a) CAPEX [10 years]

™ Air supply

® Biomass cleaning & energy
supply

» Hot BoP box
Stack box

W EDI treatment

62% ™ Gas conditioning
m Gas purification
SOFC furture price perdiction
14000
12000 o
@
E 10000 :
~ A
[ %
2 goo0
& o
E w0 T
w
T 4000
frd
Q
w 2000
0
] 10000 20000 30000 40000

Numbers of unit / year

C) CAPEX 50k unit/year [10 yearS]

3%

45% ¥ Gas conditioning

M Air supply

m Biomass cleaning & energy
supply

m Hot BoP box
Stack box

W EDItreatment

M Gas purification

S

50000 60000

Co-funded by the Horizon 2020 programme
of the European Union

SOFCin future
based on

Detailed
SOFC
System

Ideal case
for BLAZE

Conventional
electricity
database

plant

cPiL

Climate change kg CO2 eq 0.77 0.32738 0.33863 0.32901 0.19498
|mpact
Ecosystem quality PDF.m2.yr 0.14441 -2.41656 -2.41444 -2.41358 -2.45441
| Humanhealth [N 1.96E-07 2.57E-07  2.77E-07  2.43E-07 3.49E-07
Water scarcity m3 world-eq 0.04115 0.01948 -0.00355 0.02266 0.01825
Ozone layer kg CFC-11eq 1.83E-07 5.76E-08 6.01E-08 5.81E-08 9.33E-09
depletion
- 1 MW with 10 tack
kW | sokw | 100w | sookw | 1mw | sww | MR 10 vears Wetime+furs pios+2 years
No allocation - Do not consider feature
CAPEX / 1 k'Wh electricity 0390726 | 0.270921 | 0.249180 | 0.216878 | 0.208223 | 0195363 | 0.104556 0.1045568
OPEX / 1 K'Wh electricity 0.14433% 0.094361
With economic allocation - Consider feature
CAPEX / 1 k'Wh electricity [ 0250105 | 0.179853 | 0.165236 | 0.143816 | 0.138076 | 0129649 | 0.069333 | 0.069333 |
OPEX / 1 kWh electricity | 0.095714 | 0.062573 |
Haat production
CAPEX / 1 kWh haat l 0.084629 | 0.058878 | 0.053863 | 0.053969 | 0.045088 | 0.042313 | 0.022846 0.022648
OPEX / 1 KWh heat 0.031262 0.020437

BLAZE pilot plant 0.31 kg C&q, 50 % reduction compared with mature electricity generation technology. After reasor

improvement, BLAZE emits 0.19 kg @@2. (betterheat integration, sefproducedsteam biofuel instead oL PG renewable
electricity,catalystproduction and lifetimé. Biomassand maintenance contribute the most in OPEX. Electricity contribute
66% of overall revenues. Economic allocation method is important and necessary to use. BLAZE system has the pote
reach 0.1 Euro/ 1 kWh electricity, 0.04 Euro/ 1 kWh heat (cheaper than the market price), reach BLAZE proposed tar

shows more competitivity marketplace when the plant size is big, and it can deliver heat and electricity continuous
Smart CHRnal conference

27 November 2023

i
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EHPwith high efficiency and low “Food-Wood, Waste industries "E[ec Strengths | Weaknesses

emission from biowaste CHP is energy efficient SR | ©  Complexplant (leading also to
} e \e‘ L Storage = higher CAPEX and O&M costs) ¢ , o
. ¢ ¢
e gl eyl ~ iction | RN ) +  Limited no. of operational
e (ovmnar g ? cooetonmd . withHestand ofCO2  disposal  footprint * Blaze has _gO_Od Bio CHP hours leading reliability
8 e it Power base cost characteristics :
y profile + Biomasssupply
Gain Creatd et , / Gains * Smaller size
reduce his S,
E M — N Wseind B8 Opportunities . | Threats

proceusng :: S * Global energy crisis " ' * Objections of decision- \’

‘waste

et ! R * Local autonomy is trendy makers
Products CL co2 . i issi * CAPEX of standard CHP
JFrocucts \ - / e Reduction of CO2 and emissions

23 * Climate change increasingly actual
I. D V —
la :
— - :
What you offer wh ] Business Case Woéarniturelndustry: Heat Deman

customers are trying to get

g 5.500 MWh/year, Electricity Demand 9.000 MWhly
s g Sawdust wastdiomass 5.500ton/year 20.000
ey MWh/year

Il ! =

= , i J1f (i
CASE 2 CASE 3 CASE 4 e r— ) = {
Investment € 11,135,616.03 | € 8,814,258.58 | £ 6,254,416.20 | € 11,135,616.03 L = s =
Cash Flow (Year1) € 1,919,304.22 | € 1,913,212.58 | € 1,567,033.89 | € 2,074,064.22
LSM cost replacement @y10 € 7,950,000.00 | € 6,000,000.00 | € 3,900,000.00 | € 7,950,000.00
IRR (Internal Rate of Return) 0.09 0.15 0.19 0.11 L g
NPV - Net Present Value € 20,957,466.77 | € 22,072,590.67 | € 18,701,478.17 | € 23,040,878.45 ‘7, *‘\
Technology roadmap: Reduce plant and equipment costs, Optimize defining modular e
standard size, Cumulate operational manhours for increasing reliability and availa i
[ {a O2aita RNAUDS UKKWeSYearg etimePa o[ { a n Gul T o
Business Model: ESCO more viable solution for medium scale plants and for indu seCesss e o
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BIO
COGEN
2030

Webinar

BIO Biomass CHP solutions to
COGE| decarbonize agriculture

2 o 3 o 28% April, 11:45 -12:45 (CET)

Live at

26 - 29 April (
Online

" EUBCE 2021

29th European Biomass
W Conference & Exhibition

* o P = s ABLAZE
¥ : \—

Az
EUBCE
2023

High efficiency and
low emissions CHP
technologies from

Biomass CHP in the clean energy transition - BIOCOGEN 2030 webinar
BIO
COGEN
2030
Biomass CHP
»BLAZE in the clean energy
transition
>
~—
SmartCHP

7 DECEMBER 2021, 10:30-12:00

E 2023

#Webinar

Co-funded by the Horizon 2020 programme
of the European Union

. <

@ s EUBCE 5th-8th June 2023 - Bologna, Online
FREE EVENT

High Efficiency and Low
Emissions CHP Technologies
From Biogenic Residues

Giulio Poggiaroni (Eubia)

Alexandra Tudoroiu (Cogen Euroj
Michat Diugosz (Bioenergy Euroj
Nicola Rovelli (Enereco - Blaze)

Athanase Vafeas (Dowel Innovat

6 June @ 16:15-18:30 CEST
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SO-FRIZ! f oot

Solid oxide fuel cell combined heat and power: Future-ready Energy

De3|gn|ng for flexible use of hydrogen
and natural gas: the SBEREE project

A Demonstration of a fully fudlexible, 5 kW CHP systel
A start1 January 202End30 March 2025. dzR 3 S (i e 1 {

A StacksupplierElcogenASC, 651C), Fraunhofer IK?-elcogen *’ e /:;;E\
(ESC, 85QC) “““““-HH i & f e

A CHP System developers: AVL, ICI kiw&! | 4 J : P
A CHPRprototypesmanufacturer ICl 43 P9 Do
Stacktestabs: ENEA, IEN |C| m-% . T |
demostiesiKiiva, IEN (6000 ) adls N YRR
Precertificationof the systems: KIWA ENEN %_ “*;,\ K e ama

Assessments SCBEIP NL, IT, PL, UK markets: PGE
KIWA, USGM, ENEA This project he

Too Jo To T




SO-FRIZE

Solid oxide fuel cell combined heat and power: Future-ready Energy

A Broader Fuel Operation Window

A Precertified ~ SOFG@HP  system
allowing an operation window from
zero to 100% H2 in natural gas and
with additionsof purified biogas

=T,

L=

#7 Clean Hydrogen
i1 Partnership

Main goals

A Stacksystem Interface
Standardization

A Standardizationof the stack module
system interface, allowing full
interchangeabilityof SOFGtacktypes
within a given SOFEHP system, by
the International Electrotechnical
CommissionIEC)as a new work item
proposal(NWIP)

-

1)
1

-

A System Demonstration and

Certification

A Two stack systeminteroperability run
for 9 months in order to assess
compliance with all applicable
certification requirements of a TRL6
prototype and demonstration in
operational environment providing
combinedheatand power with natural
gas with injections of hydrogen at

TRL.
ﬂ
L

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (JU) under grant agreement N@.10100€
¢CKS W NBEOSA@Sa adzllll2NI FNRBY (GKS 9dz2NRPLISEHY ! YA
and ltaly, Austria, Finland, Germany, Poland, Netherlands, United Kingdom
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SO-FRIZE

Solid oxide fuel cell combined heat and power: Future-ready Energy
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3 Unique,
standardized
stack-system

interface

E { Results System 1

. ||+ Degradation < 1%/kh

. 1|+ Certification aspects

* Primary energy reduction

* Economics (CAPEX, OPEX
and manufacturing)

WP1
Coordination and management

.

Control & operation 1

WP2 WP3

System-ready stacks Stack-ready systems

Results System 2

* Degradation < 1%/kh

* Residential CHP case

* Primary energy reduction

* Economics (CAPEX, OPEX
and manufacturing)

Fuel recirculation 2

l' WP4 l

Pre-certification, Demonstration, Economic Assessment

<
Control & operation 2

* Supply
* Performance,
durability
testing

9 M operation in flexifuel

conditions
& Final assessment

Development Development System integration

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (JU) under grant agreement N@.10100€
¢CKS W NBEOSA@Sa adzllll2NI FNRBY (GKS 9dz2NRPLISEHY ! YA
and ltaly, Austria, Finland, Germany, Poland, Netherlands, United Kingdom



SO-FRIZE

Solid oxide fuel cell combined heat and power: Future-ready Energy

Do ToTo I

SOFREEesults

Developed a unigue testing interface
for validation in 2 labs

Testing under 100% H2/CH4 & 67:33

IV curves Fuelutilizationcurves
Temperaturesensitivity

+0,88%average difference
between2test labs on all
measurements (all < 4%)

#7 Clean Hydrogen
i1 Partnership

o

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (JU) under grant agreement N@.10100€
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