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CISTEM - General Information

Project Duration:
June 2013 - September 20167
Grant Agreement No. 325262

Budget: 6,097,180 € FCH
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June 2013 Nov. 2014 Sept. 2016

| | |
Month:0 3 6 9 12 15 18 21 24 27 30 33 36 40

Midterm Evaluation
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EU-Project CISTEM

System requirements
= system efficiency
B control strategy

™ |oad management

CISTEM: Construction of
Improved HT-PEM MEAs and Modular

t Stack i t
Stacks for Long Term Stable canicep = dursbilty
i Balance HT-PEM ™ costs
MOdL’”ar CHP UnItS of Plant stack = volume
B gas quality BoP
: | g Stack ™ modulation capabilities
B Vision: Development of a PRy Sy HEERE )
% s Mathe-

technology with high > RS plates modelling
efficiency and long lifetime i

Proof viability of HT-PEMFC
technology for large
CHP systems

Degradation investigations: .

. * *
single components, MEAs, * *
stacks, CHP units b X

* 4 K

nl ouse, NEXT ENERGY _@_ Danish Power Systems® ICI .."’lo I-Waerme-lnstitut (ElSENHUTH ) :‘C:E:E‘EE;E?R:NDTECHNOLDGY .

07-April-16 engineering GmbH gy o caLDRE

10 pyppggen \“\“\




EU-Project CISTEM

100%
- % conventional heater thermal
c
- © / storage

Technical targets 5 // T

= Module 4
B Modular setup with 4 kW,, stacks £ Module 3

= Module 2

Module 1 ‘
B Electrical output: hours 8760 h
Up to 100 kWeI Annual load curve with modular CHP system

Modular Setup Approach Advantages:

Electrical efficiency: > 40% o _
Suitability for mass production

Higher system efficiency
Maintenance “on the run”
Stability and reliability

Working temperature: 160°C

Fuel flexible:

pure H, / NG reformate Rk
x * / FCH
* 4 K )
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EU-Project CISTEM

Components Short Stacks  Balance of Eva(l:tll-laliion Operation
P Full Stacks Plant Unit P
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CISTEM - Project Structure

WP 1 - Management (NE)

WP 2 - Materials beyond SoA (UCLM) NEXT ENERGY

WP 3 - Degradation with SoA Materials (DPS)| Investigations

WP 4 - Balance of Plant Design (OWI)

WP 5 - CHP Design and Setup (OWI)

WP 6 - Degradation Modeling (UCTP)

WP 7 - Dissemination and Public Awareness (NE)
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Fuel and Air/0O, Optimisation

SoA MEA
Effect of O, enrichment on fuel cell performance:

1.1 1.1
] —e— Air —e— Air
1.0 - —e— 30% O, 1.0 —e— 30 % O,
1 ——75% O, ——75% 0,
0.9 4

o
©

—0— Pure O,

—O— Pure O,

o
¢4}
-
o
(o]
-

o
(&)}
[

Fuel cell voltage [V]
o o
o N

Fuel cell voltage [V]
o
N

Ooo 00000,
.... ®oee,
......
0.5 - ®teeeec’® 0.5+
] ®e ]
0.4 0.4
0'3 T T T T T T T T T T 03 T T T T T T T T T
0.0 0.1 0.2 03 04 05 0.6 0.7 08 09 1.0 1.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.27 0.8 0.9 1.0
(a) Current density [A/cmz] (b) Current density [A/cm?]

Polarisation curves for the fuel cell operating with H,/Air* as function of oxygen enriched air. MEA: (a) BASF, (b) DPS.
5-fold serpentine flow field, P.=0.75 MPa, T=160 °C, p=1 atm. * A,;,=1.2; A,;;=2, Apir-3000 02=2:85, Apir-7505 02=7-1, Ag2=9.5

the better the performance of the fuel cell is. del L0 N L 70

21 (Air) 43.4 38.5

= Mass transport improvement from 30 s 41.1
the gas flow channels to the cathode CL 75 46.0 43

*At 0.3 A/cm?
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Long-term Test (1)

Performance vs. time SoA MEA

1.2 5 -0 1.0
1.1 Py —e— 0 day —e— 18 day
o —| ;0 = —e— 7 day —e— 28 day
o 1.04 o 0.9 —e— 14 day 35 day
S 091 40 3 0.8
= 0.8 5
2 0.7 --60 3 %0 7
CHENE E— o - A g, ~1.6 % n, loss
L 0.5 -+ | o g *—-80 g g 0.6 'l .'
S ° e o ° « o3 !"l’
2 04 F-1002 5 !!!
T "£0.3 o 90'5_
B go 5 *— | -120 " W
€ <0.21 = 0.4 -
o E
£ Eo.1]Voltage loss rate: -57 pV/h | 1403 . -5% voltage at 0.3 A/cm2
O 0.0 T T T T T T T T T T T 0.3 T T T T T T T T
0 5 10 15 20 25 30 35 00 01 02 03 04 05 0.6 o 7 08 09 1.0
(a) Time [day] (b) Current density [A/cm?]

(a) Long-term test for the fuel cell operating with H,/Air (As,ode/ Acathode =1-5/2). Current density was interrupted for MEA
characterisation on day: 0, 7, 14, 18, 28 and 35 (black circles). (b) Polarisation curves as function of operation time.
T=160 °C, p=1 atm, serpentine flow field, P_ .., =1.4 MPa

Day 0 < Time < Day 7: Slight voltage increase over time and similar FC performance
= EIS: ORR improvement - Break-in time enough?

Time > Day 7: Voltage and FC performance reduction
= EIS: | H* conductivity + | mass transport (H;PO, redistribution) + { anode charge transfer

F. J. Pinar et al., Long-term Testing of a High Temperature Polymer Electrolyte Membrane Fuel Cell: The Effect of Reactant Gases. AIChE journal. Submitted 2015
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Long-term Test (2)

BoA! MEA: Thermally cured PBI

= Performance vs. time
1.1 1.0
] ] —e— 0 day —e— 21 day
1.0 1 SoA MEA H,/Air: -57 pV/h —e— 7 day —e— 28 day
% 0.9 o/ HV/ 0-91 —e— 14 day 41 day
<_>D > 0.8—- 0.8
3 0.7 o %},
T 06 ' . [ 8071 “lay
z ] [ S “hg, ~0.6% n, loss
057 2 0.6 1 fs
2 049 ° ° ° ° ° ° g "lli'"
S "c 0.3 — T 0.51 "l!"
9,51 2 '"!gl .
ST 7] 0.4 - .."”"80
S 7.1 Voltage loss rate: -22 uV/h .1 ~3% voltage at 0.3 A/cm?
. 0 I5 1I0 1I5 2IO 2I5 3I0 3I5 4I0 45 . 0.0 Otl 0t2 0j3 0j4 0j5 0t6 Ot7 OtS 0t9 1j0 1.1
(a) Time [day] (b) Current density [A/cm?’]

(a) Long-term test for the fuel cell operating with H,/30% O, enriched air (Aynode/ Acathode >1.50/2.85). Current density was
interrupted for MEA characterisation on day: 0, 7, 14, 21, 28, 35 and 41 (black circles). (b) Polarisation curves as function
of operation time. T=160 °C, p=1 atm, grid flow field, P. ,.,=1.4 MPa

Day 0 < Time < Day 7: Operation with hydrogen and
= Slight voltage increase over time oxygen enrichment (30%)

» FC performance improvement at low current densities
After MEA characterisation - Voltage downward step (weaker than SoA MEAs)
Time > Day 7: Voltage and FC performance reduction

) inhouse, N
07-Apr| |-16 engineering GmbH o
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Long-term Test (3)

BoA! MEA: Thermally cured PBI
BoA2 MEA: BoA! + Extra PTFE

Performance vs. time:

0.9
0_8_. Operation with synthetic wet reformate -
- and oxygen enrichment (30%) = BoAl MEAs:
0.7 :
= (Tests 1 and Previous test)
go.e;-.m hi ||:|mm e = Improved anode activity
B8 0.5 and H* conductivity:
S |
2 04. « Increased PA mobility
q) _—
S = BoA?/BoA! (Test 1 vs 2):
g 0.3 -
e = Improved performance
0.219Test1: -5.5uV/h (BoA') e .
ITest2: -22.2 uV/h (BoAY) = Decreased lifetime:
0'10 5 10 15 20 '[dzls]' 30 35 40 45 ’ Bla_cké)uts ar;ﬂ load off
Time [day periods are the cause
Long term test for the fuel cell operating at constant load (0.3 A/cm?2). of extra FC degradation

Anode gas: with 54% H, + 15% CO, + 31% H,0.
Cathode gas: 30 % O, enriched air. (A,,/Ay; =1.3/2.85).
T=160 °C, p=0.1 MPa, 5-fold serpentine flow field, P.=0.75 MPa

UNIVERSITY OF
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Long-term Test (4)

BoA! MEA: Thermally cured PBI

Voltage vs. time

Day 0 < Time < Day 7:

1.2--—-“ 0
. 1 T ; = j=0.2 A/cm? = V=constant
§~;Z “‘Wﬂzo E = Time > Day 7:
=2 el [ 2 = j=0.3 A/cm2 > V reduction?
ERES ———[* % B Voltage loss rate:
= 0.6- I ) = .
_ 059 ° ° ° ° o &°° g_ . 6 I-l\_//.h.(day 7 _c_lay 40)
g 04 00y B More oxidizing conditions but
& 503 — .3 less FC degradation than
5 gzj E previous test:
SEES D R R » Extended break-in time also
0 5 10 15 20 25 30 35 40 improves lifetime
Time [day]

= Further investigation

Long term test for the fuel cell operating with 78%

H,+22% CO0,/0, (A hode/ Acathode =1:5/9.5). Current density

was interrupted for MEA characterisation on day: 0, 7, 14, Operation with synthetic

21, 28, 35 and 40 (black Circles). MEA: DPS-55, T=160 °C, reformate and oxygen
p=0.1 MPa, 5-fold serpentine flow field, P.=0.75 MPa

UNIVERSITY OF
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Long-term Test

(5)

1.0

Voltage vs. time

0.9 -

0.8 -

Fuel cell voltage [V]
o
N

’//BOL —— G55-14-019 (MEA-14-707) -
—— G55-15-008 (MEA-15-389) -
N, —— G55-15-008 (MEA-15-396) -

2,000 h

—— G55-15-010 (MEA-15-529) -

SFF -
SFF -
SFF -
SFF -

- T e I A
)

Next Energy
UCTP

DPS

Next Energy

3,000 h

o.s-“Lﬁ:‘“
e Y
11
0.5'\ =
I Standard Break-in: ~100 h @ 0.2 A/cm2 =
1
0-4'=-----|---|---|-----
0 25 50 75 100 125 150
Time [day]

Long term test for the fuel cell operating with H,/Air

BoAl MEA

Milestone-target:
Degradation rate <-4 yV/h
Duration: 2,000 h

MEAs tested in parallel:
= DPS, UCTP, NE

> 2,500 h operation

Performance differences
owing to different
setup utilization

Blackouts and load off
periods may cause
FC degradation

Operation with hydrogen

(Aanode/ Acathode =1-5/2.0). T=160 °C, j=0.3 A/cm?2 p=0.1 MPa, and air
serpentine flow field, P.=0.75 MPa
7 NEXT|ENERGY i ® v el-Waerme: -Institut UNIVERSITY OF
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Long-term Test — Low Deg. Milestone

Voltage rate over time / Degradation rate

MEA(';E‘;7O7 +14.2 uV/h +2.0 pV/h
ME(AU'é%;;’” +3.8 uV/h -2.4 uV/h
MEA(—;E)—529 A5 ]

Voltage loss rate target: < -4.0 yV/h (2,000 h test)
Voltage loss rate target: @ -1.7 yV/h (3,000 h test)

. inhouse,
07-Apr||-16 engineering GmbH -
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Introduction to NEXT ENERGY

B EU-Project CISTEM
= Technical Targets & Challenges

= Experimental Challenges:
= Oxygen enrichment
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= Fuel switching
= Start/stop cycling
B Technical Challenges:
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Accelerated Stress Test

(1)

1.3
1.2
1.1

Fuel cell voltage
V]
o =
o o

0.5
_ 0.4
£0.3
O

< 0.2
£.0.1

Current density

©
o

Voltage vs. time

0
T —— -

Reactants: Fuel: 78% H,+22% CO, —_ »-20 =2
OX|dant 30% O enrlched air E
--40 S
=
5
--60 o
[9)]
0
a
- --80 &
=k
-81 p.V/h at 0.3 A/cm g
--100 o
3
I
L-120 &
=
--140 é.

9 12 15 18 21 24 27 30 33 36
Time [day]

AST of DPS MEA operating with 78% H,+22% C0O,/30% O,
(Aw,/A309 0,=1.5/2.85). T=160 °C, p=0. 1 MPa, serpentine flow
f|eI¢fs, P.=0. 75 MPa. Current density cycling was interrupted for

MEA characterisation on day: 0, 6, 13, 20, 27, 34 and 35

(black circles)

SoA MEA

Accelerated degradation
of materials

Voltage loss rate reduced
after 13 days of operation:

= Degradation stabilisation
(EASA stabilisation vs. time)

Voltage loss at 0.3 A/cm?:

= -81 pV/h

(Constant load test: -57 pV/h)

MEA thickness loss:
= ~15um

F. J. Pinar et al., Performance of a High-Temperature PEM Fuel Cell Operated with Oxygen Enriched Cathode Air and Hydrogen from Synthetic Reformate.
International Journal of Hydrogen Energy 40 (2015) 5432-5438

07-April-16
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Introduction to NEXT ENERGY
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Fuel Switching Test - End User Scenario

= Voltage vs. time

BoA! MEA: Thermally cured PBI

1.1
1.0 1
0.9 4

—

Fuel cell voltage
[v

o o o
A N @
L 1 . 1

1 ﬂ; gain:

First cycle: +9 mV
Last cycle: +19 mV

1Till Day 84: +14 mV

Day 61 - Day 63:

0.5

i)oeeee eee

n}'mmmmm

©
w

0.1

Current density
[mA/cmz]
o
N

°©
o
1

| Degradation rate:

-22 pV/h (syn. refomate)

Fuel switching test. Black circles: MEA characterisation day.

1 -17 pV/h (hydrogen)
0 '1I0'20 30'4I0'50
Time [day]

70 80 90 100 110

Fuel: H, and 78% CO,+22% H,, oxidant: 30 % O, enriched air.

MEA: DPS-56, T = 160 °C, p = 0.1 MPa, serpentine flow field,

Fuel flexibility of the fuel cell:

12 hours pure H, / 12 hours
synthetic dry reformate
(78% H, and 22% CO,)

Approx. 2,500 hours of testing

Similar degradation rates than
Pure H, - BoA! MEA: -22 uV/h

Rectangular cycling of voltage:

H, 2> H,+CO, operation
Anode catalyst deactivation
Mass transport deterioration

07-April-16

P.=0.75 MPa
i Y,
inlouse NEXT|ENERGY -@- Danish Power Systems® | [ | EHv—m——" (EISENHUTH) .(S
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Start/Stop Cycling Test (1)

BoA! MEA T,,, = 25°C
= Voltage / Current density / MEA thickness over time

-0 _ .
. E Day 0 < Time < Day 11:
) 20 3 = \/oltage downward step
T L L 40 5 B Time > Day 11:
E é = Voltage almost constant

: »‘ % o0 U% = 61 completed cycles

> ’ “ &
2 o | %° 8 B \oltage loss at 0.3 A/cm?:
% :g; 100 = = -13 pV/h
E o4 5 = -0.6 mV/cycle
© 0.0 I_'_I_'_I_'_I_'_I_'_I_'_I_'_"]-ZOI_I

0O 10 20 30 40 50 60 70 80 90 100 110 120

MEA thickness:

Time [day]
Fuel cell voltage, current density and MEA displacement changes as " NO Cha nges at J =ConStant
function of time during S/S cycling test. . .
MEA characterisation on day: black circles. Fuel: H, (A4, = 1.5), " S/S CYCIlng .
oxidant: air (A,;, = 2); T = 160°C, p = 0.1 MPa, H H

serpentine flow Field, contact pressure = 0.75 MPa EXpanSIOH/Contra Ctlon M EA
7 H ® ' el-Waerme: -Institut CHEWISIEY AN
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Start/Stop Cycling Test (2)

BoA! MEA T,;,, = 100°C
= Voltage / Current density / MEA thickness over time

1.2 ; -0
W oWy — .
1.1 KU E Day 0 < Time < Day 21.:
% 1.0 Accumulated S/S cycles: 50 =< V I d
.00 4 7 11 15 19 23 26 27) - m n ~
% 05 ° () [ ° ° o0 o > oltage ~ steady
> S S - .
= o8 | \ | | _ La & B Time > Day 21:
O - - - -
g High impact of fuel cell idling & = \oltage reduction
o i ot
- b_tt‘ampirattnlre during off Qodes 3 = After 27 cycles: EolL reached
> ' o
= 0.4 - | _ 8 = .
8‘?0: _ 8 ¢ EE \oltage loss at 0.3 A/cm?:
o . i —Hh— — o
o I >
2 2021 | 100 — " -57 pV/h
%’ Eo1] W 3 = -2.4 mV/cycle
o 0.0 — HL —— m, . ,L — T -120
0 5 10 15 20 25 30 35 40 45 50 = MEA thickness:
Time [day] .
_ _ = S/S cycling:
Fuel cell voltage, current density and MEA displacement changes as .
function of time during S/S cycling test. MEA characterisation on day: Shorter dISpIacement
0, 7, 14, 21, 28, 35, 42, 45 and 48 (black circles). .
Fuel: H, (A,, = 1.5), oxidant: air (Aa:n= 2); T =afeoc;::f ﬁsl 0.1 MPa, than previous test
serpentine flow field, contact pressure = 0.75 MPa
07-April-16 inl ::gl‘_lnifr'?ngcmm ”E:‘TE"ERG'Y -@-Danish Power Systems® ‘.’!{e !lgewliv'\l;ormo»lns(i!ul m EE:E‘EJFE'IS:;DTECHNOLDGY . 2o



Start/Stop Cycling — Ex-situ

BoAl MEA
= -CT investigations ?

Fresh MEA:
= Mirror symmetry
= Few drying cracks

MEA after S/S cycling:
a3 Tidling = 25°C:

"F ,.w S 200|Lm_g = Increased drying crack
ST o = Anode CL thinning

= Slight membrane
irregularities:

thinning and swelling
Two dimensional p-CT image from (a) fresh MEA, (b) MEA after S/S T'dl' = 1 OOOC .
cycling test with Ty, = 25 °C and (c) MEA after S/S cycling test 1aling

With Tiaing = 100 °C = More distinctive swelling
and anode deterioration

UNIVERSITY OF
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Introduction to NEXT ENERGY

B EU-Project CISTEM
= Technical Targets & Challenges

B Experimental Challenges:
= Oxygen enrichment
= Long-term testing at constant load
= Accelerated stress testing
= Fuel switching
= Start/stop cycling

= Technical Challenges:

= Short and full stacks

= CHP system setup

= Operating conditions

Summary

inlouse, >
07-April-16 incerfng GmbH 1o

it ey
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Short and Full Stacks

Results after 1.200 h

> Degradation rate
-5.4 uyV/h @ 0.3 A/cm?2
constant load conditions
H,/Air dry A= 1.5/2.0
T = 160 °C (cooling inlet)
1.0

y =-05.40E-06x + 59.10E-02

0.8
0.7
0.6
0.5
0.4
0.3 }
0.2
0.1

U V]| j[A/fem?]

0.0
-400 0 400 800 1,200 1,600 2,000

Time [h]

UNIVERSITY OF

o \/
fnhouse NEXT ENERGY _@_ Danish Power Systems® a» '{l Oel-Waerme nstitut ( EISENHUTH ) CHEMISTRY AND TECHNOLOGY
hungszentran r CALDAIE an der RWTH 2UCLM

07-April-16 engincerihg GmbH 1

32



Short and Full Stacks

1st Full Stack

80 cells

Set-up accomplished.

07-April-16
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Fuel Processor

Development of FP for NG conversion and
syngas production

Main characteristics:
hydrogen production 8 Nm3/h
Modulation range 25-100%
CO concentration 1%

Industrializable and marketable
at competitive price

Efficient, reliable with low maintenance cost

UNIVERSITY OF
inhouse > NEXTENERGY Danish Power Systems® ICI onn........ nstitut ( EISENHUTH ) ( S CHEMISTRY AND TECHNOLOGY
07-April-16 e @ der RWTH PRAGUE
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Fuel Processor Unit 1

HEAT

CHIMNEY
EXCHANGER

REFORMER

THERMOCOUPLES

1
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Fuel Processor Unit 2

07-April-16
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CHP Design

flue gas

Submodule 1 (Evaluation Unit)

fluid water /\ I

h

~ ‘—@——-@'s;m———r —————

40°C/80°C or 70°C/90°C

Backup Burner

\J

Exhaust

Anode

Cathode

Air

B

I
o
0, (Optionally)

fluid water

El. Load

Alr Caaling (Backup)

furization
Water / Steam | Air
B Flue gas El. Power
Syngas District heating circuit ) -
modue Methane FC Cooling Loop
high heating value
low heating value
| Reformer module (ICI) Exhaust
| Fuel cell module (OWI, Inhouse) |
H; (Optionally)
Fuel | Cell
Methane (flushing) «+

[ XN ]

Submodule n

Yy

Domestic
Hot Water
Tank

District
Heating

Electrical Power

Overall System Concept with enhanced heat recovery from

07-April-16
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CHP Design => Hardware in the Loop

Test bench construction

IAdditional
Gas

Fuel Cell+ Burner
Reforming < < )

Heat
Storage
Tank

50°C \
™ |
Valve w : HEX 1 Valve HEX 2
(0] > N
=" \J
1
=
NG, .
B =<0
o ! (>
30°C : / \
1

Norm cycle (DIN 4709)
Y

Cooler

Definitions (DIN 4709)

w. —
Netn = el Qruet = MpyerHy
} | 1 i 2 & quel
o / / Qn = [ Gy (T ~ T e
i test cycle i . _ Qy W W W
th,H — = —
i i Q fuel el gen aux
| |
30 - ' !
| I ” H I n =7 + fP,el n frer=2.6
| | es th,H el,H
0 I I | 1L L g fP,fuel fP,fuel =11
3 4 S X
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CHP System Simulation

= (Q_CHP Q_load ==—Q_Boiler
50 000 .
= — Simulated thermal power
< 40000
- and temperatures over the
30 000 . .
g 1 testing period of 24 h.
= 20000 =
g W -
9 10000 -
0 T T T T T T 1
0 5 10 15 20 25 30
timeinh
System efficiency based
e===T CHP_v| e=—T storage T load_rl e==T boiler_vl . .
on simulation.
100
!,: 80 - T J\ el 269.40 kWh
8 60 e Qruet 763.72 kWh
>
g 0 Qy 379.13 kWh
Q
£ 0.50
3 2 Nth,H
rlel,H 035
O T T T T T 1
0 5 10 15 20 25 30 Nges —
timeinh
7 NEXT ENERGY anish Power Systems® ([ )/ /] [——" g:IE‘:Elgﬁ'IS:NFDTECHNOLDGY
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Operating Strategy

Heat based operating mode suggested for
CHP operation (without electrical storage)

Modules should have equal operating hours
> ,Revolver" strategy

= Strategy includes: |
» Temperature control for
switch on/ off conditions { eniry state Nl
» Temporal conditions for ?
minimal/maximal operating switchon =

times
> “First in - first out” switch off }/m

IIIIIIIIIII
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Introduction to NEXT ENERGY

B EU-Project CISTEM
= Technical Targets & Challenges

B Experimental Challenges:
= Oxygen enrichment
= Long-term testing at constant load
= Accelerated stress testing
= Fuel switching
= Start/stop cycling

B Technical Challenges:

= Short and full stacks

= CHP system setup

= QOperating conditions

Summary

' NEXT ENERGY OWN......cncnsi 6 CHEMIST! CHNOLOGY
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Summary

Scientific Targets
fulfilled:

B BoA-MEAs with degradation rates
<-4 pV/h (0.3 A/cm2, H, & air,
>2,000h of operation)

BoA-MEAs show performances of
750 mV at 0.2 A/cm2 and 670 mV
at 0.5 A/cm?2 (also SOA-MEASs)

Optimized membrane: thermally
cured PBI

Optimized BPP: PPS-BPP
Optimized electrodes: Pt/SiCTiC

Stationary 3D-model of stack with
100 cells

Short stacks have been tested.

Technical Targets
fulfilled:
B Fuel flexible operation is possible.

B Improvement of electrical
efficiency by increasing of O,-
concentration

Operation strategy is fixed:
Revolver strategy

Fuel processor is finished.

=
=
Upcoming tasks:

B Continue CHP evaluation

E Include 2 full stack

B Verification of operating strategies
B Complete FC stack model

Full stack is included in CHP setup.
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