Clean and efficient microCHCP by micro
turbine based hybrid systems.
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European building sector :

* 40% final energy

36% GHG

79% Heating, Cooling, DHW

Renovation rate is low: 12%

70-80% existing buildings in Net-Zero
2050

Urgent need to
switch off fossil
fuels



Switching fossil fuel off means ....
Multiple combined solutions

* Reduce energy
consumption :

BIOMASS HYDROTREATED
RESIDUES AND PYROLYSIS
ORGANIC WASTES OIL

e Use new bio fuels:

* |Increase use of electric or
hybrid heat pumps

LIQUID &
LIQUIFIED
BIOFUELS

:. " FitsMicro

HEATING

»f« COOLING

g; POWER
MICROCHCP
SYSTEM

BASED ON
GAS TURBINE
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*RIA 9 partners

* Budget: 5 MEUR

* Duration: 48 Mths
*1/10/2022
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WP1: Management & Coordination
WP8: Dissemination, Communication & Exploitation

WP6: LCA, socio-economic impact
/ & public perceptance

WP7: Policy, Market assessment,
TEA & business development

WPS:
Hybrid system

Double shaft
micro gas turbine

WP3:
Combustion
research

50% more electricity
using a double shaft

WP2:
Biofuel
production

From fossil-based
heating systems

& power production
using renewables

To heating, coolin%
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Impact £ Fit,Micro

Increased technical performance, robustness, feasibility and
penetration of renewables at “residential/commercial” level
e Replacing conventional oil-fired boilers by modern high efficiency
hybrid microCCHP systems using liquid biofuels

Increase technology leadership and competitiveness of our
European industry

e MITIS (micro-CHP), BTG (HPBO fuels), Fahrenheit.cool (adsorption
chillers)
Increased production share of renewables at consumer level
* Decrease HPO price, widening residual waste cost & green H2

* Increased socioeconomic and environmental sustainability of
renewables-based energy systems at household level

e Replacing DHO by HPO
e Using low emissions flameless combustion

* Use forest residues and bark for HPBO & green hydrogen to reach
15gC02eq/MJ biofuel (ok for 80% GHG cut wrt oil based)




% FitsMicro

. | Increasing treatment severity >
S 0'4 : P ro d u Ct | O n Of t r u Iy | Increasing costs of treatment o >
. . . . | Increasing H, consumption in upgrading process
SUSta I na ble 2nd generatlon Ilq UId 23 1 <Increasing Oxygenates /decreasing LHV g . B = >
biofuels suitable to fuel the HPO" | g |Naptha

21 +

microCHCP system

e
‘ ’%o-}Alkanes
v’ Ex: KPI-4a: Production of HPO with 19 1 .

LVH > 40 MJ/kg from residual = sPO Cyclo\alkanes
biomass materials. LT J R
S . FPBO| - L B
SO-5: Achieving economically - = O =
5nQ 0 Aromatics
competitive operation for the
. 1.3 } } } } |
microCHCP system. ’ " I} M M 16
v' KPI-5b: Producing biofuels with H (wt%)
cost price < 22 € /G J| (~0 08 € /KWh ) Product qualities as function of hydrogen content
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7 /Production HPO (Hydrotreated Pyrolysis Oil) . FitMicro

* Production of hydrotreated pyrolysis oil (HPO) Removal of inorganic contaminants

from the residue-derived FPBO

o
s e —

Reference quality (task 2.1)  current SOTA (new microfiltration adsorption) P
Low severity (task 2.2) lowering fuel costs ' f
From residues (task 2.3) lowering fuel costs

Nitrogen removal (task 2.4)  limiting emissions

* Supporting activities
» Standardization & fuel logistics (task 2.5) - OWI
* Input for value chains (task 2.6)




~/WP3: Biofuel combustion research £ FityMicro

Temperature
| B
. 1561
SO-3: Flameless combustion el
. . . . :1233 Temperature@Outlet= 956.928°C
of liquid biofuels with same 1042
. . . 834
or higher efficiency than Hg
natural gas in the gas turbine I%
cycle. @
v Ex: KPI-3b: Pollutant SROHAS K. Frachon
emissions to be 50% of the 082 FP2 P b 2o
. *%%ﬁ‘?g “’}9"’.#%-'9:-{‘55;@? % &
actual norms or lower, with i %%% AR AT
NO, < 60 mg/kW, fuel
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Flameless combustion for liquid fuels e e L
“. FitgMicro

= Upgrading an existing liquid fuel

atomizer and developing new Top view of CC and air-heaters (pre-insulation)
flameless burners to use the liquid TC.Type K _Glow plug ’Exhaust gas
g » Measurement

biofuels for the low- and high-
pressure stages of the IRRGT
microturbine

= Conducting a detailed
experimental test campaign to
evaluate the performance of the

new combustors Insulation and el.
heating band

17kW

Air flow heater
=  QOptimization of flameless burner 15kW
technology in terms of stability,
operating range and flue gas Hidburel Eas: T2 L 003
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Atomization, spray quality, ULB measurements . Fit.Micro

Determination of droplet size, DHO
Nozzle: Delavan SNA.I(% ke/h. atom. air: 20 sIm. saturated at 15 slm
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High-temperature materials‘ assessment

= Determination of long-term stable, high-temperature, oxidation-resistant
materials for the combustion chamber and turbine wheels that meet the
requirements

Higher grade ——800H /1 $$304/1  ——S5310/1
‘ —+$5316/1  ——S5321/1  —=—5$5347/1
~+--800H / 2 $5304/2  -=-$5310/2
0g  S5316/2  -+-55321/2  -e-55347/2
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WP4: Humidifed Intercooled Regenerative Reheat
Gas Turbine Cycle

A

- FitsMicro

FLAMELESS
COMBUSTION
(Ilppm NOX)

Qur patented combustion
method minimizes emissions,
while enabling our multi-fuel
capability.

HIGH-TEMP
RECUPERATOR

Our patented micro-channel
design maintains high

SO-1: Validation of the hybrid microCHCP efficienciesathign

) temperatures, with minimal
(relevant environment) pressure loss .
v' Ex: KPI-2a: Achieving at least 40%

ULTRA COMPACT

electrical eff:c:ency.. - : @ TURBOGENERATOR
SO-3: Flameless combustion of liquid High frequency and efficiency WITH FOIL
) . . .. with adaptive output voltage
biofuels with same or higher efficiency SERAIGS
ur unique design ensures

than natural gas in the gas turbine cycle. . pllos by -l
v’ Ex: KPI-3b: Pollutant emissions to be 50%
of the actual norms or lower, with NO, <
60 mg/kW, fuel AR
SO-5: Achieving economically competitive operation Economizer Recuperator

for the microCHCP system.

4 KPI-5a: Investment costs for the microCHCP <
2500/500 €/KW, for a 20 KW, system,
achieving pay-back times < 10 years. (")

Steam Water
saturator
cc injection | injection

{,\} An/n e An/N e An/n,e
u1o +10.9% +9.4% +12.9%
120 +13.2%  +15.0%  +22.9%

Saturator

vy

Turbine

T el m H at Cyc I e -

N a

Generator

OWi umons

an der RWTH Aachen University‘of Mons




LP stage - micro-10 £ FitMicro

FLAMELESS
COMBUSTION =
(Ippm NOX) Z

Our patented combustion i/ / fl,
/

HIGH-TEMP
RECUPERATOR

Our patented micre-channel
design maintains high
efficiencies at high
temperatures, with minimal
pressure loss.

method minimizes emissions,
while enabling our multi-fuel k
capability. /

OIL-FREE ULTRA

Hiah f ' o ffic COMPACT

i requency and efficienc

wi?h adaqptive cy>utput \/oltage-:ay TURBOGENERATOR
WITH AIR FOIL
BEARINGS

Our unique design ensures
super-efficiency and maintains
our small form fac




Turbo LP V50 : patented compact design

# " FityMicro

Air Foil Bearing
Development




Saturation tower design for micro-20 mHAT

(28 kW)
Inlet Heated Water Humid Air
from Economizer

m=15g/s

T=160C

P=7.44 bar

m=132.25g/s
Comil;t:ssed T=139 C

P=7.36 bar

# " FityMicro

Packing type: CY
Material: Standard
Dimension: Standard

Height: 10 cm-100 cm
Diameter: 50 cm

.“I



WPS5: Integrated hybrid trigeneration system

development & evaluation

e SO-6: Demonstrate and validate the sustainability

of the HPO-fuelled microCHCP system by detailed ¢

LCA assessment.

v' KPI-6a: Primary energy savings > 100% through .

improved fuel utilization efficiency.

v' KPI-6b: GHG emission savings > 80% compared .

to using domestic heating oil fuelled CHP
system with similar H:P ratio (55% heat, 35%
electric).

v' KPI-6¢: Reduction of GHG emissions for cooling
by 100% compared to compression cooling by
using water as refrigerant.

Cooling Innovation.

ISE an der RWTH Aachen

. Z Fraunhofer QUUJ| ®FAHRENHEIT mif‘is) UMONS

Design at least 2 hybrid systems and
variants for different use cases

Develop robust and efficient control
strategies

Test a system demonstrator for two most
promising use cases in a laboratory
environment

Optimize and evaluate systems based on
system simulations

# " FitsMicro

L\



Definition of use cases and system design L
" FitzMicro

LA VR

=  Multi-family + Office buildings (simulated e T e
in Trnsys) “71 o i % Heat load Demand
= 3 |ocations: Athens, Strasbourg, 7= —
Helsinki |
= 2 building standards typical 90s p— b e I e SRS TR e e
building standard of respective e X i | g N e
location and highly efficient : R T
bu”ding Sta ndard :‘ F:"‘P nominal :EE IT;{E;‘:’; n.m..l.-o-md.mnn;;‘;-nu
= Health and lodging buildings (simulated in Cnngl N S R RO S
synPro) “ WL | R B e e S
= 1 location: Potsdam (Germany) i o I -1 e | e w
= 3 average buildings: before 1979, B S
between 1980 and 2009, after T e B
| 8000 B Space heating demand hours ® Total heat demand hours 8
2009 7000 B Space cooling demand hours 1 Required capacity for 4000 FLH . 7
o 6000 | 62
E 5000 -§ — ' 5 %
E 4000 -§| 4 %
'§ 3000 § - | 3 @
Z 2000 | - 2 ?
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Multi-family home (MFH)




Heating and cooling case testing .

#.* FitsMicro

Heat pumps to be integrated with the micro gas turbine are
tested..

= Silicagel adsorption module from Fahrenheit——
=  R290 Heat Pump from MITIS 7

N | H

A _“, *'




WP6: LCA, socio-economic impact, public acceptance ‘. Fit:Micro

1. To determine the environmental
sustainability performance of the
m;coroCHCP system fueled with

2. To investigate the socio-economic
impact of the Fit4Micro technology
on the society.

3. To determine the public
acceptance of the mGT based
microCHCP system.

4. To perform a gender impact
assessment for the microCHCP
system.

Main system

A
[ ]
]

B[R

——Other production inputs—

Unit-connecting system
capital goods, etc
specific modelling, HPO
specific modelling, Mt

specific modelling, Ac

default modelling,
eventual specification

Preparation and ar
production of biomass

«

Production, maint.,

— =

Ambient air or brine

system (heat source)

Eol of equipment
(capital goods efc) ¥
v ¥ ¥
s Electric compression ‘
Solar PV Electricity heat pump with
v natural reir. R290
'L {propane} HeatrJppe
.“é‘
Biofuel production —HPC- > Electricity Z
Micro turbine (mT =
unit) =
Air—1— Pe £
(1
[rm—C, 0 0l 1
Adsorption chiller
> —Refrigerant (water)
System, connecting the units T
|



Inventory: Microturbine system

Fit;Micro

Raw material extraction

Materials manufacture | ‘

Product manufacture

Use stage

| End of life?

of raw

These are the values from the final mGt.
| suppoese the input of materials is higher?

materials

Production of
materials

1.4845 (85310), >
69,82 kg

1.4401 (S5316)___,
15,54 kg
14301 (85304)___
02649

Inco 718

102kg >
Mica

0,04 kg

1.4571
0,06 kg »

—>

Alloy C-263
001kg »

Inco 718 precipitated

6082(Alu)
12,68 kg

O]

1pmGT

(~147 kg)

HPO
(biofuel)

Operation of mGT

Solar imadiance from the sun
|
|

=

|

Natural refrigerant
(R290)

Solar PV operation ———Electricity——»!

Air? or some other source

Biofuel production

\Waste 7- >

TiAIGv4

0.38 kg *

Nd2Fe14B (magnet) 3

ABD 900AM
0,39 kg >

W303 (1.2367) )
0,58 kg

Steel
1,26 kg >

NBR
002kg 7|

Copper.
0,06 kg >

Polyamide
0,08 kg

PC /
003kg ]/

Nd2Fe14B
0,08 KG

of mGT

Refrigerant

(water)

|
»  Operation of

| adsorption chiller

N
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e 16.1 ~ P tion/
Technology system description LCA ercep
— ey L Acceptence -

| | Actor-network description \ MCM L > gEN 162 4 Sustainability

Gender impact nent 164 > -

e MCM (multi criteria T l F l
mapping) analysis is
initiated

Socio-economic analysis " Fit,Micro

Technological development: WP2+3+4+5

WP7: Policy, market assessment, TEA & business development

* LCA based externality cost
analysis to be made

MCM interview

* Gender based analysis
finished

Preparing for MCM
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1. Monitored and
assessed key policy
files that have the

potential to impact the

uptake of micro-CHP
and hybrid heating
solutions.

2. Market assessment

3. Technico-economical
analysis

4. Business development

/7 WPZ: Policy, market assessment

Opportunities

eIncreased focus on energy efficiency,
especially for renewable gases

*Need to accelerate the decarbonisation of
buildings

*Moving away from the combustion of fossil
fuels in buildings (incl. natural gas)

*RES gases/bioenergy of strategic
importance to displace Russian gas

eElectrification requires scaling up the
deployment of flexible generation

*Micro-CHP & hybrids recognised as green
investments

Threats

ePrioritising electrification and district
heating for buildings

ePrioritising gas, even renewable gases, for
hard-to-decarbonise industrial customers
(vs. space heating/electricity)

ePromoting "non-fossil“/non-gas flexibility
options, namely demand-side response and
storage

»



/ /' High-level findings " Fit,Micro

e Overall, the micro-CHP sector is
stagnant, given competition and
support coming from heat pumps

* Renewable CHP is expected to _

L
Vi
RES R

RETH

affordability and support for :

renewable fuels 50% 70% AT, CZ, DK, gs, NL, PL, ES,

] L] ]
Off grid micro-CHP,

* Low awareness across EU markets = " 15 50% cz, FR, TR

about off-grid e 55% DE, PL, NL, TR

applications/bioliquids

e Countries with potential for §
growth (Off-grid/bioliquids): Czect
Republic, France, Germany,
Netherlands, Poland, Turkey



WPS8: Where to find us *
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Fit;Micro

Fahrenheit GmbH joined the Deutsche Zeolithtagung 28.2. - 1.3.2024 in Jena, New leads
Germany, organised by DECHEMA Add lead gen for

This event was about properties of porous adsorbent materials (#zeolit:

Fit;Micro About v Actiwiies  Resuts  Updetes  Contacts

MICROCHCP HYBRID HEATING
AND COOLING SYSTEM
RUNNING ON SUSTAINABLE
LIQUID BIOFUELS

Linked [T

fitdmicro.eu

@Fit4Micro

o FitdMicro Project a
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Home You might like

Explore @& f‘f’amgy Consult

World Bio Market Insight
i @ =0 =
4

.+ Fit;Micro

Fit4Micro Project

.. Fi )
Messages W Micro EISMEA &
it profie B ol rollon

> EH € &

Fit4Micro Project
Bookmarks LA Micro

X
0]
Q
Q Notifications
=]
]
a]

info@fitdmicro.eu

Italy trends

Fit4Micro Project

£& Communities

@fitdmicroproject - 2 iscritti - 2 video

X Premium ) FitsMicro
a0 o5 Fit4Micro is an Horizon Europe project that aims at developing a micoCHP unit running on .. >
More . FitaMicro Project ] S Trendin "
# One of the main purposes of FitaMicrois to tackl #SerenaBortone Home  Video
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oReemouse FitdMicro: a clean way to Fit4Micro - Clean and
T — 1w X power homes off the. efficient microCHCP by mic...
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@ fitdmicro.eu

W @Fit4Micro
[ Fit4Micro Project
& info@fitdmicro.eu
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