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Agenda

Part 1 — Beat Wellig

* Role of Process Integration

* Expected results until the end of 2022/24

* Examples of collaboration with industry

Part 2 — Stefan Bertsch

* Guidelines for integration of renewables
* Decarbonization as a multi-level process

* Funding opportunities / collaboration
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Energy use in Swiss industry

-

Approximately 20% of Switzerland's total energy use
is for industry. More than half is for process heat.

Industry

Heating

Source: Swiss Federal Office of Energy SFOE (2019)
25.04.2022
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Process Integration is key to decarbonizing industry

System orientated method to determine the optimal energy input and plant design under the condition of
minimal cost. Pinch Analysis is the most mature tool for energetic Process Integration.

Composite Curves CCs Grand Composite Curve GCC Cost Curves
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Process Integration is (by far) the most effective method to save energy and reduce CO, emissions in industry! (see SCCER EIP)
Typical saving pot. 10-40%, economic saving pot. min. 3 TWh/a, net savings per reduced tonne of CO, approx. 380 CHF/t CO,
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Role of Process Integration for renewables integration

Process Integration provides the basis for the

Grand Composite Curve: OC 1

< >

optimal integration and implementation of 220
* energy efficiency measures ol |
180 |
* renewable energy sources e |
* excess heat use (e.g. in thermal grids) 140 F
* Negative Emissions Technologies (NETs) » 120 |
£ ~100 [—
(] \J
2| =80 |
Process Integration provides a systematic approach S| F o
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which supports a well-informed decision-making process! % =
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today’s HU level

71% of heating
demand below 100°C

HP or solar energy can cover
50% of heating demand
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Expected results until the end of 2022

* Comprehensive database of evaluated Pinch
Analysis projects*:

200

* Process information, stream tables, scheduling 180
information, economic data 160

* Composite Curves, Grand Composite Curves 140

* Implemented energy efficiency measures (EEMs) 120

100
* Tools to create energy demand profiles for

companies in a specific sector

» Sectorial profiles (at least dairy industry)

Temperature level [°C]
(0,0]
o

* Core group “temperature levels”:
HSLU-TEVT, HEIG-VD, UNIGE, OST-IES, OST-SPF

Networking Conference 2022

Energy demand profile for sub-sector «Meat» after
implementation of EEMs (residual source/sink profile)
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Expected results until the end of 2024

Quantify and assess the integration opportunities for renewables and excess heat usage based on the energy
demand profiles and Process Integration technigues:

Industrial Company

First priority: Energy Efficiency Measures (EEMs),
always reduce heating and cooling demand, as well as excess heat

Renewable Heating

<150°C” >150°C
* Heat pumping 2, * Fuel shifting:
process-integrated combustion, CHP:
or using renewable - Biomass*
heat sources - Biogas
e Thermal grids ? - Wastes
e Solar thermal - Hydrogen
* Geothermal e Thermal Grids *
e P2H

* Deep geothermal

25.04.2022

Renewable Cooling

<T"ambient" >T "ambient"
 Refrigeration * Free cooling
technologies ? - Air
- River water
- Lake water

- Ground water

* Llow-temperature
thermal grid as heat
sink

Networking Conference 2022
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Excess heat
(that cannot be used internally)

* Direct use or with
temperature lift, e.g. for
thermal grids

» Conversion into electricity
e.g. ORC

» Conversion into cold,

e.g. absorption chiller
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Collaboration with industry partners

sweet

rw

* Ongoing Pinch Analysis projects: Emmi, HACO, Narida, Vaparoid, CABB, Nestlé (co-funded by the SFOE)

e Recent company courses and individual coaching of professionals from engineering firms and industrial

companies: Calorifer Engineering, Lemon Consult, Bayer (GER), Croda Europe (UK), Altana (GER, US)
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Composite Curves and Grand Composite Curves of a food and beverage company:
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SFOE Project DeCarb-PUI

[Decarbonisation of industrial processes through redesign of the process-utility interface]

 Typical situation with combustion of fuels: medium-pressure steam as hot utility = large exergy losses

* DeCarb-PUl in simple words: “Retrofit for cooler hot utilities and hotter cold utilities.”

1— Tamb A
T Industry partners:
* Emmi
0.7 / * Fenaco
Flue /
0.6 gas s Manufacturing partners:
' * Biihler
0 Exergy losses * Bucher Unipektin
> * Tetrapak
0.4 ot
Te HID cevvennnn. . eam
Today’s HU 180°C
0.3 . '
“Process i” means the heating
0.2 /_’ demand from a cluster of (many)
' / individual streams
0.1 ’ Symmetrically, the same applies
/ to process cooling
Ambient ... 0 Process 1 Process 2 Process 3 >
H

25.04.2022 Networking Conference 2022 9
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SFOE Project DeCarb-PUI

[Decarbonisation of industrial processes through redesign of the process-utility interface]

Reduction of exergy losses and increasing the potential for heat recovery, heat pumps, and renewables integration

Development of practical tools to design and optimize processes, utilities, and energy resources as a whole

1— Tamb A
T Industry partners:
* Emmi
0.7 * Fenaco
0.6 Manufacturing partners:
' * Blhler
05 Exergy losses * Bucher Unipektin
. / Reduced exergy losses * Tetrapak
0.4 st
TeHID v, e e e e e e d e, - — - —————— — e eam
Today’s HU 180°C
0.3 . .
Py “Process i” means the heating
0.2 B / HP demand from a cluster of (many)
Lower HU o / _ .. Water individual streams
Renewable circuit 80°C
0.1 energy source Symmetrically, the same applies
/ to process cooling
Process 1 Process 2 Process 3

>
3
lon
o
=4
o
TV
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Design, optimization and simulation of thermal grids

* Use of Process Integration methods to characterize and optimize (fully electrified) thermal grids* and
use of digital twins to simulate and optimize the grid operation

e Exemplary results from case study in Zurich:

Case study Zurich Characterization of heating Multi-criteria (Pareto) Dynamic simulation (digital
Bellevue/Limmat and cooling demand with CCs optimization of thermal grid* twin) of thermal grid*
City Energy Analyst PinCH Software Python Modelica
VOEOND 7/.90\\R, 7. 180 : : — v
i s s %]
L e e 30 femperature L j ; : F
: | | warmpipe & P e
IS T T 28 £ £ £
o 5 | | s 0°C 18
120 o S S =< 261 0°C FTIN N
100 £ 4. _7002 . 2R
— 3 F
80 0 0°C
o 8 224 0°C A
= 60 < 0°C s
o 204 . Ty %?1
40 = DC X! f} i
L ] 0°C '4.9&} Se. Se. @ Se. Se. Se.
} 18 o ¥ ¥ ¥ ¥ &l &l s al
20 H o ) . .
16_ _ - o S . .'I;e Seg 4$ ¢ 4 e Se.
° T % o i j A g &»
-20 : : : : 14
-2000000 2000000 6000000 10000000 2 DD 0 22 Gﬂ 2400 2 EIGD ‘ ‘
(extract from the simulated grid)
H [kwh] Exergy Consumption (MWh/a)

* complete thermal grid incl. energy center, storages, centralized and decentralized heat pumps and chillers, hydraulics, sub-stations, control etc.

25.04.2022 Networking Conference 2022 11
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WPO5 — Combination of renewables, heat transformation
and storage for medium & high temperature heating & cooling

Obijectives

* Develop solutions for heat supply at medium 80-200°C and high temp. + cooling
* Showcase systems including solutions for policy, legal aspects, business models,...
e Optimal matching with respect to spatial and temporal demand

* Develop tool to identify optimal combination of renewables, storage & heat transformation

Approach
* Develop solutions based on WP01 and patterns from WP04

* Combining digital twins and time series for analysis of various systems
* Publication of case studies to push faster market uptake

* Investigation of systems with long-term storage

25.04.2022 Networking Conference 2022 13



Status of high temperature heat pumps

Max. heat supply temperature [°C]

25.04.2022

165°C
160°C

130°C ;

125°C

120°C 1

110°C
100°C

95°C

90°C

I Screw [ ] Piston B Turbo

/~ Refrigerants ™\

{ Kobelco SGH 165 R134a/R245fa
{ | Viking HeatBoosterR1336mzz(Z) R1336mzz(2Z)
B Ochsner IWWDSS RR3b R245fa
I Ochsner IWWDS R2R3b R245fa
[ Viking Heat Booster R245fa R245fa
1 S Ochsner IWWDS ER3c4 R245fa
| ] Hybrid Energy AS R717 (NH,)
e Kobelco SGH 120 R245fa
———1 Combitherm HWW R245f \| R245fa
B Mayekawa Eco Sirocco R744
i ; | ENGIE thermeco? R744 (CO3
{ | Qilon ChillHeat P R134a/R1234ze(E)
e Friotherm Unitop 22 R1'234ze{g)
| | Combitherm HWW R1234ze(E) | R1234ze
s Ochsner IWWHS ER3b R1233zd(E)
Friotherm Unitop 50 R134a
YORK Titan OM = R717 (NH,
GEA Grasso FXP 63 bar R717 (NH5
BN SABROE HeatPAC Screw R717 (NH;
Star Neatpump R717 (NH)
Bl Mitsubishi ETW-L R134a
3 SABROE HeatPAC HPX R717 (NH,)
1 Viessmann Vitocal 350-HT Pro R1234ze(E
B Kobelco HEM-HR90, HEM-90A R134a/R245fa
S Mayekawa EcoCute Unime 1 R744 (COy)
10 100 1000 10000 100000
Heating capacity [KW]
Networking Conference 2022
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Annex 48: 25 Case Studies of Industrial Heat Pumps

[>]

# of case studies
by industrial sector/ application
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Slaughterhouse 2'590 MWh fossil fuels
Maestrani AG n.a.

District Champagne

n.a.

District Laurana

1'435 MWh fossil fuels

Cheese factory Gais

1.5 million kWh gas

GVS Landi 26'000 L oil/a
Nutrex up to 65'000 L oil/a
Harterei Gerster AG 800 MWh gas

Kellermann AG

n.a.

Kambly SA 25% energy
Casino Aarau 40% energy by 2035
Mifa AG 20% energy
Bachem AG n.a.
Feldschlosschen 75% energy
ARA Altenrhein n.a.
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Compressors

Piston

ARA Altenrhein waste water
Hilcona AG convenience foods

Company, Location

Slaughterhouse, Zurich

Industry/ Sector
Food

Application

Hot water, cleaning water

Integration
level
Process

Capacity Temperature
(kw) range (°C)

Chocolate factory Maestrani, Flawil Food Hot water, heating, cooling Process
Cheese factory, Gais Appenzell Food Hot water, heating Process
Kambly SA, Trubschachen Food Hot water for biscuit production Process
Kellermann AG, Ellikon an der Thur Food Hot water for greenhouse heating Plant
Hilcona AG, Schaan Food Hot water for fresh convenience foods Plant
Nutrex, Busswil bei Buren Food & Beverages Vinegar fermentation and pasteurization Process
GVS Schaffhausen Landi Food & Beverages Process/hot water, heating, cooling Plant
Bachem AG, Bubendorf Pharma Heating and cooling of peptides Process
R134a heat pump, Geistlich Wolhusen Pharma Hot water, heating Plant CH08
Mifa AG Mibelle Group, Frenkendorf | Home Care and Nutrition Hot/cold water, heating, cooling Plant CH25
Harterei Gerster AG, Egerkingen Metals Process heat for hardening process Plant CH17
Georg Fischer AG, Grusch Machinery Heating for production of plastic valves Plant CH20
Feldschlosschen, City of Rheinfelden | District heating, brewery Hot water, district heating CH27
Champagne, Biel District heating Hot water, heating CHO3
St. Jakaob, Basel District heating Hot water, heating CH04
Laurana, Thénex District heating Hot water, heating CH09
Les Vergers, Meyrin District heating Heating of residential buildings CH10
City of Lausanne District heating Hot water for residential buildings CH16

Casino Aarau

District heating/cooling

District heating and cooling network

Enex

Friotherm

GEA

Kibernetik

Viessmann [[l|

Kokon Corporate Campus, Ruggell

Wellness and restaurant

Hot water, heating

Building

Swiss Army, CO, HP Payerne Military Tap water and facility heating Building CH18

Swiss Army Troop building, Matt Military Hot water, heating Building CH21

ARA Altenrhein Waste water treatment Hot water for sewage sludge drying Plant CH28

Waste water treatment plant, Zurich Waste water treatment Hot water Plant CH11

Bad Zurzach Thermal bath Hot water Plant CH12

Networking Conference 2022 15
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Project INntSGHP: Steam generating heat pumps

before 2022 2023 beyond

SCCER EIP

Efficiency of industrial processes
A High temperature heat pumps
= = Water vapor recompression
S First feasibility in closed cycles

Bas;,

e
f c;%‘
d@a i

IEA Annex 48
Industrial Heat Pumps p PROJECT
Applications locesseg INtSGHP

Integration in industrial sites (retrofit)
Cost analysis and evaluation of feasibility

25.04.2022 Networking Conference 2022 16




SERENDIP study

R — * Industrial decarbonization as a

Consultants
+ Suggestions
+ Decision support
- High costs

- High costs Investors

- Long pay-
back time

dynamic, systemic and multi-

Competitors
+ Competitiveness
- Competitive

disadvantage

Suppliers
+ Knowledge exchange
- Sales focus
- Lack of local suppliers

Culture - Fixed budget I eve I p rO C e S S
+ Awareness in management
+ Innovation by management x d};.
Structure /\% %
+Eam|ly-owned. x & %0% < Customers
- Lack of capacity e %, o 7,
/)/’o £ ’% 9,/3 + Demand sustainable
Processes L2 G products ® . . . . . .
+ Contiation requirements e Policy is crucial to drive decarbonization, but
+ o e . .
Short decision-making processes different actor groups have their own leverage
Finance & controlling points on the process
+ Good risk returns Employees
- Long payback time + Increasing employer
attractiveness

Expertise & knowledge

- Lack of internal knowledge
- Lack of systematic information

- Skilled worker shortage

* Orchestration of actions and incentives as a

State & policymakers Society & public potential high-leverage point for future policy
j- LEJrr?éZ?;ZE]E/rIgfclimate policy I gggnuatgg;?r sustaimabily d eve I 0 p me nt

25.04.2022
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Further studies

e Solar thermal systems for industrial heat
 Digital twins to optimise processes
* New finance models for decarbonization

* Combination with storage of medium and high temperature heat

250 A —— 100 ms data
i outlier indicator 30 - Cluster 0
’il | Cluster 1
. |‘ ‘l 25 == Cluster 2
I |
el R
150 A I‘ ‘ s
100 1 { ‘
| 15
' I
50 0 ) _M ) H\ |
0 1 I 5 H
S A 8 N g 3 S
5 g & g' = 2 - 08-08 00 08-08 12 08-09 00 08-09 12 08-10 00 08-10 12 08-11 00
= S s = S S =
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e Develop graphical overview of different technologies
* Selector tool using different metrics

* Guidelines for integration of renewable energy in industrial processes
* How to design the system

. . Primary Resources
* How to operate and optimize

Biomass e.g.
wood chip,

* Demonstration of the integration -

* Start P&D projects with industry
* Monitor existing integrations

Energy Carriers & Storage Energy Conversion Systems for heating

Temperature Level for application
with examples

10-50 MW

Hydrogen Enriched
Methane
Direct Flame Boiler

rr|1 y - 85%

200 - 400 *C
Combined Heat and Power (CHP) )

400 *C & above

Electrical Boilers

Concentrated Solar Collector )
Wind Energy

\/

h:low 20°C,
[Coolmg)

Notes:
Only Renewable primary resources considered
This map is a Work in Progress by IES-OST
Networking Conference 2022 under beCarbCH (April 2022)

Geothermal (Deep)

k Solar Collectors (non concentrated) )

_—
Battery Storage High Temperature Heat Pumps (HTHP) )

T w/

Secondary Resources

COP -4 @ 50°C Lift

Geothermal (Shallow)

25.04.2022
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Industry — Funding options
* Pinch analyis: up to 40% of the cost
* https://www.energieschweiz.ch/beratung/pinch/
* Heat pumps for process heat: up to 40% of the aditional cost
* https://www.energieschweiz.ch/prozesse-anlagentechnik/industrielle- o
waermepumpe/ T
. ) . e @) Moy
* Pilot & Demonstration: up to 40% of the aditional cost . .
* https://www.bfe.admin.ch/bfe/de/home/forschung-und- R R " .
cleantech/pilot-und-demonstrationsprogramm.html e @ e

i Eureka  Fureka-Eurostars | [ ]

. Stmungen myclimate
* Overview of funding programs

Int. (Forschungs-)
Organisationen

un;lKraeS}g:Z:; . gund&nds °
* https://www.bfe.admin.ch/bfe/de/home/forschung-und-

i Klimastiftung ®
SNF Ubergangsmass- Innosuisse  Schweiz SECO NRP
cakmon Foron positll: S N
. . . P 5 Innovationsprojekte
\ : |
cleantech/ueberblick-innovationsfoerderung.html R N :;"np;v';ggon@s@;";: rechnologefonds
A 4 i Innovationschecks (Biirgschaften)
T S — ]
® @ AsTRAund BAY Bundesamt fiir Energie BFE
4 coT BFESWEET e . e
S E\SNF | : & a a0 f/ \] ["/Energie-
y 3 o A ’ ' ) Schweiz
o BFE—Ene;;_;;;forschung ;FE P+l; N 4 \ o :
“ BFE ProKilowatt
GRUNDLAGEN- ANGEWANDTE FORSCHUNG PILOT- UND DEMONS-
FORSCHUNG UND ENTWICKLUNG TRATIONSPROJEKTE

25.04.2022

. . < 1 Mio. CHF 1-10 Mio. CHF 10-50 Mio. CHF 50 Mio. CHF
Networking Conference 2022 . .


https://www.energieschweiz.ch/beratung/pinch/
https://www.energieschweiz.ch/prozesse-anlagentechnik/industrielle-waermepumpe/
https://www.bfe.admin.ch/bfe/de/home/forschung-und-cleantech/pilot-und-demonstrationsprogramm.html
https://www.bfe.admin.ch/bfe/de/home/forschung-und-cleantech/ueberblick-innovationsfoerderung.html
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Swe et swiss energy research
for the energy transition

Summary

There is significant potential in energetically improving
processes

Planning of the implementation is crucial

In order to help implementation, case studies and information
on technologies is systematically collected

* There are several funding opportunities for projects and
demonstration

25.04.2022 Networking Conference 2022
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