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CONTENT AND GOALS OF THE ROADMAP

« Development of a vision

» Analysis of the driving and inhibiting factors for market diffusion
« Development of three future paths for the heat pump in Austria
» Presentation of future fields of application and R&D topics

* Derivation of recommendations
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CONTENT AND GOALS OF THE ROADMAP

« Development of a vision

Optimized heat and cold
supply by thermal grids

Significant
contribution to
energy efficiency in
industry and
commerce

Significant role in the
load management of
electric grids

23.11.2017

6000 Jobs

3 bn. Euros
turnover

3 m tons CO, ¢, Saved

Key technology
heating/cooling also in
refurbishment
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INTEGRATED STAKEHOLDER PROCESS

Workshop 1:
Assesment of needs

Estimation of future
demand for HP
applications.

Qualitative estimation of .
the potentials of new

fields of application and
temporal prioritization.

23.11.2017
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RESULTS OF THE FIRST WORKSHOPS

« 85 Participants

Research & Manufacturers
Non- & Dealers

industrial 34%
37%

Plannint&
Installation

Operators
21%
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RESULTS OF THE FIRST WORKSHOPS

44 topics and keywords identified

Smart Grids Highest individual rating:
10%

Thermal Grids Building: 51 (Retrofitting)
27%

'"ggf‘/tfv Thermal Networks: 36 (Low temperature anergy networks)

Smart Grid: 27 (Interface business models)

Industry: 26 (High temperature HP)

Buildings
34%
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INTEGRATED STAKEHOLDER PROCESS

Workshop 1: Workshop 2:
Assesment of needs Road mapping

Estimation of future Prioritizati ¢ h
demand for HP rlgrltlzatlon (o} rgsearc
topics on the basis of

applications.
RR needs analysis.
Qualitative estimation of .

the potentials of new D:‘t:_rminatic:jnI of
fields of application and medium- an ong-term
temporal prioritization. national R&D goals.
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INTEGRATED STAKEHOLDER PROCESS

Workshop 1: Workshop 2: Workshop 3:
Assesment of needs Road mapping Implementation Strategies

Estimation of future
demand for HP
applications.

Qualitative estimation of
the potentials of new
fields of application and
temporal prioritization.

»

23.11.2017

Discussion of necessary
implementation
measures.

Prioritization of research
topics on the basis of
needs analysis.

»

Assignment of suitable
funding instruments to
the topics.

Determination of
medium- and long-term
national R&D goals.
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RESIDENTIAL AND NON-RESIDENTIAL BUILDINGS

» Cost effective air/water heat pump in combined heating systems
« Heat pumps for simultaneous heating and cooling

* Acoustics

« Heat Pumps with high capacities

« Know-how transfer for complex heating systems with heat pumps
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RESIDENTIAL AND NON-RESIDENTIAL BUILDINGS

Cost effective air/water heat pump in combined heating systems

Heat pumps for simultaneous heating and cooling

Acoustics

> Industrial research and experimental development (until 2020)
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RESIDENTIAL AND NON-RESIDENTIAL BUILDINGS

« Large heat pumps

> Demonstration (2020 until 2030)

23.11.2017
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RESIDENTIAL AND NON-RESIDENTIAL BUILDINGS

Know-how transfer for complex heating systems with heat pumps

> Dissemination and completion of advanced training measures
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SMART ELECTRIC GRIDS

 Interface to the electrical network

« Controls

» Further development of the market model
* Business models

« Legal and regulatory framework conditions
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SMART ELECTRIC GRIDS

Interface to the electrical network

> Industrial research (2020) and experimental development (2030)
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SMART ELECTRIC GRIDS

Controls

> Experimental development (2030)
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SMART ELECTRIC GRIDS

Further development of the market model

Business models

Legal and regulatory framework conditions

> Industrial research and experimental development (2020 — 2030)
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THERMAL GRIDS

« Building integration and controls of the heat pump (booster heat pumps)

» Network integration and controls of the heat pump
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THERMAL NETWORKS

« Building integration and controls of the heat pump (booster heat pumps)

> Industrial research and experimental development (2020) and
demonstration (2030)
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THERMAL NETWORKS

» Network integration and controls of the heat pump

> Demonstration (until 2020)

23.11.2017 19




@EQLQA!\S A I TAUSTRIAN INSTITUTE
INDUSTRIAL PROCESSES

» Best practice solutions and pilot plants with available heat pumps
* Improved industrial heat pumps

* New concepts for industrial heat pumps

23.11.2017 20
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» Best practice solutions and pilot plants with available heat pumps

> Feasibility (until 2020) and demonstration (2020 to 2030)
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INDUSTRIAL PROCESSES

* Improved industrial heat pumps

> Feasibility (until 2020), experimental development (2020 to 2030)
and demonstration (until 2030)
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INDUSTRIAL PROCESSES

* New concepts for industrial heat pumps

> Industrial research (2020 to 2030)

23.11.2017




2008 TO 2014

Heat Pumps in Thermal Grids

Heat Pumps for Residential and Non-

residential buildings

Heat Pumps for Industrial Processes

Smart Electric Grids and Heat Pumps

Other Heat Pump Applications

23.11.2017
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NATIONALLY FUNDED RESEARCH PROJECTS

1.000
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NATIONALLY FUNDED RESEARCH PROJECTS

2008 TO 2014

Increased Efficiency of the Refrigeration Cycle
Increased Efficiency of System Integration in Buildings
High Heat Sink Temperatures

Optimization of Evaporators

Optimization of Compressors

Increased Eff. of the System Integration of Heating/Cooling Netw.
Optimization of Condenser

Increased Efficiency of System Integration in Industry
High Heat Source Temperatures

Combination of PV, Optimization of Self-Consumption
Optimization of Expansion Valve

Coupling of Electricity and Heat - Smart Grid
Increased Efficiency of Partial Load Behaviour
Increased Eff. of the System Integration - Smart Grids
Optimization of Lubricants

Optimization of Refigerants

Improvement of Manufacturing Process

Reduction of Production Costs

23.11.2017

4 6 8
Number of Projects

10

12

25



t h I k I
I n AI AUSTRIAN INSTITUTE
ENERGY RESEARCH OF TECHNOLOGY

RESULTS OF THE ONLINE SURVEY

« Target group: Manufacturers and trading companies of heat pumps in Austria
 Number of interviewees: 34
 Response rate: 76%

» Survey period: February 16, 2016 — March 31, 2016

23.11.2017 26
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RESEARCH TOPICS OF HEAT PUMP MANUFACTURERS

Increased Efficiency of the Refrigeration Cycle
Increased Efficiency of Partial Load Behaviour
System Integration in Buildings

Combination with PV - Optimization of Self-Consumption
Coupling of Electricity and Heat - Smart Grid Ready
Reduction of Production Costs

Improvement of Manufacturing Processes

High Heat Source Temperatures

High Heat Sink Temperatures

System Integration in Smart Grids (Power-to-Heat)
Optimization of Evaporators

System Integration in Industry

System Integration in Heating/Cooling Networks
Optimization of Condenser

Optimization of Compressor

Optimization of Expansion Valve

Optimization of Refrigerants

Optimization of Lubricants

23.11.2017

o
]

4 10

Numb&r of ComEiJanies

12 14

27



[ ]
@t hink
ENERGY RESEARCH

COMPARISON OF RESEARCH TOPICS

Producers of Heat Pumps

Increased Efficiency of the Refrigeration Cycle
Increased Efficiency of Partial Load Behaviour
System Integration in Buildings

Combination with PV - Optimization of Self-Consumption
Coupling of Electricity and Heat - Smart Grid Ready
Reduction of Production Costs

Improvement of Manufacturing Processes

High Heat Source Temperatures

High Heat Sink Temperatures

System Integration in Smart Grids (Power-to-Heat)
Optimization of Evaporators

System Integration in Industry

System Integration in Heating/Cooling Networks
Optimization of Condenser

Optimization of Compressor

Optimization of Expansion Valve

Optimization of Refrigerants

Optimization of Lubricants

23.11.2017
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Numbgr of Com%anies

> |ncreased Efficiency of the Refrigeration Cycle
Increased Efficiency of System Integration in Buildings

High Heat Sink Temperatures

Optimization of Evaporators

Optimization of Compressors

par€ased Eff. of the System Integration of Heating/Cooling Netw.

\ Optimization of Condenser
“‘\ Increased Efficiency of System Integration in Industry
\ High Heat Source Temperatures
ombination of PV, Optimization of Self-Consumption

Optimization of Expansion Valve

Soupling of Electricity and Heat - Smart Grid

Increased Efficiency of Partial Load Behaviour

Incrégqged Eff. of the System Integration - Smart Grids

Optimization of Lubricants

Optimization of Refigerants

Impreyement of Manufacturing Process

Reduction of Production Costs

10 12 14
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Funded Research Projects

0 2 4 6 8
Number of Projects
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POSITIONING OF THE AUSTRIAN HEAT PUMP INDUSTRY

THE USE OF HEAT PUMPS IN SINGLE-FAMILY AND (SMALL)
MULTI-FAMILY HOUSES WILL BE...

THE USE OF LARGE HEAT PUMPS IN THE LARGE-VOLUME
BUILDING SECTOR WILLBE...

THE USE OF LARGE HEAT PUMPS IN HEATING/COOLING
NETWORKS WILLBE...

THE USE OF LARGE HEAT PUMPS IN INDUSTRIAL
APPLICATIONS WILLBE...

Number of Companies

W growing ®staying the same mdecreasing ®n. a.
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THE SALE OF HEATING HEAT PUMPS IN THE SMALL OUTPUT
RANGE (< 50KW) WILL BE OF INCREASING IMPORTANCE FOR —IH
MY COMPANY.
THE SALE OF HEATING HEAT PUMPS IN THE LARGE
ravomancesecuenr osoxmwisscornereaso [NEEEENNNEIN BN
IMPORTANCE FOR MY COMPANY.
I EXPECT MY COMPANY TO SEE A SIGNIFICANT INCREASE IN
BUILDING SECTOR.
| EXPECT A SIGNIFICANT INCREASE IN SALES OF LARGE HEAT
PUMPS IN HEATING/COOLING NETWORKS FOR MY COMPANY
| EXPECT A SIGNIFICANT INCREASE IN SALES OF LARGE HEAT
PUMPS IN INDUSTRIALAPPLICATIONS FOR MY COMPANY.

Number of Companies

m 1. appliesinfull  m2.. applies forthe mostpart m3.. partlytrue m4.. doesnotapply mn.a.
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HEAT PUMP 2030

METHODICAL APPROACH

» Analysis of historical development, updating of empirically observed trends

 Literature: Model results from the research project “Heating 2050” (status
2010)

» Results of the expert workshops

23.11.2017 31
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HEAT PUMPS (SPACE HEATING) — IN OPERATION
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RESULTS OF SCENARIOS
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Annual sales figures of heating HP
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HEAT PUMPS (SPACE HEATING) — SALES FIGURES

=== All HP (Space Heating) — historically

===== High Scenario all HP (Space Heating)
w==== Middle Scen. all HP (Space Heating)

=== | ow-Scenario all HP (Space Heating)
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HEAT PUMPS (SPACE HEATING) — HEAT SOURCES
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ALL HEAT PUMPS — SALES FIGURES

Sector Sales

t h I k I
I n AI AUSTRIAN INSTITUTE
ENERGY RESEARCH OF TECHNOLOGY

Envrionmental COszequ Jobs
Heat (net) (net)
GWh,, m tons m € FTE
Staus quo 2015 2,300 0.6 515 1,474
All High Scenarios 13,674 3.0 3,010 6,054
All Low Scenarios 4,703 1.1 656 943

23.11.2017
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SUMMARY

Residential and Non-Residential Buildings

* Refurbishment as a market of the future

« Acoustics and sound

« Large heat pumps are available, but not widely used

* Increase of a systemic approach and combination with other technologies

Smart Grids

* Interface requirements still not clear

« Legal and regulatory framework conditions not yet optimal

» Further development of the market model and business models
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SUMMARY

Thermal Networks
» Decentralized “temperature lifting” as suitable product for the mass market
« Demonstration of large-scale systems for heat supply

Industrial Processes

» Dissemination of existing technology, best practice solutions for different
industries

« Development of heat pumps for high operating temperatures for waste heat
utilization and as efficiency increase

« Download (German version):

* https://nachhaltigwirtschaften.at/de/e2050/publikationen/oesterreichische-
technologieroadmap-fuer-waermepumpen.php
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TOMORROW TODAY

THANK YOU!

Thomas Fleckl, November 14, 2017
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