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100% Renewable Districts & Cities
how will it be implemented



Making Renewables to the backbone of
heat supply for cities

 What renewables do we have available
* |n sufficient amounts
* With wide regional availibility

Not in competition with other needs of the energy
transistion

At the time of need for heating
With proof of concept on the market
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Study on Western Balkans on Heat
Supply for Cities

* Small Cities (<10 MW): Biomass Heating
Manageable local resource demand

* Larger Cities:
* Solar thermal with seasonal storage (80-90%)
* Heat Pump (mostly electric driven 10-20%)

Independence from imports
Space availibility



Study on Western Balkans on Heat Supply for Cities-

Dismissed Alternatives

* Biomass Heating for larger cities

lack of resources

* Solar thermal +seasonal storage for small cities

* Solar PV as bases for H2/Biogas/Heat Pump
* Mainly Heat Pump driven System

* Waste Heat

no efficient system

costs to high
Huge space demand

lack of low grade heat no
sustainable electrity in winter

Unstable/unsecure supply



Challenges

 Building Capacities & Developing knowledgeable stakeholders all along the value
chain

* Engineering- Construction- Operation- Administration

* Political support for creating the framework
* Area be allocated, regional coordinated planning

 Capital for Kick off and development of projects
* Missing overall strategy

Technology is here !
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Exploring innovative renewable heating solutions
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» 1 /e
I AV e Which buildings do we talk about?

ype of the building:
* single familiy

e double house

* multi-storags building

* Commercial/public building
* industrial building

* Location of the building
* Elevation above sea level
e South, central, north Europe

* Energetic status of the building
* Old, unisolated house
 Modern house in passive standard

Technical issues
Organisational issues
Decision processes

Heat demand
Cold demand
Extreme cold temperatures

Suitable heating systems
Refurbishment plans

40% energy for
buildings

23%
renewables for
H&C
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Plans to make my home 100% RE

* Before 2006 Heating with oil (27 kW)

* 2006 8m? solar thermal collectors

e 2009 Installation Rika logwood stove (electrically controlled)
2012 Replacement of the skylight windows triple glazing

e 2012 Installation of 3 roller blinds for balcony doors

« 2014 Installation of 10 kWp PV

« 2021 Replacement of the oil burner with

Guntamatic logwood boiler/heat pump

Plans, to be done:
e Solar carport
* Wallbox and electric car
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Replacement of the boiler
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I AV e Logood boiler/heat pump/solar collector




Status 2023
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I »1 PN ,
AV e Why this story at a conference?

* RE technologies are mature and available
* For all building situations, technical solutions exist
* Life cycle costs of RE often less than for fossil systems

However: We urgently need
* RE are often more complex better framework
* New systems are being hybridised condi'riqns for RE
* Initial investment costs are higher heating and
cooling!

* Comfort level of fossil systems is very high!



Recent developments

e Ukraine war: heavy impact on prices for all fuels
* EU Council and Parliament reach agreement on RED Il
* New debate/policies in Germany

* = Any consequences for ETIP RHC?
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Council of the EU  Press release 30 March 2023 07:55

Council and Parliament reach provisional deal on renewable
energy directive

The Council and the Parliament negotiators today reached a provisional political agreement to raise the share of renewable energy in the EU’s
overall energy consumption to 42.5% by 2030 with an additional 2.5% indicative top up that would allow to reach 45%. Each member state
will contribute to this common target. This provisional political agreement will now need to be endorsed by both institutions.

The Council and Parliament negotiators provisionally agreed on more ambitious sector-specific targets in transport, industry, buildings and district
heating and cooling. The purpose of the sub-targets is to speed-up the integration of renewables in sectors where incorporation has been slower.

Transport

The provisional agreement gives the possibility for member states to choose between:

= abinding target of 14.5% reduction of greenhouse gas intensity in transport from the use of renewables by 2030
« or a binding share of at least 29% of renewables within the final consumption of energy in the transport sector by 2030

The provisional agreement sets a binding combined sub-target of 5.5% for advanced biofuels (generally derived from non-food-based
feedstocks) and renewable fuels of non-biological origin (mostly renewable hydrogen and hydrogen-based synthetic fuels) in the share of
renewable energies supplied to the transport sector. Within this target, there is a minimum requirement of 1% of renewable fuels of non-
biological origin (RFNBOs) in the share of renewable energies supplied to the transport sector in 2030.

Industry

The provisional agreement provides that industry would increase their use of renewable energy annually by 1.6%. They agreed that 42% of
the hydrogen used in industry should come from renewable fuels of non-biological origin (RFNBOs) by 2030 and 60% by 2035.

The agreement introduces the possibility for member states to discount the contribution of RENBOs in industry use by 20% under two conditions:

= Qs ~ 2 A AFCe B ABEBE e DND ]
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I :1—=~ RED Il — many discussions on biomass

Main Points from the Deal on the Renewable Energy Directive (RED):
> Cascading Use of Biomass: There will be no secondary legislation (delegated or implementing act) mandating the cascading use of biomass, however woody biomass must be
“used according to its highest economic and environmental added value in the following order of priorities: 1) wood-based products, 2) extending their service life, 3) re-use, 4)
recycling, 5) bio-energy and 6) disposal”.
o Exceptions: Member States can ignore this if the need to ensure the security of the energy supply, if local industry is not able to use material, if it is necessary for forest
management/wildfire prevention, or is in response to a natural disturbance (windstorm, disease outbreak, wildfire, etc.)
> Financial Support: Member States cannot provide direct financial support to certain activities. These include the following:
No support for “Industrial grade roundwood”: this is defined as: “saw logs, veneer logs, pulpwood (round or split), as well as all other roundwood provided that its
characteristics, such as species, dimensions, rectitude, and node density, make it unfeasible-to-debark-and-thus unsuitable for industrial use, as defined and duly justified
by Member States according to the relevant forest and market conditions”
o No new support for power-only: existing support can continue but cannot be renewed.
=  Exceptions: it is produced in a just-transition area, it is produced with carbon capture and storage, it is produced in an outermost region

> Exemption threshold: Any plants which are below 7.5 MW total thermal input (200m3 flow rate for biomethane) do not need to demonstrate compliance with REDIII criteria

> Primary woody biomass: There will be no new restriction on feedstocks which are not considered sustainable such as the definition of “primary woody biomass” which was
proposed by the European Parliament and deeply concerned our sector.

> Sustainable Forest Management Practices: There are certain measures Member States must apply to the sourcing of their biomass. The soil quality and biodiversity must be

“considered” with the aim of “preventing” negative impacts. Additionally, any clear-cuts must be below any maximum level in national law and there must be a certain about of
deadwood left behind in the forest.

> No-Go Areas: If countries have the necessary laws and enforcement in place at the national or subnational level, forest biomass can demonstrate that it is sustainably harvested
under the risk-based approach. If this cannot be done at the national or sub-national level and is done at the forest sourcing area level, then forest biomass cannot come from
certain areas such as primary forests, old-growth forests, highly biodiverse grasslands, etc.

> Land-Use, Land-Use Change, and Forestry Regulation Link: There will be an additional mention linking RED with the Land-Use, Land-Use Change, and Forestry (LULUCF)
Regulation to ensure that carbon sinks are able to reach LULULCF targets

> National Bioenergy Plans: Member States must include new “bioenergy plans” as part of their National Energy and Climate Plans (NECPs)

> Greenhouse Gas Savings: All installations will eventually be required to meet an 80% greenhouse gas savings compared with a fossil alternative. This means that biomass can
only have a little bit of lifecycle emissions from sourcing and processing (for example at most, only 20% of the emissions that would be released from using fossil fuels can be
released in the drying of biomass by natural gas, and the transport in a truck using diesel). Under the previous version of RED, only new installations had to meet these criteria
on lifecycle emissions, but after a grace period for existing installations, all installations (above the exemption threshold of 7,5 MW) will need to be able to show at least an 80%

savings.
21 & Source: Bioenergy Europe
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A big political debate has started

In Germany

[m Merkurde Ukraine-Krieg ~ Politik  Wirtschaft  Deutschiand

news/regierung-beschliesst-verbot-neuer-oel--und-gasheizungen-mit-zahlreichen-ausnahmen-33390000.html
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heizungen mit zahlreichen Ausnahmen Gasheizungen: Was sich jetzt dennoch — . . ... @grarheute
ﬁndert Heizen in der E.nergiekrise
Holzheizungen werden verboten - im neuen Gebaude-
s Erstellt: 02.05.2023, 23:32 Uhr energiegesetz
: Von: Kilian Baum|

Q Kommentare Teilen F{}

A proposal for a

(e historical law, requiring

’ 65% renewables in new e ot R oo e e
- heating systems.

Die Bundesregierung hat das umstrittene Einbauverbot fiir Ol- und
Gasheizungen beschlossen. "Ab 2024 muss beim Einbau neuer

f Teilen W Twittem P Pinnen

Heizungen konsequent auf erneuerbare Energie gesetzt werden", Dr. Olaf Zinke, agrarheute
erklarte das Bundeswirtschaftsministerium. Der Geset wurf, T ‘ y am Freitag, 21.04.2023 - 11:10 (43 Kommentare)
der nach dem Beschluss des Kabinetts am Mittwoch nun ins 3 ) ’ e w ]

5 A ¥ 3 Der Einbau von | wird im neuen (GEG) Ausnah-
parlamen'a"sc"e Verfahren geh" sieht zahlreiche i men gelten nur bei der Kopplung mit einer Solaranlage. Und beim Einsatz in ,alten Geb&duden."
A h gen vor. Bundesfil ini Christian Lindner s' Dagegen gibt es i i von Hei: i und von den Waldbesi

(FDP) forderte dennoch weitere Anderungen.
Der Entwurf fiir das Gebaudeenergiege-

setz (GEG) enthalt auch ein Verbot von
Holzheizungen im Neubau. Fiir Holzhei-
zungen (wie Pelletheizungen) wurden die

Anfnardarinnan en varerhirft wis cia albti.
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Political trends — impacts on markets

https://www.solarserver.de/2023/04/26/viessmann-verkauf-heizungssparte-us-unternehmen-carrier,
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Strong focus on

Viessmann meldet Verkauf von Heizungssparte an US-

Unternehmen Carrier e h eat pumps

26.04.2023 / Solarserver / Top Solar News / Warmepumpe / Wirtschaft

e district heating
Requirements for heating with biomass

Hydrogen by some (minority!) seen as silver bullet (see
ETIP RHC position paper on H2)

Foto: Viessmann y <.
Die Viessmann Group will ihren Geschéftsbereich “Vi Climate Solutions’ mit dem C h a I | e n ge S *
Klimatechnik-Anbieter Carrier Global Corporation aus Florida fusionieren. Daraus soll nach

NS e * Cost reduction and new systems for HPs (Propane)

g

(fow  [Womn  f@ewm | e Support for district heating and cooling

Der Verkauf der Heizungs- und Klimasparte von Viessmann an Carrier soll bis Ende des Jahres abgeschlossen

sein. Viessmann Climate Solutions soll dann unter dem Dach von Carrier mit Thomas Heim als CEO

== Q Suche To ;@mfeg
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About us

100% RE Buildings

Search ... Q 100°/° RE BUiIdings
MEssion Chair of HWG: Oyvind Skreiberg — SINTEF (NO)
STRUCTURE

Vice-chair: Morgan Willis - SKVP (SE)

Board

Horizontal Working Groups Members of the HWG: 32 selected experts

Deployment and

implementation study for the
RHC sector Name of the HWG: HWG 100% RE Individually Heated & Cooled Buildings (100% RE Buildings)

100% RE Cities Proposed duration: To be harmonized with the timeline of the common RHC-ETIP documents to be
produced the next 3 years
100% RE Districts
Objectives / goals
100% RE Buildings
E.g. in EU households, heating and hot water alone account for 79% of total final energy use.[1] 84% of
100% RE Industries heating and cooling is still generated from fossil fuels while only 16% is generated from renewable

Social Sciences and energy sources.[2] Around 70% of the EU population lives in privately owned residential buildings.[3]

Humanities This HWG supports 100% renewable energy (RE) in existing and new individually heated & cooled

buildings (residential and others) that are difficult to connect to district heating and cooling (DHC) grids,
Technology panels
e.g. due to either its remoteness (in rural areas), or due to its low energy demand (new, low-energy

Secretariat buildings or passive houses).




Conclusion — horizontal issues

* Social aspects of high importance:
energy poverty, prices, investment costs

* Politicians:
- ban on subsidizing fossil systems
- targets and requirements on high shares of RE needed, subsidies

* Installers & workforce: o
need to be trained, any training needs to prioritize Res

* Energy advisers:
need to be trained!

* Manufacturers:
need to focus on REs (stimualted by the right policies)

* Consumers: . _ .
increasing acceptance and providing suitable solutions

25
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_ ™ e e
I AV R Conclusion — technical issues

* Increading demand of technology combinations (hybridizations)
* Need for intelligent controlling (e.g. including weather forecast)

* Increasing role of heat pumps: lowering costs, simplyfying installation,
increasing temperature levels, env. friendly refrigerant liquids

* Sustainability of biomass heating: in combination with PV/solar thermal,
filters for exhaust gases, buffer tanks

* Wherever possible: covering roofs with PV and/or solar thermal

* Roll-out of district heating including where possible geothermal

* Hydrogen for industry

* Sector coupling will increase (e.g. integration of PV in heating/cooling)

26
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Phase out Fossil for Industries by following an exergetic Approach



Final energy consumption in the industry sector by
energy product, EU, 2021 (PJ)
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+ 32% of the European final energy demand is provided

by industry

+ 33.2% is provided by electricity

 Process heat accounts for 66.8% of the final energy
demand 30% in the LT sector; 22% in the MT sector;

48% in the HT sector

 High share of fossil energy sources
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CCU (co/c02)

*/ Heat reuse/upgrade

Electrical Energy j‘ / i Energy output

* Heat

Renewable Electricity Thermal Energy » Electricity
integration * Hydrogen

. * Biofuels
- Alternative fuels: H2 integration Industrial Processes * Advanced fuels

- Biomass/Waste

- Electrification of furnaces
- Heat pumps

- Solarthermal

- District heating

Electrification of Processes
Energy efficiency of processes



Temperature  Technical Temporal Economy Space
(commertial) awasilability availability demand
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Hydrogen

» volatile renewable sources (wind, PV) in
combination with electrolyzers are not
sufficient — see Austrian study

138 TWh «—— 55% mehr Nachfrage

140 im Szenario
Infrastrukturnutzung
120 l
100 89 TWh
= 80
=
=
60
40
20 TWh
) ]
Nachfrage Nachfrage Angehot
Szenario Szenario CH, biogen

Infrastrukturnutzung  Exergieeffizienz

|| CH4 . CHq Oder Hz . H2 Werte gerundet

1 Martin Bauman et. al.(2021): Erneuerbares Gas Osterreich 2040, Quantitative Abschétzung von Nachfrage und Angebot, Auftraggeber: BMK, Wien.

Electricity

* Infrastructure (power demand)

- Availability/Flexibility (volatile
sources)

- Allocation

- Efficiency and operational costs
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Above 200°C
H2
Green gases (biogas)
Biomass

Below 200°C

district heating,
Heat Pumps
Solarthermal

Electricity

Excess heat
Geothermal
Biomass CHP



e Reduce consumption and the production of long-lasting products

* Process Intensification:

* Enhanced process efficiency by reducing process steps, simplifying equipment
design, and minimizing energy losses : i —

* Integration of unit operations into single process unit
* Novel reactor designs — batch to coninouse
* Advanced process control

System optimization — optimized Pinch methodology| -
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| Industrial Process

High-temp
Electrolysis

Natural Gas
| Reforming Alternative pathways with
biomass and solar

Near-term

Distributed
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Source: https://energy.gov/eere/fuelcells/hydrogen-production-pathways
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Development of a solar reactor for ‘

efficient photoelectrochemical H2

production and simultaneous

wastewater treatment under

direct solar irradiation WASTE WATER

CeHy 0, + (2 = 2)H,0
SOLAR COLLECTOR TUBE

Source: AEE INTEC



Sewage sludge
———

- Agricultural and
- I_I] industrial residues

Electricity grid Waste water Biogas plant

C0o2 ‘ and ‘ Raw biogas

l l

10 MW

Excess heat bei 55 °C
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* Technical Excess Heat Potential: 7.58 TWh/a
9% used (0.70 TWh/a)
91% not-used (6.88 TWh/a)

* Low temperature dominant at not-used
potentia

82%
TWh/a
9%
TWh/a
9%
TWh/a

<50 °C 5.63

50-100 °C 0.62

>100 °C 0.63

* Put into perspective ...

14% of Styrian final energy demand (52.40
TWh/a)

29% of Styrian final heating demand (25.78
TWh/a)
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WASTE/BY-PRODUCTS
MATERIALS

ENERGY
HEAT/ELECTRICITY

Source: Directorate-General for Research and Innovation (European Commission)

LOCAL INDUSTRY

SHARING AND INVESTING IN RESOURCES

06

ENERGY WATER DATA AND
EXCHANGE
PLATFORMS

full-scale Industrial-Urban
Symbiosis and Circular
Economy, closing energy,
resource and data loops
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1. Emphasis on energy reduction and energy efficiency by excess energy reuse and
through disruptive and more efficient (exergetic) processes.

2. Innovation in energy technologies: Focus on developing new technologies for
integrating electricity (high-temperature heat Ipumps), improving energy
efficiency, and developing hybrid energy supply to change the energy mix.

3. Consequent energy supply under exerFetic considerations (two temperature

levels) in order to guarantee sustainable supply and availability of sources

4. First-in-the-row demonstration of hybride energy supply with different RES
technologies

5. Use of emerging energy carriers like hydrogen and ammonia, along with
renewable energy sources and alternative conversion technologies for high
temperature processes

6.hubs for circularity play a critical role in driving the transition towards a circular
economy by facilitating resource exchange
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Conference for Renewable Heating and Cooling in Integrated Urban and Industrial Energy Systems

ISEC 2024, the 3rd International Sustainable Energy Conference, sees itself as an impetus for innovative ideas in
the areas of renewable energy systems and resource efficiency and is intended to provide an exchange platform for
science, business, and energy policy.

Date: 10 — 11 April 2024

) . Call for Abstracts
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improve energy

Evolution of household consumers' electricity and gas prices in the EU, 2008-2022
(in € per 100 kwh, all taxes and levies included)
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* Just energy transition: the energy transition might distribute benefits,
costs and risks unevenly, potentially creating new inequalities or
exacerbating existing ones.

AREAS OF CONFLICT
WOMEN'S PREVENTION
EMPOWERMENT & RESOLUTION

Evaluating opportunities, costs and prices of
RHC targeting a broader range of people v

PERSPECTIVE

Applying a gender lens to energy transitions




* No one-technology-fits-all solution. Consider consumers’ needs in the
development of RHC technologies and promote regional values.

- assure adequate comfort
- use of local energy sources
- co-ownership or participation in various forms in RE projects



* Improve social acceptance of RHC technologies

* Engage citizens
* Inform citizens

Rated accurate (%)

Percentage

804
704
601
504
404
30+
20+
104

70
60
50
40
30
20
10

o

Accuracy Sharing
80
70 A
60 -
50 A
40 - I False
304 = True
20{ ol

10 4

I I

Considered for sharing (%)

Discordant Concordant Discordant Concordant
Political alignment Political alignment

“When deciding whether to share a piece of content on
social media, how important is it to you that the content is...”

mmmmﬂ

Surprising Politically Funny Interesting Accurate
aligned

Not at all = Slightly = Moderately = Very m Extremely



* bringing together the various SSH disciplines and stakeholders to find a
common working ground for RHC promotion

* promoting RHC across all social groups, consumers, and other stakeholders
* providing input on SSH aspects of policies covering the RHC

* collecting complete and scientific data in support of RHC compared to
fossil fuelled technologies



Who we are

* New-launched HWG. At present, it consists of >20 members among
>9 EU Countries.

* Having multidisciplinary background
* With experience in past and ongoing RHC projects

* Looking for members interested in the topic and willing to debate on
the social implications of RHC energy transition
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 The White Paper focuses on coupling the
electricity, heating and cooling vectors as a

vital part of efficiently decarbonising the whole

European energy sector.

* Main message: Electricity and heating/cooling
can be decarbonised nearly completely with
existing technologies and resources.

e Solar CHP, Solar Thermal, Geothermal,
Biomass, Heat Pumps, Hydrogen, Direct
conversion of RES electricity into heat, Waste
heat recovery, Polygeneration and District
heating.

Coupling of Heating/Cooling and
Electricity Sectors in a Renewable
Energy-Driven Europe

ETIP SNET

European Technology and Innovation Platform Smart
Networks for Energy Transition

% Renewable
"3 Heating & Cooling

European Technology and Innovation Platform
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* The knowledge about RHC technologies and challenges among
experts of the power sector seems limited.

* Their approach was often “RES electricity can decarbonize the H&C
sector.

* Power experts tend to look at large scale systems (e.g. large
centralized storage solutions) rather than at small decentralized
systems.

* For this reason the common work on this White Paper was useful.



Sector coupling overview

Producers

Renewable Renewable
Heat&Cooling Electricity Electricity/Heat Gas Fuel

Gas condensing boiler

Heat&Cooling
Storage

Fuel cell

———— —— — ———————————————————————————————————————o

Households Tertiary Industry Agriculture Ground Transport Maritime, Aviation
Sector

End users(prosumers and consumers)



R&D needs and challenges

Challenges related to directly coupling heat pumps with RES electricity:

e Coupling HP with direct current (DC) from local PV plants (or small
wind turbines);

* Increasing temperature delivered by HP, to cover a wider range of
applications (e.g. industrial process heat).
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* Distributed storage systems can form virtual smart loads for
electricity grids (refrigerators, thermal storage, building thermal mass
storage).

For proper operation, the state of charge of the individual devices
should be known and communicated to the grid management.

* Creation of new business models for power supply (provision of a
value for flexibility).

* Creation of new business models for heating and cooling as a service,
benefiting from the value given to the provision of flexibility.
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Policy recommendations

* Electricity and heating/cooling can be decarbonised nearly
completely with existing technologies and resources.

* Internalising the external cost of CO2 emissions in all sectors will be
essential.

* Clear political strategy needed to gradually step out from subsidising
and using fossil fuels in Europe’s heating and cooling sector.
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RHC in industry:

* Temperature levels at which processes are historically operating
should be questioned. Lower temperature levels allow for higher
deployment shares of renewables.

* Innovative high-temperature storage.

RHC in buildings:

* Provide cost-effective and easy/fast to install retrofitting solutions
for old buildings, both for energy efficiency and heating and cooling.
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HC in districts and cities:

* The inherently local nature of H&C supply means cities must play a
leading role in developing and implementing strategies for their
decarbonisation.

Provision of skills:

* Ensure the education and training of a sufficient number of
designers, planners and installers.

* The acceptance of skills should be ensured throughout the single EU
market
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Controversial discussions

* In some political discussions, hydrogen is seen as the main solution
for the energy challenges in Europe, solving all problems

* Thus much light is on H2, also influencing the allocation of research
and development funds

—> Much scepticism among several colleagues:
hydrogen should not get more attention

* However, ignoring the debate would be a pity and a lost opportunity
for us to highlight this scepticism
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Hydrogen is an energy carrier,
but no energy source!
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1) We need massive financial support on innovations, research, further
development, and market uptake for all types of renewable energy
sources and systems. Financial support on hydrogen should not cut or
compromise the support for renewable energies.

2) Hydrogen per se is not necessarily sustainable as it is no source of
energy, but only an energy carrier. Its sustainability is closely related to
the source of energy which is used to produce hydrogen. We consider
that only renewable hydrogen, meaning hydrogen produced by
renewable energy sources, can be in principle sustainable.
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3) In the light of the climate challenge and the enormous transition we
are facing, we strongly recommend to focus any support of hydrogen
on all forms of renewable hydrogen and to stop supporting fossil or
low-carbon hydrogen.

4) Hydrogen is a universal energy carrier and can be used for many
purposes. Yet it will be impossible to satisfy all demand for hydrogen,
and thus it should be used for applications with only few other
alternatives, also called hard-to-abate sectors. These can be for
example high temperature industrial processes or selected transport
applications.
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Our 8 key messages (5-6)
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5) We do not see that the direct use of hydrogen in the domestic heating
and cooling sector plays an important role in the future. Instead, a massive
deployment of different renewable energy technologies, including liquid,
gaseous and solid biofuels, must happen and be supported.

6) With this document, we are providing feedback to the European
Hydrogen Strategy on the role we see for hydrogen for a climate-neutral
Europe. We acknowledge the definitions of the European Hydrogen Strategy
on renewable hydrogen, but we feel that other pathways such as

biohydrogen and solar hydrogen are neglected and should be addressed as
well.



Our 8 key messages (7-8)

7) In terms of energy efficiency, heat that is released during hydrogen
production should be used.

8) Various pathways can be taken to produce hydrogen from
renewable sources. The pathways are at different levels of technology
and market maturity and come with specific R&D needs, costs and GHG
emissions.
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