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Introduction

As discussed in part 1, the goal of part 2 is to provide a list of topics that can be the object of
EUROGIA+ projects. This cannot be exhaustive; all other topics that feature innovation used in
the market place to reduce the carbon footprint of the energy system can potentially qualify for
a EUROGIA+ project. But it is hoped that the list provides help to clarify the contours of the
EUROGIA+ domain of low-carbon energy technologies.

Technologies by Energy Sectors
1. Biomass
1 Vision

Biomass is a renewable energy source that can provide energy to be used for heating and cooling,
electricity and transport.

Biomass fuels can be stored, meeting both peak and
baseline energy demands. In the form of biofuels (solid,
liquid or gaseous), biomass can directly replace fossil fuels
(solid, liquid and gaseous), either fully or in blends of
various percentages. In the latter case, there is often no
need for equipment modifications.

Bio-energy is CO2 neutral, if biomass is produced in a
sustainable manner. Bio-energy can contribute to
important elements of national/regional development:
economic growth and employment; import substitution
with direct and indirect effects on GDP and trade balance;
security of energy supply and diversification. Other
benefits can include support of traditional industries, rural
diversification and the economic development of rural
areas. Additionally, biomass fuels can be traded on local,
national and international markets, and it is expected that
the international trade in this sector will play a major role
for the development of a bio-based economy.

91 Technology Challenges

Significant progress has been achieved on biomass procurement and conversion technologies
over the last decade resulting in the increase of competitive, reliable and efficient technologies.
They are represented by dedicated large and small scale combustion, co-firing with coal,
incineration of municipal solid waste, biogas generation via anaerobic digestion, district and
individual household heating, and in certain geographical areas, liquid biofuels such as ethanol
and biodiesel. Nevertheless, new fuel chains addressing more complex resources, new
conversion routes such as gasification and pyrolysis, and new applications, need further
development.
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Two key technical challenges concern all biomass
energy sources: the need to avoid competing with
food production for land use; and the need to
efficiently and cost-effectively collect feedstock
over large areas (as the energy density per unit of =&
land surface is typically small compared with other |
energy sources).

Biomass heating

Biomass can be the renewable heat source for
small, medium and large scale solutions. Pellets,
chips and various by-products from agriculture and
forestry deliver the feedstock for bio-heat.

The installation of numerous new pellet burners,
the construction of new plants to produce pellets
and adapted burners/ boilers/stoves, and new
logistic chains to serve the consumers should result
in significant growth. Stoves and residential boilers
operated with chips, wood pellets and wood logs
have been optimised in recent years with respect
to efficiency and emissions, however, more can be
achieved in this area. In particular, further
improvements regarding fuel handling, automatic control and maintenance requirements are
necessary. Rural areas present a significant market development potential for the application of
those systems. There is a growing interest in district heating plants, which currently are run
mainly by energy companies and sometimes by farm cooperatives for small scale systems. The
systems applied so far generally use forestry and wood processing residues but the application of
the agro-residues will be an important issue in the coming years.

Combined Heat and Power (CHP)

Significant improvement in efficiencies can be achieved by installing systems that generate both
useful power and heat (Cogeneration plants have a typical overall annual efficiency of 80¢90%).
CHP is often a profitable choice for power production with biomass if heat, as hot water or as
process steam, is needed, and if biomass resources are limited. The increased efficiencies reduce
both fuel input and overall greenhouse gas emissions compared to separate systems for power
and heat. The technology for small scale CHP is not yet fully commercially available. A
breakthrough in small scale CHP - (based on the Stirling engine, the gasification process, hot air
turbine, a micro steam engine or the Organic Ranking Cycle (ORC)) could be achieved in the
coming years, if research and development in this area is intensified.

Electricity production
The use of biomass for power generation has increased over recent years mainly due to the

implementation of favourable European and national political frameworks. However, most
biomass power plants operating today are characterized by low boiler and thermal-plant
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efficiencies and such plants are still costly to build. A key challenge therefore is to develop more
efficient lower-cost systems. Advanced biomass-based systems for power generation require fuel
upgrading, combustion and cycle improvement, and better fuel-gas treatment. Future
technologies have to provide superior environmental protection at lower cost by combining
sophisticated biomass preparation, combustion, and conversion processes with post combustion
clean-up. Such systems could include fluidized bed combustion, biomass-integrated gasification,
and biomass externally fired gas turbines.

Bio fuels for transport

There are several potential fuels that could technically be generated from bio-resources, such as
methanol, ethanol, butanol, triglycerides, and fatty acid esters. In the longer term, it may even
be that one or more of these could serve as the energy source for hydrogen generation, making
bio-hydrogen. The possible methods of production range from various biological fermentations
to thermo chemical gasification with liquid fuel creation via the Fisher-Tropsch reaction using
syngas. Currently, only ethanol (and its derivative ETBE) produced from food crops (such as sugar
cane, corn and sugar beets) and biodiesel from rapeseed (mainly Rapeseed Methyl Ester, RME)
are applied on a commercial basis on the European market. They will remain the dominant forms
of liquid bio fuels production in the coming decade, as alternative bio fuel technologies are still in
the development stage. Nevertheless, in the coming years new developments are expected such
as bio ethanol production from lignocelluloses (which would activate a broad range of new feed
stocks such as products and by-products from agriculture, forestry, wood industry, and
pulp/paper processes) or the biodiesel produced by hydro cracking of vegetable oil and animal
fats.

Feedstock

Biomass resources cover various forms, such as products, by-products and waste streams from
forestry and agriculture, downstream agro-forestry industries, as well as municipal and industrial
biodegradable waste streams. It can be grown in dedicated woody or herbaceous energy crops,
and can be transformed into various forms of energy. Improved agricultural and forestry
practices can result in higher yields per unit of input. New methods in erosion control,
fertilization, and pre-processing can result in improved life cycle performance, sustainable
practices, and enhanced feedstock production.

BIOMASS TECHNOLOGY CHALLENGES

Biomass heat
9 Boilers/stoves
1 New plants
71 Logistic network

Combined Heat and Power (CHP)
9 Stirling engine
Gasification process
Hot air turbine
Micro steam engine
Organic Ranking Cycle (ORC)

E R N
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Electricity production

1 Biomass preparation system
Biomass combustion systems
Biomass conversion systems

Biomass-integrated gasification

A =2 4 =

Biomass externally fired gas turbines.

Biofuels for transport

=

Biological fermentations

1 Thermo chemical gasification

1 Bio ethanol production from lignocelluloses
)l

Biodiesel produced by hydro cracking of vegetable oil and animal fats.

Feedstock
1 New higher-yield crops
1 Efficient feedstock collection and transport
2. Wind
1 Vision

Modern wind power technology is largely based on know-how gathered from European R&D and
deployment activities related to inland (onshore) wind energy. Onshore electricity production

from wind energy is a mature technology. Ongoing R&D efforts are primarily focused on
maximizing the value of wind energy and taking the technology offshore. Capital investment
O2ada FT2N) gAyR 3ASYSNI A2y LXIFyda NS 2F GK
G§SOKy2t238 o0AyOfdzAaA®S 2F 3IAINAR O2yySOiarzy O;
(exclusive of grid connection costs)> S @Sy dzLJ G2 € o n Aypicallj, 2WchgeR S S LI
capacity factors for wind power installations are 1,800-2,200 full-load hours onshore and 3,500-

4,000 full-load hours offshore.

The main technological development in recent years is a trend towards ever larger wind turbines

(WTs). Since the first commercial WTs of the 1980s, WT size has evolved from 0.022 MW to
multi-MW machines of about 6 MW today. Currently the average turbine size in the EU is around

1.3 MW onshore and 2.1 MW offshore. By 2030, average turbine sizes of 2 MW and 10 MW are
expected for on- and off- shore respectively, with gigawatt (GW)- size wind farms likely for
offshore. The recent push in scaling-up of turbine size is driven primarily by the move to take the
technology offshore, as higher wind speeds and wind energy generation can be reached there.
Moreover, the move is important as fewer suitable onshore sites are available due to land
constraints. The further up scaling of wind turbines leads to new challenges in the field of load

control and wind turbine construction materials. Moving offshore also means increased
technological focus on foundations and materials adapted to the marine environment. In the

near term, continued wind deployment will need to be accompanied by developments in storage
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technologies and increased grid flexibility, to be able to accommodate increasing levels of wind
energy penetration in the electricity network.

With respect to the global wind energy scene, the EU has been one of the front-runners in
innovation and is a lead player on the market. However wind energy is also experiencing a surge
in emerging economies, such as India and China, and is finding use in developing countries in
non-energy sectors, such as water desalination. Chinese manufacturers are rapidly taking the
lead in terms of volume and power installed, so it is critical for European suppliers to continue to
develop new technologies in order to remain competitive.

1 Technology Challenges

The two main barriers to large-scale wind deployment are grid integration and present
limitations that prevent further up scaling. Current electricity transmission and distribution
systems have been designed and developed to manage more traditional generation
technologies, and are not appropriate for large-scale wind penetration, whether centralised or
distributed.

Increasing shares of wind energy will require a new grid philosophy and flexible, robust
transmission and distribution grid infrastructures. As regards up scaling, new materials, control
strategies and concepts need to be developed in order to cope with and/or reduce mechanical
loads on wind turbine components and to increase reliability. In addition, the limitation of
existing EU research facilities (both public and industry-housed), for testing wind technology at
an appropriate (large) scale, and under relevant climatic conditions, poses a potential barrier to
the up-scaling of wind technology and the drive towards offshore deployment. Energy storage
mechanisms to compensate for the fluctuating, unpredictable nature of wind generation will be
critical enablers for large-scale wind deployment, and thus need to be developed accordingly.
The emerging deep offshore applications are still in need of optimization of appropriate floating
platform in terms of type, size and anchoring systems.

WIND TECHNOLOGY CHALLENGES
Wind Turbine & Component Design Issues
1 New materials with higher strength as well as higher internal damping.
9 Advanced manufacturing technologies. flexible blades & hubs, and variable speed
generator systems,
1 Reliability models leading to higher wind farm availability ¢ particularly relevant
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regarding offshore turbines.

Integration of demand side requirements in the design of turbines,(electrical control
system interaction with grid requirement.)

Component design, such as longer blades, and electrical components.

Mega Watt and Multi-Megawatt Wind Turbines

1 Fundamental wind turbine design research (aerodynamics, aero elasticity, structural
design, loads and safety, control, etc.)

1 Development of test facilities to follow turbine developments.

1 Modeling of O&M requirements for large turbines, before installation.

1 Reliability of multi megawatt turbines.

Offshore Wind Technology

1 Higher tip speed designs

1 Special designs of systems and components for erection, access and maintenance of
offshore turbines

7 Design studies of systems rated above 5 MW for offshore including possibly multi-rotor
systems.

1 Offshore meteorology ¢ shore and long-term forecasting; hardware for measurements.

1 Development of alternative and deep water foundation structures.

1 Combined wind and wave loading.

1 Optimal design of deep sea floaters (type, size, anchoring).

Operation & Maintenance

T

=4 =4 -4 -4 -4 -

Advanced condition monitoring

Development of early failure detection and condition systems.

Developments in preventative maintenance.

Standardization of components

Certification of service and maintenance concepts.

Better techniques for assessing wind turbine and wind park performance in situ.
Energy Storage

3.

Solar

3.1 SOLAR PHOTOVOLTAIC POWER GENERATION

9 Vision
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Photovoltaic (PV) systems are currently based predominantly on crystalline silicon technology and
are mature for a wide range of applications.

Today the average turn-key price of a small to
medium size (3to 20 kWp)t + &a&adsSy A

for large systems in the multi MWp range about 3 - 4
€eK2LIP ¢KS STTAOA SHMtOBodust

and of commercial concentrator modules is up to 15%

and 25%, respectively.

The typical system energy pay-back time depends on

the location of the installation. In southern Europe itis |
typically over 20 years, and increases at higher
latitudes. Feed-in tariffs or other incentives can
reduce the pay-back time for the end user to only a
couple of years in some countries. The average
generation cost of electricity today is about 30 ¢c/kWh,
ranging between 20 and 45 ¢/kWh depending on the
location of the system.

Crystalline silicon-based systems are expected to remain the dominant PV technology in the short
term. In the medium term, thin films will be introduced as integral parts of new and retrofitted
buildings. In the longer term, new and emerging technologies will come to the market, such as high
concentration devices that are better suited for large grid-connected multi-MW systems, and
compact concentrating PV systems for integration in buildings. With the proper research into
enabling technologies, it is expected that crystalline silicon, thin films and iother technologies will
have equal shares in the installed PV capacity by 2030.

The cost of a typical turn-key systemmay 6 S Kl f 3SR (2 en®dpk2 LI AY
FYR endpk2 LI AY K Soudy2ngdals MicidhGNdaybalsd irfcr¥asizt Fidtipafel
module efficiencies could reach 20% in 2015 and up to 40% in the long term, while concentrator
module efficiencies could reach 30% and 60% in 2015 and in the long term respectively. Such
technology developments are needed to bring the cost of electricity from PV systems to be
comparable to the retail price of electricity in the medium term and to the wholesale price of
electricity in the long term.

1 Technology Challenges

The main barrier to large-scale deployment of PV
systems is the high production cost of electricity, due
to the significant capital investment costs.
Technology is needed for these investment costs to
continue to decrease. Other barriers include the lack
of skilled professionals, the use of precious raw
materials e.g. silver, the need to develop methods for
recycling, the need to introduce new materials,
regulatory and administrative barriers, such as access
to grid and long waiting times for connection, and
finally, lack of public awareness including from
construction experts that inhibit the integration of
thin films in buildings. Research and development is
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vital for increasing the performance of PV systems and accelerating the deployment of the
technology.

Research push tools need however to continue to be combined with market pull mechanisms for
the expansion of production capacity. The consequent development of economies of scale will lead
to cost reductions.

3.2 CONCENTRATED SOLAR POWER GENERATION
M Vision

After 10 to 12 years of slow development, concentrated solar thermal power sector (CSP) is now
reviving due notably to a favourable supporting framework in Spain and increasing investments in
the USA. Concentrated solar power plants (CSP) consist, schematically, of solar concentrator
systems made of a receiver and collector to produce heat and a power bloc (in most cases a Rankine
cycle). Three main CSP technologies are under development: Trough, Tower/Central and Dish.
Today CSP technologies are in the stage of first commercial deployment for power production in
Europe.

Due to past developments in the USA (~350 MWe in operation since 1980), the most mature large
scale technology is the parabolic trough/ heat transfer medium system. In Europe, a parabolic
trough power plant of 50 MWe power capacity with more than 7.5 hours of storage (Andasol 1) has
been constructed in Granada in Spain. Two more plants of 50 MWe each are scheduled to be built
on this site.

Central receiving systems (solar tower) is the second main family of CSP technology. An 11 MWe
saturated steam central receiver project, named PS 10, is operating in Andalucia. This is the first
commercial scale project operating in Europe. Solar Tres is another project under construction in

Spain based on a molten salt central receiver system.
R \

Parabolic Dish engines or turbines (e.g. using a
Stirling or a small gas turbine) are promising
modaular systems of relatively small size (between 5
to 50 kWe), in the development phase, and are
primarily designed for decentralised power supply.
The solar only average load factor without thermal
storage of a CSP plant is about 1800 to 2500 full-
load hours per year. The level of dispatching from
| CSP technologies can be augmented and secured
with thermal storage or with hybridized or
combined cycle schemes with natural gas, an
important attribute for connection to a conventional
grid. For instance, in the Solar Tres project, 15 hours
molten salt storage is included leading to a capacity
factor of 64% without fossil fuel power back-up.

Several integrated solar combined cycle projects using solar and natural gas are under
development, for instance, in Algeria, Egypt, India, Italy and Morocco.

Capital investment for solar-only reference systems of 50 MWe are currently of the order of 3 300
G2 n pnn e€exk12S® ¢KS dzZLIISNI t AYAG | OO02dzy i a
factor of between 5000 to 6000 hours. Depending on the direct normal insolation (DNI), the cost of
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For DNI in the range of 2300 or 2700 as encountered in the Sahara region or in the USA, the current
cost could be decreased by 20% to 30%. The important resource base in neighbouring
Mediterranean countries of Europe makes it possible to envisage importing CSP energy. For a given
DNI, cost reduction of the order of 25% to 35% should be achievable with technological innovations
and process scaling up to 50 MWe. Facility scaling up to 400 MWe could result in further cost
reduction of the order of 15%.

1 Technology Challenges

The cost-competitiveness of CSP plants is a key barrier. Component improvements and scaling-up of
first generation technologies are necessary for cost reduction. The demonstration of new
technologies at system level and relevant scale is also crucial for CSP cost-competitiveness in the
long term.

Developments are necessary on critical elements of first generation technologies such as
adjustment of steam turbine to CSP specification. Also, the development of specific enabling
technologies, for example, grid infrastructure for importing CSP energy from neighbouring
countries, should be an important focus. Joint technological developments with North Africa would
allow the EU to benefit from higher solar resource levels. Demonstrating next generation CSP
technologies is critical to address medium to long term competitiveness, but also to attract
investors.

3.3 SOLAR HEATING AND COOLING
M Vision

Solar-thermal systems currently installed in Europe (active and passive) are predominantly based on
glazed flat plate and evacuated tube collectors. The vast majority of the European capacity (90%)
comprises single family house units used for the supply of domestic hot water. The remaining
capacity consists of an equal share of domestic hot water ¢ multi-family house units, and, single
family house combi-systems that deliver both hot water and space heating. In addition, there are a
few large scale systems installed in Denmark, Sweden, Germany and Austria which deliver heat to
district heating networks. Some of them are coupled with seasonal heat storage. Finally, there are a
limited number of installations in industrial sites for the provision of low temperature process heat.
The average turn-key cost of a solar-ii K S N | € d2830Sy G(G2RI& A&
aeaidsSvya AyaildlrfttSR Ay OSYyU(NIf |y dRsiphb2shsdenks, Svhidh
are used typically in southern Europe. In general, the former type of equipment can meet 50-70% of
the hot water needs for a house, generating 500-650 kWh of useful heat for each kWth installed.
The latter type of system can provide 70-90% of the hot water requirements of a building
generating 700-1000 kWh for each kWth installed.

The solar-thermal technology that can provide all heating and cooling needs of a building with good
insulation has already been demonstrated. Further technological developments are anticipated in
the near term, which will improve the competitiveness of the technology and facilitate the
expansion of the solar-thermal market. These technology improvements include the development
of new systems that will incorporate superior collectors based on advanced polymeric materials,
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vacuum insulation and sophisticated heat storage media, combined with intelligent heat
management controls. These systems will be integrated in new and retrofitted buildings with new
insulation, such as in facades, to provide hot water, and space heating and space cooling. In
addition, the technology of concentrated collectors will be further developed for use in systems that
will provide low and medium temperature process heat to the industrial sector. If the solar-thermal
capacity in Europe continues to expand, it is expected that system costs for small scale forced

circulation units installed in central Europe willbe RS ONB I 8 SR G 22030.n nnk Y2 (K 0E¢&

1 Technology Challenges

The major barrier to the uptake of the solar heating and cooling technology is the high capital cost
of the systems leading to long payback times for building owners. Furthermore, the cost-
competitive deployment of solar heating and cooling is hindered by technical bottlenecks. Heat
storage is considered the most important technical bottleneck for the further expansion of the
solar-thermal market. Other major bottlenecks include the unavailability of commercialised cooling
machines for solar cooling applications and the lack of advanced polymers for integration of
collectors in buildings. There is also a shortage of skilled professionals, qualified installers and
technologists/scientists, which currently has an impact on system reliability. There is a need for
research and development on high density storage media, such as thermo chemical and phase
change materials, able to store enough heat to meet the requirements of a building for long periods
of time. These developments will also benefit other sectors and technologies where energy storage
plays a crucial role.

Furthermore, advanced materials need also to be developed for other parts of a solar thermal
system: new polymeric materials and glasses with improved optical properties for collectors,
improved heat transfer materials for temperatures up to 250°C, as well as insulation, both for the
solar thermal system as well as for buildings. In addition, new approaches need to be developed for
the integration of solar heating and cooling systems in buildings, as well as the necessary building
codes and regulatory frameworks.

SOLAR TECHNOLOGY CHALLENGES

Solar PV
9 Silicon product
1 Cells

1 PV systems

1 Energy storage

Concentrated Solar
9 Sensors
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9 Heat transfer
1 CS System
1 Energy storage

Solar Heating and Cooling
i Sensors
1 Systems
1 Materials
1 Heat Storage

4. Hydro

4.1 HYDRO POWER GENERATION
9 Vision

Hydropower is often seen as a mature renewable power generation technology. At present, it
amounts to 70% of the electricity generated from renewable energy sources in Europe or 10% of the
total electricity production in the EU. However market developments continue to bring new
technical challenges that require RD&D projects.

The large and medium scale hydropower market (>10 MWe) ¢ referred to hereafter as large scale- is
a well-established market in Europe. More than 50% of favourable sites have already been exploited
across the EU. Yet, this market is still evolving. Three main drivers are pushing developments in this
field: 1) the erection of new large hydropower plants, with a huge market potential in India and
China but also, to a lesser extent, in Europe, 2) the rehabilitation and refurbishment of existing
hydropower facilities, and 3) the need for additional renewable power capacities.

The refurbishment market segment is of interest for Europe with overall, an aging hydropower park,
but also to ensure that no energy capacity losses are incurred with the implementation of higher
environmental standards. Efficiency improvements that can be expected from upgrading operations
are on the order of 5%. Equally interesting for Europe is the need for new renewable power
capacities as embedded in the European targets for renewable energy by 2010 and 2020 and the
correlated needs for back-up/firming capacities to ensure grid stability due to increasing penetration
of intermittent power generation. Hydro technologies can make a significant contribution to this
topic as a storage technology. A renewed and growing interest for pumped storage schemes has
been seen in the last 5 years in Europe. These systems develop cycle efficiencies of the order of 80%.
For all these markets, hydropower technical and economic performances are very dependent on the
AA0S &LISOA T A Odpérating ytrategiesyAkeragizibad Fadtaits bfJadgdscale hydropower
plants range from 2 200 to 6 200 full-load hours per year in Europe, with an average at about 3 000
to 3 500 hrs. Capital investment costs for building large hydropower facilities (> 250 MW) are of the
2NRSNJ 2F ynn (2 o T1nn -punjed Sodage fis lofLthe (bdmé orderoft (i F
magnitude.

About 11 GWe of small scale hydropower (<10 MWe) are operating in the EU. The largest remaining
potential in Europe lies in low head plants (< 15m) and in the refurbishment of existing facilities.
About 65% of Small Hydro plants located in Western Europe and 50% in Eastern Europe are more
than 40 years old. Similarly to large hydropower plants, capital investment costs are project
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characteristics dependent. Average capital costs for

small hydropower plants are of the order of 1 200 to

o pnn €k12® h¥ LI NIAOdZ I N
hydro turbines (head < 5m) is a promising distributed
generation technology that can be implemented, for

instance, in presently untapped water resources

(e.g., waterways), with about 1 to 1.5GW potential in

, Europe. These systems are now in the demonstration

_ ".'—"-_':.‘ stage. Typical power rating is of the order of a few

h -+ ™ hundreds of kWe to 1IMWe.

Finally, an additional important driver for the development of the whole sector in Europe can be the
multipurpose concept. Hydropower can be implemented in combination with other hydro activities
such as flood regulations, wetland management with no additional water resources and
environmental impacts. It is noted that climate change can have an important influence on water
resources.

Three large European companies are active in the large to medium scale hydropower market
worldwide. These companies are currently facing strong international competition (e.g. USA, China
and India). The market for small hydropower is more accessible to small companies, with several
European manufacturers with a recognised worldwide industrial position.

91 Technology Challenges

Significant advances have been made in hydro-machinery
in the past decades, with important prospects for further
improvements. However uptake of these new advances
has been slow in part due to a general misperception that
hydro is a mature family of technologies with no significant
prospects for additional developments in the future, as
well as because of long lead times for projects.

Meeting stringent environmental standards for water
management can sometimes limit the plant capacity, but is
also a driver for innovation and improved performances.

New RD&D efforts need to be made in this field to harness
the untapped hydro potential, upgrade the existing
hydropower base (higher energy outputs with higher
environmental performance) and to maintain the
competitiveness of the EU industry. The EU hydropower
industry needs to perform research in areas such as
modelling for refurbishment operations, turbines/pumps,
power electronics and civil work developments to reduce
their costs further, to ensure a high resource management
with high environmental performance and system
efficiency under variable loads. This can be difficult for
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very low head developments with a small enterprises industry base (< 25 employees), having limited
R&D and financial capacities.

There is a need for increased and focused Research and Development geared to harness the
untapped hydro potential in Europe (low head/very low head) but also to improve the resource
exploitation of the existing generation base (refurbishment activities, multi-purpose schemes) and
to offer technological solutions to a changing market environment with a growing share of
intermittent power generation (hydro pumped storage), while ensuring a high degree of
sustainability (compliance with Water Framework directive).

4.2 OCEAN WAVE POWER GENERATION
M Vision

There are several forms of ocean energy, such as marine current, wave and tidal energy.

Only the energy withdrawn from surface waves by mechanical devices will be analysed. It is noted
that technology developments in other fields of ocean energy have taken place worldwide since the
60's, as illustrated by the 240 MW tidal power plant of La Rance in France. Capturing the energy
from waves is a complex issue, which is very location specific. A large number of devices and designs
are currently being studied and/or developed.

Some of the principles proposed for wave energy extraction are terminator, a structure placed
perpendicular to the main direction of the wave, oscillating water columnwhich generates
electricity from the wave heave pressure effect in a shaft, point-absober, a floating structure that
absorbs energy from all directions by virtue of its movement at or near the surface of the water, an
attenuator, similar to a terminator but oriented parallel to the direction of the waves, and
overtopping devices floating reservoir, partially submerged, in which a head of water is created
and further used to run hydro turbines. Wave energy is also distinguished according to the location
of the power plant, whether shoreline, near to shore (¥< 20 m depth) or offshore (~>40 m depth).

Rated power capacities of a single system are of the order of 70 kW to a few MWs. Several units can
be assembled to create a wave energy farm (e.g. to
several MWs). Average load factors for wave power
installations are within 3 500 to 4 000 full load hours per
year (shore-line technology capacity factor can be
around 2 000 full-load hours). The costs of current
prototypes are of the order of 6 5001 (G2 MO
This leads to a cost performance average estimate in the
N}y3IS 2F on G2 op Oexk]
costs of first production units are estimated to be of the
orderof 2500to T 1 N N, though|tRe cost of wave
power is very site and technology specific.

The energy captured by ocean wave energy is mostly derived from a transfer of wind energy to the
surface of the ocean. Due to the difference of properties in the energy carrier media (water), wave
energy is less intermittent and more predictable than other renewable technologies such as wind,
although ocean measurement and forecasting techniques over long distances need to be developed
and implemented to improve the predictability.
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Several large scale wave power demonstration facilities are currently being erected or planned.
European companies are active in shoreline, near-shore and off-shore based devices, using a variety
of different operating principles.

1 Technology Challenges

The main barrier to wave energy expansion is its current lack of cost-competitiveness due to its
early stage of development and its specific operating marine environment.

Appropriate grid infrastructure and connections will be important for its further development. For
an installation located at 100 km from the shore, the grid component can represent up to one third
of the cost. Grid connections to on-shore grids can also be problematic, as in some cases the grid is
not strong enough to absorb the electricity production from wave energy power stations. In
addition, licensing and authorisation costs are high and procedures are complex due to a lack of
dedicated or experienced administrative structures.

Maintenance and plant construction costs are also high, especially in the start-up phase. There is
currently little experience on maintenance for offshore facilities. For the time being, offshore
infrastructures from oil industry (ships, platform equipment) are used to carry out these operations
which turns out to be costly. Equally, there is a need for specific engineering capacities, based on
the know-how from the offshore industry. The lack of tailored engineering expertise can result in
over sizing of equipment and, consequently, increased capital investment cost.

Finally, with the advent of the deployment of ocean energy technologies, coastal management is a
critical issue to regulate potential conflicts for the use of coastal space with other maritime
activities. At this stage of development, ocean wave

energy technologies entail significant financial risk and
infrastructure investment. It is essential to install the
first generation capacity to acquire experience on
performance and maintenance, and attract investors.

Establishing standards, dedicated reference testing
centres, and developing specific engineering capacities
are also important to accelerate the technology
learning curve.

In the same line, the wave ocean energy community
needs to acquire a sufficient critical size. Information
exchange and coordination efforts among the
stakeholders must be fostered. It is equally important
that the expert wave energy community trains a new
generation of scientists and attracts people from
different horizons such as offshore wind energy to
foster know-how transfer.

HYDRO TECHNOLOGY CHALLENGES

Hydro power generation
9 Turbines
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1 New Generators

1 Grid connection

1 Control system

1 Environmental impact

Ocean wave power generation
9 Dedicated Systems development
1 Grid connection
i Standardization
1 Environmental impact

5. Geothermal
9 Vision

The geothermal energy sector comprises electric power production and heat production sectors.

A further distinction is made for the heat sector according to whether the geothermal energy is
used directly (low and medium temperature applications) or indirectly (very low temperature
applications or heat pumps).

Capital investment costs related to geothermal electric
AyaldlrttriArazya INB 2F (K
sector, investment costs for direct heat district heating

aeaidsSya NYry3aS TFTNRBY onn

geothermal heat LJdzY LJ& £ | LILINE E A RM-
of capacity, with average capacities of 5-20 kWth.
Average system availability for geothermal energy
applications is around 95%. In the power sector, geothermal energy is used primarily as base load
supply, and thus has a high load factor of approximately 8000 full-load hours. In the heating sector
the load factor is much more variable.

Various levels of technological maturity exist, depending on the specific energy product (electricity
or heat) and, in the case of heat, the conversion process, where geothermal energy may be used
directly (e.g. district heating) or indirectly (e.g. heat pumps). In the electricity sector, current focus is
on R&D in enhanced geothermal systems (EGS), the main avenue, currently, for expanding
geothermal electricity generation in the EU. In addition,
possibilities for exploiting low temperature resources
via binary plant technology are an area of focus. In the
heat sector, for direct-use applications, such as district
heating (DH), efforts are directed at identification of
new markets, for example in Eastern Europe; while, for
indirect-use applications (heat pumps), attention is on
deployment.

Production Well Injection Well

In terms of development of the geothermal sector as a
whole, identification and exploitation of alternative and
cascading uses of geothermal energy will be important for improving the economics of the
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technology. There is scope for transfer of knowledge between sub-sectors, and thus significant
savings.

1 Technology Challenges

Lack of acceptance, due to negative impacts of geothermal exploitation (e.g. visual and odour-
related impacts) can hinder large-scale deployment. Increasing the acceptance of geothermal
energy will require education and awareness campaigns at all levels, as well as R&D for minimizing

the environmental impacts of geothermal exploitation. There is also a need for RD&D to enable
technological advancement and deployment of emerging concepts (e.g. EGS, hybrid systems), as

well as for the exploitation of cascading uses. In the specific case of EGS, the focus is to establish a
YdzYo SN 2F af AIKGK2dzaSé s ! " ' e i i KS
International research collaboration and centralisation
of existing knowledge and data in geothermal and
related sectors, in and outside of the EU, will be
critical for exploiting synergies between the sectors.
Fragmentation of existing knowledge hinders progress
in the sector and knowledge gaps (technological and
environmental) increase the financial risk. Enabling
technologies, such as binary cycle and improved
exploration and drilling techniques, can improve the
economics of geothermal energy and need to be
developed accordingly.

Finally, there is a shortage of qualified work force for the sector. Ensuring sufficient qualified work
force for the sector requires vocational training and certification programmes.

GEOTHERMAL TECHNOLOGY CHALLENGES
Shallow and Deep Geothermal

Exploration

Drilling techniques

Production systems

New equipment

Standardization

Environmental impact

= =8 -4 -8 -89

Heat Pumps
9 Gasdriven HP

9 Solar driven HP
9 HP for cooling

6. Oil and gas

6.1 EXPLORATION AND PRODUCTION
M Vision
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Even with rapid development of renewable sources of energy, fossil fuels will continue to dominate
the energy mix for decades. To ensure security of supply for all consumers, it is necessary to cost
effectively extract more hydrocarbons from existing fields and develop new fields in currently
under-exploited areas. The former requires improved technologies for Enhanced Oil Recovery
(EOR), the latter technologies to develop complex and difficult fields such as deep-offshore, super-
deep reservoirs, remote areas, Arctic, or small hydrocarbon accumulations.

In addition to ensuring future supply, the hydrocarbon industry also needs to contribute to the
reduction of the environmental and carbon footprint of the energy industry by using cleaner, more
efficient technologies, and facilitating the use of gas instead of coal.

Hydrocarbon exploration and production involves numerous steps, from surface surveys,
exploration and appraisal drilling, reservoir development planning, production drilling, production
optimization, to surface facilitiesX ! £ £ 2F (KSaS adSLla ySSR G2 02y

1 Technology challenges

In spite of tremendous successes in 3D seismic surveys over the past 20 years, exploration drilling
remains a high-economic-risk activity, particularly in remote areas. New developments in
Geosciences are required to continue to improve success rates, while minimizing impact on
ecosystems.

Drilling performance, i.e. drilling faster, safer, cleaner and more accurately, has a major impact on
what resources can be accessed cost-effectively. Drilling technology has evolved tremendously and
continues to evolve thanks to advances in materials, robotics, real time control, physico-OK S YA a 0 NE

The other parts of well-construction, such as completion
systems, cementing, valves and control systems, also have a
big impact on cost, safety and production performance. Ever
more complex well geometries and production control
systems call for continuing innovation in this area.

Offshore and Arctic production structures, as well as a whole
array of subsea equipment, pose a tremendous challenge due to the very harsh environment they
can be exposed to.

Average worldwide recovery rates in oil reservoirs does not
exceed 33%, so 2/3 of the oil is left in the ground; yet in
some areas, systematic application of new technologies
should push recovery rates to 70%. New well geometries,
more detailed reservoir simulation, real-time downhole
monitoring, better understanding of EOR physico-chemistry,
are examples of open technical challenges. Among EOR
techniques, CO2 injection should be particularly noted, due
to its potential benefits in increasing recovery while
capturing CO2 in the reservoir.

At the end of the chain, managing produced water or abandoning old wells in an environmentally
acceptable way are other examples of areas where new technologies will play an important role.
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6.2 UNCONVENTIONAL HYDROCARBON RESOURCES
M Vision

Even with improved technology to access new resources and improve recovery, the supply of
conventional hydrocarbon is not inexhaustible. However the earth
O NXza G O2y il Aya BSNE fl NBS
hydrocarbons that can help fill the gap until renewable energies can
fully take over. Examples are oil sands in Canada, extra-heavy oil in
Venezuela, gas, or even oil, from very low permeability rocks such
as shale, methane hydrates, or kerogen rich shales. They are all the
subject of active RD&D, with Canadian oil sands and gas shales in
the USA already booming after having been made economic by
recent technological advances.

a dzy

1 Technology challenges

The challenges for these resources run from improvements to the cost effectiveness of current
technologies (e.g. SAGD in oil sands, multi-stage hydraulic fracturing in gas shales), reduction of
environmental or carbon footprint, as all these resources tend to be more energy intensive than
conventional hydrocarbons, all the way to the creation of effective extraction technologies when
none exist today (methane hydrates, kerogen).

6.3 TRANSPORTATION AND STORAGE
M Vision

A key part of energy security is the ability to reliably
transport oil, gas or refined products from the
production areas and refining facilities to the
consumers. Of particular concern is the vulnerability
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of the few choke points through which most of the world
hydrocarbons go (Bosphorus, straits of Hormuz, SuezX);
preventing major interruptions or major environmental
disasters requires improvements to pipelines, tankers and
LNG carriers, or development of new types of transportation
(CNG, hydratesX 0 ®

Storage of large amounts of hydrocarbons close to the
consumers is also a key part of ensuring security of supply.
Underground storage in salt caverns or reservoir rocks
(depleted oil and gas fields, or saline aquifers) provides the
bulk of the capacity.

1 Technology challenges

Cost, safety and reduction of environmental footprint are
the key challenges.

For pipelines, new materials, damage prevention, corrosion control, improved inspection
techniques are example of active areas for RD&D.

For tankers and LNG, innovative propulsion chains and containment systems can reduce the impact
on the environment.

6.4 REFINING

1 Vision
Even though refining is a mature technology, there are still significant opportunities for
improvements in energy efficiency and environmental footprint. Given the large volume of
hydrocarbons refined every day around the world, even small gains can have a large impact.
Improvements in continuously matching crude oil input slate with product demand can contribute
to reduction of crude oil needs for the same product output.
Technology improvements can help preserve the competitiveness of European refineries,
minimizing site closures in the face of Asian and Middle-Eastern competition. Development of new
technologies in Europe also positions the European engineering industry to successfully compete for
the design of the many new refineries being planned in the Middle East and in developing Asia.

1 Technology challenges

Active R&D is ongoing in the fields of improved heat
recovery, hydrogen management, real time control
and optimisation, and boiler performance in order to
improve efficiency. Work on new catalysts can
improve vyield of products and match between output
slate and demand. Efforts on waste reduction, gas
flare minimization, CO2 capture and storage, and use of renewable energies for part of the energy
input, can reduce the environmental footprint of refinery operations.
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OIL & GAS TECHNOLOGY CHALLENGES

Exploration
Basin Analysis and Hydrocarbon Potential

Advanced 3D Seismic

Well Data acquisition, processing and interpretation

Measurements before and while drilling

Predictions from 3D Seismic, borehole and geological data integration and risks
evaluation

= =4 4 -4

Well Construction
1 Deepwater and ultra-deepwater
9 Mature Fields
1 Trouble Avoidance
9 Green Drilling
1 Smart wells

Production

Intelligent completions

Real time monitoring networks and decision aid systems
Well interventions

Reservoir/production management

Down-hole processing

Management of produced water

= =4 -8 -4 A8 -

Safety and Minimisation of environmental impact

Surface Facilities
1 Tools for hydrodynamic and structural analysis
9 Station keeping systems: mooring and dynamic positioning
1 Riser Technology
1 Marine Operations: installation, inspection, maintenance and repair, removal and
decommissioning
9 Efficient topside systems

Gas treatment and conversion
1 LNG
T GTL
91 Power generation
1 Chemical conversion

Subsea Infrastructure
1 Flow assurance
Intervention, installation and retrieval systems
Pumping and processing
Real time monitoring and control
Risk analysis and management

E e N
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Pipelines
91 Deep water and ultra-deep water
1 Long transportation system
1 New materials
1 Monitoring/Management system

Gas transport
LNG Carriers

LPG Carriers

CNG Carriers
Propulsion concepts
Containment systems
Hydrates

= =4 =4 48 -8 9

Gas terminals (Import/Export)
1 Gravity concept
1 Floating concept
1 Containment system
9 Process facilities

Hydrocarbon storage, conventional and underground
9 Data acquisition
1 Monitoring/sensors development
1 New Containment system

Unconventional hydrocarbons; production technologies and minimization of environmental
impact
9 Oilsands
Extra-heavy oil
Gas shales
Kerogen shales
Methane hydrates

= =4 4 =

Refining

Heat recovery

Hydrogen management

Real time control and optimization
Improved Catalysts

Waste reduction; gas flare minimization
Use of renewable energy and CCS

= =4 4 -4 A8 -
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7. Carbon Capture and Storage
9 Vision

Capture and underground storage of CO2 from large facilities is likely to be a required contributor
to the limitation of CO2 concentration in the atmosphere. In particular it may become a key
condition for the continuing use of the abundant coal resources in the earth.

The basic technologies required are similar to those currently used in the oil and gas industry.
However new technologies are required to reduce the cost of capture, and to ensure storage can be
guaranteed over long periods of time. Risk Management and Public Acceptance are also crucial for
the timely development of this activity.

1 Technology challenges

Capture: capture of CO2 from flue gas must be made economical. To reduce costs of existing
processes, their performance must be largely improved. New processes must be also developed.

Depending on the industry sector addressed, different challenges are to be faced: in the power
generation sector (including clean coal) pre- and post-combustion techniques have to be
industrialized at best cost to reach the Zero-emission power plant target as well as working on
retrofitting technologies for existing plants. Special research attention and application engineering
has to be brought to all large industries which are big energy consumers, and correlatively big CO2
producers.

Transport: Usually almost forgotten in the total CCS cost balance, transport techniques have to be
developed as in most cases CO2 will have to be pumped over large distances between facilities and
storage area. To reduce transportation costs, new technologies have to be developed such as
refrigerated pipes, high pressure pipes or low friction coefficient coatings. Corrosion resistant steel
in contact with CO2 must also be improved.

Storage: Even though injecting CO2 in underground storage is a known technique, it must be
improved and the characteristic variations of the plugging materials during extra-long period of time
assessed. During injection a monitoring system must be developed to follow the C02 paths in the
reservoir.

The CO2 injected in an underground storage must stay in place for a long geological period.
Advanced geochemical and geo-mechanical models will help to assess the evolution of the CO2
once injected. Effective tightness of the overburden formations must be measured in laboratories.
However a permanent monitoring network must be installed to diagnose any leakage.

Risk analysis of the whole system must be performed and particularly on the pipelines, the injection
wells and the geological storage and technological solutions identified to mitigate the risks.

The CO, methodology workflow that is to be applied within the scope of a geological storage project

includes:
- careful selection of the site;
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- operation phase ( building and preparing the site);

- injection phase with specific monitoring activities; and,

- finally when the injection stops, continuous monitoring activities to follow CO2 displacement
in the formation and detect potential leakage
paths. Maintenance work and well plugging are
planned according to the risks of leakage.

Performance and risk assessment must be conducted
regularly, all along the lifetime of a storage site, in
particular when a mismatch between observations
and predictions forces to re-calibrate the predictive
models.

Although most of the techniques exist, they need to be demonstrated on large scale projects, in
particular in association with all stakeholders to gain public acceptance and help define a
satisfactory regulatory framework in a timely manner.

CCS TECHNOLOGY CHALLENGES

Capture
CCS processes classification

Multi CO2 sources layout optimization
Absorption

Adsorption

Membrane

Influence of Contaminants

= =4 =4 48 -8 4

Transport
Compressor pump

Cryogenic pipe

Insulation of pipes, Internal coating for corrosion
Drag reduction

Monitoring of pipe network

CO2 Carrier (boat and truck)

Transportation networks
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Injection well
1 Well design

9 Steel, new cement, elastomers
1 Well abandonment
1 Monitoring

Geological storage

Site selection, site characterization
{A0S o0dAftRAYI O0AYyOfdzRAY3 O LI NBO]l AydSan
Geochemical, geo-mechanical studies

Flow simulation

Permanent monitoring (sensors, communication systems, models)

= =4 -8 4 -4
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1 Offshore facilities

Risk Management

Cap rock

Pipe failure

Long term modelling

Permanent sensors (downhole & surface)

CO2 migration up to aquifer or atmosphere

HSE

{20ASGFf AYLI OGX Lzt AO
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Feasibility

Capture pilots
Transport pilots
Injection pilots
Monitoring pilots
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8. Hydrogen as an energy carrier

M Vision

Hydrogen is widely recognised as a potentially environmentally friendly energy carrier which could

mitigate greenhouse gas emissions from the transport
sector, if supplied properly.

Fuel cells are widely acknowledged to be the technology of
choice for turning hydrogen into energy (although
combustion engines are another option). Highly efficient,
these intrinsically clean energy converters are adaptable to

a wide range of energy-consuming applications, including |

small portable devices, small and large combined heat and
power, as well as road, rail, sea and air transport
applications. Fuel-flexible fuel-cell systems, as they do not
rely on a dedicated hydrogen distribution infrastructure,

couldenablel O2y @SYASyd (NI )/a)\u7\2)f

91 Technology Challenges

G2 | f2y3ISNI G§SNY

The field of hydrogen & fuel cell technology can be broken down into five areas:

- hydrogen production;

- hydrogen storage and distribution;

- stationary applications (fuel cells transition);
- transport applications; and,

- portable applications.
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HYDROGEN TECHNOLOGY CHALLENGES

Hydrogen production

Chemical conversion

Gas separation technologies

Liquefaction processes

Electrolysis

Development of alternative production routes

E R

Hydrogen storage and distribution
1 Reversible storage systems for transportation
Hydrogen management at transfer, filling(cartridges) and fuelling (vehicles) stations
Hydrogen storage at production sites
Pipeline infrastructures
System analyses and network strategy
Reversible and non-reversible storage solutions for portable applications
Liquid hydrogen infrastructure components, reduction of boil-off

E T |

Stationary applications
1 HTFC stack: materials and design(cells, interconnects, seals)
HTFC fuel use
HTFC system (Balance Of Plant components)
LTFC stack (high-temperature, polymer membranes, catalysts)
LTFC system(BOP components)
LTFC fuel processing
Hydrogen turbine systems
Hydrogen combustion engines

E R N

Transport applications
1 PEM stack(membranes, catalyst)
SOFC for transportation
Reformer systems
PEM system components(air supply, E-drive)
System integration

= =4 -8 -9

Portable applications

PEFC, DMFC stack (Membranes, New catalysts, Membrane-electrode assemblies
Simplified water management in lo temperature systems

PEFC system components(Sensors, pumps, Fuel storage systems)
Micro-reformers

System integration and miniaturisation

=4 =4 -4 -8 -9
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9. Energy Efficiency
1 Vision

Every analysis of future energy use and corresponding projections of future greenhouse gas
emissions show that efficiency gains must provide the largest part of the required reductions in CO2
emissions. The overall efficiency of the world energy system, from raw primary energy to end use,

does not exceed 1 or 2%. Tremendous efficiency gains are possible with the right technologies.

Improvements must cover all sectors from energy use by consumers (vehicles, heating, cooling,

lighting, appliancesX 0 G KNR dzAK LJdzof A O dzaS of AIKGAY IS | AN
(power generation, energy transport, industrial heating, minerals, metallurgical and transformation
industried = OSYSy i St SOUGNRYyAOaAaXUOL®P® ¢KS NltofdeSall2F N
branches of science and technology.

1 Technology challenges

It is not possible to list here even a small part of the myriad of challenges posed by reducing energy
inefficiencies in all human activities. Efficiency in transport calls for new materials, improved

engines and power trains, improved tyres and roads, as well as brand new mobility management

systems. Efficiency in power generation involves new processes, systematic heat recovery,
improved turbines, improved process control, cost effective combined heat and power generation
atvariousscalesX 9 FFAOASYy O& Ay fAIKGAY I NBI JahcNBEDsI KS |
and improved lighting management. Efficiency in heating and cooling calls for innovation in
YFGSNRAFEas Ay SySNHe& aid2Nr3ISs Ay LINROSaa 02y
industrial sector requires its own set of technological innovations to avoid waste in energy and

materials usage.

Materials recycling, although a key component of energy efficiency in the industrial sector, is not
per se within the EUROGIA+ domain. However when coupled with energy production from part of a
waste stream, it fits fully within the scope of EUROGIA+ (e.g. generation of heat or electricity from a
municipal waste-stream with recycling of heavy metals contained in the ashes).

Smart grids deserve a special mention here: the combination of innovative storage capacity, energy
transport on both large and small scales, and real-time matching between energy production and
consumption on the scale of a continent, is both required to accommodate a significant amount of
renewable energy, and at the same time promises to contribute significantly to reduction of wasted
energy.

Enabling Technologies for the Energy Mix

Technology providers for the industry rely heavily on enabling technologies for industrial
innovation. Developing or integrating enabling technologies for energy systems provides the best
platform for cooperation across industry sectors and transfer of innovative technologies.

1. New Materials
9 Vision
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Strong innovation can come from the use of advanced materials for both structural and functional
applications (mechanical, thermal, electrical, corrosion resistance).
New materials have to satisfy several criteria, according to the application:
- technical properties such as mechanical strength (static and dynamic), impact resistance,
thermal and fire resistanceX
- technological properties: manufacturing, forming, assembling, welding, heat treatment,
repair capacity;
- economic criteria;
- environmental criteria such as toxicity, recycling; and,
- sustainable development.

Innovation can come from the improvement of intrinsic material properties or through novel
assembly techniques resulting in more cost-effective
solutions.

New groups of materials are now available: smart
materials that possess special properties that can be
classified in the following categories: piezoelectric, electro-
strictive, magneto-strictive, memory alloys, optical fibres,
YFGSNAItAa 6AGK | RRSR TFdz
These materials could have both structural and functional
applications with particularly exciting potential in the
sensors area.

Nano-technologies (arrangement of molecules or atoms
for specific functions) are now providing new materials or
techniques that could have a strong potential for several
applications such as coating, filtration, sensors, miniature
robots (in oil reservoirs, or other oil related processes), or
cleaning systems. Nanotechnology is currently more
advanced in medicine, but applications are envisaged for
the energy industry.

All these innovations can be applied to the whole energy
production chain.

1 Technology Challenges

- High strength metallic alloys (above 1000MPa) for structural applications.

- Materials with high corrosion resistance in petroleum media and processes.

- Advanced composite materials with exceptional mechanical properties or improved fire
resistance.

- Polymeric materials for structural applications and corrosion/ ageing resistance.

- Techniques for assembly on-site (welding, adhesive bonding) of new materials.

- NDT techniques for on-site inspection.

- New coating systems for corrosion, wear and abrasion resistance.
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- Smart materials with functional properties (monitoringZ I O fzI (i 2 N& X

- Nano-composites or organic/inorganic hybrid structures for new products or processes,
installation, or process monitoring.

- Nano-materials for new applications: filtration, sealing products.

NEW MATERIALS TECHNOLOGY CHALLENGES

Materials
1 Synthetic High strength alloys
1 High corrosion resistance
1 Advanced composite materials
1 Polymeric materials for structural applications and corrosion

Nano Materials
1 Nano composites
1 Nano material (filtration, sealing)

Process
1 Welding
1 Assembly of parts
1 Gluing

NDT Techniques

2. New Information & Communication Technologies

9 Vision

Production and use of energy have always been a
driving force for the development and deployment of
Information & Communication Technologies. For
decades, supercomputers or large modelling methods,
as complex as those required for weather forecasting,
have been developed for oil & gas exploration as well
as multi-site control of electricity production.

The management of energy production from
renewable sources also requires intensive use of ICTs

especially to address the intermittent aspect of such production, therefore the connection to the
electricity grid and grid management (smart grids).

Furthermore this industry sector, because of its specificities (multidisciplinary, multi-applications
domain, harsh environment, etc.) is an ideal field for experimentation and commercial
deployment of new methods of work and Knowledge Management.

An overall balance has to be achieved and managed between technology push and end-users pull.
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1 Technology Challenges

- Intelligent sensors networks: surface and sub-a dzNJF | Offe¢ G BRATGB YA I Ay (
harsh environment components.

- Standards for data transmission, metadata formats and business models.

- Software standards, quality and reliability.

- Information infrastructure reliability.

- Information transmission security.

- Real-Time decision support systems and the ergonomics of end-dza SNE Q A Yy G SNF I O

- Fast introduction of new technologies due to their short life-cycle.

- Intelligent workplace and smart organisation.

- Level playing field of competence throughout the supply chain, i.e. fast and effective
dissemination of know-how on new technologies.

- Advanced modelling and simulation systems.

- Comprehensive e-learning systems for Real-Time distributed education and training.

ICT AND ENERGY TECHNOLOGY CHALLENGES
Smart sensor networks, Monitoring Tools
1 Downhole intelligent sensors
9 Surface intelligent sensors
1 Permanently installed and remote intelligent sensors

Communications, Decision Control
9 Transmission technologies
1 Reliability and security
1 Networking

Data Collection, Treatment & Management
1 Data coherence and integration
9 Signal processing and data consolidation
9 Data management
1 High performance computing and networking, real time computing

Modelling & Simulation
1 Real Time Monitoring
1 Maintenance modelling
1 Geographical representation

Decision & Knowledge
9 Decision Support Systems & Analysis
1 Knowledge Management Support

E-Work, E-learning, E-business
9 E-Business Market Analysis
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1 E-Learning Systems Analysis
1 E-Work Systems and Tools Analysis

Smart grids, smart buildings, smart transportation systems

3. HSE (Health/ Safety/Environment)
9 Vision

Now fully structured as an essential part of any NEB & LJ2 Y 4 A 0 f S méagdneny, khdsé (G A 2 y
disciplines respond to the long-term commitment for the best of future generations. There is a need

F2NJ I 22Ay0 STFF2NI o6& | ff gefgy, AinynkedZachinddgQand & G |
Knowledge, Standards, Experience and Skills, and Facilities and Infrastructures to develop advances

in this important area.

Expert Groups in Environment, Health & Safety, Quality & Reliability, Social responsibility need to
address the following issues:

- Project Risk Management

- Assessment & Minimisation of
Environmental Impact

- Contribution to sustainable development

-t NP R diféxycla Qfety and Reliability

- Faster introduction of advanced and safer
new technologies.

EUROGIA+ welcomes new technology development
projects that simultaneously incorporate a strong HSE
component.

1 Technology challenges

Increased awareness among Energy companies and regulators that competencies, which are
essential to achieving higher levels of HSE performance, must be communicated and adopted
OKNRdzZAK2dzi 2RIe&Qaa O2YLX SE adzllll & OKI Ay

Increased globalisation of energy industry will require a more global approach of HSE Standards
and European influence in that domain depends heavily on knowledge sharing. European level
HSE standards are trendsetters.

HSE TECHNOLOGY CHALLENGES
Social Responsability
1 Human resources management
1 Health and safety at work
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Requlations, Codes, Standards
9 Guidelines

Competencies
9 Training and Qualification in relation with Corporate Social Responsibility (CSR)

HSE to CSR Management
1 Best practices

New technology solutions
1 Process optimisation
1 Novel system Concept

4. Education & Training

1 Vision

Not all stakeholders move at the same speed in terms of progress at learning and understanding
Science & Technology. Greater attention must be given at coordinating Education & Training with
Science & Technology development.

The old model of University/Public Laboratories serving clearly identified and vertically integrated
industries has been replaced by complex networks of organisations that gather around industrial
projects. Organising coordinated education and training of scientists and engineers is further
complicated by the shortlifecyclS 2 F G2RIFI&8Qa (SOKy2t23ASaod

A new phenomenon has arisen in the last decades where information is rapidly made available to
the citizen: suspicion or distrust in science and new technologies when there is no or improper
communication to the public.

On the other hand, Europe has a very long tradition at successfully developing science and
technology with highly competent scientists, professors and engineers. However fewer young
people have selected to study science and engineering during the last decade.

EUROGIA+ welcomes new technology development projects that simultaneously incorporate a
strong Education and Training component.

91 Technology Challenges

Science & EducatiorEuropean leadership in Earth Sciences, Information & Communication,
Modelling & Imaging and moreover a systemic approach to problem solving in education and
training. Training and Mobility of researchers is not yet attractive enough to be more systematic.

TechnologyEuropean technology providers -- and particularly SMEs -- to benefit from a concerted
Education & Training approach. Training in Industry of Young Researchers as well as advanced
training of experienced researchers is not developed enough to contribute to networking of science
and technology providers.
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process.

GeneralPublic:Communication to the public has to be considered so that, for a start, more students
are attracted to Science & Technology. Re-working the communication to the public with a better
balance between emotions and rational information will result in a better understanding of Science
and Technology by the public at large.

EDUCATION AND TRAINING TECHNOLOGY CHALLENGES
Science

1 Links with Universities

9 Links with Research Laboratories

1 Training of young researchers at University and research Labs

Technology
7 Links with technology providers

1 Training of young researchers in Industry

Customers
1 Communication of existing and future challenges
1 Awareness of new technological solutions
1 Acceptance of new products and services

Public
1 Dialogue about Science & Technology as a response to socio-economic challenges
1 Motivation of pupils and students for Science & Technology

Conclusion

The above survey of technology challenges related to EUROGIA+ goal of transforming the world
energy system towards sustainability is necessarily incomplete. It is intended to give an idea of the
scope of possible EUROGIA+ projects and is certainly not meant to limit the imagination of project
proposers. As the world evolve and new ideas emerge, new topics become relevant and EUROGIA+
looks forward to supporting innovative projects that will revolutionize the provision of energy in all
its applications.
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