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INTRODUCTION

This report is framed in the Task 8.5 Innovation management activities of WP8, and it is the
Second evaluation made during the project life. Main aim of this task is to define a technology
forecasting plan and decision-making mechanisms for innovation management. This mechanism
will be used to select and prioritize innovative ideas and project outcomes for the
implementation of new features and/or changes that improve the performance of SOCRATCES
prototype and other outcomes.

The activities within task 8.5 are strongly linked to other project tasks mainly within WP1 and
WP9.

e Task 1.3 IP, Exploitation and Innovation management. This task includes the
coordination of knowledge management and exploitation of the project results as well
as other innovation-related activities.

e Task 9.4 IPR management and Exploitation Plan. It involves the design and agreement
of the Exploitation Plan, taking into account the agreements on IPR and Exploitation.
The exploitation plan will include the description of the exploitation strategy, its
implementation as well as market findings of the project. Additionally, the plan will
focus on the exploitation opportunities of SOCRATCES, summarizing different possible
exploitation scenarios that can be applied. The Innovation Manager will handle with
these aspects together with other partners.

BIOAZUL has been assigned as leader of task 3.1, task 8.5 and WP9 and is working closely with
USE, VERTECH and SPI to encourage and stimulate the use of the consortium creative efforts to
build new ideas, technical and organizational solutions. BIOAZUL is putting in place a set of
working tools that allow all project partners to cooperate with a common understanding of goals
and processes.

The work during the second year of SOCRATCES has allowed to obtain important research results
and decision about the future implementation of the prototype and SOCRATCES technology
evolution (and derived technologies from components development). In this way, the
innovations have been described in a detailed way, as well as some new ones has included in
the list. In the stage of the project partners has been able to make a first general evaluation to
them as well as set references to compare with SOCRATCES results.
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1. SOCRATCES: OBJECTIVES AND EXPECTED IMPACT

This section provided general information on the SOCRATCES project, its objectives and the
expected impacts as foreseen in the DoA, as it was included in the first report. The aim is to have
a proper framework to the innovation management which is expected to do within the project
life.

1.1. SOCRATCES project

SOCRATCES “SOlar Calcium-looping integRAtion for Thermo-Chemical Energy Storage” is a
research and innovation action (RIA) funded by the European Union’s Horizon 2020 programme
and coordinated by the University of Seville.

The general objective of SOCRATCES is to demonstrate the practical feasibility of this CaL-CSP
integration scheme already obtained at laboratory scale, extending the laboratory research in
these very promising field by erecting a pilot-scale plant that uses cheap, widely available and
non-toxic materials as well as already mature solar and calcination/carbonation reactors
technologies. The pilot plant will be validated in relevant environment to prove it as:

e Feasible: SOCRATCES is a combination of a novel integration of systems in CSP/TCES in
a configuration that allows using already tested technologies. Therefore, the use of
individual technologies and their integration has a controlled risk due to the recent
experience of the partners in the consortium.

e Viable: SOCRATCES technologies aim to drastically reduce investment and O&M costs.
The global integration is expected to reduce the costs in the commercial scale to a LCOE
below 7c€/kWh.

e Sustainable: SOCRATCES is environmentally sustainable because is based on the use of
non-toxic minerals as reactants in the TCES system. It allows long-term solar energy
storage in chemical form. SOCRATCES is economically sustainable with reduced
investment costs. SOCRATCES is socially sustainable as it is based on a technological
framework currently in use and fully accepted by end-users.

The successful realization of a pilot plant will give the EU a leading role in the development of
cheap, efficient and non-toxic energy storage of CSP in a chemical form.

SOCRATCES main commercial objective, linked to R&D objectives, is to introduce a novel
technology (and subsystems) into the CSP tower technology market with a relevant reduction
of costs at commercial level (TCES cost <12€/kWh and CSP plant LCOE <7c€/kWh).

SOCRATCES main social objective is to provide a new integrated set of affordable, viable and
sustainable CSP technology, with outstanding performance and based on renewable sources and
abundantly available cheap materials for the cycle.

1.2. SOCRATCES expected impacts

SOCRATCES is intended to open a new pathway for next generation of CSP tower plants,
technologically feasible, economically viable and sustainable (environmental, social and
economic). The roadmap for advancing from the concept to commercial technology is conceived
in three stages to be developed in a period of 10 years: 10KWt small prototype, 1 MWt scale
pilot plant and commercial demonstrator. In SOCRATCES the small CSP/TCES prototype (10KWt)
will represent a first step to demonstrate the technology and will serve to identify and solve
challenges and opportunities at the small scale.

The expected impacts are included in the table below:
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EXPECTED IMPACT

Reducing the
technological risks for
the next development
stages

Significant increased
technological
performance

Reducing life-cycle
environmental
impact;

Nurturing the
development of the
industrial capacity to
produce components
and systems and
opening of new
opportunities;

Contributing to the
strengthening the
European industrial

PROPOSAL SOLUTION

Natural CaO sorbents and Ca-rich
industry waste materials. Low cost,
non-toxic, abundant, stable and
sustainable

Use of mature inexpensive
technologies and materials in solar
receiver. Potential for integrating
future high temperature developments

T Carbonation (power cycle loop) >
850¢2C. High efficiency cycles can be
integrated (already commercial as
steam) and future ones as SCO2

- Combination of novel (CalL TCES, solar
calciner) and commercial technologies
(CSP tower plant, fluidized bed
reactors, pneumatic conveying, gas
turbine power cycle).

- New conditions for CSP/CalL
integration results in high global
system efficiency with two possible
power block integrations: indirect and
direct.

Optimized energy storage system.
Sensible heat storage plus
Thermochemical storage due to CaCOs
endothermic decomposition reaction
plus mechanical energy employed for
CO2 compression and extracted from
the cycle operation.

Energy management/ storage

Use of abundant natural CaO
precursors and Ca-rich industry waste
materials.

Development of prototype for
technology demonstration

First step to the next generation of
SOCRATCES CSP power plants in
Europe fully competitive with future

D8.4 2nd Innovation Evaluation Report

OBJECTIVE

- Prototype demonstration of
capacity for energy storage.

- Solids and CO2 storage.

- Solids conveying and system
management.

- System tested at TRL5.

- Solar calcination. Integration
of already available
technology at receiver.

- Systems design

- Cal attrition control

- Prototype demonstration of
high temperature
carbonation >8502C and
Striling engine. Integration of
already available technology
for power block.

- Carbonator CO2 closed loop
control development

- Global efficiency: direct
integration >46%, indirect
integration with high
efficiency power block
(5C02)>50%

- Reduce prices of receivers by
new integration concept on
solar-calcination

- Tcarbonation>8502C. High
efficiency of power cycle

- High density energy storage:
3.2 GJ/m3

- Low materials price: <10
€/ton

- Highly stable materials:
Residual activity >0.5

System tested at TRL5

System tested at TRL5
LCA/LCC analysis

New CSP concept
New calcination technology

System tested at TRL5
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technology base,
thereby creating
growth and jobs in
Europe

Increasing the
reliability and lifetime
while decreasing
operation and
maintenance costs,
hence creating new
business
opportunities;

Primary energy and
GHG emission
reductions the global
climate and energy
challenges

D8.4 2nd Innovation Evaluation Report

fossil fuel plants under market

conditions

- Moderate temperatures at calciner
allow using already available receiver

technologies

- High temperature carbonator in
closed CO2 loop allows the integration

of already existing technologies in

indirect integration (steam/Stirling)
and future ones (SCO2).

- Ca-based materials yield limited
abrasion compared with other solid
particles materials (as SiC)

Optimized integration of several
efficient technologies for high

efficiency power production from solar

energy source with relative low

investment costs

System tested at TRL5

System tested at TRL5

Reducing renewable
energy technologies
installation time and

Operation under different
long term energy storage
strategies.

Capacity for long term storage and
24/365 power operation

cost and/or
operational costs,
hence easing the
deployment of
renewable energy
sources within the
energy mix

In addition, the following table summarises the expected impact per partner:

Partner Publications

Optimizing the economic performance
under a global approach to all systems
(solar field/heat transfer media/
storage/power block)

Expected R&D
Patents

installations

New Knowledge in

Personnel

SOCRATCES costs at
commercial scale:

Energy Storage <12€/kWhh
LCOE<7c€/kWh

Product/
Modules

TCES/reactors /
Solids pneumatic

Prototype conveying/solar
Solar field integration /Grid e/ Poviey
USE >6 YES(>2) . . >3 Unit/ control
Final integration/ He- system
Prototype  Steam calcination/
Solids/gas storage/
heat exchangers
Power block
integration/solids
POLITO | >4 YES (1) NO conveying/ CO2 >2 -
storage/ Heat
exchangers
Systems
ZAR 53 YES (1) NO integration/control/ 1 i

Solids/gas storage/
heat exchangers
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CERTH >3
CLX >2
CsIC >5
TTZ >4
BIO NO
CNR >3
VER >1
SPI NO
ISI NO
AUTH >3
VM 1

YES (1)

YES (2)

NO

YES (1)

NO)

YES (1)

NO

NO

YES (1)

YES (1)

YES (1)

Prototype
carbonator
reactor

Prototype

calciner

NO

NO

NO

NO

NO

NO

NO

NO

Prototype
solar power
system

D8.4 2nd Innovation Evaluation Report

Carbonator
design/control

Solar conveying/ He
calcination/
systems
integration/ Solids
pneumatic
conveying/Grid
integration, energy
integration

TCES/reactors
development/
Solids pneumatic
conveying/ Cal
attrition / He-Steam
calcination

Power block/LCA/
energy integration/
reactors design

energy integration/
systems
management

Cal attrition control
/reactors
development/
Solids pneumatic
conveying

SOCRATCES
components and
global LCC, Risk

SOCRATCES
components and
global business
model

Control technology/
integration

Carbonator design/
CaO sorbents

TCES/power cycles,/
Grid integration/
energy integration

>4

>4

>1

>2

>1

>1

>1

>1

>1

>2

>2

Carbonator
reactor

Calciner
reactor / Flash
Calcination/
He Calcination

TCES

Power Unit/
control
system/LCA

LCC, Risk
analysis

Business
Model,

control
system

Carbonator
reactor

Solar
power/control
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2. INNOVATION MANAGEMENT

The aim of this action is to design a decision-making mechanism to select new ideas and project
outcomes - INNOVATIONS- for which there is a real demand for further development.

2.1. SUMMARY OF FIRST EVALUATION REPORT

The proposal after the first year of the project was to develop a multicriteria decision matrix for
the evaluation of the innovation degree/innovation potential of the project INNOVATIONS
developed in the different WPs. The work done to prepare the matrix was structured in the
following steps:

e STEP 1: Select the criteria for comparison.

It was selected four kind of criteria: technical, economic, environmental and social. They take
into account several aspects, but the ones considered more relevant were engineering
specifications (technical issues) and customer needs (economic and market issues).

CRITERIA INDICATORS

Effectiveness
Efficiency
Novelty
Implementation cost
Technical Ease of implementation
innovation Applicability and suitability at a different scale
Compatibility
Sensitiveness to changes in operating conditions
Long term effect and the impact on system complexity
Reliability
TCES Investment costs.
Long term storage / energy.
Economic Storage capacity.
criteria Levelized cost of energy (LCOE).
O&M costs per kWh.
Quality of service.
Cumulative energy demand
Depletion potential
S\ E SN Emission values
criteria Land Use
Toxicity potential
Risk potential

Table 1: Criteria and indicators choose within the 1°t Evaluation report

e STEP2: Select the innovations to be compared.

The partners were requested to identify the main innovations as outcomes of their work. In the
first report, project partners identified 28 innovation. The innovations identified were not listed
on D8.1 because of the public nature of this deliverable. They should be kept confidential in
order to avoid any conflict of interest related to their commercial exploitation and their
protection, especially if partners are planning to apply for patents.

e STEP3: Score the selected innovations.

From that moment, a continuous monitoring of the innovations was proposed to be carried out.
To do this, they will be followed up using the indicators defined for the technical, economic,
environmental and social criteria.
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2.2. INNOVATION EVALUATION DURING THE 2N° YEAR OF SOCRATCES

The second year of the project has brought great progress in the development of technologies
and results of the different models proposed. This work has made the consortium reconsider
the technical indicators proposed in the previous report.

The variety of innovations that arose during the project requires a regrouping of them, not only
as WP, but also by the nature of innovation. For that reason, it has changed the strategy for
evaluating innovations according to the following scheme:

Definition of Score the

selected

Innovations innovations

SOCRATCES partners revised the innovations according to the work developed during the year
and the result was the identification and description of 33 innovations (5 more than in the first
report) and grouped them according the nature of each innovations, in order to be able to set
suitable references comparable with the innovations as well as indicator which allow to score
the innovation of the ideas in a proper way.

In order to maintain confidentiality and at the same time to show the impact of innovations
developed within the project, the innovations has been codified and not fully described within
this deliverable because of the public nature of the deliverable. These codes are related to the
internal confidential documents describing the innovations within the consortium. They are fully
available for revision under request and always within the confidential framework of the Grant
Agreement. It is planned to update this information related to innovation evaluation in order to
change the dissemination level of the next related deliverables to “confidential” according to
INEA's indications to maximize possibilities of innovations exploitation.

This is the list and groups of innovations resulting after the second year of SOCRATCES:

GROUPS CODE INNOVATIONS
Models 01_1;01_3;01_5,04_13
Equipment 03_10,03_11,01_32,04_12,04_15
Studies 10_25,14 27
Models 01_1,06_17,15_31
Designs 01_2,01_32,05_16,06_18,14 28,14 29,15 33
Studies 10 24,14 27
Integration 02_6,08_19
Carbonator 08_20,08_21
Stirling 02_7,02_8,08_22,08_23
Control 01_4,03_9,04_14,13_26

P7 15_30

The resulting groups has been evaluated separately. In this way, the specific references for each
of them have been established and the technical indicators have been revised, with the aim of
showing the degree of innovation of each of the ideas.

Each group is shown below with the appropriate references and a first qualitative evaluation of
the ideas.
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Novelty
(High/Medium/Low)

BENCHMARKING !

[1], [2], [3], [4]

(There is not similar
mathematic model for
CaO Carbonation
specified in TCES
conditions)

Implementation cost
(High/Medium/Low)

Does not apply

Does not apply

D8.4 2nd Innovation Evaluation Report

Does not apply

Ease of
implementation
(High/Medium/Low)

Does not apply

Applicability and
suitability at a
different scale
(High/Medium/Low)

(2]

Compatibility with the
project goals
(High/Medium/Low)

Sensitiveness to
changes in operating
conditions
(High/Medium/Low)

Reliability
(High/Medium/Low)

Does not apply

Does not apply

Does not apply

Does not apply

Does not apply

111] DOI: 10.1016/j.ces.2011.10.041 [2] DOI: 10.1016/j.fuel.2013.07.036

[3] DOI: 10.1039/C9RE00015A

[4] DOI: 10.1021/acs.iecr.8b02918

Page 10 of 24



SOCRATCES GA 727348

Novelty
(High/Medium/Low)

BENCHMARKING?

There is not any
carbonator reactor
with fins.

(2]

D8.4 2nd Innovation Evaluation Report

Does not apply

Collection efficiency by
particle size (%)

High. 80% [1]

Implementation cost
(High/Medium/Low)

Medium. Not yet
evaluated at this
stage

Compatibility with the
project goals
(High/Medium/Low)

No compatible with
project goals

Dimensions of the
carbonator. Length (m2)

High. Not yet
evaluated in the
scale-up at this stage

Increase efficiency
up to 85-90% for
particle sizes
below 5 microns

Does not apply

Reduction of 10% of
length area due to fins

Does not apply Does not apply Does not apply

Does not apply Does not apply

Respond to operational
conditions changes (s)

Medium. Not yet
evaluated at this
stage

Reduction of the time
of transient processes

Effectiveness
(High/Medium/Low)

(2]

Not tested yet. There is only one
similar drop-tube carbonator
with electric furnaces. Novel
configuration specified in TCES
conditions

2"[1] John Dirgo & David Leith (1985) Cyclone Collection Efficiency: Comparison of Experimental Results with Theoretical Predictions, Aerosol Science and Technology, 4:4,

401-415,"

[2] DOI: 10.1021/acs.iecr.8002918
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Sensitiveness to changes
in operating conditions
(High/Medium/Low)

BENCHMARKING?

D8.4 2nd Innovation Evaluation Report

Ease of implementation
(High/Medium/Low)

Applicability and
suitability at a different
scale
(High/Medium/Low)

Efficiency
(High/Medium/Low)

Not estimated yet.

Not tested yet.

Not estimated yet.

3 "[1] John Dirgo & David Leith (1985) Cyclone Collection Efficiency: Comparison of Experimental Results with Theoretical Predictions, Aerosol Science and Technology, 4:4,

401-415,"

[2] DOI: 10.1021/acs.iecr.8002918
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BENCHMARKING #

Effectiveness [1], [2]: Medium
(High/Medium/Low) [3]
Novelty [1], [2]: Medium
(High/Medium/Low) [3],14]

Implementation cost

(High/Medium/Low) [1], [2]: Medium Does not apply

Ease of implementation

(High/Medium/Low) [31,[4] Does not apply

Applicability and suitability
at a different scale
(High/Medium/Low)
Compatibility with the
project goals
(High/Medium/Low)

[1], [2]: Medium
(31,[4]

SOCRATCES
Description of Work

Sensitiveness to changes in
operating conditions [1], [2]: Medium | Does not apply
(High/Medium/Low)

Ability to measure a wide
range of relevant operating
conditions
(High/Medium/Low)

Relevance to resulting
designs/reactions/processes [31,[4] Does not apply
(High/Medium/Low)

[31,[4] Does not apply

411 Meier et al., "Multitube Rotary Kiln for the Industrial Solar Production of Lime", Transactions of the ASME, August 2005 Vol 127, p386-395

[2] Meier et al., "Economic evaluation of the industrial solar production of lime", Energy Conversion & Management, Vol 46 Issue 6, April 2005, P905-926

[3] Valverde et al., Enhancement of CO2 Capture at Ca-Looping Conditions by High-Intensity Acoustic Fields. Appl. Energy 2013, 111, 538-549.
https://doi.org/10.1016/j.apenergy.2013.05.012.

[4] Raganati et al., CO2 Adsorption on Fine Activated Carbon in a Sound Assisted Fluidized Bed: Effect of Sound Intensity and Frequency, CO2 Partial Pressure and
Fluidization Velocity. Appl. Energy 2014, 113, 1269-1282. https://doi.org/10.1016/j.apenergy.2013.08.073.
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Effectiveness
(High/Medium/Low)

D8.4 2nd Innovation Evaluation Report

BENCHMARKING >

[1]: Medium

Novelty
(High/Medium/Low)

[1]: Medium

Ease of
implementation
(High/Medium/Low)

[1]: Low

Applicability and
suitability at a
different scale
(High/Medium/Low)

[1]: Medium

Compatibility with the
project goals
(High/Medium/Low)

[1]: Low

Ability to be modified
and validated with
experimental data
(High/Medium/Low)

[1]: High

Long term effect and
the impact on system
complexity

[1]: High

Reliability
(High/Medium/Low)

[1]: Medium TBD during the operational period.

TBD during the operational period.

TBD during the operational period.

°[1]

Reich L., Design and Modelling of a Solar Reactor for Thermochemical Carbon Dioxide Capture, Thesis, Univ. Minnesota, 2015
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BENCHMARKING &

Solids flow
distribution for
decreasing fouling in
the reactors.

Reactor design for
[1]: 96% calcined agglomeration
avoidance.

Effectiveness
(High/Medium/Low)

Efficiency

(High/Medium/Low) | ¢ 31%

Novelty

(High/Medium/Low) [1]: High

Implementation [2]: 85 €(2018)
cost per tonne lime at
(High/Medium/Low) | 25 MWth scale

611] Meier et al., "Multitube Rotary Kiln for the Industrial Solar Production of Lime", Transactions of the ASME, August 2005 Vol 127, p386-395
[2] Meier et al., "Economic evaluation of the industrial solar production of lime", Energy Conversion & Management, Vol 46 Issue 6, April 2005, P905-926
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BENCHMARKING
Unknown. The optimum
Ease of conditions need to be
implementation [1]: Medium specified, and the ability
(High/Medium/Low) to run at them will be
tested in the pilot.
Applicability and
suitability at a [1]: Low Not applicable.

different scale
(High/Medium/Low)

Compatibility with | SOCRATCES
the project goals Description of Not applicable.
(High/Medium/Low) | Work

Sensitiveness to
changes in
operating [1]: High
conditions
(High/Medium/Low)
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BENCHMARKING

Long term effect
and the impact on [1]: High
system complexity

Reliability

(High/Medium/Low) [1]: Medium Not applicable.

Ability to be
validated with
experimental data
(High/Medium/Low)

[1]: High
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Effectiveness (High/Medium/Low)

D8.4 2nd Innovation Evaluation Report

BENCHMARKING ?

[1], [2]: Medium

Novelty (High/Medium/Low)

[1], [2]: Medium

Relevance to resulting
designs/reactions/processes
(High/Medium/Low)

[1], [2]: Medium

Applicability and suitability at a different
scale (High/Medium/Low)

[1], [2]: Medium

Compatibility with the project goals
(High/Medium/Low)

SOCRATCES Description
of Work

Ability to measure a wide range of relevant
operating conditions (High/Medium/Low)

[1], [2]: Medium

[1]
(2]

Raganati et al., Role of Acoustic Fields in Promoting the Gas-Solid Contact in a Fluidized Bed of Fine Particles, KONA Powder and Particle Journal No. 32 (2015) 23-40

Sakellariou et al., Calcium oxide-based materials for thermochemical heat storage in concentrated solar power plants, Solar Energy 122 (2015) 215-230
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BENCHMARKING &

Efficiency (High/Medium/Low)

8-15 % [1,2,3] 13-19% 18%

Novelty (High/Medium/Low)

High [6]

Implementation cost (High/Medium/Low)

5-15 USD/kW [4,5] 12-18 kUSD /kW

10-12 USD/kW

Ease of implementation
(High/Medium/Low)

High [6]

Applicability and suitability at a different
scale (High/Medium/Low)

High [6]

Sensitiveness to changes in operating

conditions (High/Medium/Low)

Low [6]

Efficiency (High/Medium/Low)

BENCHMARKING °

40% at 4 m [7]

~80%at2m

Novelty (High/Medium/Low)

High [7]

Ease of implementation (High/Medium/Low)

Low [7]

Applicability and suitability at a different
scale (High/Medium/Low)

Medium [7]

Sensitiveness to changes in operating
conditions (High/Medium/Low)

High [7]

Long term effect and the impact on system
complexity (High/Medium/Low)

High [7]

811] Muller-Steinhagen, H. & Trieb, Franz. (2004). Concentrating solar power, - A review of the technology. Ingenia. 18. 43-50.

[2] Ehrhart, B., and D. Gill. "Evaluation of annual efficiencies of high temperature central receiver concentrated solar power plants with thermal energy storage."Energy
Procedia 49 (2014): 752-761.

[3] Gonzalez-Roubaud, Edouard, David Pérez-Osorio, and Cristina Prieto. "Review of commercial thermal energy storage in concentrated solar power plants: Steam vs.
molten salts." "Renewable and sustainable energy reviews 80 (2017): 133-148."

[4] IRENA, IREA. "Renewable power generation costs in 2014." (2018): 160.

[5] Philibert, C. "Technology roadmap: solar thermal electricity—2014 edition." IEA, Paris, France (2014).

[6] Fischer Tropsch Reactor with Integrated Organic Rankine Cycle," MIT, 2019. [Online]. Available: http://tlo-dev.mit.edu/technologies/fischer-tropsch-reactor-

integrated-organic-rankine-cycle.

°17] E. Karasavvas et al, "SOlar Calcium-looping integRAtion for Thermo-Chemical Energy Storage (SOCRATCES) Deliverable D2.2 Carbonator model," 2019.
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Efficiency of the Stirling system
(High/Medium/Low)

D8.4 2nd Innovation Evaluation Report

BENCHMARKING??

8-18% [8] 10-20 %

Novelty (High/Medium/Low)

Low [11]

Implementation cost of the Stirling system
(High/Medium/Low)

28,440€ /1kW

e 15,000-30,000 € /1kW engine

Ease of implementation
(High/Medium/Low)

High [8]

Applicability and suitability at a different
scale (High/Medium/Low)

Low [10]

Compatibility in integration
(High/Medium/Low)

Low [8,10]

Sensitivity to changes in operating
conditions (High/Medium/Low)

High [10]

10-20 %

15,000-30,000 € /1kw
engine

Up to 30%

15,000€ /1kwW
engine

Up to 35%

10,000€ /1kw
engine

1018] M. Eusha and C. Ortiz, "SOlar Calcium-looping integRAtion for Thermo-Chemical Energy Storage (SOCRATCES) Deliverable D4.3 Stirling Engine Integration," 2019.
[9] G. Lubbers, Quotation for Stirling Engine, Doetinchem: Microgen Engine Corporation, 2019.
[10] E. Guelpa, U. Tesio and V. Verda, "SOlar Calcium-looping integRAtion for Thermo-Chemical Energy Storage (SOCRATCES) Deliverable D4.1 Power Cycle: Schemes,

models and analysis," 2019.

[11] W. Aldayleh and A. Alahmer, "Recovery of Exhaust Waste Heat for ICE Using the Beta Type Stirling Engine," Journal of Energy, 2015.
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WP5- CONTROL
BENCHMARKING?!

Effectiveness
(High/Medium/Low)

D8.4 2nd Innovation Evaluation Report

Efficiency
(High/Medium/Low)

Novelty

(High/Medium/Low) [l

Medium. Not yet
evaluated at this
stage for similar

installations

Implementation cost
(High/Medium/Low)

It is expected that the
efficiency of the plant is not
increased significantly. The
main advantages is that the Ml
program can be used for
different process control task

Medium. It is assumed that the
implementation cost of a MPC

strategy will require additional

cost in PM and computers.

In case of a successful development it
is expected that the effectiveness
regarding the efficiency of the plant
and regarding the scalability would be
very high.

It is expected that the efficiency of
the plant is not increased significantly.
The main advantages are that the Ml
program can be used for different
process control task

It is assumed that an additional well
performed computer for about 1500€
is needed. This cost could be covered
within the budget. Further costs are
not expected.

The hardware
implementation is quite
simple. The human effort
(programming) can't be
predicted at the actual
state.

Ease of
implementation
(High/Medium/Low)

Applicability and
suitability at a
different scale
(High/Medium/Low)

Respond to
operational
conditions changes

The hardware implementation
is quite simple. The human
effort (programming) can't be
predicted at the actual state.

Medium. There is not
benchmarked to compare

1 There is not any specific control system for this type of installations.
12 Artificial Intelligence

The hardware implementation is
quite simple. The human effort
(programming) can't be predicted at
the actual state.

Reduction of the time of transient
processes
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Effectiveness (High/Medium/Low)

D8.4 2nd Innovation Evaluation Report

BENCHMARKING [1]*3

Medium (effective only for large quantities of
heliostats)

Efficiency (High/Medium/Low)

Low (long travel to standby position)

Novelty (High/Medium/Low)

Low (typical heliostat control)

Implementation cost (High/Medium/Low)

Low (only programming)

Ease of implementation (High/Medium/Low)

High (remote programming)

Applicability and suitability at a different scale
(High/Medium/Low)

High (does not change with scale)

Compatibility (High/Medium/Low)

High (applicable to different receiver types)

Sensitiveness to changes in operating conditions
(High/Medium/Low)

Medium (only full on-full off focusing)

Long term effect and the impact on system complexity
(High/Medium/Low)

Low (no impact on system complexity)

Noticed that the innovation within WP7 has not been evaluated yet because the work has already started.

13 [1]

Osunaa R., Olavarriaa R., Morilloa R. et al. (2006). PS10, Construction of a 11MW Solar Therman Tower Plant in Seville, Spain
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During the following year, after the construction and implementation phase of the prototype,
the ideas will be evaluated again following a quantitative criterion as follows:

5 4 | 3 | 2 1
Best Worst

Likewise, the rest of criteria: Environmental, Economic and Social, will be evaluated the next
year based on the outputs of the work from WP8, mainly the deliverables Deliverable 8.3 First
report on Life Cycle Assessment, Deliverable 8.5 First report on Life Cycle Cost Analysis and D8.8
Market Analysis.

Furthermore, during the next year, the partners will be requested to accomplish the DG Connect
Innovation Questionnaire which has been adapted to an online version by BIOAZUL.

SACRATCES

Figure 1: Screenshots online Innovation Questionnaire

The aim is to obtain consolidated results about the raised innovations after the development
and implementation of the prototype. The online questionnaire allows us to get the information
more comprehensive in a visual way, as the follows examples.

Figure 2: Screenshots results of an online Innovation Questionnaire
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CONCLUSION

After 24 months of work the SOCRATCES consortium is really excited about the possibilities
to further research, development and exploitation of the results to our work. The research
made during the first two years brings us to assume the design and implementation plan for
the prototype and it test phase.

At this stage the 33 innovations described by the partners has been evaluated according
specific references and technical indicators with high potential of most of them. The next
implementation and test phase of SOCRATCES could help the consortium to identify each of
them which could reach the market in a short time and which could be use as innovation
ideas to further research. In all the case the consortium is very exciting about the huge
possibilities that the project brings to the centres and companies involved in the work.

Finally, the project has asked for the Dissemination and Exploitation Booster services to
support these activities and it is waiting for the resolution, the requested services included:

e identifying and creating the portfolio of R&I project results.

e helping project from the portfolio to design and execute a portfolio dissemination
plan.

e assisting project to improve their existing exploitation strategy.

Moreover, for the selected innovations a deeper risk analyses and resource allocation needed
could be performed for the project SMEs and industries to take decision on how to continue
once the project is over.
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