LIFE Project Number

LIFE13 ENV/ES/001159

FINAL Report
Covering the project activities from 02/06/2014 to 01/10/2017
Reporting Date

31/12/2017
LIFE+ ZAESS
Demonstration of a low cost and environmentally friendly Zinc Air Energy Storage
System for renewable energy integration
Project Data
Project location

Madrid - Navarra

Project start date:

02/06/2014

Project end date:

01/10/2017 Extension date: N/A

Total Project duration
(in months)

40 months

Total budget

1,175,374€

Total eligible budget

1,175,374€

EU contribution:

587,687€

(%) of total costs

50%

(%) of eligible costs

50%

Beneficiary Data
Name Beneficiary

TECNICAS REUNIDAS, S.A.

Contact person

Mr. Manuel Pérez

Postal address

C/Arapiles 14, 28015, Madrid

Visit address

C/Sierra Nevada, 16, 28830, San Fernando de Henares (SPAIN)

Telephone

+0034 911589809

Fax:

N/A

E-mail

manuelp@tecnicasreunidas.es

Project Website

http://www.zaess.eu/

1

List of contents
1
2
3

Executive Summary ........................................................................................................... 3
Introduction ........................................................................................................................ 5
Administrative part ............................................................................................................. 6
3.1 Project structure ........................................................................................................... 6
4
Technical part ..................................................................................................................... 9
4.1 Technical progress, per task ........................................................................................ 9
4.1.1
Action A1 Definition of energy storage requirements for renewable energy and
smart grids in EU. ............................................................................................................... 9
4.1.2
Action B1 Energy storage system specifications ............................................... 10
4.1.3
Action B2 Energy storage pilot plant design ..................................................... 11
4.1.4
Action B3 Energy storage pilot plant construction ............................................ 12
4.1.5
Action B4 Energy storage pilot plant demonstration ......................................... 13
4.1.6
Action B5 Techno-economic validation ............................................................ 16
4.1.7
Action B6 Environmental impact analysis ......................................................... 19
4.1.8
Action B7 Legal and regulatory assessment ...................................................... 21
4.1.9
Action C1 Effectiveness of the project actions. Project results monitoring....... 23
4.1.10 Action C2. Project socio-economic impact ........................................................ 25
4.1.11 Action D1 Communication and Dissemination Activities ................................. 26
4.1.12 Action E1 Project management and monitoring of the project progress ........... 26
4.1.13 Action E2 Networking activities with other projects ......................................... 27
4.1.14 Action E3 After LIFE+ Communication Plan.................................................... 29
4.2 Dissemination actions ................................................................................................ 29
5.2.2
Dissemination: overview per activity ................................................................. 30
4.3 Evaluation of Project Implementation ....................................................................... 41
4.4 Analysis of long-term benefits .................................................................................. 48
5
Comments on the financial report .................................................................................... 52
5.1 Summary of Costs Incurred ....................................................................................... 52

2

1 Executive Summary
Project objectives:
The main objective of LIFE ZAESS project was to demonstrate an energy storage technology
for increasing the share of intermittent renewable energies in the European energy mix and
reducing CO2 emissions thereby.
The general target was expected to be reached through the achievement of these specific
objectives:
• To demonstrate through the construction of a demo scale energy storage pilot plant
based on novel rechargeable Zinc-Air battery technology to assess its scalability
towards grid-scale facilities.
• To gather technical, economic and environmental performance indicators to
evaluate the overall performance of the technology.
• To assess the environmental impact associated to the construction and operation of
this type of energy storage facilities.
• To propose a legal and regulatory framework for the deployment of large scale
energy storage facilities in order to overcome those barriers for future renewable
energy market penetration.
• To disseminate the benefits of renewable energy storage for the reduction of CO2
emissions.
Key deliverables:
The key deliverables produced in the LIFE ZAESS project are:
• Assesment of the applicatiblity of the Zinc-Air technology report (A1)
• Final Performance results of pilot plant report (B4)
• Conceptual Engineering Study report (B5)
• Techno-economic validation report (B5)
• Environmental impacts of zinc-air technology in the complete life cycle report (B6)
• Final PEFCR for Zinc-Air technology report (B6)
• Product carbon footprint calculation report (B6)
• Product environmental footprint calculation report (B6)
• Regulatory Assessment report (B7)
• Legal Assessment report (B7)
• Layman's report (D1)
• Effectiveness of the project actions report (C1)
• Effectiveness of the project socio-economic aspect report (C2)
Key outputs:
The most important result of the project is the techno-economic validation of Zinc-Air
technology for grid-scale renewable energy storage and expected reductions in GHG
emissions. This has been achieved by a pilot plant technology demonstration for a period of
more than 12 months during which all relevant performance data were gathered and
subsequently analyzed.
From a technical point of view, the demonstration has proved the scalability of the technology
from labscale to the range of 1 to 4 kWh. The pilot plant round-trip energy efficiency was
expected to be between 60 and 70% and it was planned to operate the plant for between 1.000
and 2.000 cycles. The objective of 2000 cycles has been met; however maximum energy
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efficiency has been 40%. This reduction regarding efficiency is due to ohmic losses in the cell
interconnections and shunt current losses.
From an economic point of view, a conceptual engineering study for a MW scale plant was
expected to yield capital costs between 2.000 and 3.000 €/kW. This is a commonly accepted
cost target for gridscale energy storage systems in the short to medium term. A conceptual
engineering study has been carried out for a 5 MW, 20 MWh zinc-air flow battery energy
storage plant with enhanced cell performance and durability supposing zinc-air flow battery
technology is improved through further development and engineering. The capital cost per
unit of installed power and energy are 4.500 €/kW and 1.100 €/kWh. These costs are not far
from those of lithium ion and vanadium flow batteries. The cost of electrodes, separator and
electrolyte represent less than 20% of the total CAPEX. Regarding OPEX (7.2% of CAPEX),
labour costs represent almost 50% of the costs and replacement of electrodes and separator
represent 30%. These results have been obtained from the explerimental data gathered from
the operation of the prototype.
A full environmental impact assessment throughout the entire life cycle of MW scale energy
storage plant based on Zinc-Air technology has been elaborated based on the energy storage
pilot prototype , including detailed environmental and carbon footprint analyses. According to
the environmental studies, the use of these batteries to integrate a higher share of renewables
could reduce more than 1.5 Mton CO2 emissions per year in Spain compared to the current
scenario based on conventional fossil fuel technologies.
Summary of each chapter of the report
The present report is structured in 8 different parts: List of Contents, Executive Summary,
Introduction, Administrative part and Technical part, Comments on the Financial Report,
Annexes and Financial Annexes.
The Executive summary presents LIFE ZAESS project including its main objectives, key
deliverables and outputs.
Introduction section is focused on the description of background, problem and objectives and
expected long term results.
The administrative part is related to the project management process and organization. The
management system has been also evaluated.
Technical part is described presenting each action and tasks progress regarding technical and
dissemination activities. The analysis of long term results are also presented.
The financial part shows the accounting system of all partners and the overview of costs since
the start of the project.
Finally, a section of main administrative, technical, dissemination and financial annexes
conclude the Final Report.
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2 Introduction
Climate change is one of the most pressing challenges facing mankind in the 21st century. A
complete transformation of all sectors of the economy is required to mitigate climate change
and limit global warming to the internationally agreed target of a reduction of 2ºC by 2050.
Europe has the potential and the responsibility to lead the transition to a low carbon economy.
The burning of fossil fuels to supply electricity is one of the greatest sources of greenhouse
gas (GHG) emissions. Increasing the share of clean, renewable sources in the energy mix is a
clear European priority. However, two of the major sources of renewable energy – wind and
solar – are intermittent by nature and integration in very large quantities requires some means
of energy storage to prevent energy curtailments and guarantee system stability. Facing to
overcome those existing technical barriers, Técnicas Reunidas (TR) has developed a Zinc-Air
energy storage technology that can address the needs of non-dispatchable sources of
renewable energy. However before real scale up implementation a demo scale pilot plant is
needed in order to prove its technical and economic feasibility. A new legal and regulatory
framework definition before market uptake is also a key challenge to be reached.
Thus, the LIFE ZAESS project aimed to demonstrate an energy storage technology for
increasing the share of intermittent renewable energies in the European energy mix and
reducing CO2 emissions thereby.
The legal barriers to the deployment of renewable energy storage in Europe has been analysed
as well as the regulatory framework including incentives for the uptake of these systems by
the European electricity market.
Long term results:
LIFE ZAESS project aimed to achieve results from the different points of view, but mainly at
environmental, economic and social.
- Contribution to reach the atmospheric warming to below 2°C by demonstrating a
technology able to reduce GHG emissions.
- Increase shares of renewable energy which are set to be around 30% in 2030 by a
better match between generation and demand.
- Provide an economic-sustainable solution for gridscale energy storage systems to
medium term.
- Reduce the threat on public health and welfare caused by conventional
technologies.
- To increase the portfolio of proprietary technology of Técnicas Reunidas giving a
competitive edge for the design and construction of massive energy storage plants.
- Contribution to the European Union environmental policy and legislation,
regarding battery energy storage and its involvement in the electricity markets.
- Contribution to the European Union battery R&D policy and objectives. The
importance of increasing the zinc-air battery efficiency and durability before
commercialization through research in materials and catalysts.
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3 Administrative part
3.1 Project structure
LIFE ZAESS is structured in different actions and each action is divided into several tasks to
facilitate the implementation of the project:
A. Preparatory actions:
• A1 Definition of energy storage requirements for renewable energy and smart grids in EU:
o Task A1.1. Identification of applications of energy storage systems for the grid
o Task A1.2. Definition of the energy storage features required for each application
o Task A1.3. Assessment of the applicability of Zinc-Air technology
B. Implementation actions:
• B1 Energy storage system specifications:
o Task B1.1. Definition of specifications for the scaled energy storage pilot plant
o Task B1.2 Definition of pilot plant performance verification tests
• B2 Energy storage pilot plant design:
o Task B2.1. Basic engineering design
o Task B2.2 Detailed engineering design
• B3 Energy storage pilot plant construction
• B4 Energy storage pilot plant demonstration
o Task B4.1.Pilot plant start up and parametrization
o Task B4.2.Pilot plant demonstration
• B5 Techno-economic validation:
o Task B5.1 Conceptual engineering study
o Task B5.2 Techno-economic validation
• B6 Environmental impact analysis
• B7 Legal and regulatory assessment:
o Task B7.1. Legal assessment
o Task B7.2. Regulatory framework
C. Monitoring of the impact of the project actions:
• C1 Effectiveness of the project actions. Project results monitoring
• C2 Project socio-economic impact
D. Communication and dissemination actions:
• D1 Dissemination Activities:
o Task D1.1 Communication and dissemination plan
o Task D1.2 Dissemination elements and means
o Task D1.3. Dissemination activities
E. Project management and monitoring of the project progress:
• E1 Project management and monitoring of the project progress:
o Task E1.1 Project management
o Task E.1.2. Project monitoring
• E2 Networking activities with other projects
• E3 After LIFE+ Communication Plan
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LIFE ZAESS project has had a duration of 40 months (since June 2014 until October 2017).
Figure 1 shows the updated planning taking into account the 5 months delay in the reception
of the mechanized cells for the construction of the plant (action B3), which forced to reschedule the upcoming activities (mainly actions B3 and B4), in a way which guarantees the
mitigation of this delay. In dark grey and grey are presented the original timing for Activities
and Tasks respectively. The dashed months in B3 and B4 represents the buffer periods
planned for unforeseen problems. Under the new planning, the overall schedule of the project
has not been affected.
Four different official reports have been submitted to the EC:
• Inception Report
• Mid Term Report
• Progress Report
• Final Report
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Final Report

Figure 1. ZAESS updated Gantt chart.
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4 Technical part
4.1 Technical progress, per task
4.1.1 Action A1 Definition of energy storage requirements for renewable energy
and smart grids in EU.
Beneficiary responsible
CENER, with the support of TR

Status
Finished

Time schedule per Annex I
4 months

Starting date
M1 (June 2014)

End
M4 (September 2014)

Real time schedule
4 months

Starting date
M1 (June 2014)

End
M4 (September 2014)

The main target of Action A1 was to locate the Zinc-Air technology within the needs of the
European power system. Once this study was completed, it was possible to define the required
features according to the needs of the electricity grid and according to the possible specific
applications. In the Inception Report detailed explanation of the results achieved were
provided. This action was organised in three sub-actions. In short, results from Action A1
were:
• A1.1. Identification of applications of energy storage systems for the grid. Energy
storage applications were identified and classified according to the energy and time
requirements as shown in Table 1.
Table 1 Application Category Specifications. Source: [1]

Category

Discharge
Power Range
10 - 1,000 MW

Discharge
Time Range
1 - 8 hrs

Stored Energy
Range
10 - 8,000 MWh

Distributed
Generation

100 - 2,000 kW

0.5 - 4 hrs

50 - 8,000 kWh

Power quality

0.1 - 2 MW

1 – 30 sec

0.1 – 60 MJ
(0.028 – 16.67
kWh)

Bulk energy
storage

•

Applications
Blackstart, Arbitrage, Load
levelling, Frequency
support, Regulation,
Voltage support, Peak
shaving, Distribution
upgrade deferral,
End-user power quality &
reliability

A1.2. Definition of the energy storage features required for each application – Power,
storage time, energy, response time and most adequate technology were defined for
every application given on Table 1. The information is summarized on Deliverable

1

Long vs. Short-Term Energy Storage: Sensitivity Analysis SAND REPORT, SAND2007-4253, July
2007.
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Energy storage applications and technical requirements: Table 2. Applications and
Appropriate Technology
•

A1.3. Assessment of the applicability of Zinc-Air technology According to the main
characteristics and expected performance of the Zn-air battery technology, the most
technically suitable and cost-effective applications are related to energy management
in the range up to few MWs and 2-4 h capacities with 1 or 2 cycles per day. Based on
this analysis, arbitrage, peak shaving and load levelling were identified as primary
applications and power reliability, voltage control and reactive power support and
demand charge management as secondary applications.

The following deliverables related to Action A1 were submitted enclosed to the Inception
Report:
• Grid Scale energy storage applications and technical requirements
• Assessment of the applicability of the zinc-air technology report
Progress indicators for Action A1 have been reached:
• Identification of applications of energy storage systems (100%).
• Technical characteristics definition for specific applications (100%).
• Identification of the Zinc-Air technology technical capabilities (100%).

4.1.2 Action B1 Energy storage system specifications
Beneficiary responsible
TR, with the support of CENER

Status
Finished

Time schedule per Annex I
3 months

Starting date
M3 (August 2014)

End
M6 (November 2014)

Real time schedule
3 months

Starting date
M3 (August 2014)

End
M6 (November 2014)

The aim of Action B1 was to define the set of specifications for the scaled energy storage
pilot plant, and the different verification tests to validate the pilot plant performance. In the
Inception Report detailed explanation of the results achieved were provided. This action was
organised in two sub-actions. In short, results from Action B1 were:
•

B1.1. Definition of specifications for the scaled energy storage pilot. The pilot plant
specifications were defined following standards for flow batteries (Flow Batteries –
Guidance on the specification, installation and operation, Cenelec Workshop
Agreement 50611, April 2013) and TR proprietary know-how of zinc-air battery
technology. The main parameters included nominal and maximum values of power,
energy, current, voltage and efficiency curves.

•

B1.2. Definition of pilot plant performance verification tests. The rated energy of the
plant was finally defined as 3 kWh based on the budget available and updated material
costs. Two types of tests were planned: start-up tests and demonstration tests. Start-up
and parameterization tests investigated the effect on efficiency of current density,
temperature and electrolyte and air flow rates. The demonstration tests included
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cycling at constant current and constant power and standard tests for renewable energy
applications.
The following deliverables related to Action B1 were submitted enclosed to the Inception
Report:
• Pilot plant specific report
• Pilot Plant Verification Tests Report
Progress indicators for Action B1 have been reached:
• Definition of the pilot plant specifications (100%).
• Definition of the verification tests (100%).
• Selection of specific applications of the technology (100%).
• Establishment of the pilot plant specifications (100%).
• Definition of plant operation parameters to be monitored and registered (100%).
• Cost estimation of the pilot prototype, construction and assembly of the prototype
(100%).
Also milestones associated to this action were fully achieved:
• Pilot plant specifications (100% progress)
• Pilot plant verification tests definition (100% progress)

4.1.3 Action B2 Energy storage pilot plant design
Beneficiary responsible
TR, with the support of CENER

Status
Finished

Time schedule per Annex I
7 months

Starting date
M6 (November 2014)

End
M13 (June 2015)

Real time schedule
7 months

Starting date
M6 (November 2014)

End
M13 (June 2015)

The main aim of this action was to carry out the engineering design of the energy storage pilot
plant, including the information for the procurement and construction of the pilot plant. The
following tasks had been executed:
• B2.1. Basic engineering design. Following the final pilot plant specifications and
power and energy rating, the main the subsystems were defined. The plant would be
made up of three identical modules, each consisting of one electrochemical reactor
with 20 cells and one electrolyte tank capable of storing 1 kWh. The auxiliary
subsystems would include the components for electrolyte and air circulation, heating,
mechanical supports and instrumentation for monitoring and control. A block diagram
was prepared with the layout of the modules and subsystems and a preliminary design
of the electrochemical reactors was carried out. The cell components and the
electrolyte composition were defined and total air and electrolyte requirements were
calculated.
•

B2.2. Detailed engineering design. The pilot plant would have a power of
approximately 1 kW and an energy of 4kWh and the estimated power of each stack
would be 0.35 kW. Other than the cell houses, the pilot plant would comprise the

11

electrolyte storage tanks and control area and electrical equipment. The detailed
design included the design of the electrochemical reactor (single cell), electrolyte
system, air system and control system.
In the Mid-term report detailed explanation of the results achieved were provided. The
following deliverables related to Action B2 were submitted enclosed to the Mid-term
Report:
•
•

Basic Engineering Design Package Report
Detailed Engineering Design Package Report

Progress indicators for Action B2 have been reached:
• Definition of the pilot plant basic block diagram (100%)
• Identification of the auxiliary systems (100%)
• Identification of special parameters for independent units (100%)
Milestones associated to this action were fully achieved:
• Definition of the pilot plant basic block diagram (100%)
• Identification of the auxiliary systems (100%)
• Identification of special parameters for independent units (100%)

4.1.4 Action B3 Energy storage pilot plant construction
Beneficiary responsible
TR, as a sole partner

Status
Finished

Time schedule per Annex I
6 months

Starting date
M13 (June 2015)

End
M18 (November 2015)+2
months for unforeseen
problems (M20)

Real time schedule
11 months

Starting date
M10 (April 2015)

End
M21 (February 2016)

The main aim of this action was to build the energy storage pilot plant in TR premises. This
action has comprised the purchasing of specific components, the construction of the cell to
avoid leakages, the set-up of the control system including software and hardware. In short,
results from Action B3 was the construction of the full energy storage pilot plant (3 modules x
20 cells, electrolyte tanks and associated subsystems) according to specifications and ready
for start-up.
The reception of plastic cell frames suffered a delay of 5 months because this was by no
means a standard design and the selection a proper manufacturer was a time consuming
activity. Two main problems arose: the volume of the order was relatively small for all the
specialized companies and the mechanization of polymethylmethacrylate (PMMA’s) plates
was troublesome as the standard conditions for mechanizations produced a bend in the plates.
The new method relied in a slower movement of the mechanical tools to avoid the heating of
the polymer, so the manufacturing of the frames consumed three times longer than expected.
New materials as ABS (acrylonitrile butadiene styrene) and new fabrication methods (laser
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sintering, fused deposition modeling) and external manufacturers were also scouted around
for the manufacture cell frames.
In the Progress report detailed explanation of the results achieved were provided. The
following deliverables related to Action B3 were submitted enclosed to the Progress Report:
• Energy storage pilot plant report
Progress indicators for Action B3 have been reached:
• Purchase orders and material reception (100%)
• Subsystem construction (100%)
• Full plant integration (100%)
Milestones included in action B3 were successfully achieved:
• Complete installation of energy storage pilot plant

4.1.5 Action B4 Energy storage pilot plant demonstration
Beneficiary responsible
TR

Status
Finished

Time schedule per Annex I
13 months

Starting date
M18 (November 2015)

End
M31 (December 2016) + 3
months for unforeseen problems
(M34)

Real time schedule
15 months

Starting date
M19 (December 2015)

End
M34 (April 2017)

Main objectives:
The aim of this Action was to demonstrate the full functionality of the pilot plant operating
under real conditions of operation.
B4 work progress:
This action was focused on demonstrating the full functionality of the zinc-air pilot plant.
-

Task B4.1.Pilot plant start up and parametrization

Prior to the pilot plant building completion, pumps, variable frequency drivers, heaters and
mass flow controllers were tested on the individual cell installation. In addition, instrument
calibration (i.e rotameters, H2 and level sensor) was done.
Once the pilot plant was built, control and monitoring system tests (pressure, flow, heating)
were carried out on each pilot plant’s cell stack (PX-101, PX-102, PX-103). Also preliminary
low power tests (charge and open-circuit curves at different flow rates and I-V curve) using
diluted electrolyte were carried out on each pilot plant’s cell stack. During these preliminary
low power tests erroneous cell voltages were obtained.
For one month and a half, different tests were done to find out the cause of the anomalous
readings of the voltages. It resulted to be a problem within the control system hardware. Two
options were analysed as possible solutions: changing hardware - more expensive in time and
cost – or using galvanic isolators. As a result, one galvanic isolator per cell was installed.
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The parametrization started once the start-up was finished. Parametrization tests were carried
out on the each cell’s stack at different temperatures (from 40 to 60ºC) and flow rates (from
1500 to 2250 L/h). Coulombic and voltage efficiency were used as indicators of performance.
Best indicators were achieved at low temperature (40ºC) and high flow rate (2250 L/h);
therefore, demonstration test were initially carried out at these conditions.
Due to the problem with the control system hardware, the accumulated delay brought from
Activity B3 could not be reduced in this task and action B4.1 finished at the end of June 2016.
-

Task B4.2.Pilot plant demonstration

This task started at the beginning of June 2016 and finished at the end of April 2017.
The task started with some preliminary works on the stacks, some adjustment of the
monitoring and control system and electrolyte preparation.
Single stack tests
In July 2016 first verification test was carried out on the first cell’s stack. As it was already
assessed on Task B1.2 Definition of pilot plant performance verification tests, demonstration
tests included cycling at constant current and constant power and standard tests for renewable
energy applications, according to the profiles included in different standards and codes (draft
IEC 61427-2, PNNL-22010 rev1).
The verification test chosen for this first application was IEC 61427-2 Ed. 1.0: Secondary
cells and batteries for Renewable Energy Storage - General Requirements and methods of test
- Part 2: On-grid application (Time shifting).
During the aforementioned parametrization tests the battery stack was taken to the limit
regarding liquid pressure and temperature. This fact caused an accelerated degradation of the
electrodes and, therefore, the performance of this first application was poor in duration and
efficiency.
While the test was ongoing, a problem in the control system appeared. The problem had to do
with RAM memory consumption because acquiring and saving data from 180 signals for over
a month consumes a big amount of memory.
The problem was completely solved after two months and at the beginning October 2016 a
new verification test was started. The same cycling test (IEC 61427-2 Ed. 1.0) was chosen
for comparison and it was carried out at 50ºC and 1700 L/h. The test run for 25 days and the
battery failed due to external cells short-circuits.
Lower performance than expected was achieved in this second test mainly due to ohmic
losses and to the effects of stacking cells, especially to an effect called “shunt currents”:
driven by the potential difference between the cells of a stack, electric currents flow over the
conducting electrolyte connections reducing energy efficiency. During charging, effective
current density is higher in the external cells and, during discharging, the current that
effectively discharges the external cells is lower. Therefore, zinc accumulates in the external
cells producing short-circuits.
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In November 2016 the battery was tested using Solar PV and Wind profiles obtained
from the project "Benchmarking", funded by the European 5th Framework Programme
(Project ID ENK6-CT-2001-80576). The objective of these tests was to evaluate zinc-air
battery’s energy efficiency under standard tests for renewable energy applications. Results
were similar to those obtained in the IEC 61427-2 Time-shifting test.
Immediately after, another durability test using a constant current profile was done (30
min charge / 60 min discharge). Unfortunately this test was interrupted due to a failure of
the PC (Windows failure). As the control system runs 100% on Windows, electrode switching
control did not work and the electrodes were damaged and the test could not be resumed. The
overall energy efficiency at the beginning of the test was 34% and dropped to 29% at the end
of the test. These values are also very similar to the values observed in the IEC 61427-2
Time-shifting test.
The durability test using a constant current profile was repeated making even shorter
cycles to accelerate the degradation of the battery. A new hardware solution was implemented
to protect the electrodes from another failure of the control system. After 2000 cycles cells 20
and 18 short-circuited. Beginning of test efficiency was 40% and dropped to 23% at the end
of the test. Voltage efficiency (Ev) decreased over time due to gas diffusion electrode
flooding and coulombic efficiency (Ec) due to zinc accumulation and short-circuits.
Pilot plant tests
Nominal energy and power were defined into the deliverable “Pilot plant specifications
report” (Action B1). Maximum power and energy measurements were done. The
maximum power of 0.82 kW was achieved at 63 A discharge current. Maximum energy of
3.13 kWh was achieved at 15 A discharge current. The difference between 0.82 kW (real) and
1kW (expected) comes from the ohmic losses on every cell (6 mOhm) that were higher than
previously calculated. The same explanation is valid for the difference between the expected
(4 kWh) and the achieved (3.13 kWh) energy.
The ZAESS pilot plant durability was tested at 30 A nominal charge current and 15 A
discharge current. Cycled capacity was 15 Ah. The nominal discharge current was chosen
according to the results of the maximum energy test and nominal charge current was chosen
as a compromise between power and efficiency.
The batteries failed after 550 hours and 220 cycles due to short-circuits on stack 2 and
flooding of the gas diffusion electrodes. When operating cell stacks in parallel, the current (30
or 15 A) should ideally distribute equally on every stack. However, stack’s ohmic resistance
can change over time provoking differences between them and, therefore, provoking
differences on the current that flows to each stack. Current distribution was fairly good until
the end of the test, when the resistance of cell stack 2 decreased due to short-circuits.
Conclusions
The total working time of the prototype has been 29 weeks and it has accomplished a total of
3.000 cycles. This working time has been spread over the 14 month period of Action B4. The
remaining time has been used to analyze prototype data, electrode and electrolyte replacement
and maintenance and upgrading operations.
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The plant has operated safely in all circumstances. There was no leakage of electrolyte
outside the systems boundaries and no fire incidents, even during short-circuit events. The
electrolyte does not degrade except for a small amount of carbonate formation due to
exchange with CO2 in the air.
Shunt current phenomenon has been the main unexpected problem that had not been seen
before on the zinc-air battery demonstration by TR and had been tried to be fully understood
and measured during the course of this action. Among others, DC leakage current sensors
from ChenYang Technologies were acquired and mounted on the primary and secondary
electrolyte circuits in order to quantify the magnitude of the shunt currents. These losses can
be reduced by improving the stack design.
Due to shunt currents and unexpected ohmic losses, average prototype efficiency has been
40%.
The knowledge acquired during the course of this action is currently being applied to the new
battery development carried out by TR.
Progress indicators:
The progress indicators were fulfilled as follows:
• Start-up runs (100%)
• Fine tuning and parametrization of the pilot plant (100%)
• Pilot plant demonstration runs (100%)
• Assessment of the quality of measures (100%)
• Number of output produced (100%)
Work done in Action B4 is summarised in the deliverable “Pilot Plant Description and
Parametrization Report” which was included in the Progress Report and in the deliverable
“Final Performance Results of Pilot Plant” (Annex 7.2.1.1) which is include in the present
Final Report.
Milestones included in action B4 were successfully achieved:
• Plant Parametrization of pilot plant
• Completion of demonstration

4.1.6 Action B5 Techno-economic validation
Beneficiary responsible
CENER

Status
Finished

Time schedule per Annex I
7 months

Starting date
M30 (November 2016)

End
M36 (May 2017)

Real time schedule
12 months

Starting date
M25 (June 2016)

End
M36 (May 2017)

Main objectives:
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This action aimed to carry out a conceptual engineering study (CES) and a complete technoeconomic validation of the energy storage system for an industrial application
B5 work progress:
Sub-task 5.1 is the Conceptual Engineering Study of an industrial scale-energy storage plant
based on zinc-air flow battery technology. This sub-task started in November 2016 and
finished in February 2017.
The study has been carried out for a 5 MW, 20 MWh zinc-air flow battery energy storage
plant with enhanced cell performance and durability, supposing zinc-air technology is
improved through further development and engineering. The main findings are summarized
below.
Considering a cell efficiency of 60% the overall plant energy efficiency is approximately
50%, which is lower than other battery technologies. This extra energy is required to pump
the electrolyte and circulate air through the cells. The footprint of the plant would be
approximately 10.000 m2, which in general terms is higher than other battery technologies.
The capital cost per unit power is € 4,520 €/ kW and the capital cost per unit of installed energy
is 1.100 €/kWh, which is similar to state of the art lithium ion systems. However, this figure
has an uncertainty of +50% -20%. The cost of electrodes, separator and electrolyte represent
less than 20% of the total CAPEX, while auxiliary equipment (tanks, pumps, heat exchangers,
air compressor) represent almost 30% and construction activities another 30%. It should be
possible to reduce these costs by implementing a standard, modular, container type design and
achieving economies of scale.
The operating cost per unit of delivered energy is 0.23 €/ kWh. The personnel represent
almost 50% of the operational costs because it is necessary to guarantee work shifts (24 hours
a day / 7 days a week). The OPEX represents 5% of the CAPEX.
These results are not completely discouraging but the study is based on projected performance
and still efficiency should be improved beyond 60% to be competitive with other
technologies. This only seems feasible in the medium term to long term, considering the
performance of state-of-the-art of oxygen catalysts (used in the air electrode), which is the
most important factor affecting efficiency.
Sub-task 5.2 was dedicated to the techno-economic validation and started working in
activities not dependant on the results from action B4 and B5.1. It started before schedule due
to availability reasons of the human resources involved.
The work has been completed as expected and the deliverable “Techno-economic validation
report” has been produced.
The technical validation started with a study of the potential market for grid-scale energy
storage at European level. Some countries were specially analysed throughout a review of
literature information from sources such as IRENA, Pacific Northwest National Laboratory or
Sandia National Laboratories, and the different Member States renewable energy deployment
plans (NREAPs).
Specific information has been gathered about the product specifications of the main
manufacturers of flow batteries at a commercial level such as Gildemeister, UniEnergy
Technologies, EnSync, Redflow, to get precise information about the level of
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commercialization of their products. This information has been compared with other energy
storage technologies to perform a benchmarking.
Finally, the suitability of the different technologies to provide services under different
applications has been evaluated and presented. The conclusion is that the general features of
zinc-air technology are good enough, but it lacks maturity to start a real market penetration.
Regarding the economic validation task, a lifetime of 20 years, 80% financing rate, 10%
discount rate, CPI 2% and 8% of amortization were used as input parameters for the economic
analysis.
The first subtask included a cost comparison of zinc-air technology against other flow battery
technologies, based on the literature. The second subtask included an assessment of the
benefits and savings generated by an energy storage plant. For that, a software tool was
developed to validate the technology in a systematic manner. Thus, defining a set of services
to be provided by the energy storage, the software evaluates the adequacy of each technology
in different positions of the grid value chain. It allows combining several applications or
energy services to perform a complete economic and sensitivity analysis of a potential energy
storage plant. The analysis showed a positive VPN (net present value) when battery CAPEX
is less than 3.500 €/kW having a reasonable O&M expenditures (600.000 €/year). The
internal methodology of the developed tool is described in the referred deliverable.

Figure 2. Screen of the techno-economic software tool

The analysis included in the report, performed through the above mentioned software tool,
comprises a benchmarking of zinc-air technology in six scenarios. According to this analysis,
the parameter that affects most the suitability of zinc-air technology is the maturity, followed
by the cost parameter. It means that, even though costs are high at the present and constitute
an important handicap for zinc-air batteries’ deployment, maturity and reliability of this
technology could be a more important factor in many occasions.
In the future, this software tool will help CENER carrying out additional studies of suitability
of energy storage technologies.
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Progress indicators:
Progress indicators for Action B5 have been reached:
• Conceptual Process Study (100%)
• Mass and Energy Balances (100%)
• Process Description (100%)
• Electrochemical parameters (100%)
• Cost Estimates (100%)
• Technical validation (100%)
• Industrial Application Business Model (100%)
Work done in Action B5 is compiled in the deliverables “Conceptual Engineering Study
Report” (Annex 7.2.1.2) and “Techno-economic validation report” (Annex 7.2.1.9) where a
study of the viability of the industrial plant for several network applications have been
developed. Both deliverables are included as annexes in the present Final Report.
In response to the comments included in the last letter from the EC dated 09/10/2017, a
document summarizing the technical constraints that affected the validation of the technology,
the solutions found and the lessons learnt has been prepared and included in the annexes of
the present report (Annex 7.2.3.1 - Technical Constrains Lessons Learnt).
Milestones included in action B5 were successfully achieved
• Techno-economic validation

4.1.7 Action B6 Environmental impact analysis
Beneficiary responsible
CENER

Status
In progress

Time schedule per Annex I
12 months

Starting date
M26 (July 2016)

End
M37 (June 2017)

Real time schedule

Starting date

End

18 months

M20 (January 2016)

M34 (March 2017)

Main objectives:
This action aimed at proving that zinc-air technology is an environmentally sustainable
solution for electrical energy storage.
B6 work progress:
The task B6 started before schedule, which allowed moving forward the end of the action and
recovering part of the delay generated in actions B3 and B4.
Step 1 Environmental impact LCA
The Life Cycle Assessment comprised the environmental study of a 1 MW / 4 MWh zinc-air
energy storage system, in order to know and quantify the environmental benefits of this
technology compared to other ESSs.
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Figure 3. Diagram of life cycle phases

The first part of this sub-task was focused on the use phase of the battery, considering
different options of energy sources for the charging process. The results show that the
emissions due to the energy coming from the grid’s energy mix accounts for the largest share
of emissions associated with the energy delivered by the battery. Thus, the most desirable
operating mode for the ESSs seems to be making use of renewable energy for charging.
Additionally, different scenarios were studied according to the application of the ESS.
According to the results, the application that seems more suitable for the technical
specifications of the energy storage plant considered is that of peak shaving.
The work in this sub-ask also included a Life Cycle Inventory (LCI) of the zinc-air flow
battery LCA, analysing the flows from and to nature of the product. That includes inputs of
water, energy and raw materials and also releases to air, land and water. The data required in
the inventory is that related to the system boundary considered, and must be related to the
functional unit defined in the goal and scope definition from deliverable 6.1. To model the use
phase, different scenarios are proposed according to the source of the energy used during the
charging process: 100% renewable or Spanish energy mix.
Also, this sub-task includes a comprehensive assessment in qualitative terms of the
environmental impacts associated to zinc-air rechargeable batteries. The scope of the
assessment takes into account the main impacts related to the production and use of those
batteries.
Regarding the flow battery under study, the component with the highest environmental impact
is the electrolyte. Although there are components with a higher impact per kilogram of
material, the large contribution of electrolyte to the total weight is the key factor that makes it
the main environmental concern of this technology.
Additionally, a comparison of the product environmental footprint in future scenarios was
performed, considering different possible evolutions of the Spanish energy mix. According to
the results of the simulations, the energy storage allows a more efficient use of the energy
generated. Alternatively, without the possibility of storing the energy, the international
exchanges would have to be prioritised.
Finally, in order to evaluate the proposed scenarios from the viewpoint of CO2 emissions, the
carbon footprint of the energy supplied is calculated together with the reduction in emissions
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provided by the energy storage. The difference with and without energy storage is not
significant in percentage, with just 1.2 % and 2.4 % in emissions reduction for each scenario
respectively. Although, taking into account the size of the national power system this
percentage becomes a significant reduction in GHG emissions.
Step 2 Draft product category rules for product environmental footprint of the technology
This second step comprises the development of a PEF Guide which offers a method for
modelling the environmental impacts of the flows of material/energy and the emissions and
waste streams associated with a flow battery throughout its life cycle.
A draft PEF Guide for Large Scale Flow Batteries was developed, using as a reference several
PEF Guide Drafts developed under the JRC PEF methodology by consortiums of expert
stakeholders.
It was expected to send to the Ministry of Environment a draft of this document for feedback
and improvement before issuing the final guide. However, as it is explained in the document,
the process of developing these guides involves many stakeholders and numerous actions that
could not be developed in the Life ZAESS project framework since they overpassed the scope
of the project task. As a consequence, we decided to present informally these results to the
Ministry during the dissemination activities performed in the diverse forums and technical
platforms we are involved in, as well as members of the Ministry are.
Progress indicators:
• Identification and quantification of energy and materials used, and
waste/emissions released to the environment (100%)
• Evaluation of the Environmental Footprint (100%)
• Determination of the Carbon Footprint (100%)
• Comparison of the impacts on Climate Change between base line scenario and
energy storage systems scenario (100%)
• Taking into account that the Ministry of Environment will be considered as
stakeholder of the project, a list of environmental indicators will be sent in order to
receive comments on appropriateness. Such indicators will be based on indicators
used in European Product Environmental Footprint (PEF) guidelines available (i.e:
uninterrupted power supply guidelines) as well as other national environmental
indicators set that can be used for efficient data gathering (ie: “Perfil Ambiental en
España, Informe Annual” – Spanish Environmental Profile annual report). (0%)
Work done in Action B6 is summarised in the deliverables “Environmental impacts of zincair technology in the complete life cycle report” (Annex 7.2.1.3), “Product carbon footprint
calculation report” (Annex 7.2.1.6), “Product environmental footprint calculation report”
(Annex 7.2.1.7) and “Final PEFCR for zinc-air technology report” (Annex 7.2.1.4) which are
included in the present Final Report.
Milestones:
• Presentation of draft deliverables (100%)
• Presentation of final deliverables (100%).

4.1.8 Action B7 Legal and regulatory assessment
Beneficiary responsible
CENER

Status
Finished
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Time schedule per Annex I
12 months

Starting date
M26 (July 2016)

End
M37 (June 2017)

Real time schedule
18 months

Starting date
M20 (January 2016)

End
M37 (June 2017)

Main objectives:
The purpose of this task was to detect the legal and regulatory regime and the possible
obstacles to carry out the implementation of the zinc-air technology for renewable energy
integration.
B7 work progress:
Task B7 started before schedule to avoid additional delays as the regulatory and market
framework impacts the feasibility analysis and case studies definition for B5.2 benchmarking.
This task has two sub-tasks: B.7.1 Legal assessment and B.7.2 Regulatory framework.
The work under the first sub-task is included in the deliverable “Legal assessment report”. In
this report, the European Energy Directives are described and analysed in detail. The Third
Internal Energy Market and the Clean Energy for All Europeans (also named Winter)
Packages have been studied to identify the role of energy storage in the diverse related
Directives and Regulations as well as the Framework Guidelines and Network Codes which
regulate the connection of grid assets and the grid operation.
We also present a study of the environmental legislation applicable to energy storage in
general at the European level and especially for zinc-air batteries at local level. The main
regulations that regulate the installation of this kind of systems in terms of environmental
issues are analysed and the procedures to be applied in order to obtain permissions, licences,
etc. are also described.
Finally, an analysis of the legislation regarding energy storage systems in four Member States
(UK, Italy, Spain and France) is presented. The study focuses on the way the Member States
locally transpose the European directives and the measures applied by some of them to
support the energy storage systems deployment.
The work under the second sub-task is included in deliverable “Regulatory assessment
report”. This report aims to determine the actual barriers that could prevent or slow down
energy storage introduction into the electrical system and propose recommendations in order
to facilitate the use of Zn-air flow batteries for renewable energies grid integration. First, the
general barriers after reviewing the European legal framework presented in B7.1 Legal
assessment report are identified and discussed and recommendations to overcome the
challenges that Energy Storage Systems (ESS) have to face to be integrated in the energy
system are proposed.
The recommendations are grouped under three different subjects: Current Business Models,
Regulatory Framework and Market Design. Some of the general recommendations are listed
here:
• a clear definition of the roles for energy storage in the grid service provision market
• to facilitate the market selection of the most efficient solution when a decision has to
be taken for transmission versus storage (cost-benefit analysis methodology)
• a close monitoring of the transposition of market based mechanisms for balancing and
other ancillary services from the European regulations into the Member States
legislations
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The analysis has been performed taking into account the previous regulation and the
improvements implemented in the new regulatory framework issued in November 2016, the
Clean Energy for All Europeans Package, which has taken into account recommendations
made by several international organisations and associations during the last four years.
Finally, the results of a similar analysis undertaken for the four target countries analysed in
the B7.1 report are presented. The way that the diverse countries address the general barriers
is described and specific barriers for the four countries are identified and discussed to propose
solutions.
Progress indicators:
•
•
•
•

Identification of the regulatory regime (electric and environmental sectors) for the
application of the Air Zinc technology. (100%)
Identification of exploitation opportunities of the technology (100%)
Detection of legal barriers for the introduction of the new technology into the
electrical system (100%)
Proposal of changes in legislation (100%)

Work done in Action B7 is summarised in the deliverables “Legal assessment report” (Annex
7.2.1.5) and “Regulatory assessment report” (Annex 7.2.1.8) which are included in the present
Final Report.

4.1.9 Action C1 Effectiveness of the project actions. Project results monitoring
Beneficiary responsible
TR

Status
Finished

Time schedule per Annex I
33 months

Starting date
M7 (December 2014)

End
M40 (September 2017)

Real time schedule
32 months

Starting date
M8 (January 2015)

End
M40 (September 2017)

Main objectives:
The aim of this task was to monitor the effectiveness of the different project actions.
C1 work progress:
The indicators originally defined in this action were re-organised and re-defined as explained
in the Progress Report submitted in January 2017. The original list did not include any
indicators of actions B4, B5 and B7.
The new list of indicators includes the most important data for the key decision makers
(utilities, renewable energy producers, grid operators, public authorities) such as the plant
efficiency, capital expenditure, operating costs and proposed changes to legislation.
In this way, the new set of indicators have been summarised all the key project impacts and
findings, which have been documented in the Deliverable associated to this action
“Effectiveness of the project actions report” (Annex 7.2.1.12 of this Final Report)
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Progress indicators:
Before project
60%
1000 h
116.1 kWh
26.29 kg CO2
0 events
60%
7200 MWh / year
1627 t / year
2000 - 3000 €/kW
5% CAPEX

Pilot plant energy efficiency
Pilot plant durability
Pilot plant energy stored and delivered
Pilot plant CO2 emissions saved
Pilot plant safety events
Industrial plant energy efficiency
Industrial plant energy stored and delivered
Industrial plant CO2 emissions saved*
Industrial plant CAPEX
Industrial plant OPEX
Quantification of energy and materials used and
waste emissions released
Unknown
Evaluation of the environmental footprint
Unknown
Determination of the carbon footprint
Unknown
Comparison between base line and energy storage scenario Unknown
Identification of regulatory regime
Unknown
Identification of exploitation opportunities
Unknown
Identification of legal barriers
Unknown
Proposed changes to legislation
Unknown
Nº of renewable energy providers and users, interested
and involved in LIFE+ ZAESS project
>10
Nº of renewable energy providers interested in
implementing the new technology
>5
Nº of public administrations, and other stakeholders
involved in the dissemination of LIFE+ ZAESS results
>8
Effectiveness of the organized events. Statements, press releases,
interviews, etc. related to the project, in newspapers and
magazines
>20
Visits to the website
> 5000
Evolution of the number of citations (publications, journals,
conferences, news, etc.) of project meetings, reports, website, etc. > 6
Contacts established between renewable energy producers
>8
and the consortium
Contacts established between the consortium and end-users
(industries interested in using the new storage technology)
>12

After project
40% max
530 h
28.4 kWh
6.43 kg CO2
0 events
48%
7200 MWh / year
1243 t / year
4520 €/kW
7.2% CAPEX
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
50
0
5

>15
>13,500
21
10

15

It has not been possible to measure the following indicator:
- Percentage of grid efficiency increased: It has been found that the grid efficiency depends on
many factors beyond energy storage that are out of the scope of the LIFE ZAESS project.
- Enrolments in the open-days and workshops during a period of 10 days after the events.
Enrolments to the workshops have been quite successful with more than 100 attendants from
the main stakeholders. However there was not the possibility to enroll after the event.
The indicators of Actions B4 and B5 are clearly unsatisfactory. The efficiency and durability
of the zinc-air energy storage pilot plant demonstrated at Tecnicas Reunidas have been lower
than expected for the reasons explained before (see Action B4). Regarding an industrial plant
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(Action B5) the estimated CAPEX and OPEX costs are higher than expected, mainly due to
construction and auxiliary equipment costs and electrode replacement and personnel costs.
The environmental footprint and associated greenhouse gas emissions of the technology is
also higher than expected (Action B6), due to the large volume of electrolyte required
amongst other reasons.
On the other hand, the Legal and Regulatory Assessment (B7) and Dissemination Actions
(D1) have been relatively successful, as shown by the indicators. The legal and regulatory
framework has been thoroughly analysed and recommendations have been made. The project
results have been widely disseminated, reaching the relevant stakeholders.
Milestones:
• Establishment of indicators (100%)

4.1.10 Action C2. Project socio-economic impact
Beneficiary responsible
TR

Status
Finished

Time schedule per Annex I
33 months

Starting date
M7 (December 2014)

End
M40 (September 2017)

Real time schedule
33 months

Starting date
M7 (January 2015)

End
M40 (September 2017)

Main objectives:
The main objective of this task was to monitor de ZAESS project socio-economic impact
through a set of indicators.
C2 work progress:
TR has searched for previous work on the socio-economic impact of large scale energy
storage systems and has not found any references due to the novelty of the technologies and
the applications. There is a public but limited amount of information about the socioeconomic impact of renewable energy projects. TR has built a simple model for estimating the
socio-economic impact of energy storage facilities based on this information. The model will
calculate the economic, social and environmental impact of adding new solar and wind
capacity in Spain with associated energy storage facilities.
The following estimation for selected socio-economic indicators are based on the results
obtained from Action B4 (prototype demonstration) and B5 (techno-economic validation).
Nº
Proposed indicators, Action C2
1 Renewable energy delivered thanks to the energy
storage plants
2 Energy that can be stored from different regions in
Spain. A preliminary number will be available for
EU level.
3 Economic impact of renewable energy facilities and
associated energy storage plants

Before project
0 GWh

After project
690 GWh

Spain: 0 MW
Europe: 0 GW

Spain: 479 MW
EU: 7 to 67GW

0 euro

2 170 million
euro
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4

Newly created jobs in renewable energy facilities
and associated energy storage plants

5

Savings in tonnes of oil equivalent (toe)

6
7
8

Savings in CO2 emissions
Savings in NO2 emissions
Savings in SO2 emissions

0 jobs Addressed in task
B.5:
- 23 jobs per 5MW
facility
- 2,208 jobs (96
facilities, 479
MW)

0 toe/year
0 t/year
0 t/year
0 t/year

148 323 toe /
year
156 211 t / year
180 t / year
253 t / year

These socio-economic indicators show that energy storage is an enabling technology for
increased renewable energy penetration and can produce economic and social welfare in the
form of investment, job creation and reduced emissions. Nevertheless, this is an estimation
and in particular zinc-air technology is still not technically mature to produce these benefits.
It has not been possible to measure the following indicators that have been replaced as per
table above:
- Reduction of costs (cheaper and cleaner energy) (reduction of 30%): The impact of energy
storage technologies on cost of energy requires complex economic modelling that is out of the
scope of the LIFE ZAESS project.
- Increase social awareness and acceptance of the benefits of protecting the environment
(increment of 50%): The dissemination actions of the LIFE ZAESS project are addressed at
key stakeholders such as utilities and renewable energy providers. It is unlikely that the
impact on the general public can be measured reliably
- Increase the public’s and consumers’ knowledge about the importance of environmental and
socioeconomic benefits from using renewable energy instead of traditional energy resources
(increasing a 50%): The dissemination actions of the LIFE ZAESS project are addressed at
key stakeholders such as utilities and renewable energy providers. It is unlikely that the
impact on the general public can be measured reliably

Deliverable for Action C2 “Effectiveness of Project Socio-Economic Actions” contains an
assessment of the socio economic impacts of a future zinc-air flow battery plant (Annex
7.2.1.13 of this Final Report).
Milestones:
• Data gathering to evaluate the project effectiveness in socio-economic aspects (100%)

4.1.11 Action D1 Communication and Dissemination Activities
This action is described in detail in section 5.2.

4.1.12 Action E1 Project management and monitoring of the project progress
This action is described in detail in section 4.
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4.1.13 Action E2 Networking activities with other projects
Beneficiary responsible
CENER

Status
Completed

Time schedule per Annex I
36 months

Starting date
M4 (September 2014)

End
M40 (September 2017)

Real time schedule
36 months

Starting date
M4 (January 2015)

End
M40 (September 2017)

Main objectives:
The main objective of this action was to perform networking with different projects in order
to share findings and look for synergies.
E2 work progress:
The networking activities developed during the project are presented and explained in the
deliverable “Networking report”. The common goals and potential collaborations with other
projects and entities are identified as well as lessons learned are discussed.
The projects related to the energy storage technologies and applications are identified and
briefly described, highlighting the common interests. Once the projects and associations
related to energy storage were identified, networking activities were carried out arranging
meetings with representatives of several LIFE projects. They were also invited to attend our
project workshops and present their results to share information and lessons learned.
The main national and international forums where potential long-term contacts have been
approached are also listed. Moreover, we mention in this report the main networking activities
performed, such as collaboration meetings with other projects’ partners or sharing information
in events and forums’ tasks.
In the last section of the deliverable the main results and benefits obtained from the
networking activities for LIFE ZAESS project and the consortium are highlighted.
We have identified some promising scenarios for Zn-air batteries application throughout the
feasibility and market studies developed in other projects and presented in conferences and
workshops as well as in the different forums in which LIFE ZAESS’ partners participate.
Finally, key technical and economic requirements and needs demanded by the main
stakeholders involved in energy storage domain have been defined during the discussions.
Some of these activities are also partially dissemination related, so their costs will be shared
amongst the different actions.
Work done in Action E2 is summarised in the deliverable “Networking report” which is
included in the Annex 7.2.1.14, of this Final Report. A summary the following projects have
been approached through dedicated meetings:
o Life Factory Microgrid: meeting on December 2015, as a result Jofemar presented its
experience in the development of flow batteries as part of the activities developed in the
Life Factory Microgrid project.
o Life Respira / Life Rewind: on February 2016, a networking meeting involving took
place at the premises of Corporacion Jofemar (Life Factory Microgrid) with
representatives from Universidad de Zaragoza and Universidad de Navarra.
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o Grid+Storage / Intersys4EU: on February 2016 technical staff of TR and CENER
attended the fifth Grid+Storage regional knowledge-sharing workshop in Madrid. A
database has been created in order to define the R&D needs at the European level for
the next years and stablish synergies with other projects. Life ZAESS has been included
in the database and potential collaborations are being investigated.
For networking purposes, the consortium has also made use of its contact networks and
organisations:
○ EASE (European Association for Storage of Energy) – CENER is member of this
association since 2011 and Life ZAESS results and information have been
disseminated throughout the contributions to different active Working Groups (WG)
and Task Forces in the association.
○ ETIP SNET – Both partners are member of this platform and contribute to the WG2
Energy Storage. The research developed in Life ZAESS will be taken into account for
future R&D roadmaps and topics.
○ GIA (Grupo Interplataformas de Almacenamiento) – This is a technological platform
dedicated to promote and support energy storage related activities and projects. The
most important stakeholders involved in storage take part of the association where a
database of national and European projects, including Life ZAESS.
Contacts have been stablished to analyse potential collaborations, common goals and
objectives:
○ On May 20th, 2015 a meeting was held between Tecnicas Reunidas and IDNA
(Investigación y Desarrollo de Nuevas Alternativas, S.L.) to discuss zinc-air flow
battery technology and the scope of the ZAESS project. IDNA is an engineering
company seeking new battery technologies for renewable energy integration projects.
○ On July 2nd, 2015 a meeting was held between Tecnicas Reunidas and Saft to present
zinc-air flow battery technology and the ZAESS project. Saft is a leading battery
company offering battery solutions for many different types of applications including
aerospace, marine, rail, telecoms, health and stationary energy storage.
○ On October 20th 2016, the partners of LIFE ZAESS met in the seminar
“Almacenamiento energético: tecnologías y proyectos”. In this session, numerous
stakeholders of the energy storage sector were present, which was exploited by the
partners to letting them know about LIFE ZAESS Final Workshop.
○ On April 2017, partners of LIFE ZAESS visited the self-consumption laboratory of
Gas Natural Fenosa (electric utility) in Madrid. The advantages and disadvantages of
different storage technologies and their role in increasing the consumption of
renewable energy were discussed. The personnel of Gas Natural Fenosa were invited
to attend the Final Workshop of the LIFE ZAESS project in Pamplona. Further
meetings were held with Gas Natura Fenosa on July and October 2017 to discuss
energy storage and other areas of cooperation.
○ On July 2017 a meeting was held with Endesa, another electric utility, to discuss
opportunities and possible collaborations in the area of energy storage.
As a general result, key technical and economic requirements and needs demanded by the
main stakeholders involved in energy storage domain have been defined during the
discussions. Therefore, needed research and improvements have been identified and future
work will be planned accordingly.
The progress indicators were fulfilled as follows:
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•
•

Nº of networking / synergies with other project / stakeholders: 5
Number of report meeting: 3

4.1.14 Action E3 After LIFE+ Communication Plan
Beneficiary responsible
CENER

Status
Finished

Time schedule per Annex I
6 months

Starting date
M35 (April 2017)

End
M40 (September 2017)

Real time schedule
6 months

Starting date
M35 (April 2017)

End
M40 (September 2017)

Main objectives:
This action aimed to give support and disseminate the project results to the interested
stakeholders after the end of the project. In this sense, project partners will continue to carry
out activities in order to communicate and disseminate the results of ZAESS project.
In the one hand, a specific After LIFE dissemination plan has been designed at the end of the
project, while it will be implemented once the project finishes.
Work-progress:
All partners have contributed to the After LIFE Communication Plan. The content of this Plan
has been developed in a way that includes the strategy that partners will follow in order to
spread the results of the project to the wider community and try to transfer the technology.
The budget for the Plan has been estimated in 6,500 € for web page maintenance and other
dissemination activities. This budget will be supported by TR throughout ongoing projects
related to energy storage.
The project has contributed with technological and methodological innovations that can be
transferred to other European and national projects as explained in section 5.4.

Deliverables:
One deliverable was foreseen for Action E3:
• After Life Communication Plan, enclosed to this Final Report (Annex 7.3.2.1)

4.2 Dissemination actions
Beneficiary responsible
CENER, with the support of TR

Status
Finished

Time schedule per Annex I
40 months

Starting date
M1 (June 2014)

End
M40 (September 2017)

Real time schedule
40 months

Starting date
M1 (June 2014)

End
M40 (September 2017)
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5.2.1 Objectives
The main goal of the dissemination activities within the LIFE ZAESS project was to
communicate, raise awareness to the main target audience and demonstrate the effectiveness
of project main results and key messages.
A Communication and dissemination plan (CDP) was elaborated to achieve this purpose and
was already delivered jointly with the Inception Report. It contained the details of the
elements of the communication strategy followed during the project, the main products and
the path to implement the plan.
In this sense, all dissemination activities already done are described in the following section
5.2.2.
5.2.2

Dissemination: overview per activity

Dissemination activities were carried out under action D1 - Dissemination Activities during
the 40 months of the project. This action was focused on the efficient knowledge
dissemination and other types of communication in order to assure the social and
environmental impact of the results of the project.
The first task of this action included the development of a “Communication and
Dissemination plan” which listed the specific set of activities aimed at raising the awareness
of this project. As a first step, the main target audience and key messages were identified.
During the life of the project, several dissemination elements have been developed in order to
reach the identified stakeholders to let them know the project progress and results. Among
these elements, it is worth mentioning the different oral presentations given, and the technical
articles and project videos that were published. But probably the highest impact has been
achieved through the mid-term and final workshops, where a highly technical audience
attended with an active participation.
During these months of ZAESS project, the following tasks were implemented:
-

Task D1.1 Communication and dissemination plan

The first finished version of the Dissemination plan of the project was delivered in April
2015, which was discussed and agreed by the project partners (annexed to the Inception
Report). This document was frequently reviewed and discussed in order to keep track of the
evolution of the project’s communication strategy. An updated version of this document has
been delivered in the Mid Term Report “Final Communication and Dissemination plan”
Mainly, this document is based on the following items:
•
•
•
•
•
•

The dissemination methods and their specific associated activities
Schedule for dissemination elements, means and activities, according to the project
milestones and completion of actions among partners.
Identification and classification of target stakeholders and audiences which will be
targeted during the action
Expected impacts and indicators of dissemination activities
Role of the beneficiaries in dissemination and communication activities
The conditions to ensure proper dissemination of the generated knowledge, related to
confidentiality, publication and use of knowledge according to LIFE+ Programme and
Common Provisions
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Task D1.2 Dissemination elements and means

Project corporate image
The project corporate image of the project has been also developed so as to homogenise and
give greater visibility to ZAESS project. So, the design of the project’s logo and corporate
image has been carried out by an external graphic designer and it was available since
September 2014.

Figure 4 ZAESS logo

Details on the Project corporate image were already delivered in the Inception Report in
“Project’s corporate image design”
Project Website
The consortium worked on the design and contents of the project website of the project at the
beginning of the project. The design, build and maintain of the web was subcontracted as
planned in the proposal. The fact sheet “Designing a LIFE Project website” was included in
the contract with the creative agency to ensure that the project website complied with the legal
requirements and followed the recommendations regarding the core set of content pages and
the layout structure. The website will be maintained and active at least during five years after
the conclusion of the project.
Since December 2014, the web is running and it is periodically updated with the latest project
progress. This is the address: http:\\www.zaess.eu
The website is available in English due to the emphasis given in the project to the
dissemination of results amongst stakeholders at national and European level. It is structure in
the following headlines:
-

Project: main objectives of ZAESS are described
Progress: actions that comprise the project and its percentage of development are
shown.
News: most relevant news regarding the project are regularly published in this section.
Documentation: ready for download all the ZAESS project public documentation is
available at this section.
Gallery: main pictures regarding the relevant events related to the project will be
shown.
Links: Links to interesting initiatives as well as related authorities are available. In this
section will be also used to networking activities (related LIFE projects).
Contact: As recommended by LIFE Programme, contact details of ZAESS Project
Manager are provided. It is also available a questionnaire to be fill in by interested
people.
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Detailed description on the project website was delivered in the Inception Report in
deliverable “Project Website”.
The website has been regularly updated during the whole project duration. The following
updates have been done since the last progress report delivered in January 2017:
“News” section:
•

Partners of the LIFE ZAESS project visit the fair genera

•

Gas natural fenosa self-consumption laboratory

•

LIFE ZAESS project presented in Prague

•

LIFE ZAESS presented at MABIC CONGRESS 2017

•

Final workshop of LIFE ZAESS project in Pamplona

•

The LIFE ZAESS project comes to an end and presents its final results

“Progress” section: bringing up the different technical advances for the actions. At the end of
the project every subsection has fulfilled the 100%

“Workshops” section: including the 2017 workshop held in Pamplona
“Documentation” section: publishing the different dissemination material (layman, video,
contribution to workshops, brochures, etc.)
The project website has been visited 13,500 times by 4,400 users. It is foreseen a progressive
increase of visits due to the planned and performed dissemination activities After LIFE. The
graph bellow shows an increase of visits to the web page in the date close to the midterm and
final workshops. An increase of the number of returning visitors has been also observed.
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Printed and audio-visual materials
The bilingual brochure (Spanish and English) of the project was successfully created and 500
copies were printed and around 350 units were delivered in different events and presentations.
It was submitted with the Progress Report and is available through the project website.
List of events where the brochure has been disseminated:
•

Energy Storage or Flow Battery Conference 2015.

•

Energetica XXI – Energy storage: technologies and projects (AETP 3) – 15 October
2015

•

BILBAOEKINTZA - Innovative and future key factors in the field of environmental
technologies and urban solutions – 29 October 2015 –

•

2nd Metal Air Battery International Congress - Santander, March 2016. TR presented
the LIFE ZAESS project objectives and pilot plant specifications, design and
construction.

•

IZABW - International zinc-air Battery Workshop - Ulm (Germany), April 2016. The
workshop took place at the WBZU (Education and Training Centre Ulm for
Innovative Energy Technologies) in the German city of Ulm, and was organized under
the project BMBF “Zinc/Air Battery with Advanced Materials for Storage of
Renewable Energies and Grid Balancing “(LUZI). Engineers from Técnicas Reunidas
attended the event to present a poster on the activities within the project LIFE ZAESS,
focusing on the construction of the zinc/air flow battery pilot plant.GENERA - Galería
de la Innovación
Madrid, June 2016

•

Greenovate! Europe Academy - Sangüesa, December 2016

•

European Symposium on Electrochemical Engineering - Prague, June 2017. The
results of the LIFE ZAESS were presented at the 11th European Symposium on
33

Electrochemical Engineering held in Prague, Czech Republic, on June 4-8, 2017.
Tecnicas Reunidas explained the potential of zinc-air flow battery technology to
reduce greenhouse gas emissions and shared the results of the pilot plant operation and
the environmental impact assessment.
•

3rd Metal-Air Battery International Congress - Huesca, June 2017. TR presented the
results and conclusions of the LIFE ZAESS pilot plant operation.

The first project technical video “ZAESS technology & applications” was created and made
available on April 2016. It was presented at the Mid-term workshop held in Madrid. The
video, which was subcontracted, is available in Spanish language and includes English
subtitles. It presents the main project objectives as well as the results from task A1.
Video “LIFE ZAESS – Technology and applications” link:
https://www.youtube.com/watch?v=49-dSj-anWU&vl=es
A second technical video “ZAESS project progress and results” was created and made
available on June 2017. It was presented at the Final workshop held in Pamplona.
The video, which was subcontracted, is available in Spanish language and includes English
subtitles. It presents the main results of the project, including outcomes from tasks B4, B5, B6
and B7.
Video “LIFE ZAESS project progress and results” link:
https://www.youtube.com/watch?v=RXg_CXkCJxU
Noticeboards / onsite panels
The onsite panels of the project have been printed and located in well visible places at the
premises of both companies. They were submitted with the Mid-term Report and are available
through the project website.

Figure 5. On-site panel located at CENER’s ATENEA microgrid
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Figure 6. On-site panel located at Tecnicas Reunidas' premises

Internet and magazine references (Press releases):
Along the project 16 news were published in internet magazines:
•

The article “Validación técnico-económica de la tecnología de Zinc-Aire” was published
in April 2015 in Revista Eólica y del Vehículo Electrico. Link:
https://www.evwind.com/2015/04/27/validacion-tecnico-economica-de-la-tecnologia-dezinc-aire-2/.

•

The article “Proyecto demostrativo Life ZAESS sobre un sistema de almacenamiento de
energía basado en baterías de flujo de Zinc-Aire” was published in April 2015 in
FutureEnergyweb.es. Link: http://futurenergyweb.es/proyecto-demostrativo-life-zaeessobre-un-sistema-de-almacenamiento-de-energia-basado-en-baterias-de-flujo-de-zinc-aire/

•

The article “Las baterías flujo de zinc-aire, más cerca de poder almacenar renovables a
gran escala” was published in April 2015 in ENERGETICA XXI website. Link:
http://www.energetica21.com/noticia/las-bateras-flujo-de-zinc-aire-ms-cerca-de-poderalmacenar-renovables-a-gran-escala

•

The article “CENER: Revolucionario sistema de almacenamiento de energía” published in
INNOVATICIAS portal in April 2015. Link: https://www.ecoticias.com/tecnologiaverde/163459/CENER-Revolucionario-sistema-almacenamiento-energia

•

The article “Baterías de Zinc-Aire para almacenar las energías renovables” was published
in April 2015 in Revista Eólica y del Vehículo Electrico. Link:
https://www.evwind.com/2015/04/23/validacion-tecnico-economica-de-la-tecnologia-dezinc-aire/

•

The article “Life Zaess, un sistema de almacenamiento de energía renovable basado en
baterías de flujo de zinc-aire” was published in April 2015 in Ecoticias.com. Link:
https://www.ecoticias.com/energias-renovables/102719/Life-Zaees-sistemaalmacenamiento-energia-renovable-baterias-flujo-zinc-aire

•

The article “Proyecto demostrativo Life Zaess sobre un sistema de almacenamiento de
energía basado en baterías de flujo de zinc-aire” was published in April 2015 in
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Interempresas.net portal. Link: http://www.interempresas.net/Energia/Articulos/136273Proyecto-demostrativo-Life-Zaees-sistema-almacenamiento-energia-basado-bateriasflujo.html
•

In April 2015, the article “Cener participa en el proyecto demostrativo Life Zaess de
almacenamiento de energía” was published in Fevymar magazine.

•

The article “Proyecto LIFE ZAESS, un sistema de almacenamiento de energía basado en
baterías de flujo de Zinc-Aire” was published in April 2015 in Be Energy site. Link:
http://beenergy.es/proyecto-life-zaess-un-sistema-de-almacenamiento-deenerg%C3%ADa-basado-en-bater%C3%ADas-de-flujo-de-zinc-aire

•

In April 2015, the article “Desarrollan un sistema de almacenamiento de energía en base a
baterías de flujo zinc-aire” was published in Profesionaleshoy site.

•

The article “Técnicas Reunidas y el Cener lideran el proyecto de almacenamiento de
energías renovables Life Zaess” was published in April 2015 in
ElperiódicodelaEnergía.com. Link: https://elperiodicodelaenergia.com/tecnicas-reunidasy-el-cener-lideran-el-proyecto-de-almacenamiento-de-energias-renovables-life-zaess/

•

In April 2015, the article “Un estudio desarrolla un sistema de almacenamiento de energía
en base a baterías de flujo zinc aire” was published in Energynews.es. Link:
https://www.energynews.es/un-estudio-desarrolla-un-sistema-de-almacenamiento-deenergia-en-base-a-baterias-de-flujo-zinc-aire/

•

In April 2015, the article “Sistemas de Almacenamiento de energía basado en baterías de
flujo
de
zinc-aire”
was
published
in
Centrosmultimedia.com.
Link:
http://noticiasdelaciencia.com/not/13784/sistema-de-almacenamiento-de-energia-basadoen-baterias-de-flujo-de-zinc-aire/

•

In April 2015, the article “Comienza el proyecto Life Zaess sobre almacenamiento
energético”
was
published
in
the
SmartGridsInfo.es
portal.
Link:
https://www.smartgridsinfo.es/2015/04/28/comienza-el-proyecto-life-zaees-sobrealmacenamiento-energetico

•

In May 2015, the article “Baterías de flujo Zinc Aire” was published in the Estrategia
Empresarial site.

•

The article “LIFE ZAESS, Sistema de almacenamiento de energía renovable basado en
baterías de flujo de zinc-aire” was published in May 2016 in Caloryfrio site. Link:
https://www.caloryfrio.com/ferias/feria-genera/galeria-innovacion-genera/life-zaesssistema-almacenamiento-energia-renovable-basado-en-baterias-flujo-zinc-aire.html

Technical magazine articles
Four Technical publications were published:
•

The article “Proyecto LIFE ZAESS – Demostración de una batería de flujo Zinc-Aire para
el almacenamiento de energía renovable” was published (in Spanish) in the 58th number
of Solar News magazine, corresponding to May-June 2015. Along the article, the key
facts of the zinc-air battery technology are explained, as well as the possibility of scaling
this solution for the bulk storage of energy produced by renewables, and the possible
applications for the grid.
Solar News is a magazine specialised in solar energy, both thermal and photovoltaic.
http://www.solarnews.es/es/edición-digital/
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See Annex 7.3.3.1 of the Final Report.
•

Project ZAESS was presented in SmartQuimic, a paper format (in Spanish) specialized
publication for the chemical sector in Spanish. Aim of the Project, partners, Budget and
funding through LIFE program has been acknowledged. September 2015 (See Annex
7.3.3.2 of the Final Report)

•

A technical publication (in Spanish) under the title “Zinc-air flow batteries in the LIFE
ZAESS project” was published in the April 2016 number of FuturEnergy magazine.
FuturEnergy is a Spanish/English bilingual magazine focused on technology and projects
of the energy sector, with special interest in energy efficiency. A copy was submitted in
the Progress Report (see Annex 7.3.3.3 of the Final Report)
Also, an article about the project was published (in Spanish) at the website Smartsgridinfo
(Annex 7.3.3.4 of the Final Report):
https://www.smartgridsinfo.es/2016/06/01/proyecto-zaess-investiga-almacenamiento-enbaterias-de-zinc-aire

•

Scientific publications/ specialised press article
•

An article has been written by Técnicas Reunidas and published on the Journal of Applied
Electrochemistry: “Electrochemical energy storage for renewable energy integration: zincair flow batteries.” Amunátegui, B., Ibáñez, A., Sierra, M. et al. J Appl Electrochem
(2017). https://doi.org/10.1007/s10800-017-1133-7 Article author’s personal copy can be
found as an annex of this Final Report, Annex 7.3.3.5 of the Final Report.

The overall technical and scientific publications are included in deliverable “Scientific
publications report” in Annex 7.2.1.11 of this Final Report.
Promotional material
The promotional material of the project was designed and ordered, and they were received in
March 2016 in time to be used in potential events, especially for the mid-term and final
workshop. This promotional material was also handed out at the Final Workshop in June
2017.
The delay in the design and reception of both, pendrives and powerbanks, has delayed the
submission of deliverable “Promotional material (USBs, pens…)” which finally was
submitted with the Progress Report.
Layman’s report:
A Layman’s report has been produced and made available on the project’s website, both in
English and in Spanish version (Annex 7.3.1.1 and 7.3.1.2). By means of CENER’s social
networks its publication has been advertised in order to increase its visibility.
It is a short document that summarizes the main objectives and results of the project for a nontechnical audience. Along its 7 pages it includes the following sections:
• Background
• Objectives
• Innovation
• Methodology
• Achievements
• Environmental impact
• Contact
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-

Task D1.3 Dissemination activities

Dedicated events and presentations:
Six oral presentations and two posters have been presented in different seminars as detailed
below. This activity has been regularly updated on the project website.
•

ENERGETICA XXI - Gabriel García, researcher of the Renewable Energy Grid
Integration Department of CENER, participated on the past 15th October 2015 in Madrid
(Spain) in a session entitled “Energy storage: technologies and projects (AETP 2015)”,
organized by Energetica XXI magazine. Over 100 people from different sectors related to
energy storage.
In particular, CENER’s lecture addressed the characterization of the capabilities of the
energy storage systems. One of the key issues for an increased deployment of these
systems is the identification of appropriate business models for each technology and grid
location. As a practical case study, the activities of the LIFE ZAESS European project
were described, where the case of a Zinc-Air flow battery developed by Técnicas
Reunidas is studied.
See Annex 7.3.3.6 of this Final Report

•

BILBAOEKINTZA - Under the title “Innovative and future key factors in the field of
environmental technologies and urban solutions“, BilbaoEkintza organized four seminars
in consecutive weeks oriented towards innovations that contribute to improve the efficient
use of resources and thus promote a more sustainable development of our urban
environments. The content of the four organized conferences, which took place at Yimby
Bilbao, were focused on environment, mobility, energy and construction-rehabilitation.
BilbaoEkintza is a Local Business Public Entity, which aims to generate economic and
social wealth for the city.
Gabriel García, technician of CENER presented the LIFE ZAESS project on October 29th
2015, in the conference of energy. First, the background leading to develop this project
was described, where the storage of energy on a large scale can complement the
installation of new electricity transmission infrastructure to achieve greater penetration of
renewables in the network. Then, an update of the project progress to date was presented,
where the prototype nearing completion has a central role. Finally, the upcoming tasks
were listed, including testing the prototype, and the organization of the mid-term
workshop of LIFE ZAESS. Over 20 participants attended from local companies interested
in innovative solutions for a lower environmental impact.
See Annex 7.3.3.7 of this Final Report

•

MaBIC (Metal-Air Battery International Congress) 7th of March 2016 in Santander
(Spain), where an oral presentation about ZAESS technology was given. The Metal Air
Batteries International Congress is aimed at creating a meeting point among students,
researchers and companies in relation with metal-air batteries. Approximately 40 people
attended the workshop, including scientists from Europe and the USA.
See Annex 7.3.3.8 of this Final Report

•

IZABW (International Zinc-Air Battery Workshop) 5-6th of April 2016 in Ulm (Germany)
where a poster describing the project objectives and expected results was presented
(Annex 6.2.3). The first IZABW (International Zinc/Air Battery Workshop) was attended
by a hundred researchers from different universities and companies from European
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countries like Germany, France, Spain, Italy, United Kingdom, Norway, Austria,
Bulgaria, Denmark and Switzerland as well as countries such as Canada, Israel, China,
Malaysia and Singapore. This international workshop supports the further development of
the zinc-air technology, discussing pathways for its technical improvement.
See Annex 7.3.3.9 of this Final Report
•

Genera fair 15-17th of June 2016 in Madrid, (Spain), where a poster explaining the LIFE
ZAESS project was awarded to be present in the “Galería de la Innovación”together with
other 17 innovation projects. For eight years running, the Innovation Gallery has sought to
provide acknowledgement for innovative projects in the fields of renewable energy,
energy efficiency and the environment.More than 9,000 visitors and 80 exibitors gathered
in the event.
See Annex 7.3.3.10 of this Final Report

•

Greenovate! Europe Academy, Sangüesa, December 2016, Greenovate! Europe members
presented their expanding competences in the area of Storage at an academy session
organised in co-operation with the Spanish National Renewable Energy Centre (CENER)
on December 13. CENER’s Renewable Energy Grid Integration Department (IRE) hosted
the event, showcasing the impressive depth and scope of their research and development
activities in this field. CENER presented a selection of the different storage technologies
which they are working on, including: CSP solar thermal storage, cryogenic energy
storage (CRYOHUB) and zinc-air energy storage (LIFE ZAESS). Over 20 participants
attended. http://www.greenovate-europe.eu/ge-academy-storage-0
See Annex 7.3.3.11 of this Final Report

•

European Symposium on Electrochemical Engineering, Prague, June 2017; More than 110
contributions covered the latest developments in electrochemical science and technology,
including energy storage and conversion applications. Almost one third of participants
come from outside Europe. Tecnicas Reunidas explained the potential of zinc-air flow
battery technology to reduce greenhouse gas emissions and shared the results of the pilot
plant operation and the environmental impact assessment. More than 110 contributions
covered the latest developments in electrochemical science and technology, including
energy storage and conversion applications. Almost one third of participants come from
outside Europe.
See Annex 7.3.3.12 of this Final Report

•

Metal-Air Battery International Congress, Huesca, June 2017; Tecnicas Reunidas attended
for the third year running the Metal-Air Battery International Congress (MaBIC)
organized by Albufera Energy Storage in Huesca. TR presented the results and
conclusions of the LIFE ZAESS pilot plant operation. TR explained the potential of zincair flow battery technology to increase renewable energy penetration and reduce
greenhouse gas emissions. The results of other relevant projects in the field of zinc-air and
lithium-air batteries were presented at the congress. The congress was attended by more
than 40 people.
See Annex 7.3.3.13 of this Final Report

Organization of two technical workshops
National mid-term workshop was organised in June 2016:
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On 14 June the "Workshop LIFE ZAESS - REDOX FLOW BATTERIES" workshop was
held in Madrid with good response, 56 experts form academia (37%) and industry (63%)
attended the workshop. Companies such as Iberdrola, GNF, Cegasa, Ingeteam, Saft, Albufera
Energy, Zingor, ACS, Jofermar, Cinergia and Exide Techonologies, and Universities and
Research Centres working in this field, shared with us their experience and vision in the
development of these new technologies. Subsequently, we were able to discuss in the
roundtables the main aspects of interest identified during the presentations.
Lastly, at the end of the workshop attendants had the opportunity to visit the José Lladó
Technological Centre of Técnicas Reunidas and have a glimpse to the ZAESS demonstrator
where main features of the pilot plant where presented to the audience.
A dedicated section for this workshop is available on the project’s website, showing the
agenda, pictures, etc: http://www.zaess.eu/workshop-2016/ . Also, see Annex 7.3.3.14 of this
Final Report.
The Final Workshop was organised in June 2017.
40 experts related to the energy storage sector met in Pamplona, 62.5% of the attendees came
from companies such as EDP España, Endesa, Acciona Energía, GNF, Cegasa, Ingeteam,
Saft, Albufera Energy, Zigor, Jofemar, Green Renovables. During the first part of the
morning, as well as reflecting on the suitability of storage systems to integrate renewable
energy sources, the main results of the project were presented by Cener and Técnicas
Reunidas. In the second part of the morning, the projects and the practical experiences of
some of the major players in the national electric sector in the area of energy storage were
explained, as well as the ability of energy storage to provide services to the network such as
voltage or frequency regulation:
-

EDP. Mr. Luis Santos. Comparison of flow batteries against Li-ion. Redox2015
project.
Endesa. Energy Storage Operating Plants. Several projects in European islands.
REE. Energy Storage. Innovation at REE.
Acciona. Mr. Eugenio Guelbenzu. New Hybrid Energy Storage for Wind Integration.
Hywindess Project

To end the day, attendees moved to CENER facilities in Sangüesa (Navarra) to visit the
Microgrid ATENEA, geared to an industrial application, as well as the activities of the
Renewable Energy Grid Integration Department (IRE) in the field of microgrids. One of the
conclusions of the conference was that, to make the leap from demonstration to commercial
projects, the storage sector must overcome the current regulatory and legal barriers as well as
continue a path of cost reduction.
A dedicated section for the Final workshop is available on the project’s website, showing the
agenda, pictures, etc: http://www.zaess.eu/workshop-2017/.
The overall dissemination material has been collected and submitted in deliverable
“Dissemination portfolio report” in Annex 7.3.3.10 of this Final Report.
Progress indicators: real (foreseen)
Number of visits to the website: 13,500 (4,400 users)
(<5000 visitors)
Participating in relevant events: 2 oral presentations at national events, 4 oral presentations at
international events and presentation of 2 posters
(4 mayor events and 2 workshops)
Number of attendees to the mid-term workshop: 56
(60)
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Number of attendees to the final workshop: 40
Number of publications: 4 technical publications + 1 scientific article
Dissemination plan completion: completed 100%

(60)
(4 technical)

Work done in Action D1 is summarised in the deliverables “Dissemination portfolio report”
(Annex 7.2.1.10), “Layman’s report” (Annex 7.3.1.1 and 7.3.1.2) and “Scientific publications
report” (Annex 7.2.1.11) included in the present Final Report.
Additionally, Action D1 included the following list of deliverables, which were already
delivered in previous Reports (Inception, Mid Term and Progress Report):
• Draft communication and dissemination plan
• Project’s corporate image design
• Project website
• Brochure and panels
• Final communication and dissemination plan
• Promotional material: 100 powerbanks and 100 pendrives

4.3 Evaluation of Project Implementation
Methodology:
ZAESS’s partners have designed several plans and methodologies for the different processes
to be performed under the project:
• Action A1: The knowledge and back ground of CENER with the inputs provided by
TR regarding the characteristics of the Zinc-Air technology has been used to gain
access to high quality information. Continuous communication between CENER and
TR has made possible to produce and expert report using a relatively low number of
man-hours.
• Action B1: The knowledge of TR regarding the Zinc-Air technology have been used
to set the expected performance of the pilot plant. This information has been shared
with CENER and several suitable applications for this technology have been selected.
Open and continuous communication between CENER and TR has been the key to
succeed in this action. Again the number of man-hours employed has been relatively
low.
• Action B2: Common methodology in an engineering company: definition of design
bases; production of base engineering design. Refining of design bases, production of
flow diagram, process and instrumentation diagrams, layout and operation manual.
Fluent communication between R&D and Process departments have been crucial to
produce the Detailed Engineering Design on time according to time effort.
• Action B3: Follow-up of purchasing orders by dedicated people in TR’s division.
Periodic contact by e-mail or telephone with suppliers. Periodic meetings with
workshop and Engineering Department.
• Action B4: Common TR’s methodology for commissioning has been used during the
setting up of the pilot plant. Individual systems have been tested and place into
operation in a stepwise manner. Evaluation of the pilot plan has been done following
international test (IEC 61427-2, PNNL-22010 rev1).
• Action B5: AACE International Recommended Practice Nº 18R-97 (Cost Estimate
Classification System- as Applied in Engineering, Procurement and Construction for
the Process Industries) has been followed for capex estimation. Opex estimation
results from mass balance and operational information gathered in Action B4. The

41

•

•

•

techno-economic validation has included a market study and a benchmarking of
electrochemical ESS technologies, which have been the base for a software
methodology which identifies the applications and benefits for a specific ESS.
Action B6: TR has provided all the information needed related to the materials and
components used for the battery manufacturing. The calculation of the global warming
or climatic change has been done according to method CML, an instrument for
performing an LCA according to DIN EN ISO 14040. Alternatively, the rest of the
impacts have been evaluated through the ReCiPe Midpoint (E) method to obtain the
environmental footprint.
Action B7: The methodology in this task has been based on the experience gained by
CENER in previous projects including assessments of the regulatory framework. This
has enabled the identification of key documents regarding European and national
roadmaps, as well as the availability of information from key expert forums.
Action D1: Regular meetings between CENER and TR con follow up the
Communication and Dissemination Plan. Presentations, video and brochures have
been produced with fluent inputs from the teams involved in the Zaess project in both
companies.

Cost efficiency of actions:
The most time and effort consuming actions carried out under LIFE ZAESS project have been
Action B3, B4, and B5 in the technical part and Action E1 and D1 in management and
dissemination respectively.
Action B3 comprises the cost of procurement of materials and systems and building of the
prototype. Most of the cost of the prototype is the result of the effort to have every individual
cell monitorized both hydraulically and electrically. This decision has paid off during the
operation of the prototype. Action B4 cost is mainly personnel cost due to the operation of the
pilot plant. This cost has been kept to a minimum thanks to effort carried out to implement in
the prototype automatic monitoring and control. Finally, the third action regarding budget has
been B5 which account for the personnel cost needed to carry out the conceptual engineering
study of an industrial size energy storage plant and its technical and economical validation.
This cost has been minimized due to the expertise TR has in the conceptual estimation of
Capex and Opex for industrial plans.
One important action considering budget has been Action E where c.a. 480 persons·day were
allocated for management activities. The project has run without any delay and deliverables
and reports have been produced in due time.
Finally, budget for Action D1 is split between personnel and external assistance plus materials
and travel. Most important cost of action D1 has been the production of two videos uploaded
to YouTube presenting the project at midterm and at the end of the project.
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Project implementation evaluation
In order to evaluate project implementation several indicators were monitored in each action. These indicators are quantifiable items that should
have been achieved through the development of the project, as well as show those achieved results.
Task
Task A1.1. Identification of
applications of energy storage
systems for the grid
Task A1.2. Definition of the
energy storage features
required for each application
Task A1.3. Assessment of the
applicability of Zinc-Air
technology

Task B1.1. Definition of
specifications for the scaled
energy storage pilot plant
Task B1.2 Definition of pilot
plant performance
verification tests

Task B2.1. Basic engineering
design
Task B2.2 Detailed
engineering design
Action B3: Energy storage
pilot plant construction

Foreseen in the proposal

Achieved

Evaluation

Action A1: Definition of energy storage requirements for renewable energy and smart grids in EU
Document with applications/needs 12 applications and 11 energy storage technologies
100% accomplished on time
of the power market
have been identified (D05, provided in the Inception
Report)
Required features of energy
storage system
Assessment of suitability of zincair technology

Zinc-air features have been defined (D06, provided in
the Inception Report)

Three primary applications and three secondary
applications have been identified where Zinc-Air
technology could be applicable (D6, provided in the
Inception Report)
Action B1: Energy storage system specifications
Definition of main specifications
Main specifications have been defined for both
of the pilot plant
constant power and constant current operation (D07,
provided in the Inception Report)
Definition of the performance
Test have been defined for both constant power and
verification test
current operation. Peak power saving and Timeshifting test have been identified according to IEC
61427-2 (D08, provided in the Inception Report)
Action B2: Energy storage pilot plant design
Basic engineering design package
Basic engineering design package has been produced
(D11, provided in the Mid-term Report)
Detailed engineering design
Detailed engineering design package has been
package
produced (D15, provided in the Mid-term Report)
Action B3: Energy storage pilot plant construction
Energy storage pilot plant
Mechanical structure erected. All elements of different
constructed under specifications
systems received. Monitoring&Control system defined
and ready for start-up
and the software has been designed. Mounting the
cells (Final version of the deliverable provided in the
Progress Report)

100% accomplished on time

100% accomplished on time

100% accomplished on time

100% accomplished on time

100% accomplished on time
100% accomplished on time

Completed. Three months delay for this Action.
Production of individual components of the cells
in PMA has been more difficult than original
expected. The high scales industrial process
using injection of ABS should be more
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Task

Foreseen in the proposal

Achieved

Evaluation
straightforward. This short delay in the
construction of the pilot plant is reasonable
assuming the difficulties to produce the
framework of the cells in a relatively artisanal
way.

Task B4.1.Pilot plant start up
and parametrization

Task B4.2.Pilot plant
demonstration

Task B5.1 Conceptual
engineering study

Task B5.2 Techno-economic
validation

B6 Environmental impact
analysis

Action B4: Energy storage pilot plant demonstration
Parametrization of pilot plant.
Parametrization tests carried out on each cell’s stack at
Deciding the parameters necessary different temperatures and flow rates. Best operating
to achieve the best performance of conditions achieved at low temperature (40 ºC) and
the plant.
high flow rate (2250 L/h). (Final version provided in
the Progress Report)
Performance results of the pilot
Pilot plant has been tested under the following
applications: energy time-shifting (according to
plant under controlled conditions
international standard IEC 61427-2), time-shifting
of renewable applications.
Maximum power 1 kW. Energy 4
using a constant current profile, solar PV energy
kWh. Energy efficiency 60%.
storage and wind energy storage.
Maximum power 0.82 kW. Energy 3.13 kWh. Energy
efficiency 40%. (Provided in the Final Report Annex
7.2.1.1)
Action B5: Techno-economic validation
Conceptual study of the
All information collected in deliverable “Conceptual
technology applied to an industrial Engineering Study Report” for an industrial plant of
application. Mass balance, process 5MW, 20MWh (Enclosed to the Final Report Annex
description, plot plan, Opex and
7.2.1.2 ).
Capex estimates.
Capex estimate Class 4 (+50% -20%) 22.6 M€. Opex
1.6 M€/year.

Technical validation and industrial
application business model

A benchmarking of the technology has been
performed against other energy storage technologies.
A study of the economic feasibility of the technology
in different application scenarios has been carried out.
(Attached to the Final Report in Annex 7.2.1.9)
Action B6: Environmental impact analysis
Product environmental footprint
Qualitative evaluation of the PEF indicators, and
Product carbon footprint
quantitative evaluation of the PCF have been

Completed. Three months delay produced for the
delay in B3. Startup tests showed that 60%
efficiency would be difficult to achieve.

Finished April 2017. Final efficiency achieved
was 40% due to ohmic losses in the cell
interconnections and shunt current losses.
Electrolyte does not degrade except for a small
amount of carbonate formation due to exchange
with CO2 in the air

Capex similar to other technologies. 50% of
Opex due to labor costs. Electrodes, separator
and electrolyte less than 20% of opex.
High construction costs could be reduced by a
modular, container type design, whereas high
labour costs could be reduced by automation.
Further electrode technology development could
yield higher efficiency, power density and
durability.
100% accomplished on time

100% accomplished on time
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Task
Step 1

Step 2: Draft product
category rules for product
environmental footprint of the
technology

Task B7.1. Legal assessment

Task B7.2. Regulatory
framework

Action C1: Effectiveness of
the project actions

Action C2: Project socioeconomic impact

Task D1.1 Communication
and dissemination plan
Task D1.2 Dissemination
elements and means

Foreseen in the proposal

Achieved

completed. Several future energy mix scenarios have
been studied, outlining the contribution of energy
storage for climate change mitigation. (Included in the
Final Report Annex 7.2.1.3)
Development of a draft PEFCR for The report developed provides Product Environmental
this technology
Footprint Category Rules (PEFCR) for developing
Product Environmental Footprints for large scale flow
batteries for a grid support application (Enclosed to
the Final Report Annex 7.2.1.6 )
Action B7: Legal and regulatory assessment
Review the electric sector and
A report has been generated providing a clear
overview of the regulatory framework regarding
renewable energy legislation, as
well as the environmental
energy storage at the European level and at four target
legislation at European level and
countries UK, Italy, Spain and France. (Included in the
for 4 target countries
Final Report, Annex 7.2.1.5)
Define barriers, opportunities and
A report has been generated determining the actual
proposal of changes for legislation barriers for energy storage introduction into the
for the identified issues of Task
electrical system and proposing recommendations to
B7.1.
facilitate the use of Zn-air flow batteries for renewable
energies grid integration (Attached to the Final Report,
Annex 7.2.1.8).
Action C1: Effectiveness of the project actions
Objective evaluation of the Zaess
All project actions completed and monitored.
activities. Impact assessment
Deliverable attached to the Final Report, Annex
report
7.2.1.12 - Effectiveness of the project actions report
Action C2: Project socio-economic impact
Objective evaluation of the Zaess
Socio-economic impacts evaluated estimated for the
activities. Socio-Economic Impact implementation of 500MW of zinc-air flow battery
assessment report
plants. Deliverable attached to the Final Report,
Annex 7.2.1.13 - Effectiveness of project socioeconomic aspects report
Action D1: Dissemination Activities
Communication and dissemination The final version of the Communication and
plan
Dissemination Plan has been produced in Deliverable
D13 (Delivered with the Mid-term Report).
Updated web page.
Webpage has been regularly updated during the
Layman’s report
project.

Evaluation

100% accomplished on time

100% accomplished on time

100% accomplished on time

B4 and B5 indicators are unsatisfactory,
specially energy efficiency, durability and CO2
savings
Demonstrated positive impact of renewable
energy storage but current zinc-air technology
not mature for commercialization.

100% accomplished on time

100% accomplished on time
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Task

Foreseen in the proposal

Achieved

Task D1. 3. Dissemination
activities

Task E1.1 Project
management

Task E.1.2. Project
monitoring

Action E2: Networking
activities with other projects

Brochures in Spanish and English have been printed.
Notice boards installed in Cener and TR
2 videos have been produced
Four technical articles and one scientific article
produced
100 Pendrives and 100 powerbanks
Layman’s report (digital copy available on the web)
Organization of two workshops
Mid Term Workshop and Final Workshop
Attendance to 4 European and 2
successfully organised with a good attendance (56 and
national trade fairs
40 participants respectively).
Public regularly informed
Attendance at 3 national trade fairs (Genera 2015,
2016 and 2017)
Action E1: Project management and monitoring of the project progress
Management documents
Financial Guide and Project Management Guidelines
Work plan and communication
were edited in D01 and D02, and submitted in the
routine
Inception Report.
Good practices to achieve project
objectives
Regular monitoring according to
Regular monitoring, control and review according to
work plan
work plan.
Control and review of financial
and technical issues.

Evaluation

Dissemination elements:
multilingual brochures, videos,
notice boards.
Presentations and communications

Action E2: Networking activities with other projects
Identify strategic related LIFE
LIFE projects identified as candidates for networking
projects
activities
Provide effective networking
Networking carried out in sectorial events and
activities
dedicated meetings
Establish new contacts

Finally the dissemination activity was targeted at
a less commercial audience
All other actions accomplished on time

Project was executed without relevant
difficulties, despite the withdrawal of two
beneficiaries at the beginning. After that, only
two partners so communication was
straightforward
Technical issues have been solved by meetings,
phone calls and e-mails.
Financial state of the project have been put in
common and checked every 6 months on the top
of the follow-up carried out in Cener and TR
separately.
First networking activities done at the beginning
of the project was useful to share experiences
regarding management of LIFE projects
(Jofemar, SmartGrid). After that, some
interesting ideas were shared with Sintef
regarding air-electrode. Finally meetings with
Saft, Endesa and Gas Natural-Fenosa have
provided a broader view of the energy storage
market.

Table 2. Project implementation evaluation summary
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Analysis of project results:
The LIFE ZAESS project has finished on time and all the preparatory, implementation,
monitoring, communication and management actions have been carried out as planned in the
initial scope of the project.
The demonstration has proved the scalability of zinc-air flow battery technology from
labscale to the range of 1 to 4 kWh. The pilot plant achieved the target of 2000 cycles of
continuous operation. However, the maximum round-trip energy efficiency achieved was
40% and it was expected to be circa 60%. This deviation is a result of shunt current losses and
ohmic losses that were not considered in the design phase.
A conceptual engineering study has been carried out for a 5 MW, 20 MWh zinc-air flow
battery energy storage plant with enhanced cell performance and durability assuming that
electrode technology is greatly improved through further development and engineering. Even
in this case, energy efficiency falls to roughly 50% after taking into account auxiliary energy
consumption for pumping electrolyte and circulating air.
From an economic point of view this engineering study was expected to yield capital costs
between 2,000 and 3,000 €/kW and finally the capital cost was found to be 4,500 €/kW in
terms of power or 1,100 €/kWh in terms of energy. The major capital cost components are the
auxiliary equipment and the plant construction activity. A new software tool has been
developed to simulate the financial case for different energy storage technologies and
applications.
A full environmental impact assessment throughout the entire life cycle of a MW scale energy
storage plant based on zinc-air flow battery technology has been elaborated, including
detailed environmental and carbon footprint analyses. The component with the highest
environmental impact is the zinc electrolyte solution. Although there are components with a
higher impact per kilogram of material, the large contribution of electrolyte to the total weight
is the key factor that makes it the main environmental impact of this technology. To reduce
overall GHG emissions improvements to the technology are necessary.
The laws and regulations affecting stationary energy storage at the European level and in
selected European countries have been identified and analysed. The key recommendations
issued in the LIFE ZAESS project are that regulations should be modified such that energy
storage is considered as a separate asset class and that it is not subject to double charging.
In summary, the LIFE ZAESS project demonstration has shown that current zinc-air flow
battery technology is not ready for commercialization in the short-term. It needs technical
developments to improve energy efficiency, increase durability and reduce costs. These
efforts should be focused on improving bifunctional oxygen electrodes and catalysts.
Effectiveness of dissemination:
The effectiveness of dissemination activities carried out by the LIFE ZAESS project is very
successful. This is mainly due to the simple and replicable procedures established in the
Communication plan. As already described in section 5.2, the consortium has carried out
different activities to guarantee LIFE ZAESS objectives and expected results, as well as the
project progress is disseminated amongst the most relevant stakeholders.
Lessons learned:
•

As stated before (Task B4.2), shunt current losses can be reduced by improving the stack
design. Increasing electrolyte path resistance and connecting cells hydraulically in series
have been found to be effective ways of reducing these losses. Both solutions are currently
being implemented in the new battery development carried out by TR.
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•

•

•

•
•

The reception of plastic cell frames suffered a delay of 5 months because this was by no
means a standard design and the selection a proper manufacturer was a time consuming
activity. Two main problems arose: the volume of the order was relatively small for all the
specialized companies and the mechanization of polymethylmethacrylate (PMMA’s)
plates was troublesome as the standard conditions for mechanizations produced a bend in
the plates. The new method relied in a slower movement of the mechanical tools to avoid
the heating of the polymer, so the manufacturing of the frames consumed three times
longer than expected. New materials as ABS (acrylonitrile butadiene styrene) and new
fabrication methods (laser sintering, fused deposition modeling) and external
manufacturers are being tested to manufacture cell frames of the new battery.
Large battery stacks with cells connected in series produce high voltage outputs (at least
over 24 V). Most commercial analog input modules do not accept common voltages
higher than 10 V and anomalous reading of the separated voltages of each cell can appear,
as it happened in ZAESS project. Specific battery monitoring analog input module has
been found and it is being tested to monitor cell voltages in the new battery stack.
Auxiliary systems (such us pumps, compressed air…) have a large impact in the
efficiency of the zinc-air technology. This impact has been quantified thanks to ZAESS
project and it is trying to be reduced by two methods: reducing the electrolyte flow needed
to increase zinc electrode efficiency (improving zinc electrode by other means like
additives) and stopping the pump during battery discharge.
Labor cost has a big influence in the operating costs of the plant, reducing the profitability
and compromising the viability of the technology. An automated and modular solution is
being implemented for the new battery design.
Website and workshops were very effective ways to disseminate the project whereas oral
presentations made in specialized conferences, in our own experience, were less effective.
Workshops attracts potential clients whereas specialized conferences are too academic and
less commercially oriented.

4.4 Analysis of long-term benefits
1) Environmental benefits:
a) Direct environmental benefits:
The LIFE ZAESS project has shown that a future zinc-air flow battery technology with
enhanced cell performance and durability could enable higher penetration of renewable
energy and lower greenhouse gas emissions (Action B6). However, as expected, the zinc-air
technology demonstrated in the pilot plant (Action B4) has not had any net direct
environmental benefits.
This is due in part to the relatively small scale of the pilot plant (≈1 kW). In this scale the
auxiliary equipment (pumping, heating…) have a high energy consumption in relation to the
electrical energy stored in the cells. However, as shown in the Conceptual Engineering Report
(Deliverable D19), in large plants (≈ MW scale) the auxiliary equipment represent a small
fraction of the energy stored and renewable energy stored in enhanced zinc-air flow battery
plants would have direct environmental benefits over fossil based electrical power generation.
b) Relevance for environmentally significant issues or policy areas
Reconciling growing demand for affordable and reliable electricity supplies with the need for
substantial reductions in GHG and criteria pollutant emissions presents a significant challenge
for policy-makers and for the electricity industry itself.
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The EU has a clear long-term roadmap for moving towards a low carbon economy in which
climate change and energy policies play a fundamental role (“Roadmap for moving to a
competitive low carbon economy in 2050”). This roadmap has the support of other policy
documents such as the “Energy Roadmap 2050”, the Green Paper “A 2030 framework for
climate change and energy policies”, amongst many others. Cornerstones of this long-term
policy framework are the headline targets for 2020:
• A 20% reduction in EU GHG from 1990 levels.
• Raising the share of EU energy consumption produced from renewable resources to
20%.
• A 20% improvement in the EU's energy efficiency.
The environmental impact of the technology has been addressed in action B6 and had used the
results from the operation of the prototype to achieve the following results:
- Calculation of the global warming or climatic change has been done according to
method CML, an instrument for performing and LCA according to DIN EN ISO
14040 analysing all the raw materials used and the energy used in the processes.
- Energy coming from the grid’s energy mix accounts for the largest share of emissions
associated with the energy delivered by the battery. Thus, the most desirable operating
mode for the ESSs seems to be making use of renewable energy for charging.
(deliverable D20)
- A PEFCR has been developed by CENER under the framework of the project LIFE
ZAESS. This PEFCR provides Product Environmental Footprint Category Rules
(PEFCR) for developing Product Environmental Footprints for large scale flow
batteries for a grid support application. The function described is to supply electrical
current at a desired voltage range from a stationary flow battery with a large capacity
of energy, during a given service life.
- Product Carbon Footprint, which can be considered as a subset of the Product
Environmental Footprint, has been stablished for the raw materials forming the
battery. It considers the total GHG emissions caused directly and indirectly by a
product, expressed as a carbon dioxide equivalent. (delivered within the Final Report,
Annex 7.2.1.7)
2) Long-term benefits and sustainability
a. Environmental benefits:
Additionally, to what has been set in section 5.4.1) all the policy documents suggest the
following key findings:
• By 2030 GHG emissions would need to be reduced by 40% in the EU to be on track to
reach a GHG reduction of between 80-95% by 2050, consistent with the
internationally agreed target to limit atmospheric warming to below 2°C.
• Higher shares of renewable energy, energy efficiency improvements and better and
smarter energy infrastructure are essential for transforming the EU's energy system.
• For renewables, the policy scenarios in the Energy Roadmap 2050 indicate a share of
around 30% in 2030.
Although these policies integrate different objectives, from a technical and environmental
perspective, reduction of GHG emissions while ensuring a stable and cost effective energy
supply clearly stands out.
Energy storage based in the technology tested in LIFE ZAESS aims to provide a solution to
this GHG emissions reduction. After pilot plant operation and LCA analysis of the battery an
overall perspective of the most polluting elements has been brought, raising possible
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improvements in the development and manufacture of the batteries. That way, increasing the
energy density and improving the efficiency of the technology, more favourable results could
be obtained from the environmental viewpoint. (deliverable D20, Annex 7.2.1.3 included in
the Final Report)
b. Economic benefits:
From an economic point of view, at the beginning of the project a conceptual engineering
study for a MW scale plant was expected to yield a capital cost between 2.000 and 3.000
€/kW. This is a commonly accepted cost target for gridscale energy storage systems in the
short to medium term.
A conceptual engineering study has been carried out for expenditure costs (CAPEX) to build
a 5 MW, 20 MWh plant zinc-air flow battery energy storage plant with enhanced cell
performance and durability supposing zinc-air flow battery technology is improved through
further development and engineering. The capital cost per unit of installed power and energy
are 4.500 €/kW and 1.100 €/kWh. These costs are not far from those of lithium ion and
vanadium flow batteries. However these estimates have an uncertainty of +50% -20%. The
cost of electrodes, separator and electrolyte represent less than 20% of the total CAPEX.
Regarding OPEX (7.2% of CAPEX), labour costs represent almost 50% of the costs and
replacement of electrodes and separator represent 30%. (Annex 7.2.1.2 of the Final Report) as
22.6 million euro. The operating expenditure (OPEX) was estimated 1.6 million euro as per
year.
High construction costs could be reduced by implementing a modular, container type design,
whereas high labour costs could be reduced by automation. Further electrode technology
development could yield higher efficiency, power density and durability, reducing footprint
and cooling requirements and reducing CAPEX and OPEX.
If 1% of renewable Spanish capacity (479 MW) is added in the form of the zinc-air flow
battery plants with a rated power of 5 MW, the construction of 96 plants would be necessary,
generating a capital expenditure of 2 170 million euro.
The annual operating expenditure of 96 plants would be 154 million euro. In Action B5
Técnicas Reunidas estimated that 23 people would be necessary to operate a 5 MW, 20 MWh
plant. Operation of 96 plants would therefore create 2 200 new, permanent direct jobs.
Additional jobs would be created during the project planning, manufacturing, installation, grid
connection phases. Indirect jobs would also be created to provide auxiliary services to the
plants during operation.
c. Social benefits:
The proposed deployment of 479 MW of zinc-air energy storage plants with 4 hours of
discharge capacity could store and deliver 690 GWh of renewable energy per year.
690 GWh is equivalent to 59 329 toe (1 toe = 11 630 kWh). The Primary Energy Factor is 2.5
(40% electrical generation efficiency). Also considering the results form action B5 and B6
and calculations explained in action C2 the estimated savings of zinc-air technology are:
- savings in oil equivalent are 150.000 t / year
- savings in CO2 emissions are 156 kt / year.
- savings of NOx emissions of 180 t / year.
- savings of SO2 emissions of 253 t / year
d. Continuation of the project:
LIFE ZAESS has probed the suitability of the technology to work together with renewable
energy, however some shown that mayor improvements must be done in order to improve
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energy efficiency and durability of the electrodes. These goals are pursued in the frame of a
research zinc-air flow technology. Técnicas Reunidas is transferring the results of LIFE
ZAESS project currently ongoing in TR to the development of a new zinc based flow battery
technology which is considered to be ready for commercialization in a shorter horizon.
3) Replicability, demonstration, transferability, cooperation
Despite the fact that the zinc-air flow battery technology of Tecnicas Reunidas is not ready for
commercialisation, the project has contributed with results and lessons learnt that can be
transferred and replicated by other European and national projects as explained below.
Tecnicas Reunidas is transferring the knowledge and practical experience generated in the
LIFE ZAESS project to research and develop new energy storage technologies. In particular
Tecnicas Reunidas is developing another zinc based flow battery technology that overcomes
some of the demonstrator efficiency and durability limitations of zinc-air technology.
Tecnicas Reunidas is also building on the experience of designing and estimating the capital
and operating costs of MW scale energy storage plants to optimize the design of new plants:
improving efficiency, reducing footprint and reducing costs by implementing a modular and
automated design.
CENER understands the grid integration of renewable energy as a strategic matter which is
frequently addressed by using energy storage systems. Thanks to this project, CENER has
widened its knowledge about energy storage technologies which is key for identifying the best
application case for each possible user. Besides, CENER has strengthened its understanding
of the impact of the regulatory framework on energy storage as well as the impact of the
environmental issues on the equipment manufacturing process.
Finally, the software tool of energy storage technologies’ assessment will enable CENER to
identify the most suitable technology to provide specific services to the grid. This can prove
to be a competitive difference when offering consultancy services to future clients.
In summary, the LIFE ZAESS project has made very valuable contributions from a scientific
and technical point of view and the results and conclusions have been widely disseminated to
all the stakeholders of energy storage systems. The After LIFE communication plan will
ensure this information remains available to all the public.
Furthermore, the consortium has held the Mid Term and Final Workshops where the project
have been disseminated in order to exchange experiences, contribute to their sustainability
and improve the transferability of the results.
As result of the Final Workshoop, two meetings with Union Fenosa have been held in Madrid
to look for projects of common interest that can continue with the development of grid scale
energy storage systems.
4) Best practices
LIFE ZAESS is in close contact with some other LIFE projects. We have exchanged some
best practices with FACTORY MICROGRID – Energy efficiency solution for Industrial
Environments (LIFE13 ENV/ES/000700) project. In a first meeting in Jofemar´s premises,
best practices for Diffusion activities where shared and full collaboration as speakers in the
respective workshops of the two projects was confirmed. Also both companies collaborated in
the other company’s workshop as speakers.
During the planning of the project two three months buffer were allocated for procurement
and construction of the demonstrator. This practice has been very useful to keep the project on
track despite the problems encountered during the construction of the cell frames.
5) Innovation and demonstration value
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The innovation and demonstration value of the LIFE ZAESS project has been endorsed by all
the technical, scientific and economic stakeholders that have been involved in the project.
The technology incorporates many new aspects over traditional zinc-air batteries. The alkaline
electrolyte includes proprietary additives and is circulated through the cells to increase
efficiency and cycle life. With respect to traditional flow batteries, zinc-air flow batteries only
require a low cost electrolyte solution and does not require expensive ion-exchange
membranes.
The value of the LIFE ZAESS project has been recognised by the publication of a peerreviewed scientific article in the Journal of Applied Electrochemistry (Springer). The
reviewers have acknowledged that the performance of such a large zinc-air system has been
described for the first time.
The high level of attendance to the Midterm and Final Workshops in Madrid and Pamplona,
the interest of utilities and renewable energy generators, the number of visits to the website,
the number of downloads and other dissemination indicators are evidence of the project value.
The key outputs of the project (results of the pilot plant demonstration, technical and
economic validation and environmental impact assessment of zinc-air flow battery
technology) have been delivered, reported and disseminated. This information will remain
available after the project and will be transferred to other projects and technologies.
6) Long term indicators of the project success:
Long term indicators for monitoring and evaluating project success has been chosen
accordingly to the outcomes resulting from the demonstration, the techno-economic validation
and the environmental analysis:
•
•
•
•
•
•

Number of visits to the LIFE ZAESS website
Number of downloads of Layman report
Number of downloads of technical reports
Energy Storage Research is maintained as priority line in Técnicas Reunidas’
Proprietary Technology Division.
Increased research activity related to zinc-air flow batteries, bifunctional air electrodes
and oxygen catalysts development
Nº of renewable energy providers interested in the new technology

5 Comments on the financial report
5.1 Summary of Costs Incurred
PROJECT COSTS INCURRED
Cost category

1.
2.
3.

Personnel
Travel
External assistance

Budget according to the Costs incurred within
grant agreement
the project duration
(up to 01/10/2017)
761.101,00 €
797.598,23 €
23.880,00 €
7.838,68 €
55.350,00 €
52.076,57 €

%

105%
33%
94%
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4.

5.
6.
7.

Durables: total nondepreciated cost
- Infrastructure subtot.
- Equipment sub-tot.
- Prototypes sub-tot.
Consumables
Other costs
Overheads
TOTAL

213.000,00 €

227.315,21 €

107%

0€

0€

-

0€
213.000,00 €
39.650,00 €
5.500,00 €
76.893,00 €
1.175.374,00 €

0€
227.315,21 €
27.024,71 €
450,00 €
77.861,24 €
1.190.164,64 €

107%
68%
8%
101%
101%

In general terms, overall costs incurred are in line with project budget: project beneficiaries
are justifying the 101% total costs that were initially budgeted. However, both, TR and
CENER are aware that no additional EU funding than the one agreed will be refunded. The
following minor incidences should be noticed by cost category:
Personnel costs: The delay in B3 caused a small delay in the execution of B actions and the
need from participation of more experienced personnel. This caused a small increase in the
personnel expenses generating a small deviation for such actions, along with the extra
working days needed to finish the action.
Also, the daily rate of some personnel is higher than the budgeted amount. This deviation is
due to the use of real working hours (instead of estimations) and the increase in personnel
salaries in the last years since the preparation of the proposal. These minor deviations caused
an over expense in the Personnel Cost. However, no collateral impact will have this deviation
in the rest of cost categories and no more EU Funding will be requested by the consortium.
Travel and Other costs: The major deviation comes from the travel expenses. For action B3,
some travels were budgeted for a total amount of 3.000,00€, but, as already explained in the
Mid-Term Report, those travels were not needed due to the collaboration with two European
electrodes producers. Furthermore, CENER finally attended to one international and one
national trip to disseminate project results, and TR was engaged in four international
dissemination events as planned. However, two of them were finally organized in Spanish
cities, which make the overall trip cost cheaper than expected. Dissemination of ZAESS
project was performed in different European events, guaranteeing the expected impact at
international level.
External assistance: support from third parties (website design and set up, support in the
project management, audits, etc…) has been required in different actions such as D1 and E1.
Prototype: All the budget was consumed for the prototype (107%) category, in Action B3.
Consumables: The 68% of the budget planned for this category has been spent. Consumables
related costs were spread across the different B (TR) and D (CENER) actions.
Other costs: although different congress fees were initially budgeted, finally, only one
congress fee for dissemination activities (MaBIC 16) has been required.
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