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Executive Summary

This document shows the results obtained during the demonstration period, which
run from March to September 2019 following the methodology established in the
report D5.1 (Demonstration test programme). The demo-site is located in Huesca, in
Aragon hydrogen Foundation premises.

This report presents the results achieved compared to the targets established in the
Grant Agreement. As an overall conclusion it has to be announced that the
performance of the system is satisfactory, it has been demonstrated that a strict off-
grid electrolysis system can operate autonomously, safely, efficiently, and with a
rapid response to the variable solar profile. The conclusion is that the system works.
The accumulated hydrogen production during the period was 413 kg, being the
most productive day 5" September with 5.9 kg.

For one hand it has to be remarked that the configuration tested was different from
the one devised during engineering phase which consisted on a PV filed with 13
strings with one DC/DC converter per string, then the current splits part to the stack
and the rest to the BoP where it is converted to AC to feed BoP consumers and store
energy in batteries. However this arrangement could not be tested because the
conversion to AC could not be properly tuned. So the alternative implemented was
to use 3 of the strings directly to feed the BoP while the rest directly feed the stack.

The initial phases of the demo campaigh were heavily affected by the immaturity of
the control to handle off-grid conditions. This forced to do daily and frequent
manual operations which led to leave the system shutdown outside the working
journey. It meant that during weekends the system did not operate. This situation
improved gradually and during a great part of the last month of the period the
system was left unattended during weekends which made September to be the
most productive month of the period. A chapter is devoted to present the main
unavailability causes.

The system did not reach 100% of load (50 kW in stack), the maximum achieved was
82%. Certainly a greater PV field should be required which opens an interesting area
of study because it is not evident the most advantageous ratio of PV field vs
electrolyser capacity.

The report gives detailed description of the performance of the system regarding
efficiencies, degradation, dynamic behaviour, and consumption of different sub-
systems. In general many of the targets were fulfilled although some of them require
further research. One of the conclusions reached is that off-grid systems differ much
more from on-grid than expected.

In a final chapter a list of the main lessons learned is presented.

ELY4OFF 3



D52 Analysis of demonstration phase Results

September 19

TABLE OF CONTENTS
1. INTRODICTION AND PRESENON OF OVERALL REBBIL.......cociviiiiiiiiiee i 6
2. ANALYSIS OF RESULTS ...ttt ettt sttt e e s tae e e e ntbe e e e snte e e e sntanse e e e saeeeennres 13
% T = = ol =1 T < T ) R 15
2.2 EFFICIENCY DEGRADNTICPI_7) . cciiiiiiiiiiiiie e 18
2.3 HOTIDLE RAMP TINKEPT 18)....ccci ittt e e ee ettt e e e e e e e e s et e e e e e e e e e e s s nnnnnes 19
2.4 COLD START RAMP TIHIPI_19)....cciiiiiiiiiiiiiii ettt e e 21
2.5 RAMP URSEC TO FULL LOARPT 21)...uuuiiiiiiieeeeeeiiiiiiiineeeeereeee e e e e s sssineasaneeneeseeeesessnnnnnssnnneees 22
2.6 EFFICIENCY OF TRBU. .. .uutiiiiiiiii ittt e e e e e e e e e e e e e e e e e e aeebab s 24
2.7  POWER USAGE OF AURM EQUIPMENTAT NOMINAL CAPACITY ...uvvrereeiirreeeessnrneeessnnnreneessnens 25
2.8  POWER OF THE CONTROBTEM WHEN OFE........cciiiiiiiieiiiiiiiitnttitinasas s e s e e eeeeaaaaeseeesesessssennnes 26
2.9 POWER USAGE OF AURKI EQUIPMENTIN IDLE...cceetitrrteessurreeeessnntreeeesssreeeessnnsneeesssnnssesesssnsens 27
2.10  STACK LIFETIMEPRI_BKPI_4)...cei ittt 28
2.11  SYSTEM LIFETINIEP] BKPI_B)....iiiii i e e e e e e e e e e s 28
2.12  AVAILABILITIKPI_8IKPI_9)....eiiie ittt et e e 29
P T 07 A o o < (K0 o I ) T PP 29
2.14 H2PRODUCTION FLEXTHIWITH BEGRADATICRR YA KPI_L17)..cciiiiiiiieiiiiiee e 29
2.15  MINIMUM PART LOABKPT _20) ... ueiitiiiieiiiiiis i e ee e e e e e e e e e e e e e e e e et s s s e s e e e e e e eaaaaaaaanennns 30
3. SYSTEM AV AL ABIL Y ettt et e e e e e e e e e e et e e e a e e e e e e e amran s e eeaaeaeeen 31
4, TESTS WITH METAL IRYMIIES.........ooiiiiiiie it simiie ettt smnte e st e e s tae e e nbe e e s samnees 34
4.1 BACKGROUNDS. ...ctuiiiteii et e et et et et e et e et e e e e et s ea e et e e s e et e eanesateeanaeteeaneeaneennnesnreenns 34
4.2 INSTALLATION SPEGIFIONS. .....cuutuuuununuuuuuaaaaeeseaeaeastaetereeeeeessssssssnnsnnsaaaasasaaaaaaeaeaeesnenennnnes 34
4.3  TESTS DONEHA PRIOR TBLYAORE. ... ..o 35
4.4  TESTS DONE DURIEIBYAORFE.......coiiiiiiiiiiiti e e 36
T @ o T U 1= [ N £ RSURRRRN 40
List of figures
Figure 1-1. Weekly H2 production during demo period 8
Figure 1-2. Example of operation in a good weather day 9
Figure 1-3. Example of operation in a bad weather day 9
Figure 1-4. Overaching control system. Main screen 10
Figure 1-5. Overaching control system. DC/DC Converters interface 10
Figure 1-6. Overaching control system. Graphic features 11
Figure 1-7. Energy management control. Main screen. 11
Figure 1-8. Energy management control. Battery monitor screen 12
Figure 1-9. Energy management control. Main settings interface 12
Figure 1-10. Energy management control. Fuel Cell interface 13
Figure 1-11. Energy management control. Graphic features. 13
Figure 2-1. System operation during test 16
ELYAOFF 4



D52 Analysis of demonstration phase Results September 19

Figure 2-2. Evolution of efficiency at stack level during demo period 17
Figure 2-3. Operation showing hot ramp up and down 20
Figure 2-4. Stack power absorption during test 22
Figure 2-5. Stack response 0-100% during lab tests (ITM) 23
Figure 2-6. V, | and P in PV and downstream converters during test 24
Figure 2-7. BoP consumption when power to stack is > 35 kW. 25
Figure 2-8. Consumption of BoP when electrolyser in idle status 26
Figure 2-9. Flexibility of H2 production (lab tests at ITM) 30
Figure 3-1. Causes of unavailability breakdown 32
Figure 3-2. Evolution of unavailability during demo period 32
Figure 3-3. Equivalent hours evolution during demo period 33
Figure 4-1. Design for the kinetic test bench. 34
Figure 4-2. Design of the test bench for kinetics. 35
Figure 4-3. Heating diagram of the hydride loaded at 10 bar. 36
Figure 4-4. Integration of installation of metal hydrides within the Ely4off system....37
Figure 4-5. Evolution of inlet and outlet temperatures and gas pressure.............c....... 38
Figure 4-6. Evolution of compressor loading and unloading. 39
Figure 4-7. Linear fit graph of fast and slow curves. 40
List of tables

Table 2-1. Main design parameters 14
Table 2-2. Other design parameters 14
Table 2-3. Efficiency results 15
Table 2-4. Efficiency at stack level (lab and demo) 17
Table 2-5. Efficiency degradation results 18
Table 2-6. Hot idle ramp time results 19
Table 2-7. Cold start ramp time results 21
Table 2-8. Ramp up results 22
Table 2-9. Efficiency of PSU (DC(DC converters) results 24
Table 2-10. Power usage of auxiliary equipment results 25
Table 2-11. Power of the control system when off results 26
Table 2-12. Power usage of auxiliary equipment results 27
Table 2-13. Stack lifetime results 28
Table 2-14. System lifetime results 28
Table 2-15. Availability results 29
Table 2-16. CAPEX results 29
Table 2-17. H2 production flexibility results 29
Table 2-18. Minimum part load results 30
Table 4-1. Elements included in the metal hydrides test bench 35
Table 4-2. Comparison of tests 39

ELY4OFF S



D52 Analysis of demonstration phase Results September 19

1. INTRODUCTION AND PRESENTATION OF OVERALL RESULTS

The objective of this deliverable is to show the results that have been obtained
during the demonstration period from March to September 2019. The aim of the
demonstration is to test in real operating conditions the system that has been
desighed and built during WP2, WP3, and WP4 and established in the previous
deliverable D5.1

A brief summary of the technical specifications established in previous deliverables
(D2.4, D2.5, and D5.1) is given as the reference, together with analysis carried out
from the data recorded in the SCADA system. The results provided are structured in
a similar way as the KPlIs values provided in the Annual Exercises (D1.2, D1.4).

A detailed demonstration plan (D5.1) was set up in order to ensure that the correct
monitoring of objectives and expected operation of the off-grid system was correctly
followed during the period and under variable conditions.

The system consists of 62 kWp solar field, 50 kW electrolyser stack and the BoP
consumes around 7-8 kW base load, with peaks due to consumption of chillers,
pumps, fans and rest of elements in the BoP. There are 13 strings in the PV field and
there is one DC/DC converter per string; after conversion the current splits part to the
stack and the rest to the BoP. As the elements in the BoP require AC, there is a
commercial DC/DC followed by a typical installation used in photovoltaic for feeding
consumers and storing energy in batteries. When there is no sun, the batteries
supply the essentials (basically control system and frost protection) and in case of
depletion a fuel cell enters into operation. This arrangement is the ideal one but
could not be tested because we couldn’t get the DC/DC and the inverter to work
together. So the alternative implemented was to use 3 of the strings directly to feed
the BoP while the rest directly feed the stack

It has been observed during the tests that the 100% load in the stack has never been
reached. The maximum load reached in the stack was 82.44%, but it was not
possible to have a larger solar field due to financing issues, as it was external to the
project.

What we have learned from the results obtained is quite valuable to do a more
appropriate sizing of the solar field, to improve the energy management of the
system, and to increase the availability. The demonstration done is sufficient to
conclude that the system works, it is robust, efficient and safe. However it's a fact
that during the demo period the extreme weather conditions were not covered,
which is an essential consideration to take into account. To fill this gap, the
consortium has come to an agreement to follow the demonstration during some
more time to gather information on the behaviour of the system also during winter
time

During the early phases of the demonstration period there were many modifications
in the control settings and the operation of the system was intermittent while they
were being solved. This period required many manual interventions in the system. It
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should be noted that the system has a remote connection which allowed the
partners (ITM, INYCOM and EPIC) to monitor the operation, while FHa did the
modifications, adjustments or manoeuvres required in spite of that field engineers
from all the partners worked on-site when required.

The initial phases of the demonstration were marked by a high consumption of

auxiliaries during [

the

th
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