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Executive Summary
This document (D8.3) reports the activities of Task 8.2 of the GOFLEX project.

The goal of GOFLEX project is to demonstifaeepossibility to harvest flexibility in electrical
consumption at prosumers levels. There can be different types of prosunsech as
householdswith some standarccontrollable electrical appliances, factories with industrial
processesnd charging stdonsfor electric vehicle. The GOFLEX system is tested in 3 differ-
ent demo sites across Europe, representing different contexts.

The implementation of the system prototypé the demo site of ESR area is presented in
this report. Atthe time of this rgort, corresponding to the Milestone 4 of the project, the
representative systems dhe different types were allnstalled,and this demonstrates the
proper operationin the fieldof the whole system. Over the next months, a scale up of the
number of conected systems will be done:

1 Direct Control:the proposed equipment is installed and operational at
60 prosumers; the scaling up goes to 200 prosumers. The direct con-
trol system isnormallyinstalledin a house and the controlled flexible
loads are a heatpump, a water heater oa direct electrical heatingp-
pliance

1 Factory Energy Management Systems (FEMS): 3 industrial processes
are installed andconnected atthe time of this report and the scaling
up goes to 10 factories.

1 Home Energy Management Syste(hlEMS)2 homes wereconnected
at time of this report one of it being a COHEM#d the scaling upvill
goupto 20 HEM$ the next weeks.

1 Charging energy management systems (CERI®EMSare currently
connected encompassing 4 charging stations. Moharging stations
will be installed and connected.

The report will present technical aspects of the prototype as well as wider aspects such as

installation routines and problems, interaction with local inhabitant, information provided to
the client, etc.
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1 Introduction

1.1 Purpose

This document provides a progress report regarding the situation and the accomplished
work of WP8¢ System Deployment & EvaluatignUse Case 2 after 24 months (November
2016¢ October 2018). It provides the reader withe description of the Swiss Pildeploy-

ment phase,explaining how the prosumengere found and how thelifferent systens were
installed.

A deeper analysis of the value of flexibility used for BBBRnesscases was described in
D8.2 whereas D8.4 (M36) will describe the global results of the Swiss pilot.

1.2 GOFLEX System

The GOFLEX system manages energy production and consumption at the local level, from
the bottom up. In this way, consumers can participate adyive the future energy system

by offering to be flexible in their energy production and/or consumption. In GOFLEX, end
users of energy place offer to sell or activate discrete amounts of energy flexibility on a mar-
ket. In the project demonstrations, thegdribution system operator (DSO) accesses this flex-
ibility by submitting a buypffer to the market. Technology is also provided to for the DSO to
automate and optimize use of flexibility in the grielgurel illustrates these cocepts.

|,"-' .J FL Ex
. . Offertosel )
flexibility
Offer to buy D-'Etr'-but","-‘!"
. flexibility Observabilivy &
i "
= Servica
"
< Offer to sall = [ Grid Operator
flexibiity | £
=
i
i Forecasting Selected
Platfarm grid data i
Offer to sell
flexibilit
LN

Figurel - lllustration of GOFLEX Concept

Carrying out automatic trading of energy flexibility requires an integrated suite of technolog-
ical components. Working from the bottom upwards, energy users such as factorrassho
and electric vehicles each require a suitable energy management system to physically con-
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trol the energy loads that deliver flexibilitfthus,a Factory Energy Management System
(FEMS) controls factories and commercial buildings; a Home Energy Manmdg8ystem
(HEMS) controls residential locations; a Charging Energy Management System (CEMS) con-
trols electric vehicle charging stations; a Charging/Discharging Energy Management System
(CDEMS) controls an electric vehicle capable of discharging to th&gner types of energy
management system such as smart plugs or direct controls are also used. The energy man-
agement systems communicate available flexibility to a FlexOffer Agent (FOA). The role of
the FOA is to transform information on available flekypiinto a standard format and pro-

vide it to a centralized Flexibility Manager (FMAN). The FMAN places the offer on a Flexibility
Market (FMAR) and receives notifications about whether the offer is accepted. When an
offer is activated, the FMAN notifiebd energy management system via the FOA. Collective-

ly, the FMAR, FMAN, and FOA comprise an automatic trading platform (ATP). The DSO ac-
cesses energy flexibility by trading on the market. From the DSO side, a Distribution Observ-
ability and Management Syste (DOMS) receives grid data and forecasts from the Service
Platform (SP). DOMS then optimize where and when flexibility is needed to meet operational
needs. The required flexibility is expressed as adftgr and sent to the trading platform.
Figure2 summarizes the technological components of GOFLEX systems.

Distribution

(DOMS)

Direct \ /FlexOffer | . I
Control A\ (i / Forecasting & Service |

Home Energy /" FlexOffer . / FlexOffer { R o
4——> Management System }C—N Agent | [ Agent I\ ‘ Mana; ement\; stem
(HEMS) ) _(Fon S \_(rom) oS

ﬂk —
N SO Platform ‘
Air con / heat pump B (SP)
[ Charging Energy | “FlexOffer Flexibility Selected
—) Management System ‘1—» Agent  4—) MANager grid data
! (CEMS) “__(Foa) (FMAN)
( Factory Energy \ ’ “FlexOffer - X
4+—— Management System }Q—M Agent [P
{ (FEMS) / “__(FOA) { /
iy " ~ Distribution System
Operator (DSO)
Energy Ve ~
Management | Flexibility MARKket ‘
Prosumers Systems (FMAR)

Automatic Trading
Platform (ATP)

Figure2 - GOFLEX System Components
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1.3 Related Documents

This document is related to the similar deliverables of the other Wsalso directly tiked
to D8.1 and D8.2.

1.4 Document Structure

This report explains the elements implemented in the Swiss demo case. To facilitate the un-
derstanding of the demo cas€&jgure3 presents the scope of the demo with the different
technicalsolutions that must be deployed.

ESR data

SERVER —> DOMS
IBM

FOA (Flexibility offer agent)

FMAR (Flexibility market)
FOA FOA
DEMS Aggregator
(100+) (100+)
FOA FOA FOA FOA INEAN AAU
CDEMS (5) || HEMS (20) CS (10) FEMS (10) Direct Control (200+)
Robotina Robotina Etrel INEA HES-SO

Figure3 - Structure of the Swiss pilot

After a brief introduction on the purpose of this report in Section 1, Section 2 will follow with
the description of the interaction with the prosumers.cBen 3 will then describe the instal-
lation of the technical solutions in the field, followed by a short conclusion in Section 4.
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2 ProsumerParticipation

Thissectiondescribes thg@rosumers participating in the demonstratiby trading mode and
type of energy management systenCopies of information provided to the prosumers are
included.

2.1 Direct trading prosumers

2.1.1 Factories (FEMS)

The selection of partners as FEMS was carriedbased on the list ofarge consumers
known by ESRDuring this first stage45 companies were selected hen,we analysed the
process that took place in those companies with the goal to identify the most interesting
partners forGOFLERroject. 39 companieshavethermal processes (warm or cold) linked to
thermal storages and thefere the flexible ones have been selected. These thermal pro-
cesses are often just one part of the overall activities that take place on an industriaitsite
the end only 31 sites with predominant thermal processes have been selected.

Tablel - List of FEMS

N° Description Electrical Flexibility PV plant
power Winter Summer

01 Asphalt base 100 kw  Middle High -

02 Cold storage for food 75 kW High Middle MQMDPp N

03 Semi industrial bakery 50 kw High Low 140 kW

04 Wine cella 105 kW High (except har 500 kW

vest)
05 Swimming pool ath skating ring 160 kW  Middle High -

06 Private services building and pub 125 kW Middle Middle 250 kW
swimming pool

07 Microparts producer 90 kw Middle Middle -
08 Public building (library angestaurant) 80 kW High Low -

09 Public building (school and 2 sport ha 30 kW High Middle 250
10 Public building (museum) 40 kW High None -
TOTAL 855 kW 2'290 kW
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HESSO maintains close links with the local companies and this was a great hegjix¢otins
selection but not enough to convince all partners with the most potential. In toaasnty
companies were approached, and participation agreement was signed tanttof them
(Tablel).

A classification of flexibility hdmeen estimated:

1. High: The consumer should always react to a-offt or switchon
command (probability > 90%)

2. Middle: The consumer should most of the time react to a-offtor
switch-on command (probability >50% and < 90%)

3. Low: The consumer does not reamost of the time to a cubff or
switch-on command (probability < 50%)

4. None:There is no flexibility and no consumptiand heating installa-
tion of a building during summer time).

This general classification was established following our discussitimdaeility managers
and our experience in the operation of the controlled installations. They must be confirmed
by tests during the pilot phase.

An agreement has been signed with eammpany It has no real contractualalue,but it
sets the framework othe required collaboration to participateo GOFLEKroject. The doc-
ument states that:

1 There is no charge for the companies for the installations of the sys-
tems andof the different required meters,

1 TheinstalledFEMS installed will make possible the al&ation of the
energy consumption and will propose analysis tools during the project

1 A complete analys of consumption and a report will be done at the
end of project,ncluding possible detected problems as well as advices
on optimization,

71 If the useof flexibility generatesa demonstrated financial interesa
fair remuneration will be discussed with ESR

1 The company is free to communicate about its participation in
GOFLEXor marketing purposes,ompanypositioning image tovards
the energy transitn, etc.,

1 The technical risks are loasthe current installationwill always keep
all its functionalitiesand the final decision to accept or refuse incen-
tives from the FEMS belong to thecd control system,

D8.3 Report on the System Prototype Implemented in the Felide Case 2 13



Generalized Operational FLEXibility A FLEX
for Integrating Renewdbs in the Distribition Grid (GOFLEX o A

1 TheHESSOand ESR, are committed to providiall technical support
to solve any problems. If modifications are suggested, they will be
made with the agreement of the partner and wié carried out by
professionals,

1 GOFLEX is a research project, there is no guarantiéeapicial or en-
ergy gains,

1 If the company would like teontinue using the system at the end of
the project an arrangement will have to be found for the continuation
of the service. Otherwise, waill undertake to uninstall athe system,

1 The confidentiality of the data is guarantkeThey will be stored by
ESR and managed by HES and ESR. In parallel, part of them can be
forwarded to GOFLEX project partners for research, development of
optimisation solutions, economic interest calculation and load man-
agement. In all cases, thesatd will be made anonymous before be-
ing transmitted to the partners. The link between the company name
and the data will only be known by HE® and ESR. No public com-
munication mentioning the names of the companies will be made.

In October 2018, the depyonent status is as follows: FEMIZ, 08 are running sincéugust

2018 and FEMS 07 is running since October. Installations of FEMS 03, 04, 06 and 09 are
planned during October and they will be commissioning successively. BEM&s been
abandoned due to dficulties to find an agreement with the subcontractor wheerseeghe

LI FyiQa O2y iNRf &aeaidSyeo ¢KS O2ada Ayg2f gSR
with GOFLEXystem were disproportionate and unjustified/e are currently in search of a
replacement company.

For FEM®umber05 and 10, problems related to communication with current control sys-
tems needs to be solved with the concerned subcontractor.

Among the 10 companies with whom the project was able to enter in deployment phase, 8
of them had exsting links with HESOwhich was mandated fopreviousprojects. In fact, it

has been much more difficult to convince bigger companies with other interests in other
part of the country or outside the country. One of the princigdficultieswas toestablish a
contact with the right person inside the company able to support and defend the project to
decisionmakers. Among théen refusals we hadnine concerned multiple level companies

in which such decisions are not taken at the local level. Ie@s easier to work with local
companies, with no external link.

The second big difficulty, once an agreement had been established with a congasyo
convincetheir subcontractors in charge of the automation and control systems with whom
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we wantto interact. For FEMS 0fhis element has been prejudicial for the implementation

of the project, even if the final customer had given his consent. For FEM8eOfnally
found a way to collaborate and the fact that this subcontractor has ongoing projedts wit
the HESSO wasignificant Control systems of 6ut of the 10 demo siteare performedby

the same international automation company. It allowed us to prese@FLEXroject in a
different way to this subcontractor, with more weight and importan®¥éhen six of your
clients want to participate inthe same projectit is more difficult todeny collaborationin
addition, the development made for one is useful for the following five. These arguments
have enabled us to establish a good collaboration with shiscontractor. If we had to ne-
gotiate one by one each implementation of FEMS, the result would not have been as posi-
tive, resulting inmuch more rejection. This is exactly what makes the implementation of
FEMS 05 and 10 slower and more difficult.

As othe difficulties frequently encountered, weould mention the fact that companies and

people in general have internalized and understood the concept of energy efficiency.
GOFLEXApproach is different and goes one step further in the decarbonisation of aligtr

by proposing tancrease the overall efficiency of the power system and maximizecome

sumption of renewable energy at a higher level. This point was and is not easy to explain to
non-d LIS OA I £ A & (i dvill coksBmeMddrgsb Ball pay endB & 0 2 S Kilefhati2 Sy 3
if consumption and costwill increase throughout the test phase of the projeittese costs

would not be charged by ESRnally,some big consumerare connected to ESR grilit are

not client of ESR. These companies have acteshe liberalised electricity market and we

decided to exclude them.

2.1.2 Homes (HEMS)

2.1.2.1 Selection of HEMS

For the installation of HEMS, first list of possible participants was drawn bpsed on
households' characteristics, searching to have the most compbebsumers, equipped if
possible withsolar panels, smart grid ready heat pumps and charging station for electrical
vehicles.

A list of themost promising houses where to install a HEMSS created and the owner were
then contacted.The main argumentsthat were used to convince people to participate to
GOFLEX wetthe following:

1 The mssibility to monitor the whole consumption and production of
the building

1 The system will boost the use of solar panelssklf-consumption

1 The mwssibility toactivelyparticipateto the energetic transitiorto al-
low for a better use of renewables
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However, some demands received a coldlcome Based on the major difference of price
between injected and purchased electricity, some people were more searching for a solution
to get off the grid. In all cases, proximity with the clewas a clear plus to convintieem.

2.1.2.2 Installation principle
Controller and linker

1. The controller Figure4) collects the inputs and allows the piloting of
the loads via iternal and wireless relays.

2. The linker Figure4), materialized as an industrial PC, insures the link
between the controller and the Robotina server.

(€3

CAD-232-A2
R5232 to RS485

Figure4 - lllustration of the controller and linke

Measurements
1. Electrical power

The consumed or produced power can be measured through three
phase power metersHigure5). We decided to measure separately the
general consumption of the house, of the heat pump, and of the elec-
trical vehicle. Finally, the production of the solar panels will also be
separately measured.

(Je

L1 L2 @) L3 Ni

® By® ®

15 10

Figure5 - lllustration of the three-phase power meter.
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The power meters poweredthroughits connectiors to the grid andt
communicates with the controller via ModbusMost appliancesuse
three phases, even if sometimelectrical vehiclecan be chargedis-
ingonly one phase.

2. Room temperature

We plan to equip the living room of each housé&d with a tempera-
ture and humidity sensoffFigure6). The communication with theon-
troller is made via Zigbee wireless protocol.

«

Figure6 - lllustration of the room temperature sensor
3. Temperature ohot water storage

For the measurement of hot watéemperature, we plan to install an
NTC measurement prob&igure7) in contact with the tank, wherever
possible. It is also possible to measure two points. So, if another tank
for sanitary water exists, it will be possible to megesit separately.

Like for the room temperature sensor, the communication with the
controller is made via Zigbee wireless protocol.

(«

Figure? - lllustration of the NTC measurement probe
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Piloting

1. Relays on controller

The contrdler includes some I/GFgure8) that can be used to give in-
puts to heat pumps if they can be installed close to each other.

Figure8 - lllustration of the relays

2. Singlephase power relay and consumeeasurement

The singlephase wireless relagFigure9) is, as its hame indicates it,
connected only on one phase. It allowstting the connected load as
well as measurings consumed power.

@

(oo

]
4

Figure9 - lllustration of the singlephase power relay
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2.1.2.3 Assembly schematic
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Figurel0- HEMS assembly schematics

D8.3 Report on the System Prototype Implemented in the Fdlide Case 2 19



Generalized Operational FLEXibility B FLEX
for Integrating Renewabs in the Distrilition Grid (GOFLEX o A

2.1.2.4 Testsetup

Beforestartinginstallationsin real houséolds, we decided to install one HEMSour labor-
atory (Figurell) to test the devices sent by Robotina. This step masdatoryto know how
to connect and configure all the appliancé&sany difficultieswere metbecause the devel-
opment of the software (i.e. configuratoGOFLEXGUI) was nofinished With the help of
two Robotinas employeeswho came to Switzerlandt was possible to solve theemaining
problems.

Figurell- HEMS lab test setup

The picture below shows more details of the connections between the controllerttand
other appliances

Figurel2- HEMS lab test setup with focus on communication
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2.1.3 Charging Stations (CEMS)

The hunt forexistingBrel compatible charging station®r electric vehicle®n the domain

served byEnergis Sion Régin (ESR¥tarted mid2017. The selected charging stations must

be Hrel compatible since EelQ dashboardwill be used fottheir monitoring andcontrol. A

few existing public and private charging stations were considered as candidates for CEMS.
Most of these charging stations are manufactured by Green Mofinww.greenmotion.ch)

the charging statioesmarket leader in Switzerland, and anefortunately not Brel compati-

ble (no open communication standard such as OCPP are included in those statigns3
1B3Affdzad NI 10Sa 2yS 2F (KSaS DNBSy az2iANBs OKLI N
non-compatibility means that most of the existing public charging statiocated onthe

domain served b¥SRare not an option for CESL

A Figre13-Green Motion chargingstation installed in ESR's carlpar
Based on this, it was decided to focus on private (e.g. households) oipseate (e.g.ac-
cessrestrictedcar paksf A { S 02 Y LI y) b&Bsibyexi€ihghlit mhinNInéw Eel
compatible charging station3.hus, sdar, we have installed fouBrel charging stations in
two different CEMS. Thregharging stationsire operational at the University of Applied Sci-
ences and Arts Westerns Switzerland $0) andhe fourth one isinstalled in the parking
lot of a private individual in Sion.

2.1.4 Charging/discharging Stations (CDEMS)

Recruitment of CDEMS was done jointly with the recruiting phase of HEKISt observa-
tion was that no electrical vehicle abte discharge was found, like in the other two pilot
sites. As a result, it was decitlto use 3 kWh battery packs to emulatee dischargingnode
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of the vehicles. A specific search was still performed to have existing electrical vehicles were
CDEM®nustbe installed.

The first tests on CDEMS were made in laborafbrgurel4). The outside communication
did work, and it was possible to put or remove power from the battery.

Figurel4 - CDEMS battery p&cin the lab test setup
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