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1 Introduction

1.1 About this document (structure/objective)

This document describes the dissemination of the FHP project activities in the scope of the
events that the FHP consortium organized during the project lifetime. TECNALIA organized a
national workshop and the international conference and KEAB/NODA/RISE organized another
national workshop. No workshop was organized by HONEYWELL and by Ecovat/VITO.

The information provided contains, for each event, organizational details (promotion material,
announcements, dates, venue...), the description of the topics presented and discussed, the
list of attendees and profiles and pictures of the event. Company and attendants’ names are
not disclosed to comply with GDPR.

In a summary section, we provide the lessons learned and the evaluation of the visibility
achieved for the set of events, derived from the assessment of the attendance and its
feedback during the events.

In the Annex all the presentations of each event are provided for reference.



2 Events

2.1 Workshop in Spain

2.1.1 Organization

Tecnalia organized a national workshop on a specific research item we developed in the FHP
project, namely in WP2, which is Building Energy Modelling (BEM) and Model Predictive
Control (MPC). The language used for the workshop promotion material and for the
presentations was Spanish, to maximize the understanding af the audience, as all presenters
and attendants were native Spanish speakers.

The event took place in a building own by Tecnalia, the 204 building, placed in the Bizkaia
Technological Park, Zamudio (SPAIN), the 30" of January of 2019.

i Universidad
“ de Navarra

| KU LEUVEN

Figure 1: Brochure of workshop in Spain. Cover

The event was co-organized with other two European Union H2020 funded projects,
MOEEBIUS and SABINA represented by Carlos Bandera and Pablo de Agustin respectively,
projects which also involve building modelling activities.




The presenters were from Tecnalia (Borja Tellado and Pablo de Agustin), KU Leuven (Javier
Arroyo) and Universidad de Navarra (Carlos Fernandez). The announcement of the presenters
was the following (Spanish):

Pablo de Agustin, licenciado en Fisica por la UPV, realizé su doctorado en sistemas solares de
calefaccidn y refrigeracion, en el Instituto Eduardo Torroja-CSIC. Tiene 10 afios de experiencia
en energias renovables, su integracion en edificios y la reducciéon de emisiones en los mismos.
Actualmente es investigador en la Division de Construccion, participando en diversos
proyectos europeos como MOEEBIUS o proyectos para clientes privados en Euskadi.

Borja Tellado, licenciado en Fisica y Master en Ingenieria Computacion y Sistemas Inteligentes
por la UPV. Ha desarrollado su actividad en el ambito de los sistemas de supervision en tiempo
real. Actualmente es investigador en la Division de Energia en area de Digital Energy
participando en diversos proyectos europeos como FHP o proyectos para clientes privados en
Euskadi

Carlos Fernandez Bandera. Subdirector del Departamento de Construccidon Estructuras e
Instalaciones de la Escuela de Arquitectura de la Universidad de Navarra. Investigador principal
del proyecto SABINA.

Javier Arroyo esta realizando un doctorado en la universidad de Lovaina, Bélgica. Su principal
interés es la comparacidén entre distintos tipos de modelado para el control éptimo de edificios

2.1.2 Topics

The workshop was introduced by Mikel Fernandez which explained that the workshop was
divided in two-time sections. On the first section different approaches for building modelling
were presented, and in the second the focus was the implementation of different MPCs for
building HVAC equipment control based on the models explained before. Ander Romero
(MOEEBIUS project coordinator) was the moderator of the workshop, and he conducted the
presentation rounds.

BEMs describe the thermal response of buildings, providing an estimation of the energy
needed to keep them in comfort conditions. The different techniques used for this purpose
were explained, ranging from physical to machine learning modelling, as it is crucial to
understand them to know when to apply the different model techniques on different
scenarios. Model Predictive Controllers (MPCs), based on BEMs, are a key element in the
process of improving the operational performance of HVACs and Building Management
Systems (BMSs).

The challenge nowadays is to increase their reliability, affordability and integrability, but this
target is being pursued using different implementation strategies. These strategies were be
revised to know their advantages and disadvantages, and the suitability of each of them
depending on the specific project’s needs.

These topics were selected to be the content of the workshop because of the importance of
explaining on which scenarios it is advisable to use one technique or another. The organization




was done jointly with SABINA and MOEEBIUS to explain other research approaches and
techniques different from those we developed in the frame of the FHP project, to provide
different points of views to the attendants, which was indeed highly appreciated.

Pablo de Agustin started the presentation round with the explanation of the white box
modelling technique they developed in the MOEEBIUS project using Energy Plus. He explained
that the results of this kind of modelling is very accurate, but it is needed to know all physical
parameters of the construction elements of the building, so it is advisable for new buildings
because in old buildings this kind of data is usually not available.

Borja Tellado presented the black box approach developed in FHP, in which the modelling is
done based exclusively of measurements (temperatures, energy and electricity
consumptions....). He highlighted that this technique can be applied to any building with good
results, but historical data is needed, at least covering each season of one year.

Carlos Fernandez explained how a white box model can be calibrated using measurements
when the building is in free oscillation state, i.e. when there is no thermal load demand and
indoor temperatures are driven by the external temperature.

Javier Arroyo finished the first presentation round summarising the grey box model approach
realized in the FHP project, where the building is represented with a simplified equivalent
model composed by resistance and capacitances connected in either parallel or serial
configurations, and whose parameters are derived from measurement analysis.

In the second presentation round, Borja explained how MPC can be implemented both in
cloud platforms or be embebbed in the HVAC controller.

Carlos Fernandez explained how the utilization of genetic algorithm can improved the time
used for calculation of the optimal schedule in MPCs.

To finalize the presentation round, Javier Arroyo presented the results of the application of
MPCs in multi-zone buildings, as he researched in the frame of the FHP project using an
iterative process in which a cost function is minimized to converge to the optimal solution.



fhp

http://fhp-h2020.eu/

MOEEBIUS

https://www.moeebius.eu/

SABINA

http://sabina-project.eu/

These projects have received funding from the
European Union's Horizon 2020 research and

innovation programme under grant agreementn

731231 (Praject FHP), n® 680517 (Project
MOEEBIUS), n°731211 (project SABINA)

10:00 Bienvenida

10:10 Presentacion de los objetivos de la
jornada (Mikel Fernandez, TECNALIA)

Técnicas demodeladoenergético
de edificios

10:20 Reduccion de la diferencia entre
energia consumida y real en edificios
usando modelos fisicos (Pablo de Agustin,
TECNALIA, proyecto MOEEEIUS)

10:40 Modelado basado en datos aplicado a
bombas de calor, HVAC y edificio (Borja
Tellado, TECNALIA, proyecto FHP)

11:00 Proceso de calibracion de un modelo
térmico de edificio (Carlos Fernandez
Bandera, Universidad de Navarra, proyecto
SABINA)

11:20 Herramientas y retos usando
modelos equivalentes (Javier Arroyo,
Universidad de Lovaina, proyecto FHP)

11:40 Discusion

12:00 Pausa

Implementaciones reales de
control predictivobasadoen
modelos (MPC)

12:15 Implementacion de MPCs en la nube
o en sistemas embebidos (Borja Tellado,
TECMALIA, proyecto FHP)

12:35 Uso de MPC con modelos de edificio

detallados (Carlos Fernandez Bandera,
Universidad de Navarra, proyecto SABINA)

12:55 MPC con modelos equivalentes
multizona (Javier Arroyo, Universidad de
Lovaina, proyecto FHP)

13:15 Discusion

13:30 Fin de la jornada

Figure 2: Brochure of workshop in Spain. Agenda

2.1.3 List of attendees

All attendants: ESCOs,

architecture firms,

construction cluster,

HVAC manufacturers,

engineering companies, students e.t.c. expressed real interest in presented subject matter.

They were very active during all the sessions, making interesting questions and participating in

the technical discussions.

Attendee Attendee profile Company Company profile
Attendee #01 | Technician Company #1 |ESCO
Attendee #02 | Manager Company #1 | ESCO




214

Attendee #03 | CEO Company #2 | ESCO

Attendee #04 | Technician Company #3 | Architecture
Attendee #05 | Manager Company #4 | HVAC equipment
Attendee #06 | Researcher Company #5 | Research institution
Attendee #07 | Manager Company #6 | Construction
Attendee #08 | Manager Company #7 | ESCO

Attendee #09 | Technician Company #8 | Engineering
Attendee #10 | CEO Company #9 | Construction
Attendee #11 | Technician Company #10 | Engineering
Attendee #12 | Student Company #11 | Research institution
Attendee #13 | Researcher Company #11 | Research institution
Attendee #14 | Researcher Company #11 | Research institution
Attendee #15 | Technician Company #11 | Research institution
Attendee #16 | Technician Company #11 | Research institution
Attendee #17 | Manager Company #11 | Research institution
Attendee #18 | Researcher Company #11 | Research institution
Attendee #19 | Researcher Company #11 | Research institution
Attendee #20 | Researcher Company #11 | Research institution
Attendee #21 | Manager Company #11 | Research institution
Attendee #22 | Technician Company #12 | Architecture
Attendee #23 | Researcher Company #13 | University

Attendee #24 | Student Company #14 | University

Attendee #25 | Technician Company #15 |ESCO

Attendee #26 | Manager Company #15 |ESCO

Attendee #27 | Researcher Company #16 | Research institution
Attendee #28 | Researcher Company #17 | University

Pictures

Table 1: Attendees at the workshop in Spain




Figure 3: Picture of workshop in Spain 1/3

Figure 5: Picture of workshop in Spain 3/3



2.2 Workshop in Sweden

2.2.1 Organization

RISE, KEAB and NODA organised the 9™ of October of 2019 a national workshop which specific
topic was Demand flexible heat pumps, based on the experiences from the FHP project. The
workshop also had a guest presentation by the Fossil free Energy Districts FED-project.

The workshop was organized in the Gothia Towers in Gothenburg (Sweden) and the workshop
was conducted in the Swedish language as all presenters and attendants were native Swedish
speakers.

Inbjudan till

Workshop

Varmepumpar for efterfrageflexibilitet
- Erfarenheter frdn EU-projektet Flexible Heat and Power

Td:
?oktober, 2019, kil 13.00-1500

Plats:
Gothia Towers vaning 2, rum R21,
Massans gata 24, Goteborg

DeHagande pd sorksbapon e grabis menov amksr oo snmllsn S8 o2t w8 hur manga uen knmemer
Aamdlrnsker siac poat 18 Morkes Dbl morkys Ingdghifeg sr

>~ VIto fecnalia) Honeywell
@ewvat ewergt NODA Bl

W g

Figure 6: Brochure of workshop in Sweden. Cover



2.2.2 Topics

This national workshop presented the learnings from the FHP project with focus on the
evaluations from the testing in both laboratory and from the pilot site in Karlshamn (Sweden).

The possibility of steering coalitions of heat pumps enables creation of demand flexibility. A big
advantage by connecting heat pumps, it is possible to create large energy storage where
electricity can be stored as heat utilizing the inertial properties of buildings. Different
controlling techniques could be adapted as a strategy, with different possibilities and
limitations. Tests and evaluations from both laboratory as well as from the pilot site in
Karlshamn were presented.

Marcus Steen (KEAB), the workshop moderator, introduced the project to the audience,
presenting the project technological objectives and describing the role of the Swedish
partners.

Markus Lindahl (RISE) and Tommy Walfridsson (RISE) presented the results of the testing done
by RISE with different heat pump technologies using both direct and indirect control strategies.
Indirect control strategies are based on the external temperature sensor override while direct
control is based on the delivery of a duty rate setpoint to the heat pump compressor. Both
strategies are oriented to run the heat pump in an electricity push mode, so that thermal
energy production rate is based on the availability of cheap renewable electricity surplus.

Marcus Steen (KEAB) and Jens Brage (NODA) described the test setup in Karlshamn, both from
the point of view of the objectives and the initial objectives and of the results, finding and
lessons learnt.

The last presentation, done by Hjalmar Pihl (RISE), was about the FED-market, an interplay
between different energy holders.

After the presentation round, an intense debate about the possibilities of driving the demand
in heat pump installations in Sweden, depending on the availability of grid energy surplus or
the need of different stakeholders to promote consumption, was realized.
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2.2.3 List of attendees

Attendants from the energy sector, heat pump installers, engineering companies, researchers
and students expressed real interest in the presented subject matters. They were very active
during all the sessions, participating in the technical discussions and making interesting
guestions regarding both modelling as well as what the future could bring in heat pump
design.

R L

-4

Attendee Attendee profile Company Company profile
Attendee #01 | Researcher Company #01 | Research institution
Attendee #02 | Researcher Company #01 | Research institution
Attendee #03 | Researcher Company #01 | Research institution
Attendee #04 | Researcher Company #02 | Engineering
Attendee #05 | Researcher Company #03 | Engineering
Attendee #06 | Researcher Company #04 | Construction
Attendee #07 | Technician Company #05 | DSO
Attendee #08 | Researcher Company #06 | Engineering
Attendee #09 | Researcher Company #07 | University
Attendee #10 | Student Company #07 | University
Attendee #11 | Student Company #07 | University
Attendee #12 | Researcher Company #08 | Engineering
Table 2: Attendees at the workshop in Sweden
2.2.4 Pictures
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Figure 8: Picture of workshop in Sweden 1/2




Figure 9: Picture of workshop in Sweden 2/2

2.3 International Conference

2.3.1 Organization

The 4th of April 2019 the FHP consortium celebrated the international event as a side event of
the international WindEurope Conference & Exhibition 2019. This conference was held in
Bilbao (Spain) between the 2nd-4th April 2019. This conference registered the attendance of
8,500 participants, 300 exhibitors, 30 conference sessions and 155 speakers. Our workshop
was entitled workshop on FHP wind curtailment mitigation solution, to maximize the
attraction of the WindEurope Conference attendees.

Promotional material elaborated was composed by a one-page flyer which TECNALIA
distributed at the TECNALIA’S exhibition boot and a roll-up which was also exposed at the boot
and during the event.



FLEXIBLE HEAT AND POWER

Connecting heat and power networks by
harnessing the complexity in distributed
thermal flexibility.
. |
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Figure 10: Promotional roll-up



Workshop on FHP wind

curtailment mitigation p
solution

You are welcome to attend this free workshop, to

learn how to create the conditions to securely and
effectively increase the amount of wind power.

Thursday 4 April, 9:00-13:00 k#0400
Level 5, Room 2 3

O

The FHP (Flexible Heat and Power) project
demonstrates the use of dynamic coalitions of heat-
pumps to offer flexibility services to market parties
and grid operators respecting local grid conditions.

Demonstrated in Sweden (cluster of heat pumps for
building heating) and the Netherlands (Ecovat
large thermal storage).

Supporting the secure and efficient integration of RES
by leveraging thermal flexibility through distributed
and central Power-to-Heat conversions.

ﬁ]p Flexible Heat and Power

v Flex Trading by consumers as Flex Providers, which
decide how much, when, and for which minimal
incentive they provide flex.

v A multi-agent framework in which the Dynamic
Coalition Manager aggregates and valorizes the
flexibility, ie, for RES curtailment mitigation and
Balancing.

v Location-aware flex activations for solving local
problems and for ensuring that flex activations do not
cause gnid problems (Optimal Flexibility Dispatch).

v Fully automated expert free data-driven dynamic
thermal flexibility modeling and optimization tools.

Contact point: info@fhp-h2020.eu

The FHP project has received funding from the European

under grant agreement No 731231

Figure 11: Flyer of the international conference. Cover

The Challenge

With the increasing share and installed
capacity of intermittent renewables,
curtailment can occur to avoid excess
generation.

thp

But curtailment is undesirable both for the RES owner who is
unable to make optimal use of his investment, and for society
for environmental reasons. Next to this, the balancing with
large amounts on intermittent RES is becoming increasingly
challenging.

The Opportunity

The active control of flexible consumption, increasing it at
proper times such that it absorbs excess RES energy or
balances RES forecast errors, and at proper locations,
where delivery is possible and where the activations
themselves do not cause grid problems.

Specifically, Power-to-Heat conversion, heat-pumps, and
that provide flexibility through the thermal inertia of buildings,
or through the storage and buffering capacity of for instance
water vessels.

The Solution
Location aware optimal flex dispatch: flex activation

conditions. Mitigating local curtallmentproblems related to
grid congestions, as well as system curtailment problems
related to excess generation and imbalance corrections.

Flex Providers forecast their (optimal)

consumption baseline profile and their ﬁ]
flexibility, using an automated data p
driven dynamic thermal model creation

and calibration methodology supporting

multi-zone modeling, and the minimal incentive needed for
providing flexibility. They interact with either a local flex
market or (one of many) aggregators, which are called
Dynamic Coalition Managers.

Balance Responsible Distribution System
Party Operator

' A
\ Optimal Flex
\ Aectivation Decision
X ~a

Dynamic Coalition Dynamic Coalition

Manager Manager
(cluster of heatpumps) (cluster of heatpumps) | 1, "
Baselines and ] !
Flex Bids o

Pl

= 3 i -

1 Jol T | 1"'

. e 2

Measurement-driven
Multi-zone
Dynamic Thermal Modeling

The FHP project has received funding from the European
Union's Horizon 2020 research and innovation programme
under grant aareement No 731231

Union's Horizon 2020 research and innovation programme



Figure 12: Flyer of the international conference. Back cover

The side event was announced in the WindEurope conference web page, where events were
published as soon as their organization was realized. In the case of the FHP event, our event
was the second in appearance, several months before the conference date.

Hatiaral prtasr Angianal partasn

% COMFEREMCE -
w.nd & EXHIBITION Delivering o clean aconamy for all ’AEE T
EUROPE 2019500 Europeans ‘ T m
Confarence Exhikitian Practical inds Sl 8 Side svanks Spansorahig Medic & Praas ES QO M E

-

‘When: Thursdoy 4 April, B:00-13.00
‘Where: Boom 2, level 5
Open to: All registered participants

The FHF [Flexible Heat and Power) project demonstrabes the use of heat pumps to affer fiexibility services
while explicitty taking bkocal grid conditions into accownt. 1t considers the use of clusters of heat pumps wsed
for building heating. as well 25 heat pumps fecding lange thermial storage buffers (ke the Ecovat) and
Heating Metworks.

As the project explicitly considers the lecal grid conditions — ither soiving lkecal prablems ar ensuring that
flex acthvation will not cause kol prablems — 2 bottom up aggregation approsch was deweloped, founded
on spedfic rather than statistical modeling and forecasting of conswmptian and flexibility.

A& muit agent framework was developsd and piloted, that truly puts the consumser at the centre,
cmpowering them to very dynamically decide if, when and how much flexibiley they are willing to offer, as
wiell 2 toowhom. To this purpase, o Dynamic Coaliion Manager conciept s proposed to aggregate the
flexibiiny offers of a dynamic pood of flexibility providers, and interact an behalf of them with market partics
and grid opcratars. The solution has boen plloted in Sweden {chaster of heat pumges] and the Netherlands
(Ecovas large thermal starage].

You ane welcome to attend this side ewent, bn which we will present the results of owr research, which sl
heziip b oreate the condMons to securcly and cffectieely Increase the amaount of wind power.

The FHP arajisct recebed funding from the Evvopemn Uinian’s Harlzan 2020 research ond ienovation
EYOGrGTMme under grant agroament Mo 731231

Figure 13: Announcement of the event at the WindEurope web page.

On conference day 2, both Wiet Mazariac (ECOVAT) and Mikel Fernandez (TECNALIA)
participated in the conference panel session Coupling power and heating networks.
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Georges Kariniotakis
Head of Renewable Energies & Smartgrids Group (ERSEN), MINES ParisTech

Thomas Nowak

Secretary General, European Heat Pumps Association

Flexible Heat and Power (FHP) project update
Mikel Fernandez Dominguez

Digitalization Praject Manager, Tecnalia

Coupling power and heating networks
Torben Brabo
Director for TSO-GAS, Energinet.dk

Exploiting the full potential of green energy

Helge Vandel Jensen
Senior Business Development Manager, Danfoss

Wiet Mazairac

R&D Engineer, Ecovat

Paul Voss

Managing directar, Euroheat and Power

Figure 14: Participants in the panel session

Mikel and Wiet explained the goals of the FHP project, basing their dissertation on the benefits
that the flexible operation of heat pumps and ECOVAT storage systems could drive in the

mitigation od wind energy curtailment.



Figure 15: Presentation of the FHP project outcomes by Mikel

During his presentation setup Mikel also promoted the FHP event which was going to be
celebrated the following day.

Flexible Heat and Power

Business models and technology insights

v'Flexibility is negotiated day ahead and Leamn how to create the conditions
intraday with BRPs and DSOs to mitigate e e
RES curtailment due to grid or market

constraints, and additionally provided to act
on the imbalance position of the BRP

v'"Multi agent framework developed
integrating expert free data driven Building
Energy Models and Model Predictive
Control optimizers

April 4, Thursday

9:00-13:00
v'Demonstrated in domestic and office Level 5, Room 2
buildings in Sweden and with Ecovat
thermal storage in the Netherlands FREE WORKSHOP ON FHP
WIND CURTAILMENT
MITIGATION SOLUTION
B e 2t pe 203 s

Figure 16: Promotion of the event in the panel session

After the panel presentations, the panellists discussed about how sector coupling, namely
heating systems, is increasingly affecting the electric system operation.
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Figure 17: Panel discussion with Paul Vass and Wiet Mazariac

The event was also promoted via social networks, trying to maximize visibility to potential
attendees.

FHP @FHPproject - 28 mar. 2019 N
The agenda of our free half day workshop at the @WindEurope Conference
& Exhibition 2019. Thursday 4 April, 9.00-13.00 Bilbao Exhibition Centre,
Level 5, Room 2 is ready #WindEurope2019 #H2020 #FHP_H2020

fhp

@BEC_Bilbao
WORKSHOP ON FHP
WIND CURTAILMENT
MITIGATION SOLUTION
AGENDA

9:00 Welcome coffee.

9:10 FHP project introduction and overview.
Chris Caerts (VITO)

Description of the proje

10:40 Ecovat modelling and control. Wiet
Magzairac (ECOVAT)

ct root cause, its

es

the expected impact and presentation of

the consortium partners
9:20 Wind curtailment scenarios
assessment. Enrique Rivero (VITO)
ASS ant of the wind power
nt scenarios, due to either gnid

ol reanteeiete s el

o n 2

FHP @FHPproject - 25 mar. 2019

syste

11:00 Coffee break

11:30 DSO Optimal Flexibility Dispatch.
Shahab Shariat Torbaghan (VITO)

Algorithms developed for the DSO-

Phimbrits e Cumnbon Curnembor b sl mbe

Q 2 &

Visit our free half day workshop at the @WindEurope Conference &

Exhibition 2019. Thursday 4 April, 9.00-13.00 Bilbao Exhibition Centre, Level

5, Room 2. Program and more info under News & Events: fhp-h2020.eu
#WindEurope2019 #H2020 #FHP_H2020 @BEC_Bilbao

Q m 3

Q 2 &

Figure 18: Event promotion in Twitter



2.3.2 Topics

All project partners presented the achievements and the result of our research in the frame of
the FHP Project. Chris Caerts (VITO), who moderated the event as FHP project coordinator,
started with the presentation round describing the project root cause, its scientific and
technological objectives and the expected impact and presentation of the consortium
partners. Enrique Rivero (VITO) presented the assessment of the wind power curtailment
scenarios, due to either grid operation constraints or market conditions, and the associated
compensation rules in different EU countries. Mikel Fernandez (TECNALIA) explained the roles
that manage flexibility to avoid wind curtailment and how they exchange value and how the
quantification of that value is made. Davy Geysen (VITO) presented the design of the
decentralized agent platform (DCM-Dynamic Coalition Manager) that negotiates flexibility with
external flexibility users inspired by the USEF framework. Zdenek Schindler (HONEYWELL)
presented the human expert free modelling techniques applied to building response
assessment, and application of optimization strategies (MPC-Model Predictive Control) with
real-life infrastructure constraints. Wiet Mazairac (ECOVAT) explained the ECOVAT energy
storage concept and infrastructure, and how it is coupled to renewable generation and how it
is operated based on the FHP system.

After the coffee break Shahab Shariat Torbaghan (VITO), deepened into the algorithms
developed for the DSO-Distribution System Operator to evaluate the necessity the flexibility,
and operate it, to avoid violation of grid technical constraints due to intermittent renewable
generation. Laura Lazaro (TECNALIA) described the context in which the BRP-Balance
Responsible requests flexibility and how genetic algorithms are used to decide on the optimal
combination of flexibility orders. Markus Lindahl (RISE) presented the study on control
alternatives for heat pump operation driven by flexibility provision. Marcus Steen (KEAB)
summarised the difficulties encountered, and solutions provided in the pilot set-up. And
finally, Martin Borgqvist (NODA) envisaged the future steps for bring up to market the
solutions developed within the FHP project.

The brochure distributed to the audience at the beginning of the event contained both the
project summary and the agenda.



Flexible Heat and Power, connecting heat and power
networks by hamessing the complexity in distributed
thermal flexibility

Learn how to create the conditions
to securely and effectively
increase the amount of wind power

FREE WORKSHOP ON FHP
WIND CURTAILMENT
MITIGATION SOLUTION

April 4, Thursday

FHP project has received funding from
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Figure 19: Brochure of the international conference. Page 1




The FHP {Flexible Heat and Power) project
demonsirates the use of heat-pumps to offer
flexibiity services while explicitly taking local
qrid conditions into account. It considers the
use of clusters of heat-pumps used for
building heating, as well as heat-pumps
feeding large thermal storage huffers (like
the Ecovat) connected to Heating Networks.

As the project explicitly considers the local
qrid conditions — either solving local
problems or ensuring that flex activation will
not cause local problems — a hottom-up
aggregation approach was developed,
founded on specific rather than statistical
modelling and forecasting of consumption
and flexibility.

———y

A mulii-agent framework was developed and
piloted, that truly puts the consumer at the
center, empowering them to very
dynamically decide if, when and how much
flexibility they are willing to offer, as well as
to whom.

To this purpose, a Dynamic Coalition
Manager concept is proposed to aggregate
the flexibility offers of a dynamic pool of
flexibility providers, and interact on behalf of
them with market parties and grid operators.

The solution has been piloted in Sweden
{cluster of heat pumps) and the Netherlands
(Ecovat large thermal storage).

You are welcome to attend this free workshop, in which we
will present the results of our research, which will help to
create the conditions to securely and effectively increase the

amount of wind power.

The Challenge

With the increasing share and installed
capacity of intermittent renewables,
curtailment can occur to avoid excess
generation.

But curtailment is undesirable both for the
RES owner who is unable to make optimal
use of his investment, and for society for
environmental reasons. MNext to this, the
halancing with large amounts on intermittent
RES is becoming increasingly challenging.

The Solution

The Opportunity

The active control of flexible consumption,
increasing it at proper times such that it
absorbs excess RES energy or balances
RES forecast emmors, and at proper locations,
where delivery is possible and where the
activations themselves do not cause grid
problems.

Specifically, Power-to-Heat conversion, heat-
pumps, and that provide flexibility through
the thermal inertia of buildings, or through
the storage and buffering capacity of for
instance water vessels.

Location aware optimal flex dispatch. Flex activation decisions that match the need taking
into account local grid conditions. Mitigating local curtailment problems related to gnid
congestions, as well as system curtailment problems related to excess generation and

imbalance comrections.

Flex Providers forecast their (optimal) consumption baseline profile and their
flexibility, using an automated data driven dynamic thermal model creation and
calibration methodology supporting multi-zone modeling, and the minimal incentive
needed for providing flexibility. They interact with either a local flex market or (one of
many) aggregators, which are called Dynamic Coalition Managers.

Figure 20: Brochure of the international conference. Page 2



AGENDA

2:00 Welcome coffee.

9:10 FHP project intfroduction and overview.
Chris Caerts (VITO)

Description of the project root cause, its
scientific and technological objectives,
the expected impact and presentabion of
the consortium pariners

9:20 'Wind curtailment scenarios
assessment. Enrique Rivero (WITO)

Assessment of the wind power
curtailment scenanos, due to either gnd
operation conatraints or market
conditions, and the associated
compensation rules in different EU
couniries

9:40 Business Models for flexibility
management. Mikel Femandez
(TECNALIA)

Expianation of the rofes that manage
fleability to avoid wind curtailment, how
they exchange value and quantification of
that value

10:00 DCM centric Solution Architecture.
Davy Geysen (VITO)
Dresign of the deceniralized agent
platform (DCM-Dynamic Coalition
Manager) that negotiates flexibility with
extemal fiexibility users inspired by the
USEF framework

10:20 Building modelling and control
strategies. Zdenek Schindler
(HONEYWELL)

Human expert free modelling techniques
applied to buillding response assessment,
and application of oplimizaton strategies
{(MPC-Model Predictive Confrol) with real-
life infrastructure constraints

WORKSHOF ON FHP
WIND CURTAILMENT
MITIGATION SOLUTION

10:40 Ecovat modelling and contral. Wiet
Mazairac (ECOVAT)

Explanation of the ECOVAT energy
storage concept and infrastructure, how it
is coupled to renewable generation and
how it iz operated based on the FHP
system

11:00 Coffee break

11:30 DSO Optimal Flexibility Dispatch.
Shahab Shariat Torbaghan (VITO)

Algorithms developed for the DSO-
Distnbubon System Operator to evaluate
the necessity the flexibility, and operate it,
to aveoid violation of gnd technical
constraints due to intermittent renewable
generation

11:50 Application of genetic algorithms for
ERP fexibility allocation. Laura
Lazaro (TECMALIA)

Descripbon of the context in which the
BRP-Balance Responsible requests
flexibility and how genefic algorihms are
uszed to decide on the optimal
combination of flexibility orders

12:10 Grid Flexible Heat Pumps. Markus
Lindahl (RISE)}

Study on control altemnatives for heat
pump operation driven by fexibility
prOVISion

12:30 Lessons leamed from pilot
demaonstration. Marcus Sieen (KEAB)
Difficulies encountered and solutions
provided in the pilot set-up

12:45 Steps for further research and
exploitation. Martin Borggvist (NODA)
Future steps for bring up to market the
zolutions developed within the FHP
project

13:00 End of the workshop

Figure 21: Brochure of the international conference. Page 3. Agenda



The FHF {Flexible Heat and Power) project  Demonstrated in Sweden (cluster of heat
demonsirates the use of dynamic pumps for building heating) and the
coalitions of heat-pumps to offer flexibility  Metherlands (Ecovat large thermal
services to market parties and grid operators  storage).

respecting local grid conditions.

Supporting the secure and efficient integration of RES by
leveraging thermal flexibility through distributed and central
Power-to-Heat conversions.

Balance Responsible Distribution System
Party Cperator
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X .
1 Optimal Flex
I'.III Activation Decision
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* Flex Trading by consumers as Flex v | ocation-aware flex activations for solving
Providers, decide how much, when, and local problems and for ensuring that flex
for which minimal incentive they provide activations do not cause grid problems
flex. (Optimal Flexibility Dispatch).

* A multi-agent framewaork in which the
Dynamic Coalition Manager aggregates " Fully automated expert free data-driven
and valorizes the flexibility, i.e, for RES dynamic thermal flexibility modeling
curtailment mitigation and Balancing. and optimization tools.
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Figure 22: Brochure of the international conference. Page 4



2.3.3

2.3.4

List of attendees

Attendee Attendee profile Company Company profile
Attendee #01 | Researcher Company #01 | Research institution
Attendee #02 | Manager Company #01 | Research institution
Attendee #03 | Researcher Company #01 | Research institution
Attendee #04 | Researcher Company #02 | Research institution
Attendee #05 | Researcher Company #02 | Research institution
Attendee #06 | Manager Company #02 | Research institution
Attendee #07 | Researcher Company #02 | Research institution
Attendee #08 | Technician Company #03 | DSO
Attendee #09 | Researcher Company #04 | Research institution
Attendee #10 | Technician Company #05 | Engineering
Attendee #11 | Technician Company #06 | Storage systems
Attendee #12 | Manager Company #07 | Engineering
Attendee #13 | Researcher Company #08 | University
Table 3: Attendees at the international conference
Pictures

Figure 23: Picture of the international conference 1/1




Summary

2.3.5 \Visibility achieved

In this section we assess the visibility that we have of our project results among the attendees
to the events we have organized.

Event Number of attendees

International conference 13
Spain 28
Sweden 12
Total 53

Table 4: Number of attendees at each event

Most of the attendees have been from the research sector, both from basic research at
universities and from applied research at public/private institutions. The technologies for
which we have disseminated our results are novel technologies that are current research
topics, so it is not a surprise that most of the attendees were participants in other research
groups.

The second class of attendees was people working for companies that pursue to apply the FHP
technology as a framework that lets them operate the infrastructure of their clients providing
new added flexibility-based value services, namely engineering firms and ESCOs. These will be
the companies that will be the ones that would take the risk to implement, deploy and operate
the FHP infrastructure so we are proud that they had a relevant participation in the
workshops.

The last group of company profiles involves both final users (DSO), equipment manufacturers
(HVAC, storage systems) and building companies (architecture and construction), which were
interested in the update of the state of the art provided by the project.

| Number of attendees Murnber of attendees Cnmpar?y profile -
Architecture ® Architecture
Construction

DS0

Engineering

ESCO

HWVAC equipment
Research institution
Storage systems
University

Total general

Total

Construction

Os0

\ Engineering
= ESCO

» HVAC equipment
V » Research institution
\ n Storage systems

u University

]
e [ P QN T s T Y I PR L

£n
[¥]

Table 5: Number of attendees per company profile

As more than half of the attendees were from research sector, students and researchers has
represented the major part of our audience. The rest of the attendees are split half and half
between technicians and decision makers (managers and CEOs), which is a very interesting



achievement because this last group of people will be the ones needed to participate in the
future exploitation of the FHP assets.

Mumber of attendees Total Attendee profie =

m CEO

* | Number of attendees

CED 2 = Manager
Manager 10
Researcher 25
Studert 4 Researcher
Technician 12
Total general 53 Student

= Technidan

Table 6: Number of attendees per attendee profile

2.3.6 Lessons learnt

Several interesting conclusions and recommendations are derived from the organization of our
events:

v Limiting the scope of the dissemination is convenient. It is better to organize an event
in which the topic is clear and concise. People tend to prefer to take part in events in
which the deepness of the knowledge presented is high, rather than dissemination
events in which activities in all work packages are covered.

v" Nominal invitation to events is preferred. The attendance is highly increased in case
the organizer knows which companies, and which persons within those companies,
would be willing to participate in the events. The list of customers/providers of the
organizating partner is the most important source of attendees to this kind of events,
where technology skills are demonstrated to these potential partners.

v" Events with several organizating partners are appreciated. Those events where the
results of the research realized in the scope of different projects and research groups
are presented, all about the same research topic, are preferred to those events in
which it is disclosed just a concrete point of view. For instance, co-organizing
workshops with other peer projects, as is advised and promoted through the low TRL
Storage Cluster network, may result in more wide participation.

v" Result comparison and guidelines to applicability to real world problems is a must.
Benchmarking of results, and if possible, rules of thumb to be used to know when and
when not to apply a certain technology is very appreciated.

v' Sometimes announcing an event very in advance is not advisable. It seems that a good
opportunity window could be one month in advance. If done before people tend to
loose willingness to attend and if later agendas of relevant people tend to be busy. For
instance, to maximally promote our international conference, we early on registered



as a side event on the Wind Europe Conference (we were the 2nd side event to
register and become public), and we did not attract as many people as expected.
Playing the role of second course meal is not good. The International Conference that
was organized earlier than planned due to the strategic decision to organize it as a side
event to the Wind Europe Conference in April 2019. The decision to co-locate it with
the Wind Europe Conference was taken because RES curtailment of wind is an
important matter, and the Europe Wind Conference brings together the relevant
stakeholders website), but we had a strong competition with many other side events
running in parallel and we were allocated to the last conference day, when people is
exhausted and tend to be very demanding when selecting if going to an extra sessions
worth.

There is a certain fatigue of people attending to technology dissemination events.
There appears to be an event/workshop fatigue, evidenced by an overload on
invitations to other project workshop, and the observation that often in such
workshops the audience for a large majority is composed of project partners and
invited speakers.



3 Annex 1. Presentations of workshop in Spain



3.1 Annex 1.1. Presentacion de los objetivos de la jornada. Mikel Fernandez
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Creciente demanda de edificios energéticamente mas eficientes, capaces
de planificar su demanda térmica de manera flexible

Electrificacion progresiva de sectores tradicionalmente consumidores de
combustibles fosiles

v’ sistemas de calefaccidon de edificio con bombas de calor y CHPs

v’ Vehiculos hibiridos y eléctricos

Descentralizacion de la produccidn electrica, que implica la necesidad de
nuevas fuentes de flexibilidad para garantizar la calidad de suministro

Introduccion de nuevos agentes, (ESEs, agregadores...), que utilizan nuevos
modelos de negocio basados en la oferta de nuevos servicios de valor para
hacerse con un hueco en el mercado
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Los sistemas de (co)generacion térmica deben poder operarse para
minimizer el coste de operacion, aprovechando los incentivos por la
provision de flexibilidad y garantizando las condiciones de confort de los
ocupantes de los edificios.

Necesidad de proporcionar mecanismos para acoplar la operaciéon de redes
térmicas y eléctricas de manera eficiente y estandarizada, con objeto de
gestionar la demanda eléctrica de los edificios en beneficio de la operacidn
de la red eléctrica, proporcionando un valor anadido tanto a los gestores
de edificio como a los agentes del sistema eléctrico.

Las ESEs tienen el reto de asegurar que el comportamiento energético y los
ahorros predichos en fase de disefio son realmente alcanzados durante la
operacion de los equipos y edificios en conjunto, minimizando el desvio
entre prevision y realidad o “gap energético”.



— Modelos de negocio recralio) sz

Nuevos modelos de negocio, con periodos de retorno atractivos y de una
utilidad mayor para todos los agentes implicados (autoconsumidores,
gestores de edificios e instalaciones, ESEs, agregadores de demanda,
operadores del sistema, agentes del mercado, productores de energia...)

Heat users Retailers

PR_RetailPayment
Flexible electricity
consum plion

AP_IncentiveFlexibility T

Incentive for flexibility

DA_LocalFlexibility
Payment
BA_SystemFlexibility

Megoatiation phase
flexibility

Payment
Negotiation phase

Other electric
regulated roles

BT_ImbalancePayment
Imbalance

BM_MarketPurchase

DE_GridCurtailment
Compensation

Grid curtailment

DER producers
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Caja blanca: Modelos fisicos
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y aprenden a partir de big data
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FHP, Flexible Heat and Power: Utilizar |a flexibilidad de bombas de calory
h HVACs para maximizar la generaciéon renovable y para crear las condiciones
para incrementar la penetracion de EERR en la red de distribucion
Thi j h ived funding f he E Union’s Hori 2020 handi i
http.llfhp_hzoz().eu/ - un:eﬁrgogzﬁtazi;:;e;nfn°U7I’;1I;3glI'0mt € curopean union's Horizon research and innovation programme
g 2017 2018 [2019 2020

MOEEBIUS, Modelling Optimization of Energy Efficiency in Buildings for
Urban Sustainability, en el que a partir de un modelado mejorado donde
se ha reducido el performance gap , se ha construido un marco holistico
de optimizacion energética que integra diferentes componentes

software/hardware.
httQS' { {WWW moeebius.eu [ _ This project has received funding from the European Union’s Horizon 2020 research and innovation programme
- * * * . under grant agresment n° 680517 - -
2015|2016 2017 2018 2019 2020

EEEERRNS

SABINA

http://sabina-project.eu/

SABINA, SmArt Bl-directional multi eNergy gAteway, tiene como propodsito
desarrollar nuevas tecnologias y modelos financieros para conectar,
controlar y administrar activamente |la generacidon y almacenamiento
energético para explotar las sinergias entre la flexibilidad eléctrica y la
inercia térmica de los edificios.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement n°731211
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— Objetivos particulares —

thp

http://fhp-h2020.eu/

MOEEBIUS

https://www.moeebius.eu

SABINA

http://sabina-project.eu/

Desarrollar técnicas de modelado replicables con la minima intervencidon humana
Proveer de modelos predictivos basados en servitizacion de modelos en entoros
cloud

Gestionar la flexibilidad de los edificios con agregaciones dinamicas, con un software
multiagente con interoperabilidad USEF

Proveer capacidad de regulacién al DSO para evitar congestions y al BRP para
optimizar su portfolio

Actualizacién y calibracién de modelos: a partir del comportamiento del usuarioy la
caracterizacion de las condiciones de uso

Gestion en tiempo real de edificios: monitorizacidn, automatizacién optimizada y
reduccién de los picos de demanda

Gestion planificada: mantenimiento predictivo para edificios y distritos

Gestion a futuro: evaluacion de escenarios de rehabilitacion

Desarrollo de nuevos algoritmos de gestidon a nivel de edificio y estrategias de
agregacion a nivel de distrito.

Desarrollo de un método innovador de identificacion automatica de la inercia
térmica de los edificios.

Desarrollo de nuevos algoritmos para identificar automaticamente la topologia de la
red eléctrica local.

Garantia de calidad de suministro en las redes de distribucion.

Desarrollo e implementacidon de una herramienta de agregacién eléctrica y térmica
para brindar servicios a los operadores de la red.

Promocién de un novedoso modelo de negocio.

Asegurar el cumplimiento de las normas y estandares actuales del sistema SABINA. I
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— Demonstraciones recnalia} s

3 emplazamientos piloto (Portugal, Serbia, R. Unido), en edificios residenciales y
terciarios, y con la participacién de managers de edificio, ESEs, agregadores de
demanda, y consumidores domésticos.

MOEEBIUS

https://www.moeebius.eu

SABINA Pruebas del sistema bajo condiciones de laboratorio (Espafia) y en sitios de prueba
http://sabina-project.eu reales (Dinamarca y Grecia) 9 |
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3.2 Annex 1.2. Reduccion de la diferencia entre energia consumida y real en
edificios usando modelos fisicos. Pablo de Agustin
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Caracteristicas del modelado fisico de edificios y distritos tecnal ia)‘ nspring

Representacion
geomeétrica del
edificio

Efecto del entorno Propiedades fisicas
de los elementos
constructivos

Nivel de detalle
adaptable

Hacia una
interoperabilidad BIM

HVAC \ Modelado global
(construccioén, usos,
sistemas)




Caracteristicas del modelado fisico de edificios y distritos
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Zonificacion
del interior

Diferentes perfiles
de ocupacion, uso,
y climatizacion por

Z0oNna

A
/ Andlisis de
condiciones interiores
particularizado por
zonas




Inspiring
Business

Caracteristicas del modelado fisico de edificios y distritos tecn8| ia)‘

Simulacion dinamica para condiciones cambiantes

1 0ct 06:00
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Caracteristicas del modelado fisico de edificios y distritos tecnal ia)‘ nspring

Los sistemas pueden
modelizarse al completo,
desde las caracteristicas de
los equipos de generacion a
los sistemas de
acumulacion, la topologia
de la distribucion y los
elementos terminales

Circuto de AC awiliar Calentador de Agua cen Bomba de Cal

Suministro Mezcidor

La generacion y el consumo
son simulados de manera

acoplada
Heating Plant @ll
_’M’ Desarrollamos nuevos
SMmm;ngpomW:ite, Renovation Tank mOdGlOS en funCIOn de |a
l necesidad del proyecto
(1] @

Water
Heat Recovery
Heat Exchanger




Nuevos modelos y simulacion dindmica tecnal ia)' Inspiring
— Business

Las simulaciones a nivel de edificio emplean

&

EnergyPlus como motor de célculo, mientras que los rermPlus m
elementos de distrito son desarrollados en Modelica MODELICA

Modelica es un lenguaje multi-dominio para el modelado de sistemas complejos

DP.C1

feedback2

DP_SP 1
“A
DH_ST C DH_ST_SP DP_S 1
— T=120
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————CO————

T=120
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exp
P_S_OUTLET RET_PIPE ?
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L]
————————0Q 10 @*—s

—_——
% . i DP_C_2

Gi_P2

LS_INLET

E_TEMP

5 TS \ feedback3
E_T_SCH %
T _E_ T=120

——— L_S_OUTLET
N ’ ) 10 [+] O
- _—

& SUP_PIPE

P_S_INLET
)

Una estacion de bombeo para una red de District Heating se modela a partir de
_ subcomponentes mecanicos, termicos, hidraulicos y de control




Nuevos modelos y simulacion dinamica

e tecnalia Y g

Un modelo completo de una red de ==
District Heating se compone a su vez =8 L,

de mdaltiples submodelos R AR

SUBSTATION_03 SUBSTATION_4

B_LOAD_2

B_LOAD 1 % SOLAR_PLANT1

[=

SUBSTATION_2

BRANCH_LEVEL_02

[

A

SUBSTATION_1

SOLAR_PLANT BRANCH_LEVEL_01

PUMPING_STATIOMN

HEATING_PLANT

MAIN_LOOP




Nuevos modelos y simulacion dindmica tecnal ia ,‘ Inspiring
Business

B_LOAD_4

Un modelo completo de una red de '

District Heating se compone a su vez ’ L,
de multiples submodelos

SUBSTATION_03 SUBSTATION_4

B_LOAD_2

B LOAD 1 '

SOLAR_PLANT1

SUBSTATION_1

SOLAR_PLANT BRANCH_LEVEL_01

s =0 T
'

PUMPING_STATIOMN

v" Modelos DER propios desarrollados

v’ Libreria MOEEBIUS Modelica

v' Modelado de distrito a partir de
integracion de submodelos

v' Co-simulacion entre nivel edificio y
distrito

HEATING_PLANT




Nuevos modelos y simulacion dindmica

= tecnalia ) sz

Simulacion dinamica y un “simulador dinamico”

MOEEBIUS BEPS (Building and District Energy Performance Simulation
tools) es un servidor de simulacion propio, aprovechando el motor de
calculo EnergyPlus y yendo mas alla del uso standard del mismo.

v' Metodologia para estandarizacion de
parametros

v Generacion de archivos climaticos a partir de la==== s
prediccion meteoroldgica

uction name

Comstr
FACADE 01

Ao0F_0T

v Simulacién en paralelo de multiples escenarios -

51 Groups - 70 subgroups
- Single values, arrays, ...

v" Modificacién automatica de modelos, permite:

200
: -, desaﬁo.\\ (O
v' Actualizacion o0% > 4 a\o
v' Optimizacion ,a\ogo,‘f‘m NS \
v Rehabilitacion 080 PR
v Calibracion e _cpS P




¢ Como reducimos la incertidumbre en las predicciones?

= tecnalia )

A partir de las comparacion entre parametros energéticos clave predichos y
observados, y aplicando métodos bayesianos, el modelo base es calibrado.

{ Modelo base | Predieen { Modelo calibrado
" T Por otra parte, el modelo es
mejorado con archivos
__Aatibracien climaticos actualizados basados
e en predicciones y perfiles
actualizados de comportamiento
observacion de los usuarios.

A

Monitorizacidn de
variables energéticas

v de condiciones J

interiores

1 t-1 ot t+l
L L 2 L
! 1 >
Zontrol Parameters to Actuators ﬁl PEEEETY ﬁt - -
- - i ki, ...
Sensors measurements [1 . lt Predicted KPls [ bl T]
ot Predicted system - -
O Jl erformance lt+1, o, IT
Py Expert Knowledge p
Expected sensor accuracy C;
Initial Context parameters qy, ..., ; Prediction of Future
m Initial Calibration parameters 7 Performance

v t

Predicted Context ~

Model Calibration —_> parameters i1 0 4T
— ¢ Proposed Contro\ Pisys oo DT
Optimised: Strategies
Context parameters ¢, ..., O
Calibration parameters 'f' [ Y7 Expert Knowledge
(e.g. weather forecast, control strategies, etc.)




Utilidad y aplicaciones

Modelado polivalente

Un Unico modelo para tres fases
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OPERACION Y REHABILITACION
MANTENIMIENTO




Utlidad y aplicaciones tecnalia )

Aplicaciones en el proyecto MOEEBIUS

OPERACION Y
MANTENIMIENTO

Complejo educacional-deportivo en Mafra (Portugal)

v" Optimizacion del control de los
sistemas HVAC para grandes cargas

térmicas (piscina, polideportivo,

climatizacion,...)

v" Monitorizacién y visualizacién remota
de las condiciones interiors de comfort

y variables de consumo

v" Aprendizaje del comportamiento y

preferencias de los usuarios

v Predicciones semanales del consumo

energeético del edificio




Utilidad y aplicaciones tecnal ia)' inspiring

Aplicaciones en el proyecto MOEEBIUS

OPERACION Y
MANTENIMIENTO
3 bloques de apartamentos en Londres (R.Unido) REHABILITACION

v" Analisis del potencial de participacion de consumidores

domésticos en esquemas de Demand Response

v"Impacto de la interrupcion temporal de la climatizacion

en el comfort interior

v" Predicciones de consumo semanal para el agregador
v' Evaluacién de alternativas de rehabilitacion en envolvente

v' Aprendizaje del comportamiento y preferencias de los

usuarios

v" Monitorizacién y visualizacion remota de las condiciones

interiors de comfort y variables de consumo




Utilidad y aplicaciones tecnal ia)' inspiring

Aplicaciones en el proyecto MOEEBIUS

OPERACION Y
MANTENIMIENTO

Barrio de 44 edificios residenciales (>4600 apartamentos) y 2 educacionales
en Belgrado (Serbia)

v" Monitorizacién remota del consumo de District Heating

v"Informacién en tiempo real para el operador de la red

v' Empoderamiento del consumidor final y mejora de la

eficiencia energética a través de la concienciacion
v" Modelado y co-simulacién edificio distrito

v" Predicciones de consumo semanal para el operador

v' Evaluacion de estrategias alternativas de operaciéon de
la red (digital twin) y optimizacion energética, sin

afeccion al comfort del consumidor final




Vilidady aplcaciones tecnalia ) sz

Proyectos recientes empleando modelado fisico
DISENO

Disefio y dimensionamiento de una red de distrito de calefaccién y ACS en Madrid

e -

v" Ampliacién de una planta existente, para cubrir una

creciente demanda por agregacion de edificios
v' Dimensionamiento de la planta
v" Dimensionamiento de la red de distribucion
v Disefio de las subestaciones a nivel de edificio

v Definicién y evaluacion de alternativas de rehabilitacion

para una red optimizada R

CIMVsS

EMPRESA MUNICIPAL DE LA VIVIENDAY SUELO




Vilidady aplcaciones tecnalia ) sz
Proyectos recientes empleando modelado fisico

OPERACION Y
MANTENIMIENTO

Andlisis técnico y econdémico de las redes térmicas en hospitales de Osakidetza

v Andlisis de diferentes mddelos técnico-econémicos de
explotacion para las plantas de produccion de las redes
térmicas, incluyendo la definicion de soluciones técnicas

para las deficiencias identificadas

v Definicion de los modelos de explotacion de las plantas de

produccion

v' Evaluacién del cumplimiento de toda normativa técnicay

de seguridad applicable a las plantas de produccion

v Definicion de las condiciones de operacion mas

adecuadas e identificacion de las estrategias de

explotacion mas ventajosas

Osakidetza
Servicio vasco de salud




Utilidad y aplicaciones tecnal ia)' inspiing

Proyectos recientes empleando modelado fisico
REHABILITACION

Rehabilitacion energética de los edificios publicos a través de tecnologias adaptables y asequibles

v Proyecto Europeo A2PBEER, coordinado por Tecnalia, de
rehabilitacion para Edificios Publicos de Consumo Nulo,

con tres demostradores en Espafa, Suecia y Turquia.

v Soluciones innovadoras de rehabilitacion energética:
v' Superaislamiento de fachada con VIPs

v' Ventana reversible para optimizer las ganancias solares

estacionales

v/ Sistema de iluminacion inteligente que optimiza us uso

» Edificio de la UPV/EHU en el campus de Leioa
en funcién de la luz natural

v' Sistemas de calefaccion y refrigeracion solar térmicos

v Innovador concepto de red térmica y subestaciones e . = o I
A2 PBETER

AFFORDABLE AND ADAPTABLE PUBLIC BUILDINGS
THROUGH ENERGY EFFICIENT RETROFITTING
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3.3 Annex 1.3. Modelado basado en datos aplicado a bombas de calor, HVAC y
edificio. Borja Tellado
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1.- introduccion

2.-Tipos de Modelado

3.- Concepto bomba de calor y edificio
4.- Hibridacion de modelos

5.- Caso de Uso

6.- Conclusiones

FHP project is funded by European Union under the grant -

tecna[iaf —— agreement no. 731231. Pagina 2



1.- Introduccion

A continuacion...

« Tipos de modelado segun su grado de aproximacién al fendmeno a modelar
« Pros, Contras, ambitos de aplicacion...

« Como sacar ventaja de la hibridacion de modelos
« Generacidn de datos de entrada, calibracién del modelo....

» Tipos de hibridacién
« Hibridacion en Serie , Hibridacion en Paralelo

« (Caso de uso.
« Vivienda unifamiliar disefiada siguiendo especificaciones tipo “Passive Haus”

. FHP project is funded by European Union under the grant
tecnallaf P agreement no. 731231.

Pagina 3



2.- Tipos de Modelado

White Box: se conoce como modelado de caja blanca cuando la arquitectura y todos los datos del sistema son accesibles. Los modelos de caja blanca
son modelos de fase de disefio ampliamente reconocidos como inexactos, la mayoria de las veces, debido al uso impredecible del edificio. Los modelos
de caja blanca, segln la descripcién de los detalles fisicos del articulo modelado, reducen considerablemente el nimero de sensores necesarios para
producir un resultado. Por otro lado, los enfoques de caja blanca son muy sensibles a las imprecisiones en el modelado. Las inexactitudes pueden
deberse a errores o simplificaciones realizadas durante el modelado o debido a desviaciones en los valores dados a los parametros de modelado.

Gray-Box: se refiere a un sistema mientras tiene algin conocimiento del sistema interno. Generalmente, los enfoques de caja gris, describen el modelo
/ proceso a modelar mediante expresiones analiticas simplificadas. Después de una fase de calibraciéon, basada en lecturas de sensores, se calculan los
coeficientes de las expresiones analiticas. Una vez que se completa la descripcion analitica, el modelo resuelve la (s) ecuacion (es) para evaluar el
modelo. Los modelos de caja gris no caracterizan la composicion del elemento a modelar, sino su comportamiento a las excitaciones en sus limites.

Black-Box: el modelo de caja negra se basa en la idea de probar un sistema sin tener ninglin conocimiento del funcionamiento interno del sistema o de
su arquitectura. Estos tipos de modelado son muy utiles en la configuracién de reconocimiento de patrones. A diferencia de las pruebas de caja blanca,
las pruebas de caja negra facilitan las comunicaciones de prueba entre los médulos. Los modelos de caja negra tienen una gran dependencia de los
datos de entrada disponibles y el poder de manipularlos; en este contexto, el poder de cdmputo disponible es una restriccién. En los uUltimos afios, la
mejora de los marcos tecnoldgicos (software y hardware) ha facilitado la aplicacion de los enfoques de Black-Box.

Hibridacion: XXXXX

. FHP project is funded by European Union under the grant
tecnalia f o] agreement no. 731231.
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3.- Concepto bomba de calor y edificio

Text building,

TIN, IC .,
R
TOUT, IC,
SPTIN,IC, TIN, IC, N >
Heat Pump Ee Building
TIN, EC,, model | "t 5 model T intair building,
-
BEEEE—
Eet—n S
R
&
4 3
£33
S = >
S & °
S =
T &
& <
Modelo Bomba de Calor Modelo del edificio
« Predecir la temperatura de impulsiéon y consumo *  Predecir la evolucion de la temperatura interior
eléctrico de la bomba. *  Predecir la demanda térmica del edificio
« Optimizar el set point de la temperartua de + La temperara exterior y la ocupacion se
impulsion. consideran como variables de de entrada.
) FHP project is funded by European Union under the grant
tecnallaf P agreement no. 731231.
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4.- Hibridacion de Modelos

Generacion de datos de entrenamiento

Calibracién del modelo de caja gris: el proceso de calibracidon alimenta con datos medidos reales el modelo fisico
simplificado implementado en los conceptos de caja gris.

Tedricamente, la necesidad de calibracidon disminuye de los sistemas de caja negra a caja blanca, pero no obstante, no
hay enfoque

esta libre de necesidad de calibracidén, ya que ninguno es capaz de reproducir la vida real completamente

El modelo de caja gris que se utiliza para producir el conjunto de datos de entrenamiento virtual para el enfoque de
extraccion de energia se ha calibrado utilizando

« Verificacién de la estabilidad del modelo: uno de los requisitos mas importantes de cualquier modelo,
independientemente del enfoque que siga, que deben converger y estar libres de singularidades en su dominio de
aplicacion.

« La generacidon de un conjunto de datos de entrenamiento requiere excitar el modelo de caja gris con entradas que
implementan cierta desviacién de los que se han utilizado durante el proceso de calibracién.

El conjunto de datos de entrenamiento creado incluird datos obtenidos con horizontes de tiempo de 24 horas y 7 dias.
Los resultados de la verificacién concluyeron que el modelo no tiene singularidades en una amplia gama de energia
térmica produce resultados estables independientemente del horizonte temporal utilizado.

Cutdoor Tem Outdoor Tem
_SmP Indoor Temp P Heat Power
Heat Power Indoor Temp
———— QR ——— Solar Irradiati Black-box [
Solar Irradiation ar Irradiation
2 P rir pIUJULal. 1D 1JUIiucu Uy I_UIU}JUG.II UIHUIL UTIUCTIT LIT ulalll B ~
inajrring 4 b
tecnalia r Bt agreement no. 731231.
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4.- Hibridacion de Modelos

Modelos de hibridacion de modelos

« Hibridacion en Serie: Las salida del modelo GB o BB alimenta al
siguiente modelo para producir una salida. Los parametros del entrada "

para cada uno de los modelos no son los mismos. ! ; . /
—— R Black-box

Grey-box

« Hibridacion en Paralelo: La salida del modelo GB y BB se componen
para producir una salida. Los parametros de entrada al modelo son
comunes.

* Modelo Implementado: Modelo hibrido en serie implementado en
Modélica e integrado en entorno Python junto con una modelo de caja Modelica + PyFMU Python
negra.

— Grey-box Black-hox

El modelo de GB es utilizado para crear un set de datos de entrenamiento
utilizado por el modelo de caja negra. El modelo de BB da como resultado la
energia térmica necesaria para satisfacer ciertas condiciones de confort bajo
condiciones externas conocidas

Heat Power

I Heat Power

X Indoor Temp

. u V !
Outdoor Temp Virtual Py

u,v y o
Solar Irradiation } T Grey-box gr‘img'g;: Black-box
ata >e

. FHP project is funded by European Union under the grant
tecnalia ) agreement no. 731231.
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5.- Caso de Uso

La casa de investigacion es una vivienda unifamiliar de energia casi nula disponible para pruebas de productos en la vida real y
con un tipo de alojamiento definido o variado. Mas de 100 puntos de medicion detectan, a nivel de detalle, como diferentes
instalaciones técnicas, componentes o comportamientos del usuario afectan el rendimiento y la funcién del sistema de instalacién
del edificio.

Magnitudes de Entrenamiento Objetivo

; FHP project is funded by European Union under the grant
tecnalia ’. P agreement no. 731231. 2
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5.- Caso de Uso
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5.- Caso de Uso
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/—‘_\
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Consumo de referencia con
temperatura interior a 21°C (azul),
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FHP project is funded by European Union under the grant -
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5.- Conclusiones

Conclusiones:

* No existe una metodologia de modelado mejor “per se”

La hibridacion de modelos resuelve:
- La falta de datos de entrenamiento
« Mitiga el impacto de las incertidumbres de modelado

Las bombas de calor debido a lo acotado del problema son iddéneas para
el modelado hibrido

Existen multitud de herramientas de libre distribucidn que permiten crear
modelos avanzados

Cada vez mas se trabaja en la interoperabilidad de las herramientas de
modelado de forma que el ambito de aplicacién sea mayor.

. FHP project is funded by European Union under the grant
tecnalia f o] agreement no. 731231.
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3.4 Annex 1.4. Proceso de calibracion de un modelo térmico de edificio. Carlos
Fernandez Bandera
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Metodologia — Seleccion mejor modelo y evaluacion
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Universidad CONCLUSIONES
de Navarra Puntos clave y préximos pasos

* Esta metodologia genera modelos calibrados que predicen el comportamiento
térmico de un edificio de una manera precisa

* Estos modelos calibrados permiten identificar su inercia térmica vy, por tanto, su
capacidad de almacenamiento térmico gratuito.

* El almacenamiento gratuito de los edificios puede ser utilizado para proporcionar
flexibilidad a la red e incrementar el uso de energias renovables

* Metodologia de calibracion probada en un modelo sintético. Dentro del proyecto
SABINA, esta metodologia se aplicara en diferentes escenarios:

MODELO » TESTEN » TEST REALES:
SINTETICO LABORATORIO GRECIA'Y DINAMARCA

This project has received funding
from the European Union’s Horizon

2020 research and innovation
programme under grant agreement

S A BIN A n731211, project SABINA.
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3.5 Annex 1.5. Herramientas y retos usando modelos equivalentes. Javier Arroyo
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NUESTRA ESPECIALIDAD

Optimizamos el rendimiento de los sistemas termicos a traves
de laintegracion de control y disefio optimo
~ Enfoque:
+  Sistemas térmicos en sistemas multidisciplinarios a gran escala
+ Integracion optima de disefo y control

< 0Objetivos:

+ Mejorar el confort y la calidad de servicio en edificios
Mejorar la eficiencia energética reducir el coste energético
Integrar energias renovables
Desbloquear el uso de la flexibilidad energética
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. POR QUE OPTIMIZAR? e

USO ENERGETICO FINAL POR SECTOR

INGUStHd Iransporte
5270 2876

EDIFICIOS

g YSTEMS Ref: “Atam, E., & Helsen, L. (2016). Control-Oriented Thermal Modeling of Multizone Buildings: Methods
£ MULATION and Issues: Intelligent Control of a Building System. IEEE Control Systems, 36(3), 86-111” 3
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>~ VIto .
¢, POR QUE OPTIMIZAR?

Sistema actual para el control de edificios

COOLING

2 i =

2 07:00 07:15 07:30 07:45 8:00
= DYSTEMS
m EglMULAHON Ref: Jan Drgona 4




>~ VIto . <
¢ POR QUE OPTIMIZAR?
Sistema FUTURO para el control de edificios
“Look at lite through-the windshield
Not the rear-view mirror” .
%‘ YSTEMS _ _ _ _ -
m EglMULATION Ref: http://www.billfrymire.com/gallery/weblarge/Teton-mountains-Wyoming-driver.jpg 5
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CONTENIDO
~ Modelado: . Optimizacion:
+ Retos y herramientas para el + Retos y herramientas para el
modelado energético de edificios control éptimo de edificios

Introduccion Enfoques para el control 6ptimo
Retos en el modelado Aplicaciones
Tipos de modelos Retos en el control optimo
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RETOS EN EL MODELADO DE EDIFICIOS

~ Complejidad y sistemas multidisciplinarios
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GEOTABS project
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RETOS EN EL MODELADO DE EDIFICIOS

~ Balance entre complejidad y precisidon
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RETOS EN EL MODELADO DE EDIFICIOS

< Acceso a los datos

DR = i e
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Ref:
“https://lucidconnec
ts.com/library/video
s-and-
webinars?page=3"
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7V TIPOS DE MODELOS .

< Entradas/Salidas
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7 TIPOS DE MODELOS o

<= Modelos fisicos o directos

Pompes a chaleur
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a TIPOS DE MODELOS o

< Modelos semi-fisicos

minimise /rfe(f)TQe{f)dr, (la)
4]
with respect to x(¢),w(t),u(t), p,
subject to F(r,%(2),x(t),w(t),u(r),p) =0,
(1b)
x(to) = xo, (1c)
Vr € [to, /]

RMSE,; _\/E: p (i) — Mj(fi))z_

m

Ref: “Gutschker O Parameter identification with the software package LORD.

Ref: “Practical implementation and evaluation of model predictive control
Building and Environment (2006), doi:10.1016/j.buildenv.2006.10.010”

for an office building in Brussels”, Roel De Coninck, Lieve Helsen”

® Parametros ®™ Entradas controlables
®= Perturbaciones Salidas controladas
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TIPOS DE MODELOS
~w Modelos semi-fisicos multizona

+ Arquitectura descentralizada

+ Arquitectura centralizada
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~ Modelos puramente matematicos o inversos

ENTRADAS CONTROLABLES ) (5= 15 neurons)

output 1

TEMPERATURA EN CADA

PERTURBACIONES =) 3 ZONA TERMICA

fnpu
(T8R4 1

ESTADO INICIAL =)

Ref: “https://machinelearnings.co/text-
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HERRAMIENTAS PARA EL MODELADO

~Integrated District Energy
Assessment Simulations

(IDEAS)
+ Libre: : i
_ . I | ‘ﬁﬁ% i i
! https://github.com/open- Py
ideas/IDEAS I : . __ﬂ||||||||||| P : r
’f\ Orientado a ObjEtOS “i : Hi = % i :!i'E::::1:11::L::::::ji H
+ Fruto de colaboracion e e

internaCionaI (I BPSA PrOjeCt 1) Ref: “F. Jorissen, G. Reynders, R. Baetens, D. Picard, D. Saelens & L. Helsen.

Implementation and verification of the IDEAS building energy simulation library,
Journal of Building Performance Simulation, 2018”

* Validacién: TwinHouse,
BESTEST, PhDs

2 SIMULATION 5


https://github.com/open-ideas/IDEAS

fVItO & EnergyVille
HERRAMIENTAS PARA EL MODELADO

. The Grey-Box Toolbox

+ Optimizacion de parametros
en modelos de modélica

utilizando datos. (Modlca lbrory)

+ Interfaz en Python para
proveer de una amigable

estlmaC|0|.1: vallda.cmn Y TR ey
comparacion de diferentes
.mop (file)
modelos.
~.mop (file)
.mop (file)
wueuven PEEIN 16
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HERRAMIENTAS PARA EL MODELADO
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3.6 Annex 1.6. Implementacion de MPCs en la nube o en sistemas embebidos.
Borja Tellado
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.- Introduccion

El paradigma de la computacion cloud: Se parte de un concepto muy sencillo pero se
termina con un entorno de una complejidad considerable....

» Pros: Flexibilidad, escalabilidad

« Contras: Mantenimiento en Produccion

Big Data Landscape 2016 (Version 3.0)
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El paradigma de la computacion embebida: Se parte de un entorno de gran complejidad
para terminar ofreciendo una funcionalidad muy concreta....

» Pros: Simplicidad en operacion
» Contras: Dificultades en flexibilidad y escalabilidad

Interior Light System
Auto toll Payment {
Rainsensor

ower Window Sensor
Control

Entertainment
HeadUp Display

Dashboard controller

Light failure control
Information
Navigation
Engine:

Injectioncontrol
Injection monitor

il Level Sensing WY .
AirFlow } Suspension conti(l
Throttle control S~ Keytransponear

Valve Control . Door module
i g Seatcontral:

Headlightt: Pasition/Heating

Position control

: FHP project is funded by European Union under the grant
tecnalia f S agreement no. 731231.




2- Ambito de Aplicacion Cloud y Edge Computing

Los principales ambitos de aplicacion de desarrollos CLOUD son:

» Despliegue de redes de sensores inalambricos (Smart Cities,...)

» Integracion de sistemas domésticos incluyendo ocio y confort

» Salud, un paciente puede llevar una coleccidén de sensores que monitorean ademas
de la proliferacién de Smart Weareables

« Seguridad, sistemas de monitorizacion remota y alarma videovigilancia movil, etc.
Estos sistemas estan disefiados para grandes eventos publicos tales como eventos
deportivos, demostraciones y similares que son de corta duraciéon y donde grandes

» Localizacidon, como puede ser la de coches de alquiler y los autos que se sospecha
que son robados también pueden beneficiarse de un bajo costo integrado

¢, Que es el Edge Computing?

(191) )
C\: —= é Device Type 01
I

Transferir capacidades de computacion de (\ | ) —_

la nube a nodos periféricos.... lIoT  AWS10T Greengrass Core

Enables the local :
execution of AWS Lambda, £ ? Device Type 03
messaging, device shadows,
Cloud and security. AWS loT Any device using Amazon
Greengrass Core interacts FreeRTOS or AWS loT Device
directly with the cloud and SDK can be configured
works locally, even with to interact with AWS loT

intermittent connectivity Greengrass Core via the
local network

FHP project is funded by European Union under the grant

tecnalia f Bt agreement no. 731231. Pagina 5




2- Ambito de Aplicacion Cloud y Edge Computing

¢, Es necesario Edge Computing? population 8-3Billion 6.8 Billion 7.2Billion 7.6Billion
Comected 500 Million 12,5 Billion 25 Billion 50 Billion
« 50.000 millones de dispositivos loT en 2020 o & O &

(Cisco- Ericsson en 2010 2011)
« 30.000 millones de dispositivos 10T en 2021
(Cisco- Ericsson en 2015)

More

No tener que transmitir todos esos datos a la nube Conneted i

supondra un ahorro importante. perperson 00 [ 184 347 858

2003
¢,Se crea un nuevo concepto? S i BSG A 201
« Fog Computing. La nube lo cubre todo -

2010 2015 2020

¢, Un ejemplo concreto de Edge Computing..?
« El coche autdbnomo... no puede esperar a comunicar
con la nube..

RADAR GPS

PER SECOND
PER SECOND PER SECOND

AUTONOMOUS VEHICLES
CAMERAS - LIDAR

& s
PER SECOND \ 4 PER SECOND

PERDAY... EACH DAY 2
(inteD

i i FHP project is funded by European Union under the grant
tE‘CHBIIaf T — agreement no. 731231.
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Objetivo de Edge Computing:
* Minimizar la latencia de comunicacién con la red
« Acercar las capacidades de computacion Cloud.

Los proveedores de servicios Cloud proveen ya de “variantes” Edge.
« Amazon: AWS Green Grass (aun no incorpora inteligencia)
« Microsoft Azure loT Edge.

La inteligencia artificioal On Edge software y dispositivos pequenos utilizados
por personas de la vida cotidiana, con una maquina integrada y un
aprendizaje profundo disefiados para simplificar las tareas diarias del
usuario. Alexa y Google Home son las iniciativas mas populares en ese
ambito

hitps://www.embedded.com/electronics-blogs/say-what-
/4460873/Bringing-machine-learning-to-the-edqge--A-Q-A-with-Neurala-s-
Anatoli-Gorshechnikov-

: i FHP project is funded by European Union under the grant
tecnalia ;ﬂ- Buaires: agreement no. 731231.




3.- Aplicando MPC en HVAV

Conceptos de arquitectura

* On Premise: El control reside en servidores locales solo la visualizacion accesible
desde el exterior

* On Cloud: Toda la l6gica de control, almacenamiento y visualizacion residen en
servidores externos.

Envision Envision Webtalk Web
Server Client Server Browser

WAN/Internet

~«em LAN

BACtalk
Expansion
Modules 4 | Microview

somm MS/TP

|
|
|
|
—
— 1| |
feainali Sz | =]
»»=m Modbus I
WAl o EI::?(ES — —
I rﬂrn&

FHP project is funded by European Union under the grant
agreement no. 731231.

tecnalia I e
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3.- Aplicando MPC en HVAV

Modelos de Controlador
« PID: Basado en el valor del error no tiene capacidad de predecir el futuro

« MPC: Contiene el modelo del sistema a controlar tiene capacidad de optimizacion y
» predecir el futuro

Controller
SetPoint - Error Fww it Predicted Sutput
—-__HF.-'.}.'— Past Outputs _l_HEfEI'E'I'H:E
¥’ |07 o Inputs FModel -",':::l
'wtf -
Inputs
Brocess _-ILE'_‘I.J Wty Optimization
Variable i ot | |
P DI“"““"" Function  Constraints
m:rﬂm,[ﬂ-mr,i _.1!%!

—

¢;.Cual es el adecuado? ;Donde debe ser ubicado? ;En la nube? ;Local?

i u FHP project is funded by European Union under the grant
tecnaha ’. maie agreement no. 731231.
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3.- Aplicando MPC en HVAV

¢.Cual es el adecuado? ;Donde debe ser ubicado? ;En la nube? ;Local?

Envision Envision Webtalk Web
Server Client Server Browser 8111 Coaiin
Efsfl::!gn Cosaabin bty I
| | Modules I
| i
Fazsrabs =
somm MS/TP : . = .
J A
el imkial |
»~ = Modbus I
"‘;i:vli‘i‘ces I — B e
liTeca

Siemens: Mind Sphere
Honeywell: OBS

Johnson C: Metasys

FHP project is funded by European Union under the grant
agreement no. 731231.
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3.- Aplicando MPC en HVAV

¢2.Cual es el adecuado? ;Donde debe ser ubicado? ;En la nube? ;Local?

TR T

Cormnian Birwaln

Fassrals

RS
ey | ——t

fadnnaln =T

-~

i L FHP project is funded by European Union under the grant
tecnaha f maie agreement no. 731231.
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3.- Aplicando MPC en HVAV

il Cotrga'it e I i

Coemnbin Uit

|

FHP project is funded by European Union under the grant

|
|
Pamsrnty l . — .
I
dm—| | _
fairels  Saovisar | =
|
| [Tk
tecnalia f Fi agreement no. 731231.

MPC Local & Optimizacién Cloud

Calculo de analiticas del equipo (Perfil de uso...)

« Optimizacién de parametros de funcionamiento

« Simplificacion de la instalacion y configuracion

» Reducir el trafico en la nube

« Facilitar la elaboracién de analiticas complejas

« Optimizacién de los algoritmos de deteccién de
averia o desviacion de punto de operacion

« Facilitar la operativa entre fabricantes, integradores

responsables finales de la instalacion

Pagina 12



4.- Conclusiones

Conclusiones:

tecnalia f Fi agreement no. 731231.

Los fabricantes de BMS se han fijado en la nube como plataforma global

La nube “populariza” los algoritmos de IA.

La complejidad del los equipos sus capacidades de funcionamiento requieren
de modelos optimizados de funcionamiento para sacarle todo el partido

La optimizacion del todo es excesivamente compleja. Dividir para vencer.

La descentralizacion de las analiticas reduce el conste de los servicios Cloud

On-Premise vs On-Cloud ? No hay norma segun el caso..

FHP project is funded by European Union under the grant
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3.7 Annex 1.7. Uso de MPC con modelos de edificio detallados. Carlos Fernandez
Bandera



Superacion del obstaculo del tiempo computacional requerido para le
ejecucion de MPCs basados en modelos fisicos de edificio detallados.

Carlos Fernandez Bandera
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52 % Universidad SOLUCION - Reduccidn espacio de busqueda
1 ~de Navarra 2. Curva de libre oscilacion SABINA i

104 11 (Monday) . : 12 (Tuesday)

Figure 2. Measured temperature (blue line) and free oscillation temperature (black line) of thermal
zone 14 (see Figure 4). Office building, School of Architecture (University of Navarra), December

11=12, 2017.
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Figure 6. Search space reduction that supposes the consideration of the free oscillation curve in winter
season.
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3.8 Annex 1.8. MPC con modelos equivalentes multizona. Javier Arroyo
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7~ Vito LOS DOS GRANDES ENFOQUES PARA EL “WenergyVille
CONTROL OPTIMO

Property Model Predictive Control Reinforcement Learning

Model required X not required v/

Convexity required (usually) X not required v/

Adaptivity immature (usually based on robustness) X mature (inherent) v/

Online Complexity high (except explicit and neural MPC) X low v

Offline Complexity low (except explicit and neural MPC) v high X

Stability Theory mature (e.g. based on terminal cost) v/ immature X

Feasibility Theory mature (e.g. based on terminal constraints) v/ immature X

Robustness Theory mature (e.g. based on tubes or ISS) v immature X

Constraint Handling mature (inherent) v/ immature (except input constraints) X

Table 1. Properties of Model Predictive Control and Reinforcement Learning

Ref: Daniel Gores. Relations between Model Predictive Control and Reinforcement Learning. 2017

£ IMULATION
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CONTROLADOR PREDICTIVO CON MODELOS
MPC
> Optimization problem > Inputs sequence |
T U, sy UN —1
Constraints Cost function Building
T € A min N1l u -
w € U oty 2 k=0 (k, Y, ur) HHHH -
T«I'kﬂ i l i
Future predictions l
Yk
[Dlstubances J :{Buﬂdmg model} Estimator |«

Ref: E. P. Ollé, Design and experimental implementation of a data interface for the optimal control of thermal

m %gYSTEMS systems, Master Thesis, KU Leuven. )
£ DIMULATION
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CONTROLADOR PREDICTIVO CON MODELOS

xq Iy
Plant Plant |---------------
o
Observer
Tg
Initial States
Specifications
P(1 OQCP(2) b-----
Controller Model OCP(1) (2)
T.-;—-: Th,
d(to.to + Th) d(ti.t1 + Th) d(te, to + Th)
Predictor Predictor Predictor
to T t1 T, t2
- Ref: J. Arroyo, A Python-Based Toolbox for Model Predictive Control Applied to Buildings, 5th International
§§YSTEMS High Performance Buildings Conference at Purdue, July 9-12, 2018 5
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< SolarWind
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Ref:
https://www.construction21.0
rg/case-
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= YSTEMS Ref: R. De Coninck and L. Helsen, “Practical implementation and evaluation of model predictive control for 5
s IMULATION an office building in brussels”, Energy and Buildings, 2015, Submitted on 17/03/2015.
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~= Dynamic Coalition Manager: plataforma para explotar la flexibilidad

P

Ref: J. Arroyo, Flexibility
guantification in the context
of flexible heat and power for
buildings. Proceedings of
the REHVA Annual Meeting
Conference Low Carbon
Technologies in HVAC 23
April 2018, Brussels,
Belgium
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== Dynamic Coalition Manager: plataforma para explotar la flexibilidad

AAA NS

Cr = 0.01€/kWh

1000 - —8— Forecasted baseline L 0.03
—i— Optimal plan
—%¥— Convergence L 0.02
800 A ihili '
Aggregated flexibility

- -0.01 =

T 600 E

N o s, N, . A, . | w

Ref: J. Arroyo, Flexibility 2 0.00 =

quantification in the context  § 400 A o

of flexible heat and power for L _0.01 %
buildings. Proceedings of
the REHVA Annual Meeting

Conference Low Carbon 200 1 - —0.02
Technologies in HVAC 23
April 2018, Brussels, ,
’ Belgium 0 - —— Day-ahead Price — 1 -0.03
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
31-Dec )
time
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7V RETOS -

~ Convencer a los propietarios

. Todos los retos del modelado:
+ Complejidad y sistema multidisciplinario
+ Balance entre complejidad y precision
+ Acceso a los datos

< Acceso a los actuadores

£ IMULATION




vito C EnergyVille
> HERRAMIENTAS B
Building model

‘TACO TOO I Ch a i n fo r AUtO m atEd / Weather Building Building envelope \ Comfort
. . . Cons’rrainE
Control and Optimization —

+ Conversion de Modelica a MPC

Time conditions

no lineal
+ Uso de la libreria IDEAS s
#+ Concepto demonstrado: S §
A 92 variables de control Boundary condition
Building geor'netry, Initiz:/I state
# 100 veces mas rapido que el rVAC desten ,
periodo de control v y
Building
# >50% ahorro energético o Framework T

%
Optimal controls

m égYSTEMS Ref: . F. Jorissen, W. Boydens, L. Helsen TACO, an automated toolchain for model predictive control of building systems: implementation and verification,

IMULATION Journal of Building Performance Simulation, 2018, doi: 10.1080/19401493.2018.1498537 13




vito W EnergyWille
e HERRAMIENTAS e

~MPCpy @i MPCPy

User Interface Ref: https://github.com/Ibl-srg/MPCPy

.epw .Csv

BMS Jmu
database U

System Data or

. Madel Files
Emulation

Exogenous Data

weather envelope energy

estimation

internal load hvac demand

grid signals equipment valigation cost

preferences occupant simulation grid services

ExoData Systems Models Optimization

Variables and Units
Utility Modelica Buildings
Modelica IBPSA

Suppott Libraries

JModelica.org

EstimationPy

Support Software

= vsTEMs Ref: Blum, D. H. and Wetter, M. “MPCPy: An Open-Source Software Platform for Model Predictive Control in Buildings.” Proceedings of the 15th
E IMULATION Conference of International Building Performance Simulation, Aug 7 — 9, 2017. San Francisco, CA. 14
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~.moDESto

Arquitectura m 0@
v

NetworkX

District

energy

Design inputs
- @ GUROBI
) PYOMO g network '
f j __ g Optimal control

f j Sy Optimization g signals

& results Vary design §

parameters =

Creating a Creating @ Optimizing
network network network
topology... model... model...

Predictions

@aluate objective(s)
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vito
e HERRAMIENTAS -

Gray/black box White box model External data

system identification Real  Nonlinear  Linearised Weather forecast
building model model
B M Matla
model | / Comfort specifications
|
7/~ i} ool 00 H | | v @ 8
ol o) 1 22y |
toolbox — g

+ Para un rapido D) "} e (@

Model order reduction

Disturbance trajectories Reference trajectories
desa' |0IIO e

—— LT
simulacién de MPCs @

para edificios

-
<a

Y

(BuiEstim)

Construction of controllers Construction of estimators

Results plotting

{
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vito W EnergyVille
a HERRAMIENTAS B

~= FastSim Python Toolbox

Prepara tu
controlador

Simulation

EVALUA

Optimizer

min Zj;r: J(xjuy)
Uheyeu UR LN h b

P e— u b | !
L TR Plant —
s.t.
x<a<T
uw<u<u

Prepara tu

emulador NR=A=

‘ Prmlictm“ ‘ Observer } 10

s

Corre una co-simulacion

time

g YSTEMS Ref: J.Arroyo, B. v.d. Heijde, A. Spiessens and L. Helsen, “A Python-Based Toolbox for Model Predictive Control
HSIMULATION Applied to Buildings ”, 5th International High Performance Buildings Conference at Purdue, July 9-12, 2018. 17
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7~V HERRAMIENTAS e

~ BOPTEST:

+ Para una JUSTA y CLARA evaluacion de controladores
avanzados de edificios

Online Repository

e Choose
Test Case

Control Strategy

j o
V1,

Developer

oo P 0o .
£IMULATION




to W EnergyVille
7V HERRAMIENTAS o

~ BOPTEST:
TIPO TAMANO DISTRIBUCION POR AGUA | DISTRIBUCION POR AIRE
RESIDENCIAL | ZONA UNICA @
MULTI ZONA 6/%/
COMERCIAL | ZONA UNICA 6’%/
MULTI ZONA @
e
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4 Annex 2. Presentations of workshop in Sweden



4.1 Annex 2.1. Introduktion till Flexible Heat and Power (FHP) samt projektets
svenska partners. Marcus Steen



po300 wﬂ 39

Erfhfenheter fran EU-projektet Flexible Heat andt Power

Goteborg — 9 oktober 2019, k1.13.00-16.00 %h p

FHP project is funded by European Union under the grant agreement no. 731231.



Flexible Heat and Power ath

Agenda

13.00 Introduktion till Flexible Heat and Power (FHP) samt projektets svenska partners, Marcus Steen, KEAB
Extern styrning av vairmepumpar, Markus Lindahl & Tommy Walfridson, RISE
- Indirekt och direkt styrning — mdjligheter och begrénsningar
Pilot Karlshamn - bakgrund och beskrivning av anldaggningar, Marcus Steen KEAB & Jens Brage, NODA
- Utmaningar och méjligheter fran den svenska demon och FHP
- Vad har vi kommit fram till inom projektet
- Svdrigheter pa vigen och ldrdomar fér framtiden
FED-marknaden, ett samspel mellan olika energibarare, Hjalmar Pihl, RISE
1430  Fika
15.00 Efterfrageflexibilitet ur ett svenskt perspektiv - diskussion
Summering och avslutning
16.00  Slut

“ FHP project is funded by European Union Workshop

under the grant agreement no. 731231. Goteborg, 9 oktober 2019 10/15/2019



exergi

Marcus Steen

VALKOMMEN

VI AR STARKA PA HEMMAPLAN



-FARSIDE

shamn Energi skapar enkla,

arda och kundnara l6sningar med
¢ fokus pa hallbarhet, lokala
arbeten och med standig fokus pa
]ckling och service.”
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Pal i R

Karlshamn

exergi

KARLSHAMN KOMMUN

STADSVAPNET | KARLSHAMN AB

KARLSHAMN ENERGI AB

KARLSHAMN ENERGI @@ KARLSHAMN ENERGI
ELFORSALJINING AB VATTEN AB



O Karlshamn Energi AB

| siffror

2018
Omsattning, Mkr 325
Anstallda 90




KONTAKT

Marcus Steen

marcus.steen@karlshamnenergi.se

0454 - 204 808




HK i Karlshamn, Sverige. Kontor i Malmé och
London. Partners i Belgien, Tyskland och 8
Polen :

* Natoperatorer, fastighetsagare och
automationsféretag som kunder i Sverige,
Polen, Benelux, UK och Tyskland

* Fokus pa innovation inom artificiell
intelligens och datavetenskap for
applikationer inom energisystem

Grundat ar 2005

CARI LU &8N




Skapa hallbara energisystem

Innovation med mal att skapa langsiktig affarsnytta
* Moijliggora affarer

* Minska miljopaverkan

» Sakerstalla quality of service

Omraden for innovation

 Kontroll
* Smart Heat Grid, Smart Heat Building, Hybrid system

* Analys

* Forebyggande underhall, automatiserade kundrapporter, support
system for beslutsfattning

* Plattform
* Moln, Sakerhet, Tillganglighet, API, OEM strategi n 0 D H
FHP project is funded by European Union . BTy
[ | under the grant agreement o, 731231, ©2016 NODA Intelligent Systems 2019-10-15 10



Kontaktuppgifter

,

Jens Brage

FEEES s
rrrri
rrryl

Ty rErr;

{ 4

Jens ar Head of Research and Innovation pa
NODA.Han har en doktorsexamen i matematik fran
Stockholms universitet och en gedigen bakgrund
inom datavetenskap och har flera ars
arbetslivserfarenhet inom mjukvaruutveckling.

jens.brage@noda.se

NODA

© @ ® INTELLIGENT SYSTEMS

FHP project is funded by European Union . BTy
n under the grant agreement no. 731231. ©2016 NODA Intelligent Systems 2019-10-15 11
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RISE

For ett hallbart och konkurrenskraftigt Sverige
Markus Lindahl

2019-09-11

RISE Research Institutes of Sweden
Division Samhallsbyggnad
Energi och cirkular ekonomi




Hela Sveriges
forsknings- och
INnnovationspartner

NI



Agarens uppdrag till RISE

"Industriforskningsinstituten ska vara
iInternationellt konkurrenskraftiga och
verka for hallbar tillvaxt i Sverige
genom att starka naringslivets
konkurrenskraft och fornyelse.”

Utdrag ur Forskningsproposition 2016/17:50 (Kunskap i samverkan)

X



Fakta om RISE-koncernen

Finns over hela Sverige — och lite till.

= 2700 medarbetare, varav 30 % disputerade forskare.

Omsatte 2018 3 miljarder SEK.

Driver over 100 test- och demonstrationsmiljoer, oppna for foretag och
larosaten




R
S

KONTAKTUPPGIFTER

Markus Lindahl
markus.lindahl@ri.se

010-516 5529

RISE Research Institutes of Sweden

Division Samhallsbyggnad
Energi och cirkular ekonomi




Flexible Heat and Power %hp

Introduktion

= Projektet har beviljats under LCE-01-2016 “Next generation innovative
technologies enabling smart grids, storage and energy system
Integration with increasing share of renewables: distribution network”,
subtopic “Synergies between Energy Networks”

= 1/Nov/2016 — 31/0Oct/2019

»=~vito tecndlia) Honeywell

Rl
2 ecovat swerg NODA e SE

® @ @ Intelligent Systems

FHP project is funded by European Union Workshop
n under the grant agreement no. 731231. Goteborg, 9 oktober 2019 10/15/2019 17



Flexible Heat and Power ﬁp

Problemstéalining/utmaning

Okad andel installerad kapacitet av intermittenta
fornyelsebara kallor

= Vid vissa tillfallen: for mycket produktion
= Mer &n behovet (Overskott jamfort med lasten)
= Mer an vad natet klarar av
» Stanga ned produktion?

* |ntermittens: Utmaning for prognoser och balans
= Matchning av tillgang och efterfragan
» Balanskraft?

FHP project is funded by European Union Workshop
n under the grant agreement no. 731231. Goteborg, 9 oktober 2019 10/15/2019 18



Flexible Heat and Power ﬁ'l
Mojlighet p
= Havstangseffekt av flexibilitet tillhandahallen genom omvandling
av elektrisk energi till varme
= Termisk lagring och termisk troghet
= \Varmepumpar
= Tillhandahalls (nastan) ‘gratis’ ...

= Forbattrar affarsmojligheterna for VP ... bidrar till minskade
utslapp som leder till minskad uppvarmning/vaxthuseffekt

= Utspridd och (i framtiden, potentiellt) tillganglig overallt ... |0ser
problem effektivt genom att ta natets villkor i berakning
= VP varmer upp byggnader
= VP laddar stora termiska lagringstankar (= DHN)

n FHP project is funded by European Union Workshop

under the grant agreement no. 731231. Goteborg, 9 oktober 2019 10/15/2019
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Flexible Heat and Power ﬁ'l
MOjlighet — VP trender och potential

Kallor:

EU nVCkEItaIZ ; European Copper Institute and EHPA Ai E

= 1.1 miljoner varmepumpar saldes 2017 e 3 1:4'609

= 10.56 miljoner varmepumpar installerade totalt - '

= Vixande marknad for 4e aret i rad 250040

= Tvasiffrig tillvaxt for 3e aret i rad 3od R ¥, oo

= Dubblering av installerad kapacitet till 2024 ; '
verkar realistisk

Installerad kapacitet: 208 ) o et . '

SWEDEN
1,702,026
=

Genererar 181.1 TWh anvandbar varme
= 115.8 TWh varav fornybara energikallor
= Besparar 29.7 miljoner ton CO2 utslapp

= Flex-potential mellan 1 och 3.2 TWh/ar ‘, SR
By
*Data from 2017
n FHP project is funded by European Union Workshop 10/15/2019 20

under the grant agreement no. 731231. Goteborg, 9 oktober 2019



Flexible Heat and Power ﬁ'l
Projektmal p
= Oka andelen flexibilitet genom att maximera incitamentet for leverantorer av
termisk flexibilitet

» Flex Trading & Dynamic Coalition Manager

= Tillgangliggor efterfrageflexibilitet som kan mojliggéra handel for leverantorer
av flexibilitet(byggnader) och DCM skapar férutsattningar for dem att maximera
vardet av deras flexibilitet

= Platsmedveten flexaktivering ... I6ser lokala problem och problem pa
systemniva pa ett sékert séatt for elnatet

= Aggregering nedifran & upp av prognoser och flexibilitetsinformation
tillhandahallen av leverantdrerna av flexibilitet sjalva, foljt av strategier for
optimal flexibilitet

» Natflexibla varmepumpar ... gor sa att VP battre anpassas for att bidra med
tjanster inom flexibilitet

n FHP project is funded by European Union Workshop

under the grant agreement no. 731231. Goéteborg, 9 oktober 2019 10/15/2019

21



Flexible Heat and Power
Koncept

Make a plan
for ind.
building

Compile
ind. plans

Calc thermal “Dynamic
flex ind. “Flex Graph” Coalition
buildings Manager”

Offer
balancing
service

W

FHP project is funded by European Union
under the grant agreement no. 731231.

BRP

Workshop

Disaggregate
toind. HP

“ADMM
algorithm”

Goteborg, 9 oktober 2019

Control the

HP

10/15/2019

22



Flexible Heat and Power

Multi-agent arkitektur

Balance Responsible
Party

“~

Pawer

e

Dynamic Coalition
Manager
(cluster of heatpumps)

_ FHP project is funded by European Union
under the grant agreement no. 731231.

Distribution System
Operator

DCM (aggregated)

Optimal Flex
Activation Decision

Dynamic Coalition
Manager
(cluster of heatpumps)

Baselines and
Flex Bids

Measurement-driven
Multi-zone
Dynamic Thermal Modeling

Workshop

Goteborg, 9 oktober 2019 10/15/2019

23



4.2 Annex 2.2. Extern styrning av varmepumpar. Markus Lindahl & Tommy
Walfridson



Markus Lindahl, RISE Research Institutes of Sweden %hp

FHP project is funded by European Union under the grant agreement no. 731231.



Introduktion varmepumpar

Varme

v Rumsvarme (fokus i FHP-projektet)
v' Varmvatten (VV)

v" Industriell varme

v Fjarrvarme

Kompressorteknik
v' On/Off
v Frekvensstyrd kompressor

Avgiven varme fran vairmepumpen

v COP =

Varmepumpens forbrukade el

n FHP project is funded by European Union
under the grant agreement no. 731231.



Varmepumpens kontrollsystem fshp

Exampel varmekurva

v' Mangden producerad varme beror
pa: 80
v'Utomhustemperatur
v Temperatur i fastigheten

~J
o

D
o

wu
o

v Varmekurvan bestdmmer vilken
framledningstemperatur
varmepumpen ska halla

~
o

Supply temperature setpoint [°C]

w
o

N
o

-35 -30 -25 -20 -15 -10 -5 0 5 10 15 20
Ambient tempearture [°C]

n FHP project is funded by European Union
under the grant agreement no. 731231.



Standard for Smart grid ready ﬁ]p

v" Smart grid ready (SG ready) ar en standard for smart kontroll
v'Utvecklad av German Bundesverband Warmepumpe e.V.

v’ Varje driftlage aktiveras med hjalp av tva elektriska ingangar i varmepumpen,
dvs om de ar 6ppna (0) eller stangda (1)

Fyra olika driftlagen:

1. Blockerad (1:0)

2. Normaldrift (0:0)

3. Lagpris (0:1)

4. Overkapacitet i natet (1:1)

n FHP project is funded by European Union
under the grant agreement no. 731231.



Styrning av varmepumpens effekt fﬂhp

Varmeproduktion och elférbrukning kan Kompressorns kapacitetsomrade
styras pa tre satt:

v Starta/stoppa kompressorn o0
v’ Andra kompressorns varvtal "
v Starta/stoppa elpatronen 0
E 40
30

20 30 20 25 . 25

Enkat (Fyra Svenska varmepumps-
tillverkare) 0

v'Bosch (IVT)

v Enertech (CTC)

v'Nibe

v Stiebel Eltron (Thermia)

Capacity interval [%]

=
o

=

~

anonymised
anonymised
anonymised
anonymised
anonymised
anonymised
anonymised

n FHP project is funded by European Union
under the grant agreement no. 731231.



Varvtalstyrda kompressorer

Tid fran avstangd till max varvtal

o
(=]

80

o o O

=N W s Oy N 0
o O O O

Time from off to max speed [min]
[an]
S
(9]

[a]
anonymised I

anonymised

FHP project is funded by European Union
under the grant agreement no. 731231.

]
~l

anonymised . o

Time from min to max speed [min]

thp

Tid fran lagsta till hdgsta varvtal

[ R~ R — N ¥, B o ) B VI o « e
o oo o o 0o o o o o o

80

N
w

o
~
anonymised -

anonymised I o
anonymised I =)

anonymised |
anonymised



Labbtest

v Bergvarmepump

v For villa
v 12 kW varmeeffekt (max)
v Elpatron

v" Varvtalsstyrd kompressor

- FHP project is funded by European Union
under the grant agreement no. 731231.



Styrning av varmepumpen

v" Direktstyrning av kompressorns
varvtal

v'Varmepumpens kompressor styrs via
ett styrprogram i extern dator.

v Utfordes manuellt eller automatiskt

v" Indirekt styrning
v'Overrider utegivarens temperatur

v'Utegivaren ersattes med en
precisionspotentiometer

v’ Utférdes manuellt av testingenjor

n FHP project is funded by European Union
under the grant agreement no. 731231.



Varmepumpens prestanda p

COP Varmeeffekt
- sfa framledningstemperatur - sfa framledningstemperatur

6,0 14,0
Brine 0°C Brine 0°C
5,5 — -3%
\ 12,0 - 100 rps  -6%
\ 104%
5,0
\ 10,0
Z a5
@ —_—
3 \ 100 5
2 ‘bg 3 =
E -~ ~ 3,0
S 4,0 z =
-E i ~ § T s ~ E
-;-_- ~ sof- ~ &
o POs - [¥]
£ 35 > . N g 60
N NN s £ ° O T P L
. % i Bt I SN
@ -
320 S S — >~
~ \ ~ o
~ 20, 4 4,0
~ 'bs -4% 30rps 9%
2,5 > -18%
-
™ ~ 2,0
’ 9% Z
2,0 = Lo e P R . TR L -28%
~ < -— -
-~
LY
~4
1,5 0,0
25 30 35 40 45 50 55 25 30 35 40 45 50 55
Supply temperature [°C] Supply temperature [°C]

n FHP project is funded by European Union
under the grant agreement no. 731231.



Testcykel for labbtester

- Utvardering av en natflexibel varmepump

Syfte:

v’ Strukturerad utvardering av extern styrning i
labb

v Hur val kan vi félja testcykeln

v' Paverkan pa COP
v Jamfort med stabile forhallanden

v' Test att styra ett antal funktioner
v’ Starta och stoppa varmepumpen
v Oka varmeproduktionen i steg
v’ Arbeta pa maximal varmekapacitet
v Minska varmeproduktionen | steg
v’ Starta och stoppa tillsatsvarmen
v Justera tillsatsvarmen till 6nskad niva

n FHP project is funded by European Union
under the grant agreement no. 731231.

Compressor speed (%)

140
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80
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40

20

-20

-40

---------

Test time (h)

——Testcycle - - -Test cycle (Aux heater)

Outdoortemp.

11



Indirekt kontroll

140
120
100

80

60

40

20

Compressor speed (%) and outdoor temp (gad C)

-20

n FHP project is funded by European Union
under the grant agreement no. 731231.

Test time (h)

——Test cycle

- - - Test cycle (Aux heater)

—— Outdoortemp.

12



Indirekt kontroll

160

140

120

=
15
S

Compressor speed (%)
3 8

40

20

Kompressorhastighet

1 2 3 4 5 6 7
Test time (h)
‘ ——Compspeed ---Auxheater ——Testcycle - - -Testcycle(Aux heater) ‘

FHP project is funded by European Union
under the grant agreement no. 731231.

Electricity consumption, heat pump (W)

10 000

9 000
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~
o
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o
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w
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S
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Elférbrukning

=
T | b
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Time (h)
——Pe(backup) ——Pe(comp) ——Testcycle - --Testcycle(backup)
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Direkt kontroll

Kompressorhastighet

140

120

100

80

60

Compressor speed (%)

40

20

0 1 2 3 4 5
Test time (h)

——Testcycle - - -Test cycle (Aux heater)

FHP project is funded by European Union
under the grant agreement no. 731231.

——Comp speed

Electricity consumption, heat pump (W)
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Elférbrukning

Elec. (Compessor)

4 5

Time (h)

Test cycle

- - -Test cycle (backup)

14



- FHP project is funded by
European Union under the
grant agreement no. 731231.

Utvardering av resultaten

Beskrivning

KPI,: Avvikelsen i medel fran testcykeln

KPL,: Andel av tiden inom +3% av testcykeln
KPI;: Andel av tiden inom +10% av testcykeln
KPI,: Paverkan pa COP

15



Resultat ﬁ]
- Hur val foljer varmepumpen testcykeln p

AV\iikeIse | medel Andel av tiden inom
fran testcykeln +10% av testcykeln

4%

20%
2%
0% I 0%

Total Compressor only Total Compressor only

16% 120%

14%
100%

12%
0,
10% 80%

8%

(%)
g
X

(%-units)

6%

M Direct ™ Indirect B Direct ™ Indirect

- FHP project is funded by European Union
under the grant agreement no. 731231.



Resultat

- Paverkan pa varmepumpens effektivitet (COP) ﬁ]p

v COP minskar 10-15% med
testcykeln

v Jamfort med stabil drift
v'50% kompressorhastighet

v’ Kompressordrift enbart
v’ (Backup varme exkluderat)

v Andra tester: Paverkan pa COP
beror pa testprofilen

_ FHP project is funded by European Union
under the grant agreement no. 731231.

0%
2%

-4%

6%

-8%

g -10%
-12%
-14%
-16%
-18%
-20%

Minskning i COP

-Jamfort med stabil drift

M Direct ™ Indirect

17



Direkt styrning
- 24h profiler

Nya testprofiler med direkt styrning av kompressorn

Syfte:
— Utvardera om VP kan folja en foreslagen profil, och hur val.

— Utvardera hur COP paverkas av att man foljer en profil i stallet for att kora pa
konstant effekt

Profilerna baserat pa mojliga anvandningsomraden:
— Peak shaving
— Profiler anvanda i Karlshamnspiloten (Framtagna av Vito)

— Kostnadsminimering
« Exempel Aarhus, 26 nov 2018

- FHP project is funded by
European Union under the
grant agreement no. 731231.

18



Peak shaving

5 kW varmebehov konstant 6ver
dygnet

« Utomhustemperatur: +3°C

» Husets varmebehov enl.
provningsstandarden for VP: EN14825

n FHP project is funded by European Union
under the grant agreement no. 731231.

P(heat) (kW)

O R, N WbBHA U ONOOL O

P(heat) (kw)

o N A O

=

B
N A

=
o

thp

Peak shaving, 50% of Pbiv

6 8 10 12 14 16 18 20 22
Time (h)

——Baseline

Peak shaving at 5 kW heating demand

24

6 8 10 12 14 16 18 20 22
Time (h)
——Baseline —— Peak shaving

24
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Peak shaving, resultat

Control signal vs measuer compressor frequency Control signal vs measuer heating capacity
(Peak shaving) (Peak shaving)
120 14
100 12 by b
g 10
> 80
2
] = 8
E 60 i
— =
3 =6
4 ey bk
5 40 4
£ 4
8
20 )
o N
0 2 4 6 8 10 12 14 16 18 20 2 2 0 2 4 6 8 10 12 14 16 18 20 2 24
Time (h) Time (h)
—Frequency signal (rps)  ——Frequency measured (rps) —Signal ——Measured heat output (kW)
KPI 1: Medel avvikelse fran 1,9rps 460 W
testcykel
KPI 2: Andel av tiden da avvikelsen 96% 92%
arinom 3%
KPI 3: Andel av tiden da avvikelsen 97% 94%
ar inom 10%
KPI 4: Minskning i COP pga flex -8%

_ FHP project is funded by European Union
under the grant agreement no. 731231.



Signal till flerfamiljshus,

- Profil fran Karlshamns piloten

* Framtagen signal med 6nskad
elférbrukning

— Syfte kostnadsminimering

« Framtagen for piloten i Karlshamn
— Flerfamiljshus

— VP testad i labb har lagre varmekapacitet=>
Originalprofilens elférbrukning har minskats.

— 24 h har valts ut ur en langre frekvens
« Framledningstemperatur uppskattad baserad
pa verklig utomhustemperatur
— 20 feb 2019
— Utomhustemp mellan +1 och +8°C

n FHP project is funded by European Union
under the grant agreement no. 731231.
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Resultat, signal till flerfamiljshus

Control signal vs measuer compressor frequency
(Singal to mulit-family house in Karlshamn feb 2019 - Vito 6)

70
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40

30

20

Compressor frequency (rps)

10

—Frequency signal (rps)

FHP project is funded by European Union
under the grant agreement no. 731231.
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Control signal vs measuered compressor electricity consumption
(Singal to HP in mulit-family house in Karlshamn feb 2019 - Vito 6)
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Time (h)
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o T s e e

KPI 1: Medel avvikelse fran testcykel

KPI 2: Andel av tiden da avvikelsen ar
inom 3%

KPI 3: Andel av tiden da avvikelsen ar
inom 10%

KPI 4: Minskning i COP pga flex

0,8 80W 49 W

95% 30% 67%

100% 98% 97%
0%
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Kostnadsminimering,
- Aahus 26 nov 2018

« Dag med:
— Stora variationer i elpris
— Viss variation utomhustemp. -4 - +2°C

 Data fran
— Elpris: Nordpool, timvéarden
— Temperatur: DMI, timvarden

+ Kostnadsminimering under 24 h
Forhallandevis enkel modell

— Minimering av uppvarmningskostnaden: Excels
problemldsare

Syfte att fa fram en mojlig profil, inte optimal
kostnadsminimering.
COP beror av:

* Utomhustemp

» Framledningstemperaturen: COP minskas med 2,5% per grad
som framledningen hojs nar VP levererar mer varme

*  Besparing uppvarmningskostnad: 6%

_ FHP project is funded by European Union
under the grant agreement no. 731231.
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Kostnadsminimering Aahus, resultat

Control signal vs measuer compressor frequency
(Cost minimization Aahus 16 Nov 2018)
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o
a
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-
3
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o
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o
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Time (h)

——Frequency signal (rps) ~ ——Frequency measured (rps)

FHP project is funded by European Union
under the grant agreement no. 731231.

Control signal vs measuer heating capacity
(Cost minimization Aahus 26 Nov 2018)

6 8 10 12 14 16 18 20 22 24
Time (h)
—Signal ——Measured heat output (kW)

KPI 1: Medel avvikelse fran testcykel

KP1 2: Andel av tiden da avvikelsen ar
inom 3%

KPI 3: Andel av tiden da avvikelsen ar
inom 10%

KPI 4: Minskning i COP pga flex

1,7 380 W
88% 76%
94% 91%
-4%
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Design av natflexibla varmepumpar

v Overdimensionerade VP-system ger hogre flexibilitet
v'Hdgre investeringskostnader
v'Risk for lagre systemeffektivitet

v’ Labbtester indikerar att COP kommer sjunka
v Elforbrukningen kommer 6ka om VP anvands for efterfrageflexibilitet
v’ Kompensation for att tillhandahalla flexibilitet kravs

v' Tillganglig flexibilitet beror pa varmebehovet och darmed
utomhustemperaturen

v' Stora skillnader i hur snabbt kompressorfrekvensen kan andras
mellan olika VP modeller
v'Svensk kartlaggning: 40 s — 80 min fran min till max frekvens
BB P project is funded by v'Troligen tekniskt mdjligt med snabba andringar

European Union under the
grant agreement no. 731231.
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- FHP project is funded by
European Union under the
grant agreement no. 731231.

Rekommendationer for extern kontroll

Aldre varmepumpar eller enklare varmepumpar som séljs idag:
v" Indirekt kontroll genom att manipulera utomhustemperaturgivaren
v Fungerar pa mer eller mindre alla varmepumpar

Premium varmepumpar som saljs idag och framtidens varmepumpar

v Indirekt kontroll: Andra temperaturinstaliningarna genom att justera t.ex.
varmekurvan

v Anvand web-API, manga premium varmepumpar som saljs idag ar uppkopplade

v/ Varmepumpséagaren kan andra varmepumpsinstallningar pa distans via en webben eller
en app.

Framtida vArmepumpar
v’ Direkt kontroll
v Snabbare kontroll, battre noggrannhet
v’ Kraver standardisering

26
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4.3 Annex 2.3. Pilot Karlshamn - bakgrund och beskrivning av anldaggningar.
Marcus Steen & Jens Brage



po300 wﬂ 39

Erfhfenheter fran EU-projektet Flexible Heat andt Power

Goteborg — 9 oktober 2019, k1.13.00-16.00 %h p

FHP project is funded by European Union under the grant agreement no. 731231.



Introduktion

Karlshamn kommun och Karlshamn Energi AB

v Karlshamn kommun
v'Karlshamn tatort

v' Karlshamn Energi AB
v’ Olika nyttigheter
v'DSO —lokalt elnatsbolag
v'Lokal férnyelsebar produktion

v’ Fjarrvarme
Karlsh
é’;va,m“ergi v'Vatten och avlopp
v'Bredband
_ FHP project is funded by European Union Workshop 10/15/2019 2

under the grant agreement no. 731231. Goteborg, 9 oktober 2019



Bostadshus
pilot set-up

Bostadshus i stadens centrum

v Flerfamiljshus

v'Byggnad 1
v 3 lagenheter, totalt boyta 316 m2.

v'Jordvarmepump — Nibe F1155-12 3-12kW

FHP project is funded by European Union
under the grant agreement no. 731231.

Workshop
Goteborg, 9 oktober 2019

10/15/2019

3



Bostadshus
pilot set-up

Bostadshus i stadens centrum

v Flerfamiljshus

v'Byggnad 2
v 8 lagenheter, total boyta 688 m2.
v’ Luft-VattenVP — Mitsubishi 3-10kW
v Elpatron 15 kW backup
v Oljepanna 37-50 kW backup

n FHP project is funded by European Union Workshop
under the grant agreement no. 731231. Goteborg, 9 oktober 2019

10/15/2019



Bostadshus
pilot set-up

Bostadshus i stadens centrum

v Flerfamiljshus

v'Byggnad 3
v’ 5 lagenheter, total boyta 250 m2.

v'Jordvarmepump — Nibe F1155-12 3-12kW

FHP project is funded by European Union
under the grant agreement no. 731231.

Workshop
Goteborg, 9 oktober 2019

10/15/2019



Industrifastigheter

pilot set-up

Industri

v Fastighet 1
v’ Logistikforetag — 3 stdrre byggnader
v'Jordvarmepump — 3-10 kW
v Luft-luftVP - 4 mindre, 1-3 kW vardera
v Oljepanna — 200 kW, mestadels for tappvatten

n FHP project is funded by European Union Workshop
under the grant agreement no. 731231. Goteborg, 9 oktober 2019

10/15/2019



Industrifastigheter

pilot set-up

Industri

v Fastighet 2
v’ Logistikforetag, delvis tillverkningsindustri
v Luft-LuftVP -4 Mitsubishi 2-10kW vardera

T 7

e “T_;J o Bl

Y J 10,1 % T v‘l
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183§ o .',
0.0 : ) GNS Hog placenng i |
27| 1 j"‘v'*‘: -

t a
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:j_
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o 22

Larmand: 128

%9
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12.0 *c GTa Utsignal LR2: 23,1 cx

J 10,6 °C Flode LR2: 11988 m

ELMO1 LR1: 38207,7 kwh | ELMO2 LR2: 227150 kwh  ELMO3 Total: 165988,1 kwi
Effekt: 17,2 kw Effekt: 27,6 kw Effekt: 95,9 kw
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L3:a7a L3: 14694

FHP project is funded by European Union

under the grant agreement no. 731231. Goteborg, 9 oktober 2019

Workshop

10/15/2019



Industrifastigheter p

pilot set-up

Industri
v Fastighet 1

UM
"‘)d‘}lllii‘h ]

v Luft-luftVP — flertalet sma VP 1-3 kW il

it
|

I}

i
ik
it

s -

_ FHP project is funded by European Union Workshop

under the grant agreement no. 731231. Goteborg, 9 oktober 2019 10/15/2019



Losningar for pilotprojekt KHN

tekniska installationer

v'One-wire sensorer(enklare temperatursensorer)
v Temperaturgivare

v'"NODA IEC

v Energimatare

v Kommunikation - Wifi / GPRS

n FHP project is funded by European Union Workshop
under the grant agreement no. 731231. Goteborg, 9 oktober 2019

10/15/2019



Losningar for pilotprojekt KHN

tekniska installationer

v'Natstation installation

v Natovervakning for de industriella fastigheterna

n FHP project is funded by European Union Workshop
under the grant agreement no. 731231. Goteborg, 9 oktober 2019

10/15/2019
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Summering ;Fh
Resultat och erfarenheter p

Svarigheter i pilotprojektet
v Begréansad tillgang av fastigheter

v' Frivilliga fastigheter tenderar att ha nagon form av problem fran start
v Ofta behov for energieffektivisering

v Véldigt komplexa och varierande energisystem
v'Fastigheterna ser langt ifran likadana ut

v' Vissa tekniska installationer ar for kostsamma
v Flodesgivare, varmemangdsmatare osv.

v’ Ménskligt beteende skapar ’brus’, gér analysen svar
v' Modellering kontra verkligheten

n FHP project is funded by European Union Workshop

under the grant agreement no. 731231. Goteborg, 9 oktober 2019 10/15/2019 11



Summering

Resultat och erfarenheter

Resultat och erfarenheter fran pilotprojektet

v' Gott samarbete med fastighetségare
v'Gemensamt intresse for en lyckad pilot
v'Var redo pa att [6sa problem

v Placering av sensorer maste planeras noggrant
v' Styrning mot temperaturkurva fungerar i stort,

tidsupplosningen stéller andra krav - W

— Drottninggatan 20 supplytemp_sec
Drottninggatan 20. returntem_sec
—— Drottninggatan 20 supplytemp_heatpump
— Drottninggatan 20. returntemp_heatpump
~ Drottninggatan 20. meter effect

_ FHP project is funded by European Union Workshop

under the grant agreement no. 731231. Goteborg, 9 oktober 2019 10/15/2019



4.4 Annex 2.4. FED-marknaden, ett samspel mellan olika energibarare. Hjalmar Pihl



FED - Fossil-free Energy Districts

Workshop -Varmepumpar for efterfrageflexibilitet
8 oktober 2019

Hjalmar Pihl
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#fedgbg

URBAN
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ACTIONS
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#fedgbg

I Agenter lagger bud
Timvisa bud for energi (kWh), med betalningsvilja (6re/kWh)

Varje bud specificerar:
. Energibarare
. Timme

. In- eller utmatningspunkt

Moaijlighet att knyta ihop bud med budberoenden
. Komplement

e  Substitut

. Summeringar

EUROPEAN UNION



#fedgbg

I Marknadslosaren avgor vilka bud som ’clearar’

Implementerad som ett optimeringsproblem
. Maximerar konsument- och producentoverskott

Ett marknadspris fas som skuggpriset pa villkoret for utbud=efterfragan

Underliggande natmodell for att hantera flaskhalsar
. Priserna anpassas darefter

EUROPEAN UNION



#fedgbg

---------------- Market-clearing: 15 minutes before the operational hour

Trading horizon: 10 hours

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00

URBAN
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ACTIONS

UIA

EUROPEAN UNION

Eumscean Mrgoral Deveiooert Fund
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4.5 Annex 2.5. Diskussion. Tommy Walfridson
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Tommy Walfridson - RISE Research Institutes of Sweden th p

FHP project is funded by European Union under the grant agreement no. 731231.




Global Wind Atlas

GLOBAL WIND ATLAS Search Locations

GLOBAL SOLAR ATLAS | ENERGYDATA.INFO

Wind Power Density @
Wind Energy Layers
Explanatory Layers

Wind Measurement Stations

Danmarks Tekniske Universitet (mfl)

1300/50 = 26

- FHP project is funded by European Union
under the grant agreement no. 731231.
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Installerad effekt i olika omraden i
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- FHP project is funded by European Union
under the grant agreement no. 731231. ¢



Produktion fran vindkraft i Sverige, inkl prognos till 2022
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Visa som: [l Diagram 5 Tabell Visa data fér: €  2018-02-1 Cidag
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Global horizontal irradiation Europe

solargis

http/fsolargis.info
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- FHP project is funded by Europ
under the grant agreement no.



Diskussionspunkter p

« Tillverkare - vad tycker de om att deras styrning tas
over?
— Prisstyrning récker?
— Branschen Oppna for I6sningar (?)
— Ansvarsfragan!

* Hur noga behdver vi styra varje enskild
varmepump?
— Hur ofta?
— Hur val?

* Vilka incitament krévs hos
privatpersoner/fastighetségare?

— Hur kommer vi dit?
— Politiska beslut?

« Extern analyser for varje enskild byggnad —
realistiskt?

— Komplexa modeller jmf enkla & robusta?

London Eye jamfort med vérldens storsta vindkraftverk GE Haliade-X, 12 MW

FHP project is funded by European Union u

nder the grant agreement no. 731231. 10
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5 Annex 3. Presentations of international conference



5.1 Annex 3.1. FHP project introduction and overview. Chris Caerts
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Workshop on FHP wind curtailment mitigation
p u
solution

Chris Caerts - VITO p

FHP project is funded by European Union under the grant agreement no. 731231.




Flexible Heat and Power ﬁ]p

= Project granted under LCE-01-2016 “Next generation innovative
technologies enabling smart grids, storage and energy system
integration with increasing share of renewables: distribution network’,
subtopic “Synergies between Energy Networks”

= 1/Nov/2016 — 31/Oct/2019

vito tecnalia H Il
| y < ) Honeywe EIE
2 ecovat swerg NODA T

0 0 @ Intelligent Systems

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 5
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Flexible Heat and Power ﬁ‘l
The problem/challenge p

Increasing share/installed capacity
of intermittent renewables

= At some times: too much generation
= More than needed (excess compared to load)
= More than the grid can accommodate
= Curtail ?

= |ntermittency: forecasting and balancing challenge
= Demand-Supply matching
» Balancing power plants ?

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 3
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Flexible Heat and Power ﬁ‘l
The opportunity p
= Leverage flexibility provided by Power-to-Heat conversions
» Thermal storage and thermal inertia
» Heat Pumps

= Comes (almost) ‘for free’ ...

= |Improves Business Case for HP ... accelerating decarbonization
of heating

= Distributed and (in future, potentially) available everywhere ...
solve problems effectively taking grid conditions into account
= HP heating buildings
= HP charging large seasonal thermal storage vessels (= DHN)

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 4
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Flexible Heat and Power ﬁ‘l
The opportunity — HP trends and potential p

Sources: i
EU Kev Data. - European Copper Institute and EHPA 2
. . - Research & Markets 72’;?6"39
= 1.1 million heat pumps sold in 2017 5 1:039.263

~§  1.702,026
DENMARK
280,040

= 10.56 million heat pumps total installed base __

= growing market ... 4th year in a row _

= double-digit growth 3rd year in a row ; Y e
= doubling installed base by 2024 is realistic '

Installed base:
= generates 181.1 TWh of useful heat

= 115.8 TWh of which coming from renewable : A
sources ' . 17, .
= Saves 29.7 Mt of CO2 emissions Ay,
" Flex potential between 1 and 3.2 TWh/yr /‘\mz q % y
*Data from 2017
g P poiectis funded by European Union Wind Europe Conference and Exhibition 4117/2019 5

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Flexible Heat and Power Eth

Project goals

* |ncrease amount of addressable flexibility by maximally
incentifying Flex Providers
» Flex Trading & Dynamic Coalition Manager concepts

= ... empowering Flex Providers (buildings) and creating conditions for
them to maximally (beyond traditional DR) valorize their flexibility

= Location-aware flex activations ... solving local problems and
solving system level problems in a grid secure manner

= Bottom-up aggregation of forecasts and flexibility information provided
by Flex Providers themselves, followed by Optimal Flexibility Dispatch

= Grid Flexible Heatpump control concept ... making HP better fit
for providing high-value flexibility services

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

6



Flexible Heat and Power
Multi-agent architecture

Balance Responsible Distribution System
Party Operator

\ DCM (aggregated)

o e p—— Optimal Flex

Activation Decision

P ~a\
Dynamic Coalition Dynamic Coalition
Manager Manager

(cluster of heatpumps) (cluster of heatpumps) ? (f T
i ( Baselines and —
o s ; B

\\7 Flex Bids

Measurement-driven
AMulti-zone
Dynamic Thermal Modeling

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019



chris.caerts@vito.be
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FHP project is funded by European Union under the grant agreement no. 731231.



5.2 Annex 3.2. Wind curtailment scenarios assessment. Enrique Rivero
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A more volatile power system ﬁp

. More frequent situations that could lead '\ System
/\/' Volatility A to operational issues, e.g., network operator
B | 5 \

ren % congestion, system stability, minimum | actions
\/\ Predictability operating reserve, voltage control.

a a
’ Eyeé-lnccgeasllngptiflpacny of Electricity demand is showing more 00
oo & wind and solar volatility, e.g., low visibilit.y on where u%
o5 o L\' - Growing share in the overall and when electric cars will charge L

= power supply
apdll vvﬁv * Wind and solar PV are

largely weather dependent

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019




A more volatile power system %hp

Efforts to integrate RES, specially variable generation — wind and solar PV, may create situations,
where, depending on the power system and market characteristics,
* RES infeed is cut short

Providing alternatives to VRES curtailment is important because ...
* ...they could (significantly) prevent the slow down of renewable capacity expansion
* ...they may reduce the impact on the capacity factor of generation technologies

e ...in case of curtailment, compensation may not always be provided
@ « Under which circumstances curtailment of vRES could be expected?
o-°

« How much energy has been wasted?

» |Is VRES curtailment a lost opportunity?

FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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Outline fShD

Scenario assessment of VRES curtailment

Mitigating VRES curtailment - An opportunity

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 4



Scenario assessment of vRES curtailment ﬁ‘l p

Grid-motivated /
VRES owner
perspective
Network constraints Network security

Voluntary
Action taken by
VvRES owner
e Market-motivated ™
Involuntary
Excess of supply Strategic bidding Action taken by
system operator
- y, 7/

Sources: (Klinge and Schréder, 2012), (Fernandez et al., 2017)

o

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019



Scenario assessment of vRES curtailment ﬁ'l
Grid-motivated: Network constraints p

» To get a faster or cheaper connection
Voluntary [ Originates from a development mismatch
* VRES plant vs grid

AERELCIROA «  Owner receives a connection capacity lower than
VRES owner max. technical infeed of the plant

 Fixed or variable

Gflex in Belgium

Offshore wind installations in the UK

» Capacity of the interconnector is lower than
the total installed capacity of the site

» To optimize network investments
DVCIRLIEIRS . Also originates from a development mismatch
* Insufficient capacity to evacuate vRES infeed » Congestion in Germany (Northwestern)

Action taken by .. , : .
e seceie o System operator limits VRES infeed in real time for

a limited period

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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Scenario assessment of vRES curtailment
Grid-motivated: Network security

Voluntary

Action taken by
VRES owner

Involuntary

Action taken by
system operator

n FHP project is funded by European Union
under the grant agreement no. 731231.

To support the system and maximize profit

Originates from the need of extra flexibility to
maintain system reliability

Owner participates as a provider of flexibility
services to the system operator

* E.g., downward reserve

To maintain a system reliability level

Originates from the need to maintain synchronous
generation online

System operator imposes a minimum share of
conventional generation necessary for system
stability

» Used as a precautionary measure, e.g., against
the “duck” curve or merit order effect

Bilbao, 2-4 April 2019

Wind Europe Conference and Exhibition

thp

» Wind participating in tertiary (downward)
reserve in Spain

 Dispatch-down of wind in Ireland

4/17/2019
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Scenario assessment of VRES curtailment ﬁ‘l
Market-motivated: Demand-Supply P

Voluntary

Action taken by
VRES owner

Involuntary

Action taken by
system operator

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

To reduce financial losses
Originates from low market prices
* Which may be at the limit of system stability

Owner limits infeed according to applicable RES
support schemes

» Voluntary curtailment at zero prices in
Denmark

To balance supply and demand

Originates from a security concern or a market
failure

System operator enforces generation limitations to
VRES

» Passive contribution to “last resort” downward
tertiary reserve energy provision in Spain

4/17/2019
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Scenario assessment of vRES curtailment
Market-motivated: Strategic bidding

Strategic bidding

» To increase short-term profits
» Originates from an imperfect market structure

Action taken by [ Owner w!thholds g.energtlon. capacity to increase
ey thg marginal clela.rlng price, i.e., owner manipulates
prices by exercising market power

Voluntary

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

thp

4/17/2019
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RES landscape in Europe

1100

10 EU 28 (1990-2017)
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Sources: Eurostat
M Hydro power B Wood & Other solid biomass M Biogas & Bioliquids
B Wind power M Solar power i Geothermal
B Renewable wastes
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 10
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RES landscape in Europe

1100
‘oo EU 28 (1990-2017)
700

600

TWh
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300 —
200
100

0
1990 1992 1994 1996 1998

Hydro power
B Wind power
Renewable wastes

n FHP project is funded by European Union
under the grant agreement no. 731231.

2000 2002 2004 2006 2008 2010 2012 2014 2016
Wood & Other solid biomass Biogas & Bioliquids

M Solar power Geothermal

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

2017 e
Solar Power
12% fo |
Wind Power <=
36% )
Around 50% of all
electricity

generated from
renewable sources
comes from wind
and solar power

4/17/2019

11



VRES curtailment landscape in Europe ﬁ‘l
Grid-motivated P

Curtailed energy (GWh) | % VRES (GWh) Wind and solar PV
A%
m il (2017 - 2016) . .
“Curtailments and compensation
Germany 3743 (2,3%) 5518 (2,9%) 47% 1 measures in case of congestions in the
network are also becoming increasingly
Ireland 227 (2,90/0) 386 (40/0) 70% 1 important in many CEER Member
Spain 113 (< 1%) 76 (< 1%) . countries.
ltaly 361 (1%) 463 (1,2 %) 28% 1 CEER
No considerable amounts of curtailed energy from vRES were observed in DK, PT, BE, CZ, NL, SE.
Sources: BNetzA, REE, EirGrid, (CEER, 2018)
Between 2016 and 2017, at least 17 TWh from RES have been wasted
Sources: (CEER, 2017)
m e s

12



Mitigating VRES curtailment: An opportunity ﬁ]p

MW

Net generation capacity, wind, solar

1 500k 5M
1250k /’(Q
4M __e
&~ e
> e
& —
—— 7 O ___o—"
1 000k o o e
,»»/’ ot
&/«‘ 3M ®
./"/ =
~
750k . 5
o
2M
500k
_®
. -
— A ™ =
250k e e e e
. SRR e ) Y
e = TR AR -
_ - AT _ = . e ——n——1-
T R p ™ —— - - - - -—a
0 = ',ﬁa—"’— 0 i‘a::f“}:u.ﬁ:»"‘u
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year Year
- Net generation capacity EU28 —¢- Wind EU28  -m- Solar FU28 -8~ Gross electricity generation by source EU28  -¢- Wind EU28  -m- Solar EU28

Source: EC DG Energy

FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019 4/17/2019

Gross electricity generation by source, wind, solar
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Mitigating VRES curtailment: An opportunity ﬁ]p

« In 2017, at least 850 M€ were used to compensate for VRES curtailment
(grid-motivated)

A%

Germany 64% 1
Ireland N/A N/A N/A
Iltaly 7 17 142% 1
Lithuania 95 113 19% 1

« For some member states, curtailment costs may continue to rise /\]3

Source: EC — data for wind and solar PV (MW)

m FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 14
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Mitigating VRES curtailment: An opportunity ﬁ]p

« Alternatives to curtailment could be offered to vVRES owners or system operators
— The vRES owner may be interested in ...
« ... balancing his/her portfolio while maintaining his eligibility to additional support
— The system operator may be interested in ...
* ... reducing the costs of grid curtailment while maintaining grid reliability levels

« These needs could be supplied by ...
— ... storing the energy that otherwise would be curtailed (with the aim to differ its use)
— ... consuming this energy on-demand (i.e., applying DR)

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 15



The Takeaway ﬁ] P

« VRES (wind and PV) is driving the decarbonization and energy independence of
European power systems

« VRES impose challenges to stakeholders of the power system

« Energy from vRES may be curtailed in cases where ...
— ... hot enough network capacity is economically viable or available to evacuate the infeed
— ... a minimum quantity of online resources is required to meet system needs
— ... market prices are lower than the financial support these units receive outside the market
— ... itis more lucrative to limit the infeed

- Efforts to integrate vRES may also lead to increments in curtailment volumes and costs
— Network expansion is costly and usually takes several years

« The power system needs flexibility options to manage grid capacity and system reliability
in the short-term

FHP project is funded by European Union Wind Europe Conference and Exhibition

n under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 16
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B FHP project is funded by European Union Wind Europe Conference and Exhibition
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5.3 Annex 3.3. Business Models for flexibility management. Mikel Fernandez
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Business models for flexibility management

Mikel Fernandez - Tecnalia ﬁ1 p

FHP project is funded by European Union under the grant agreement no. 731231.



Business use cases

Business models for flexibility management Eth

« Scenarios: Three use cases modeled on the FHP scenario, compared to the
“Business as Usual” BAS scenario

— localRESCurtailmentMitigation : Activates local distribution grid connected P2H
flexibility to solve local distribution grid problems that may be caused by excess of
local distribution grid connected RES (grid related curtailment).

— systemRESCurtailmentMitigation: Activates distribution grid connected P2H
flexibility to avoid market based curtailment of RES. RES may be located anywhere,
but in order to prevent its curtailment, distribution grid connected P2H resources are
used in consultation with the local DSO.

— balancingServices: Changes flexible P2H consumption schedules based on intra-ISP
imbalance price forecasts coming from the TSO, acting on the imbalance position of
the BRP on either surplus or shorifall situations.

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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Business use case definition methodology ﬁ]p

v" Definition of roles
v" Definition of value exchanged between roles
v Design of associated monetary exchanges

v" Formulation of the spending and the revenues of each role, to calculate its
associated cash flow

v' Comparison of the cash flow of each role in the BAS and FHP scenarios
v" Utilization of the e3 value methodology (https://www.e3value.com/)

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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PR_RetailPayment
UP_ ServiceFee o -

- Baselineielectriciw
Heatmgiserwce cnnsumqtinn
||-

v

The Heat User contracts a Heat Provider, which operates the HVAC

(primary energy source of HVAC is based on heat pumps) to provide a
heating service.

v' Agreement on acceptable comfort range (indoor temperature). BAS
operation is based on a fix temperature setpoint

v’ Possibility of override by the Heat User.

v Fee based on surface, type, comfort range...

FHP project is funded by Europear
under the grant agreement no. 73
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DER producers are
s " Y compensated by the DSO
/bE_ridcurtailment 1 | i they are curtailed due

' Compensation

‘ Grid curtailment l BE_‘CDmmertia'Cunﬂi!mEm. N to grid Constraints Or by
Compensation - H S
h ~ 7 \ Commercial curtailment the BRP if it cannot
_y -

Ch— GD——Ch) cannot sell their
' ' production at the market

- FHP project is funded by European Union
under the grant agreement no. 731231.
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Business models for flexibility management ﬁ‘l
Findings p

v DCM service fee: Baseline operation scheduling tools (Model Predictive
Control - MPC) provide an added value to Heat Providers, compared to BAS
thermostatic operation, which justifies its engagement.

v DCM incentives: Absolute incentives, which settlement is not based on
baseline estimation, are the entry point to trigger Heat Providers’ flexibility
provision.

v' Flexibility optimization: Strategy depends on timing.
v Short term flexibility: Based on the operational limits of the heat pump, until indoor
temperature gets to the comfort limit.

v'Day ahead (or intraday) flexibility: Provided by an indoor temperature optimization
for the whole simulation period

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Business models for flexibility management ﬁ,'p

Example of cash flow analysis for the a role: Heat User

Types: Single family building (SFB), Multiple family building (MFB), office and commercial

Name Units Typel Type2 Type3 Typed CFur = —H . .
SFB MFB Office Commercial HU — (AL RS
Index 1 2 3 4
Residential Residential Commercial Commercial HyE
2.500.000  3.000.000 50.000 50.000 Service fee, = Z Hourly service fee + (Override price x Energy overriden,,)
50 50 50 50 h=1
100 100 100 100
k r r ' r .
o o 1290 120 1ea Energy Overridden: energy surplus that the Heat
m2 122 68 2000 &0 Provider has to face in case of override, 0, we
oc 22 22 23 23 H
o " " - . assume the user has no complaints
wwm  ws  ws = = UP_OverridePrice: price to which the Heat
c€/kWhe a0 a0 a0 = Provider would bill this energy, (10*daily service
2 2 2 2 fee)
kWhe 3702,7 1696,6 37100 11501 )
2 s s wmew  ame UP_YearlyServiceFee: money which the Heat
a1 19 407 s User has to pay for the heating service.
1.431 679 14.840 4,600
1.431 679 14.840 4.600
-1.481 -679 -14.840 -4.600
-1.481 -679 -14.840 -4.600
£ [i] 0 (1] 0

n FHP project is funded by European Union

under the grant agreement no. 731231. 4/17/2019 17
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5.4 Annex 3.4. DCM centric Solution Architecture. Davy Geysen
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Overview ﬁ'l D

« Dynamic Coalition Manager: what and why?
v/ DCM multi-agent platform

«/ DCM building blocks & services

v DCM activity flow

v/ Summary

- FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 3/29/2019 2



Dynamic Coalition Manager (DCM)

What?

« Central actor/agent in the FHP flex trading
concept

« Collecting and aggregation of prosumption
forecasts and flexibility

«/ Specialization of (local) aggregator or local
community manager

- FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

3/29/2019
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Why?

Dynamic Coalition Manager (DCM) *th

v Empowering flexibility providers
v Prosumers, buildings, Ecovat,...
v Flex providers decide

+ Better forecasts
v More flexibility
« Less uncertainty

« Bottom up aggregations
« Location aware

- FHP project is funded by European Union Wind Europe Conference and Exhibition 3/29/2019 4

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Overview ﬁ'l D

« Dynamic Coalition Manager: what and why?
v/ DCM multi-agent platform

«/ DCM building blocks & services

v DCM activity flow

v/ Summary

- FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 3/29/2019 5



DCM

Multi-agent platform

« Dynamic Coalition Manager (DCM)
collects information from a dy&éﬁmc poo’ o
of Flex Owners/Providers) .

v/ DCM determines optlmalﬂge)geactlvatlon flex order

within this dynamic pool N

+ Based on flexibility order ﬂex1b1l1t§\“l -vﬂgx’lélmy

+ Coordination of prosumption for coll ggve--. J4
objective | DCM Ty --o5 i =

’ Modeling

sensor data

>

 DCM interacting with DSO/BRF*1iéThg |
USEF' inspired information exchanges

Building Building
1: https://www.usef.energy/
- FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Overview ﬁ'l D

« Dynamic Coalition Manager: what and why?
v/ DCM multi-agent platform

«/ DCM building blocks & services

v DCM activity flow

v/ Summary

- FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 3/29/2019 7



DCM ;th

Building blocks & services

« Collector N

+ Baseline consumption & flexibility
v/ Aggregates forecasts l I I l

« Planner
« Determines optimal flex activation
« Cluster optimization F&F

« Offering service to grid or market

« Dispatcher
« Disaggregate flexibility o)
« Distributed optimization (ADMM')

1: Stephen Boyd, Neal Parikh, Eric Chu, Borja Peleato and Jonathan Eckstein (2011), "Distributed Optimization and Statistical Learning via the Alternating Direction Method of Multipliers",
Foundations and Trends® in Machine Learning: Vol. 3: No. 1, pp 1-122. http://dx.doi.org/10.1561/2200000016

Wind Europe Conference and Exhibition 3/99/2019

- FHP project is funded by European Union
Bilbao, 2-4 April 2019

under the grant agreement no. 731231.



DCM-centric Multi-agent activity flow *th

____________________________ control sifjga% AT
- ~ sensor data
;" DCM Y P et
: Dispatcher Planner Collectox :
| @ 333 /l\/ T P A
| R I 1! T e N
fhecplniit | Building agent Buildin
| . " LB aggregatea i 7 8 t Y CorggsgalT
' 714 _regsemse b I ipcafiives nE¥gaatd
. . . ' 1 S~ = - 1 A : ~ - -—-—
| RehIRg, | ! incewdice " e m -2
I inmes‘\: ________________ _:._I_!_—__-__—-_'_—_________.I |: r—
‘ \\5—_ > ;-------_____—__—__—__—__—__—__—__—__—__—-:- ————— igc_eff_ﬁiv_es______}
=P ) === === g+~ - ==-=----C-TTTTTT U)o
\ N 1v 1 ————————————— — VA IS EEMEEQ st
____________ i’ T e response Building agent Building
I | iy ae -~ : .
feetititity | | | dbgogated . — congeqlsvigaatdT
requst | | } flesofifeecast Mo e r/::____________

I Qh Ecovat agent Ecovat
DSO / BRP

B3 FHP project is funded by European Union Wind Europe Conference and Exhibition 3/29/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Summary ﬁ'l D

 Automated way of flexibility negotiation

« Dynamic cluster of flexibility providers

« Flexibility providers are in control

v Location-aware aggregation/disaggregation

- FHP project is funded by European Union Wind Europe Conference and Exhibition 3/29/2019 10
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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5.5 Annex 3.5. Building modelling and control strategies. Zdenek Schindler



¥ ~ l LDG Saghie T
A1 U["'ll:ltlﬂl]‘l["'E

Workshop on FHP wind curtailment mitidation
solution

. |

Zdenék Schindler - Honeywell ﬁ1 p

FHP project is funded by European Union under the grant agreement no. 731231.



Motivation

o Flex Trading instead of
Explicit Demand Response

o Thermal inertia of buildings,
which provide
Implicit Demand Response

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019
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Building Thermal Model ;th

€ T— i Dynamic models compute
. o * Indoor zone temperatures
@) @) @
(I e o MW & « Heat flows
[t ﬂ i ‘G)‘ [>
A I
. Principle influences / inputs :
HIJHHu  Weather
~—___+ Heating and cooling power
* Ventilation
] ~+ Occupancy & indoor heat gains
AN T, T
m FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019

under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Building Thermal Model fﬁhp

Example of first principles model with approximations

State space ODE model, 2 days simulation

38— — perimt.Tz
25| : :)nesrii:\;_cr.sz
2 Temperatures — oo Ts
7 INn zones = coridor.c.Tz
22— — officel1 Tz
— officelcTz
2 — office2.Tz
18— 11 — office2.c.Tz
— officed.Tz
16— — officed.c.Tz
— officet.T:
The model has = ol
g 12| .—. — outside Tz
74 state variables: =~ T T | E
E 8 | ] <
&— | |—s8
> 100 parameters . Heat flows | -
2| —sa
a—] —se
2| —aa
N ‘ \! ﬁ-i__'_""“—-———_t —2e
—5—] —za
-5 N i '.“.\ |10
-18 T T T T T T . ; 1 I |1I Ak lns ;:"':—_=:I—_—_— '"‘L-—n.—ﬂl-————--f- -
ea:ee 8388 eq:88 a9 aa 12:@8 15:@e 18:88 21:@e 8@ a8 az:ea 8588 ea:ed 11:8@ 15:88 15:0@ 21:@8@8 ea:ee
Too complex for use ...
n FHP project is funded by European Union Wind Europe Conference and Exhibition 417/2019 4

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Building Thermal Model

FHP uses simple grey or black box models:
+ Small number of parameters for calibration
+ Easier for control
-- Narrow confidence region
« Lower accuracy in dynamic response
« Lower granularity of results

« Often ambiguous model parameters

m FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

thp

4/17/2019
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Grey Box Models fﬂhp

Model structure

o Linear state space model R Mo | Ha M He
of low order (electrical RC analogy) ) W— N N

o Several basic states, T e AU
thermal inertias in integral form: L.
- Outer wall states T, (T,) / &« /= ]
» Indoor air mass T, o I L 1
« Indoor heating masses T, - - -
 Indoor passive masses T, . Ho\]j“” R?ff\ f/Hsr

o Inputs = influences: fai g
« Outdoor temperature T, T°< R o Be R,
« Solar irradiation Hs WV S [
« Occupancy (gains) H, H/Surfacg Spom  Sped ingess
« Explicit heat losses by ventilation Hg u i oL

B T G agreement no 791231 . 54 Apr 2015 4712019



Grey Box Models

Experimental calibration of model parameters of RISE building

o R, C parameters and initial hidden states determined by

nonlinear mathematical programming

o Data from experimental villa in Sweden:
influences + zone temperatures T, in
summer, autumn, winter, spring

o 5 Models: 4 seasonal plus yearlong parameters

o Results:
- Seasonal model better that the general one

« 5th order better than 3 order
(Improvement in RMSE: 16.1%)

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

thp

4/17/2019
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Grey Box Models

Simulated temperature profile

Summer temperature series, no heating

34 r—
1 o= 5t Order
M R A e il T
30 "
=
1 AP TSl
APV M
I 26 f-x__,-!/"'-*/
z -] e F - - 1 K £ : i
22
18
14
a 192 384 576 7638 960 1152 1344 1536 1728
a6 288 4840 672 o654 1056 1248 1440 1832 1524
—_—
time [h]

FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

Meassured
Computed
Initial
Wiall
Floor
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Grey Box Models

General findings

Calibrated model:

o Calibration is sensitive to initial estimates of parameters
... multiple minima of parameters

o Model often smoothens temperature profiles

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

thp

4/17/2019
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Modelling Concept

Black Box Models ;th

Two black box thermal models investigated

o Time Series ARIMAX: N-lagged autoregressive model
The future is modeled as repetitive sequence of selected past events

o Machine Learning: Clustering and self learning regression models

Learned relationships between inputs and outputs used to predict future
behavior

Feature selection (Outdoor temp, Solar Irradiation, Indoor Temp, Heat Power, Temp Increase)
\-> Data collection (historical time series)
Model training
Model application

m FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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Experiments with RISE building data

Black Box Models - Time Series Model ﬁ.lp

« Winter period data resampled to 2h
- Best lags selected: t-1,t-2, t-3, t-4
« Determine the autoregressive terms
 Include exogenous variable
(_ OUtdOOI’ temperature) ' Autocorrelation matrix
mmlhlhnm
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 11

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Black Box Models - Time Series Model

Prediction results with RISE building data

Temperatures

Tin »

Tout :

nicorNaanTerp

— atdsciTeng
/\ \ '/—l'\ ]
Y £} i VTR
. e g / |\ =
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Monitored heating power
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Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

n under the grant agreemént no. 731231.
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Black Box Models - Machine Learning Model

Experiments with building data

* Not enough historical data for training — data temporarily
substituted by data generated with grey box model

- Grey box data will be gradually substituted by real

monitoring data

thp

‘Grey-Box Calibration

Black-Box Training Data Set Creation

Black-Box Training

Outdoor Temp u,v

Solar Irradiation | 7]

Syntethic Heat Power
'

|~

uw

Supplied heat power
Outdoor temperature
Solar Irradiation

INPUTS OUTPUTS

Indoor building average temperature
Indoor temperature for one of the zones

n FHP project is funded by European Union
under the grant agreement no. 731231.

- Outdoor
temp

Solar
Irradiation

Indoor

TRAINNING FEATURES raticiag
Heat Powel FEATURE

A¥E l x”
A Black-box —

Heat Temp.
Power Increase

Wind Europe Conference and Exhibition

Bilbao, 2-4 April 2019

4/17/2019
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Black Box Models - Machine Learning Model ﬁp

Modeling results

25 .
6000 P Tin

24
5000 . - N fc-‘f‘ﬁzl_
(W] \ [°c] 23
4000 \
N\ 21

2000 \%\
1000 =TT —— C 20
19
° 1 6 111621263136414651566166717681869196 1 A111621272A2M W A1 4AK15ART1TAART717ARR1 A 01 QA
96 periods (24h)
Estimated indoor temperatures and consumption for
« 212C (blue),
« 22.52C (orange) requested at t=0,
« 24 (grey) requested at t=0
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 14

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Gray Box Model

Pilot testing

CWa!

TZOTI

CZo‘n Q Rad |

AN

Hangar building

o Single-zone 2"d order model chosen

o Calibration with 30 % to 45% data

o Resampling applied to consolidate and
synchronize data

o Minimization of RMSE of the modelled indoor Rwaf
temperature

o Validation of models parameters on remaining e
data

FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019

4/17/2019
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Gray Box Model

Pilot testing resulit

13 1
Simulated Tin s
G 12
10 41 3
MeaSU red Tln _9 —— average_indoortemp, measured
—-== average_indoortemp, simulated \
T T T T T
2018-11-24 2018-12-01 2018-12-08 2018-12-15 20IR;12-22
Tout
5 4
S}
by 0
_5 -
T T T T T
2018-11-24 2018-12-01 2018-12-08 2018-12-15 2018-12-22
Pht 20000 4 —— heat_power
irradiation
15000 A
wn
£
g 10000 A
5000 A
0 T
T T T T T
2018-11-24 2018-12-01 2018-12-08 2018-12-15 2018-12-22
time

FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

Average behavior
well modelled

Disturbance:
Opening the
hangar doors

4/17/2019
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Building Heating Control thp

Optimal baseline and flexibility with grey box model

o Heating and cooling determined by economic optimal control

o Inputs — forecasts of
« Weather
- Significant influences
* Power price
* Required thermal comfort

« Outputs
- Baseline energy demand
 Flexible energy demand - altered prices and extended thermal comfort

o Nonlinear conversion of heat to power (COP)

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 17
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Building Heating Control

Optimal baseline and flexibility with grey box model

thp

Temdleramres
Baseline . L R Optimal baseline
in = Ay : i :
. | Flexibility - Optimal increase of
vininkea bl e consumption between 10:00 — 16:00
Demand = = e
with _ & e TE,
negative ¢ | : il
price f = i ; ~ = Negative energy price
R ey e Slightly compromised comfort for increased flexibility
J Flexibility
Flexibility = ' S Varals
orange —= = f': Potential increase of consumption (orange bars)
frame % 26 i 3000 ? T-Comfort
R i | M= Rebound effect
. 18 :H: “ | _cese
154 Flex request -seee

4
20:2e¢ @3:0@ e6:00 @9:00 12:200 15:00 18:02 21:0¢ ee:e0

n FHP project is funded by European Union

Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

4/17/2019
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Conclusions ﬁp

o Simulations using grey box models provide acceptable match
with measured baseline, depending on chosen complexity and
available data

o Flexibility may need adding a safety margin not to violate pre-
specified constraints in real environment

o Expert free modeling needs to be further validated in practice

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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Thanks for your attention

zdenek.schindler@honeywell.com
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5.6 Annex 3.6. Ecovat modelling and control. Wiet Mazairac



MWind curtailment mitigation
solution

e ¥ i
[ 5 | | = 2
" A £ | |
i1 i ML ,,,(7

g Eyapt

Wiet Mazairac - Ecovat @ ecovat: ﬁ1 p

FHP project is funded by European Union under the grant agreement no. 731231.



Ecovat Modelling and Control

Contents

v Ecovat Introduction
v" Pilot Site in the Netherlands
v' FHP System

2 ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019

2



Ecovat Modelling and Control

Ecovat Introduction

.
L
w
:
'

- ®

2 ecovat

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231.

Bilbao, 2-4 April 2019

4/17/2019
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Ecovat Introduction

Ecovat Modelling and Control ﬁp

v' Ecovat
v' Thermal energy storage
v'Heat and cold
v Subterranean

2 ecovat’

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019



Ecovat Modelling and Control

Ecovat Introduction

v' Ecovat
v' Thermal energy storage
v'Heat and cold
v Subterranean

v'Diameter: 30 - 48 m
v'Height: 29 - 54 m
v Volume: 20.000 - 100.000 m?3

2 ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019



Ecovat Introduction

Ecovat Modelling and Control ﬁp

v' Ecovat
v Temperature: 5 - 95 °C
v Efficiency: 90% over 6 months

2 ecovat’

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019



Ecovat Introduction

Ecovat Modelling and Control ﬁp

v' Ecovat
v Temperature: 5 - 95 °C
v Efficiency: 90% over 6 months

v'Heat capacity: 1,2 - 5,7 GWh
v Capacity: > 500 houses

2 ecovat’

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019



Ecovat Modelling and Control

Ecovat Introduction

v' Ecovat Energy System
v'Not only a Vessel

2 ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019



Ecovat Modelling and Control

Ecovat Introduction

v' Ecovat Energy System
v'Not only a Vessel

v Heating and Cooling Network

2 ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019
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Ecovat Introduction

Ecovat Modelling and Control fﬂhp

v' Ecovat Energy System
v'Not only a Vessel

v Heating and Cooling Network
v Local Renewable Energy Sources

@ ecovat’

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

4/17/2019



Ecovat Modelling and Control ﬁp

Ecovat Introduction

v' Ecovat Energy System
v'Not only a Vessel

v Heating and Cooling Network
v Local Renewable Energy Sources
v Energy Efficient Buildings

@ ecovat’

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

4/17/2019



Ecovat Modelling and Control fﬂhp

Ecovat Introduction

v' Ecovat Energy System
v'Not only a Vessel

v Heating and Cooling Network
v Local Renewable Energy Sources
v Energy Efficient Buildings

v’ Control Software . ; ) ) % f
: H111 .':J o .’Fiy_fr‘om_string{S(- )
"_,)-NU. (£ Use_unique(arpay 4
g .'_'.“,)); if (C < . .r- "
n‘o {!: ’ ::‘jt"iggen(" S - .)
g " a[b] gg ~ - 1,. k*)s
. J.t "%;g;f;l.(); c
® e ~ ‘-.' fw -
@ ecovat :
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 12

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Ecovat Modelling and Control fﬂhp

Ecovat Introduction

v' Ecovat Energy System
v'Not only a Vessel

v Heating and Cooling Network
v Local Renewable Energy Sources
v Energy Efficient Buildings

v’ Control Software
v'Energy Market Interface

2 ecovat’

FHP project is funded by European Union Wind Europe Conference and Exhibition

B e grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 13



Ecovat Modelling and Control ﬁp

Ecovat Introduction

v' Ecovat
v'Heating and Cooling
v Different Temperatures

&

@ ecovat

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

4/17/2019 14



Ecovat Modelling and Control *th

Ecovat Introduction

v' Ecovat
v'Heating and Cooling
v Different Temperatures

v Temperature Control
v’ Stratification Control

@ ecovat

FHP project is funded by European Union Wind Europe Conference and Exhibition

B e grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 15



Ecovat Introduction

Ecovat Modelling and Control *th

v' Ecovat
v'Heating and Cooling
v Different Temperatures

v Temperature Control
v’ Stratification Control

/
@ ecovat

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Ecovat Modelling and Control *th

Ecovat Introduction

v' Ecovat
v'Heating and Cooling
v Different Temperatures

v Temperature Control
v’ Stratification Control

/

@ ecovat

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 17



Ecovat Modelling and Control

Pilot Site in the Netherlands

v’ Pilot site
v'Diameter: 11 m
v Height: 15,5 m
v Layers: 5

v Volume: 1500 m?
v Heat Capacity: 90 MWh

@ ecovat

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019
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Ecovat Modelling and Control

Pilot Site in the Netherlands

v' Pilot site

v Resistor
v 6 x28 kWt =168 kWt
v Air/Water Heat Pump
v 8 kWt
v Water/Water Heat Pump
v 6 kWt
2 ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019
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Pilot Site in the Netherlands

Ecovat Modelling and Control D

v" Pilot site

v'Valve Matrix
v’ 58 valves
= ecovat

ROOM  FANDI  FANOZ
5.0 °C 30,0 °C

nference and Exhibition

2-4 April 2019 VR



Ecovat
Future Operational Site
=
7 3
0
!
Op. Site (Arnhem) V :
Test Site (Uden)
Test Site | Operational Site
Volume [m3] 1.500 20.000
Resistor [kW] 168 300
Air Heat Pump [kW] 8 630
Water Heat Pump [kW] 6 400
Connected Houses 0 500
@ ecovat

FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibi

Bilbao, 2-4 April 2019




Ecovat ﬁ'l
Future Operational Site | . i

v’ Test Site:
v' Thermal Efficiency Validated

v Operational Site: P. |
v' Start Build in Q2 2019
v' 500 Houses

Test Site | Operational Site
Volume [m3] 1.500 20.000
Resistor [kW] 168 300
Air Heat Pump [kW] 8 630
Water Heat Pump [kW] 6 400
Connected Houses 0 500
@ ecovat’
n FHP project is funded by European Union Wind Europe Conference and Exhibi )

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Ecovat Modelling and Control ;th

Ecovat and renewable generation

v’ Sources

v Local
v Renewable Energy Sources

@ ecovat

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Ecovat Modelling and Control

Ecovat and renewable generation

v’ Sources

v Local
v Renewable Energy Sources

v'Exchange Market
v Day-Ahead
v’ Intraday Market

@ ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019
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Ecovat Modelling and Control fﬂhp

Ecovat and renewable generation

@ v*’ -

v’ Sources

v Local
v Renewable Energy Sources

v'Exchange Market
v Day-Ahead
v’ Intraday Market

v’ Imbalance Market

2 ecovat’

n FHP project is funded by European Union Wind Europe Conference and Exhibitiol
under the grant agreement no. 731231. Bilbao, 2-4 April 2019




Ecovat Modelling and Control

Ecovat and renewable generation

v’ Services
v'High Power/Storage Capacity

v'Balancing Services

v’ Long Term
v Short Term

2 ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

-

v*’. -

Wind Europe Conference and Exhibitiol
Bilbao, 2-4 April 2019
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Ecovat Modelling and Control

Ecovat and the FHP System

v Software Components

v Ecovat Control Program (ECP)

v’ Captain, communicates with FHP
aggregator (DCM)

2 ecovat’

n FHP project is funded by European Union
under the grant agreement no. 731231.

ECP
Service app

Captain

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019
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Ecovat Modelling and Control
Ecovat and the FHP System

v Software Components

v Ecovat Control Program (ECP)

v’ Captain, communicates with FHP
aggregator (DCM) -

v' Stream Sexvicsapp

v' SCADA, communicates with field !
equipment

v
External WebService
Dia O

SCADA

Field

equipment ‘

@ ecovat’

Captain

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Ecovat Modelling and C

Ecovat and the FHP System

2 ecovat

Block vectors m

High_temperature_HP_Power 6.00 kW
High_temperature_HP_Release_layer 3
High_temperature_HP_Absorptions_Layer 5
AirWater_HP_Power 8.00 kW
AirWater_HP_Release_Layer 4

Resistor_Power 158.00 kW
Resistor_Release_Layer 2

Building_Heating_Absorption_Layer 3

ontrol

@ ecovat’

Temperature Simulation

Temperature Simulation Layer 1
Temperature Simulation Layer 2
Temperature Simulation Layer 3
Temperature Simulation Layer 4
Temperature Simulation Layer 5

axo

80.00
70.00
50.00
30.00
11.00



Ecovat Modelling and Control fﬂhp

Ecovat and the FHP System

v Software Components

v Ecovat Control Program (ECP)
v’ Captain, communicates with FHP

aggregator (DCM) -

v SCADA, communicates with field .
equipment \

v Ecovat Advice Program (EAP) SCADA .

Captain

EAP Web Service

v" Local Control Optimization,
answers to ECP i

A3
‘ Local Control

Field

Optimization
|
4/17/2019 30
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Ecovat Modelling and Control

Subsection title

v' Energy Price?
v’ State of Charge?

v Date?
v Summer: Low Demand
v Winter: High Demand

EAP Web Service

@ ecovat’

m FHP project is funded by European Union
under the grant agreement no. 731231.

EAP
Service app

= ecovat

Block vectors m

High_temperature_HP_Power 6.00 kW
High_temperature_HP_Release_layer 3

High_temperature_HP_Absorptions_Layer 5
AirWater_HP_Power 8.00 kW
AirWater_HP_Release_layer a4

Resistor_Power 158.00 kW
Resistor_Release_Layer 2

Building_Heating_Absorption_Layer

5]




Ecovat Modelling and Control

Ecovat and the FHP System
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Ecovat Modelling and Control

Ecovat and the FHP System
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Ecovat Modelling and Control

Ecovat and the FHP System
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Ecovat Modelling and Control

Ecovat and the FHP System
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Ecovat Modelling and Control

Ecovat and the FHP System
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Ecovat Modelling and Control D

Ecovat and the FHP System

For Lower Bound: Extremly High Price
For Upper Bound: Extremely Low Price

Actual SOC

v' Energy Price?
\ Block vectors m
/ Sta te Of Charge? High_temperature_HP_Power 6.00 kw.'

Now \ High_temperature_HP_Release_Layer
\/ Date7 High_temperature_HP_Absorptions_Layer 5
v'Summer: Low Demand
v'Winter: High Demand

AirWater_HP_Power 8.00 kW
AirWater_HP_Release_Layer 4

Resistor_Power 158.00 kw
Resistor_Release_Layer 2

EAP Web Service /

EAP Building_Heating_Absorption_Layer
Service app

w

2 ecovat

n FHP project is funded by European Union

under the grant agreement no. 731231. 4/17/2019 37



Ecovat Modelling and Control
Ecovat and the FHP System
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Ecovat Modelling and Control D

Ecovat and the FHP System

Incentive Price

Actual SOC

v' Energy Price?
\ Block vectors m
/ Sta te Of Charge? High_temperature_HP_Power 6.00 kw.'

Now \ High_temperature_HP_Release_Layer
\/ Date7 High_temperature_HP_Absorptions_Layer 5
v'Summer: Low Demand
v'Winter: High Demand

AirWater_HP_Power 8.00 kW
AirWater_HP_Release_Layer 4

Resistor_Power 158.00 kw
Resistor_Release_Layer 2

EAP Web Service /

EAP Building_Heating_Absorption_Layer
Service app

w

2 ecovat
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Ecovat Modelling and Control

Ecovat and the FHP System
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Ecovat and the FHP System

Ecovat Modelling and Control fﬂhp

v’ Ecovat

v Conversion and Storage Hub in
Multi-Carrier Energy Systems

v Not only Seasonal Storage of
Heat and Cold

v’ Offers Balancing Services
v Prevents (Wind) Curtailment

2 ecovat’

n FHP project is funded by European Union Wind Europe Conference and Exhibition
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De hieronder genoemde activiteiten worden
mede mogelijk gemaakt door de Europese Unie

oost

operationeel programma oost Kijk voor meer informatie over het subsidie-
.. o ‘ &ova

E u I'Opese U n ie Europees Fonds voor Regionale Ontwikkeling www.op-oost.eu

Ecovat Software 2.0-2.2

- Centrale sturing voor het Ecovat -

Ecovat heeft een prototype gerealiseerd van een Ecovat thermisch opslagvat (hardware-
1.0) met een softwarematig besturingssysteem (software-1.0).

In dit project wordt deze software doorontwikkeld met (1) focus op professionalisering
van software en IT-infrastructuur, (2) beheer(s)baar maken van de daily-operations van
de assets en (3) onderzoek naar (toepassing op) internationale markten, High Frequency
Trading en Hoge Temperatuuropslagsystemen.

E F R O Het operationeel programma (OP) EFRO Oost-Nederland is een

gezamenlijk subsidieprogramma van de provincies Overijssel en Gelderland

en werkt aan structurele versterking van de economie. Oost-Nederland zet de
EFRO-middelen in op innovatiestimulering en koolstofarme economie. Het doel is
dat meer Oost-Nederlandse MKB-bedrijven meer omzet halen uit nieuwe producten.




wiet.mazairac@ecovat.eu

2 ecovat ﬁ1 P

FHP project is funded by European Union under the grant agreement no. 731231.



5.7 Annex 3.7. DSO Optimal Flexibility Dispatch. Shahab Shariat
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DSO Optimal Flex Dispatch ;th

Goal

v Solve challenges caused by increasing share of intermittent RES
v" Use flexibility from assets connected to the distribution grid
v" Activate flexibility in an optimal and grid-secure manner

m)p Location-aware flexibility activations
v Grid is no copper plate
v" Location-aware activations of flexibility will not cause grid problems

v’ Location-aware activations make optimal use of available assets and
available grid infrastructure and capacity

g P projectis funded by European Union Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019 2

under the grant agreement no. 731231.



DCM

Multi-agent platform

1: https://www.usef.energy/

n FHP project is funded by European Union
under the grant agreement no. 731231.

DSO BRP

Y

em 4

Building

Building

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

Ecovat

3/29/2019
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Role of the DSO ﬁ]p

2 use cases investigated: .]352.

1. Provide dynamic
operational boundaries
(i.e. a safe band) for a DCM
so that grid limitations are
not violated.

2. Provide an optimal qgrid- |
secure flex activation A.
profile for a DCM. o ;

FHP project is funded by European Union . o ) ) .
m under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019



Option 1: Adaption of operational ﬁ‘l
boundaries of DCM P

« DSO provides ‘safe band’ for flex activations.
v'DCM activations are grid secure when within safe band

« Used when the grid limitations are capacity limits at the substation level :

v'Substation investments or upgrades are avoided when a large new installation
with flexibility is installed.

v'New assets are granted access to the grid, without the need to wait for grid
upgrades

v'Better use of available grid capacity

Note! Calculation can only been done when 1 DCM involved in assessment.

FHP project is funded by European Union . — . ) .
m under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019 5



Option 1. Dynamic Operational Boundaries ﬁ]p

* Information flow:
—DSO has an indication of the ‘background’ consumption/production on the
substation
— DSO reviews and if needed adjusts flex boundaries of DCM

N\ Available capacity for DCM A
Pmax_trafo
Pmax DCM

/ b

Background consumption MDCM_update

> 0 >

time time

FHP project is funded by European Union . o ) ) .
H under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019



Option 2. Optimal Flexibility Dispatch thp

« DSO determines optimal flexibility activation plan
— Taking into account available/forecasted flexibility from DCMs

— Taking into account voltage limits at all nodes in the network, and all
current limits through all branches in the network

— Possible objective: minimal RES curtailment, minimal losses,
minimal flex utilization, ...

— The Optimal Flex Dispatch for each DCM respects the available
flexibility boundaries of each DCM

n FHP project is funded by European Union

under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019 7



OFD Formulation ;th

(50)F Pupe= (gf’} +gf;) /1o

* Objective Function e )ﬁ m
Y S t (_( o (b:J 5 "i.j +g-r'..:.| )/t z ERT
o (&5 P00 ‘J:: : ”'iiﬂ‘ir{'”‘;r i€ QN el )"
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m FHP project is funded by European Union
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Case study 1 ﬁ]p

Ecovat: safe operational boundaries

- Connected to substation = ) \
with dedicated feeder - s

« Upgrade of substation it s %
required to host nominal W e Y
capacity Ecovat - %3

What are the
operational
boundaries of
ECOVAT so that there
is no need for a
substation upgrade?

FHP project is funded by European Union . o ) ) .
m under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019



Case study 1

Background consumption at substation?

« Maximal background
consumption varies:

— Week-weekend
— Seasonal

n FHP project is funded by European Union
under the grant agreement no. 731231.
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Case study 1

Adjusted flexbounds

* Adjustment depends
on:

— Week-weekend day
— Season

Flexbounds for

ECOVAT to prevent Q3
substation

investments.

n FHP project is funded by European Union
under the grant agreement no. 731231.
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Case study 2

Ecovat: optimal flexibility dispatch

«  What if ECOVAT is o A
connected to an existing . s
feeder? ‘

e

G
r@&‘a

What is the optimal ' Ecovat 2%

flexibility activation ' A L.
# plan for ECOVAT -

within the existing

feeder? > :

n FHP project is funded by European Union

under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019
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Case study 2

node voltages after power flow

2

node voktage [pu]
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H

Optimal flexibility dispatch
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Conclusions %H]p

2 options to fill in role of DSO in Optimal Flexibility Dispatch:

Option 1: DSO sets the constraints
— benefits
« straightforward, easy to implement
 not so far from current practice
— restrictions
« only one DCM

Option 2: DSO advises use of flexibility
— Benefits
» multiple DCMs
—restrictions
* more complex implementation
 requires an evolution in the role of the DSO: passive - active

FHP project is funded by European Union . o ) ) .
m under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019 14




Conclusions ﬁ]p

Optimal flexibility dispatch

« Enabling DSO to coordinate the utilization of flexibility allows for:

+ Avoided substation/feeder investments or upgrades when a new installation with
flexibility is installed.

=» decrease of network-related costs

+ New assets are granted access to the grid, without the need to wait for grid upgrades.
=>» existing grid capacity does not block introduction in the market of new assets.

+ Better use of available grid capacity
=» Increase of social welfare

n FHP project is funded by European Union

under the grant agreement no. 731231. Wind Europe Conference and Exhibition Bilbao, 2-4 April 2019 4/17/2019
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Thanks for your attention

shahab.shariattorbaghan@vito.be
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5.8 Annex 3.8. Application of genetic algorithms for BRP flexibility allocation.
Laura Lazaro
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Overview

Application of genetic algorithms for BRP flexibility allocation
v Optimization problems at the BRP application

v' Introduction to genetic algorithms

v' Mapping and resolution of the optimization problems

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Flexibility Allocation
Optimization problems at the BRP application

Application Of Genetic Algorithms For BRP ﬁ‘]

v" One of the obligations of the BRP role, is to sell the expected generation of DER
producers.

v" The BRP has to assess if it is convenient for its business to pay for flexibility to the DCMs
instead of compensating to the DER Producers for the curtailed energy.

» The BRP would compensate to the DER producer for the loss of opportunity of selling its
enerqgy.

= The BRP negotiates the flexibility with the DCM that would minor the curtailment at an affordable
price.

v' Challenge of the design in FHP: Provide the technology so that all involved roles can
achieve a certain benefit, compared to the nowadays situation in which commercial
curtailment is endorsed.

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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Overview ﬁ‘l
Application of genetic algorithms for BRP flexibility allocation p

v Optimization problems at the BRP application
v’ systemDERCurtailmentMitigation use case

v' Introduction to genetic algorithms

v' Mapping and resolution of the optimization problems

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 4
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Application Of Genetic Algorithms For BRP
Flexibility Allocation ﬁ] D

Optimization problems at the BRP application:
systemDERCurtailmentMitigation use case

v' Objective:

Limit the curtailment of system-level RES by using heating/cooling
flexibility of buildings and Ecovat thermal storage systems.

n FHP project is funded by European Union

Wind Europe Conference and Exhibition
under the grant agreement no. 731231.

Bilbao, 2-4 April 2019 4/17/2019
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Application Of Genetic
A Forlthms For BRP Flexibility
Allocation

Optimization problems at the BRP application

Retrieve market price

RetrieveMarketPrice: The BRP
retrieves the day ahead market price |:>

Calculate initial curtailment | —

for each PTU of the following day.
=0
- c:urtai[ment? _—
ays . T
CalculatelnitialCurtailment: Once T
the BRP has retrieved the day ahead 7
market prices, it can assess for [ Receive flex offers from DCMs
which DER producers in its portfolio J Combination
it would have to address commercial | Assess optimal combination  —2t.Tound S
curtailment. Combination
found
| Send flex order to DCMs
|
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Application Of Genetic
ﬁlfjorlthms For BRP Flexibility

ocation
Optimization problems at the BRP application

FlexRequest: The BRP queries to all
DCMs in its portfolio about their
possibilities to increase their
consumption in those PTUs where
curtailment is expected up to the
value of the remaining curtailment.

FlexOffer: Each DCM can present one
flex offer to the BRP, being the offered
flex value equal or smaller than the
requested flex value.

n FHP project is funded by European Union
under the grant agreement no. 731231.

| Retrieve market price

b

Calculate initial curtailment

curtailment?
True

Send flex requests to DCMs

4]/
| Receive flex offers from DCMs
Combination

Assess optimal combination

Combination
found

Send flex order to DCMs

|

not found

Execute
curtailment

o-

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019
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Application Of Genetic
ﬁlgorlthms For BRP Flexibility

ocation
Optimization problems at the BRP application

AssessCurOptimalCombination:

Decide how much flex the BRP will
order in this iteration loop for each
DCM associated to each DER, to
minimize the cash flow of the BRP,
which is the sum of what it has to pay
to DER producers due to commercial
curtailment and what it has to pay to

DCMs for flex N

Z CompensationPrice + (DERRemainingCurtailment — FlexDEREnergy)

| Retrieve market price |

| Calculate initial curtaiiment }47

False

curtailment?

L True
Send flex requests to DCMs |

!

| Receive flex offers from DCMs |

Combination
Assess optimal combination iy found

Execute
curtailment

DER
. Send flex order to DCMs
+ ) OfferedAGRPrice + FlexAGREner gy |
AGR .(
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 8

under the grant agreement no. 731231.
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Flexibility Allocation
Optimization problems at the BRP application

Application Of Genetic Algorithms For BRP EH‘]

AssessCurOptimalCombination

Compensation that the BRP has to pay | Total energy per DER that would be commercially
to the DER producer if the DER is curtailed if flex is no longer negotiated
commercially curtailed FlexDEREnergy < DERRemainingCurtailment

z CompensationPrice * (DERRemainingCurtailment — FlexDEREnergy)
DER

+ z Of feredAGRPrice * FlexAGREnergy

AGR
Increase of production of the DER producer

Price that the BRP has to pay to the DCM for the . T
flex (increase of consumption) that enables the
avoidance of DER curtailment.

Flex that is ordered to each DCM

a4/ 1772U139

n under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Overview ﬁ'l
Application of genetic algorithms for BRP flexibility allocation p

v' Optimization problems at the BRP application

v" Introduction to genetic algorithms

v' Mapping and resolution of the optimization problems

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 10



Application Of Genetic Algorithms For BRP
Flexibility Allocation fh p

Introduction To Genetic Algorithms

v A genetic algorithm (GA) is an optimization method inspired by the evolution of species
and natural selection. It reflects the process of natural selection where the fittest
individuals are selected for reproduction.

Chromosome:

A1 |10/0]|0|0 Q0 Gene * Potential solution

* Made of genes

A211 1111110 % Chromosome * Itis generally represented as binary strings
Gene:

A3 [1|/0]|1]|0[1|1 e Simple bitin a chromosome

Population:

Ad |1/1|/0[1[1]0] |Population  Pool of possible solutions

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Flexibility Allocation

Introduction To Genetic Algorithms
v Two significant phases of GA:

— Crossover: For each pair of parents to be mated, a crossover point is chosen at
random from within the genes. Offspring are created by exchanging the genes of
parents among themselves until the crossover point is reached.

Parent 1 B e D 5B .l—
- EEE R
; oo
- [EEEEEEEE

— Mutation: to maintain diversity within the population and prevent premature
convergence some of the bits in the bit string are changed randomly.

s | [ [ [ [ [ [
e B E

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Flexibility Allocation

Introduction To Genetic Algorithms
Basic structure of GA:

Application Of Genetic Algorithms For BRP ﬁ‘]

1. Start: Generate random population of n chromosomes.

2. Fitness: Evaluate the fithess score (fitness function solution) of each chromosome and
determines how fit an individual is. The fitness function is used to give preference to the
individuals with good fitness scores.

3. New Population: Create a new population by repeating following steps:

a. Selection: Select two parent chromosomes from a population. The better fitness score,
the bigger chance to be selected.

b. Crossover: With a crossover probability cross over the parents to form new offspring
(children).

c. Mutation
d. Accepting Place new offspring in the new population

4. Replace Use new generated population for a further run of the algorithm
5. Test: If the end condition is satisfied, stop, and return the best solution in current population

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 13
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Overview ﬁ‘l
Application of genetic algorithms for BRP flexibility allocation p

v' Optimization problems at the BRP application
v' Introduction to genetic algorithms

v' Mapping and resolution of the optimization problems

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 14



Application Of Genetic Algorithms For BRP
Flexibility Allocation

Mapping and resolution of the optimization problems

thp

Genes: One for each Aggregator/ Offer. When Gene = 1 -> Offer selected.

Chromosome: String of bits that represents the combination of the selected offers.

absolute value.

Fittest Function: The fittest function will calculate the price to pay for the selected options in
each chromosome. The optimal solution will be the one which cash flow is the smaller in

A1 [ofofofo]0[o]|| No offers selected option
A2|[1][1][1]11]1]| | All offers selected

A3 [1[o]1][0]1][1] | Selected Offers: 1,2,4,6
A4 [1]1]0f1]1]0] | Selected Offers: 2,3,5,6

m FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Flexibility Allocation

Application Of Genetic Algorithms For BRP EH‘]

Mapping and resolution of the optimization problems

Initialize Population

:

Fitness Evaluation

<

Calculate the Cash flow of the BRP for
each chromosome of the population

:

Termination
Criterion?

n iteration loop

Select Population

Z CompensationPrice + (DERRemaining Curtailment — FlexDEREnergy)
DER

+Z OfferedAGRPrice + FlexAGREnergy
AGR

Mutation

i

L Output Optimal Results

m FHP project is funded by European Union
under the grant agreement no. 731231.

Crossover

Selection of Offers that
minimize the BRP cash flow

Wind Europe Conference and Exhibition

Bilbao, 2-4 April 2019 4/17/2019 16
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5.9 Annex 3.9. Grid Flexible Heat Pumps. Markus Lindahl
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Workshop on FHP wind curtailment mitigation
solution
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Grid flexible Heatpump concept

Presentation overview
v'Introduction heat pumps
v'Laboratory test grid flexible heat pump control
v'Results and recommendations

v A grid flexible heat pump: A heat pump (HP) that can be
asked to follow a electricity consumption profile in a direct
manner

B8 rHP project is funded by
European Union under the
grant agreement no. 731231.

Wind Europe Conference and Exhibition

Bilbao, 2-4 April 2019 4/17/2019
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Introduction heat pumps

Heating

v Space heating (focus in FHP-project)
v" Domestic hot water (DHW)

v" Industrial

v" District heating

Compressor
v" On/off
v' Variable speed compressor

Heating capacity

power input
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Internal steering of a heat pump ﬁp

Example of heating curves

v Heat production depends on:
v Outdoor temperature
v’ Indoor temperature

[02]
o

~
o

(=2
o

v Heating curve gives the supply
temperature

(4]
o

=
o

Supply temperature setpoint [°C]

w
o

[
o

35 30 -25 -20 -15  -10 -5 0 5 10 15 20
Ambient tempearture [°C]

n FHP project is funded by European Union

Wind Europe Conference and Exhibition
under the grant agreement no. 731231.

Bilbao, 2-4 April 2019 4/17/2019 4



Smart grid ready standard ﬁ]p

v' Smart grid ready (SG ready) is a standard for smart control
v'Defined by the German Bundesverband Warmepumpe e.V.

v' The activation of each mode is done based on how two terminals are open (0)
or closed (1)

Four different heat pump working modes:
1. Blocking mode (1:0)

2. Normal mode (0:0)

3. Low price mode (0:1)

4. Qver capacity mode (1:1)

Wind Europe Conference and Exhibition

FHP project is funded by European Union ) ) )
E under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019
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Variation of heating capacity ﬁ‘]p

Heating provided and electricity Compressor capacity range
consumption can change in three ways:

v’ Start/stop compressor 5
v'Change compressor speed i
v Start/stop electric auxiliary heater 0
g 40
30

20 il 20 25 = 25

Capacity interval [%]

Survey (4 large Swedish HP 20
manufacturers) 0

(=
~

vBosch (IVT)
v Enertec (CTC)
v'Nibe
v'Thermia

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Variable speed compressors ﬁ]p

Time from compressor off to full Time from lowest compressor
speed speed to full speed
- 90 —
£ 80 =% 80
g 6 % 80
& 60 o
g 50 8 5o
’;‘ 40 € a0
g 30 21 E 30 23
% 20 . 3 10 i ig l 5 6
o m | e— = N ==
3 E E 3 E ] 3 ] £ 3

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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Laboratory tests

v Ground source heat pump

v" Single family house
v'12 kW heating capacity
v'Elec. auxiliary heater

v" Variable speed compressor

n FHP project is funded by European Union
under the grant agreement no. 731231.

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019

4/17/2019
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Controlling the heat pump

v" Direct control of compressor speed
(Grid Flex HP approach)

v'The heat pump compressor was
controlled via an external computer.

v'"Manually or automatic

v" Indirect control (traditional approach)
v Temperature sensor override

v'Precision potentiometer used to set
the outdoor temperature.

v'"Manually by a test engineer

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019
under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Heating performance p

COP Heating produced
- function of supply temperature - function of supply temperature

6,0 14,0
Brine 0°C Brine 0°C
a 30
55 \\ _— 3% 100 . -6%
\ 10%
5,0
\ 10,0
= 45 "
3 » \ -
] 200, - :
E 20 -~ ~ > 80
g , & N e N ~ S
= ~ 0N &
5 ,b,s- - -
£35 > = 2 60 39
] ~ ~50y, i e ] 9 507ps 6%
& ~ \: o - ot o= - -—-— -l 13%
830 S e ~ = el
o ~ ~
- “ ~ o o
~ 20 ~ 1
~ ‘bs 4% 30 rps 9%,
2.5 o -18%
-
~
-~ 2,0 9% 79
20 ~ o .--._....__,.__.Zgrps_ﬂff____‘_ -28%
-~ -~ -_— .y
-~
- -
15 g 0,0
25 30 35 40 45 50 55 25 30 35 40 45 50 55
Supply temperature [°C] Supply temperature [°C]
n FHP project is funded by European Union Wind Europe Conference and Exhibition
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Test cycle for grid flexible heat pumps ﬁ]p

Purpose:
v" How well can we follow the test cycle Compressor speed

[
N
v

Aux. heater

v" Impact on COP
v' Compared to stable conditions

=
o
o

~
(&

v Test to steer a number of functions externally
v Turning on and off the heat pump
v" Increasing the heating capacity in steps
v" Working on maximum capacity
v Decreasing the heating capacity in steps 0
v Turning on and off the axillary heater ’ ' ’ ’ Timz[h] i . ' i

v" Adjusting the heating capacity of the auxiliary
heater

Average Average

%
o
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

N
%1

Compressor speed [% of full capacity]

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 12
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Indirect control

Compressor speed

160

140

120

=
15}
o

Compressor speed (%)
3 3

40

20

Test time (h)

‘ ——Compspeed - - —Aux heater

——Test cycle

- = = Test cycle (Aux heater)

FHP project is funded by European Union
under the grant agreement no. 731231.

Elec. consumption

10 000

9 000

8000

o ~
o o
S S
S o

Electricity consumption, heat pump (W)
w
8
o

4000
3000
2000
Looo S
0 _r,_
9 1 2
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Direct control

Compressor speed

140

120

100

80

60

Compressor speed (%)

40

20

0 1 2 3 4 5
Test time (h)

——Testcycle - --Testcycle (Aux heater)

FHP project is funded by European Union
under the grant agreement no. 731231.

——Comp speed

Elec. consumption

7 000

6 000

5000

4000

3000

2000
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Evaluation of results

Description

KPI,: Average deviation from test cycle
KPI,: Time within +3% of the test cycle
KPI;: Time within £10% of the test cycle
KPl,: Decrease COP

B8 rHP project is funded by
European Union under the . -
Wind Europe Conference and Exhibition
grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 15



Results ;H.'
- How close did the heat pump followed the test cycle p

Average deviation
from test cycle

16%
14%
12%
10%

8%

(%-units)

6%

4%
- m
0%

Total

M Direct ™ Indirect

FHP project is funded by European Union
under the grant agreement no. 731231.

Compressor only

120%

100%

Time within £10% of

the test cycle

80%
X 60%
40%
20%
0% —_—— —
Total Compressor only
M Direct ™ Indirect
Wind Europe Conference and Exhibition 4/17/2019

Bilbao, 2-4 April 2019
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Results ﬁ'l
- Impact on heat pump efficiency (COP) p

Decrease in COP

_ -Compared to stable conditions
v' COP decreases 10-15% using the

flexible test cycle o

v'Compared to stable conditions 2%
v 50% compressor speed -4%
-6%

-8%
v'Looking at the compressor only

X -10%
v (Auxiliary heater excluded) -12%
-14%
-16%
. . . . -18%
v" First indication, more tests are o
needed M Direct ™ Indirect
n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019

under the grant agreement no. 731231. Bilbao, 2-4 April 2019
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B8 rHP project is funded by
European Union under the
grant agreement no. 731231.

Recommendations for external control

Older heat pumps or non-premium heat pumps sold today:
v Outdoor temperature sensor override
v"Works on more or less all heat pumps

Premium heat pumps sold today and future heat pumps

v"Indirect control of the temperature settings by adjustments of the heating curve
or similar

v Using web-API, many premium heat pumps sold today are connected to the
internet

v a web interface or an app makes it possible for the owner to make changes
related to the heat pump settings at a distance

Future heat pumps
v’ Direct control (as proposed in Grid Flex HP concept)
v’ Fastest control, better accuracy
v Requires standardization e.g. through EEBus or similar

Wind Europe Conference and Exhibition

Bilbao, 2-4 April 2019 4/17/2019
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Heat pump design for flexibility

v QOversized heat pump systems gives higher flexibility
v'Larger investments costs
v'Risk for lower system efficiency, due to many hours on low part load
v"Economic compensation for offering the flex service is needed

v" Available flexibility depends on the heating demand and thereby
the outdoor temperature

v’ Large differences in how fast the compressor speed can change
between different HP models

v'Survey in Sweden: 40 s — 80 min from min to max speed

v'Probably technically possible with quick changes in compressor
speed

B8 rHP project is funded by
European Union under the
grant agreement no. 731231.

Wind Europe Conference and Exhibition

Bilbao, 2-4 April 2019 4/17/2019 19



B8 rHP project is funded by
European Union under the
grant agreement no. 731231.

Summary

v’ Laboratory testing has shown that the HPs electricity consumption can
be controlled in different ways:

v Indirect control
v’ Direct control

v Indirect control via temperature sensor override
v Works on most heat pumps

v Direct control gives better control of the HP to steer in detalil
v Today there are no standard protocol on how to control the heat pump directly

v Large differences in how fast the compressor speed can change
between different HP models

v Laboratory tests indicates that COP will decrease:

v’ Total electricity consumption (kWh) will increase using the HP for flex service =>
Economic compensation needed

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019 4/17/2019
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5.10 Annex 3.10. Lessons learned from pilot demonstration. Marcus Steen
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Results from the Swedish pilot sites

Difficulties arised and solutions provided in the pilot set-up

Presentation overview

v' Introduction
v' Karlshamn municipality
v'Karlshamn Energi AB

v Residential premises
v' Industrial premises

v' Technical installations
v’ Summary

n FHP project is funded by European Union Wind Europe Conference and Exhibition
under the grant agreement no. 731231. Bilbao, 2-4 April 2019

4/17/2019
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The municipality of Karlshamn and Karlshamn Energi AB

Introduction ﬁ‘l p

v' Karlshamn municipality
v' City of Karlshamn

v' Karlshamn Energi AB
v Multi-utilities company

v'DSO - local electricity grid —5&

F

v'Local RES
v’ District heating T e
Karlshamn ; w ] PR i S
A v'Municipal water and sewage g s '
eNergl v'Broadband connection i SN

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 3

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Residential premises
pilot set-up

Residential premises in the city centre

v Multiy family buildings
v Premise 1

v' 3 apartments, total of 316 m2.
v GSHP - Nibe F1155-12 3-12kW

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 4

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Residential premises
pilot set-up

Residential premises in the city centre

v Multiy family buildings
v'Premise 2
v’ 8 apartments, total of 688 m2.
v' AWHP — Mitsubishi 3-10kW
v’ Electric Cartridge 15 kW backup
v Oil burner 37-50 kW backup

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 5

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Residential premises
pilot set-up

Residential premises in the city centre

v Multiy family buildings
v Premise 3

v' 5 apartments, total of 250 m2.
v GSHP - Nibe F1155-12 3-12kW

n FHP project is funded by European Union Wind Europe Conference and Exhibition 4/17/2019 6

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Industrial premises
pilot set-up

Industrial buildings
v Premise 1
v’ Logistics company — 3 large buildings
v GSHP - 3-10 kW
v  AAHP - 4 smaller, 1-3 kW each
v Oil burner — 200 kW, mostly for tap water

FHP project is funded by European Union Wind Europe Conference and Exhibition

B e grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019



Industrial premises

pilot set-up

Industrial buildings

v Premise 2
v’ Logistics company, partly manufacturing

v ASHP - 4 Mitsubishi AAHP 2-10kW each
- ~3 P
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Industrial premises
pilot set-up

Industrial buildings

v Premise 3
v' ASHP - several small ASHP 1-3 kW

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019



Solutions for pilot set-up aﬁhp

technical installations

v Temperature sensors

v'One wire sensors

v NODA IEC

v Energy meter sensors

v Communication - Wifi / GPRS

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 10



technical installations

Solutions for pilot set-up aﬁhp

v’ Substation installation
v Grid monitoring for the industrial premises

n FHP project is funded by European Union Wind Europe Conference and Exhibition 417/2019 11

under the grant agreement no. 731231. Bilbao, 2-4 April 2019



Summary ;H]
Difficulties in the pilot set-up p

Difficulties in the pilot set-up
v Limited scope of premises for the pilot

v Voluntary premises tends to have some sort of issues from start
v Often need for energy efficiency

v' Very complex and diversified energy systems
v'Most premises don’t look the same

v' Some technical installations is to cost expensive
v'Mass flow indicators

v' Human behaviour causes noise, makes analysis hard

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 4/17/2019 12



Summary
Findings in the pilot set-up

Findings in the pilot set-up

v' Good communication with premise owners
v'Common interest in a successful pilot

v Be prepared to solve problems

v Planning of sensor placing is crucial

v' Temperature override works well

n FHP project is funded by European Union
under the grant agreement no. 731231.
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0 30009f%nks for your attention

Marcus Steen, Karlshamn Energi AB

marcus.steen@karlshamnenergi.se
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5.11 Annex 3.11. Steps for further research and exploitation. Martin Borgqvist
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The scope

Buildings

Seasonal thermal
storages

Heat pumps

FHP project is funded by European Union
under the grant agreement no. 731231.

Location aware
aggregations of
flexibility
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Highlights of findings and outcomes thp
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Focus of future exploitation *th
W

Buildings

Location aware
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storages

Heat pumps
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Grid active automation systems ﬁ]p

Steps for further research and exploitation

n FHP project is funded by European Union
under the grant agreement no. 731231.

» Black-box and grey-box thermal
models

 Model predictive controllers for heat
pump optimisation

 Flexibility trading tools for buildings
and seasonal thermal storages

« Standard for grid flexible heat pump
interfacing

Wind Europe Conference and Exhibition
Bilbao, 2-4 April 2019 17/04/2019
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Using flexibility in seasonal thermal ﬁ‘l
storages P

Steps for further research and exploitation

» Improve existing pre-engineering
services by including building
models in the process

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 17/04/2019
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Grid flexible heat pumps ﬁ]p

Steps for further research and exploitation

« Service for independent third party
testing of grid flexible heat pumps

n FHP project is funded by European Union Wind Europe Conference and Exhibition

under the grant agreement no. 731231. Bilbao, 2-4 April 2019 17/04/2019
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exibility management

thp

Steps for further research and exploitation
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Thanks for your attention

martin.borgqvist@noda.se
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