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This report presents the findings of the implementation and monitoringeekral smart grid solutions
in Amsterdam. These projects are part of the @iy project.This document covers the deliverables
D5.7, D5.10, D5.11, D5.12 and D7.4.

City -zen smart grid solutions in Amsterdam

Smart grid innovations can contribute to the sustainability goals(tdrge) city such as Amsterdam.
In 2050, it is expected that 80% of the woplopulation will live in citieUN Department of Economic
and Social Affairs, 2018)herefore it is important to find solutions for sustainabilityadlenges in an
urban context, in order to keep the energy grid reliable, affordable and accessible to all.

Implementation

By connecting over 10.000 citizens to the smart grid in the Ni&lest are of Amsterdam, one of the
largest smart grids in The Netthends was created. End to end smartification was implemented by
placing monitoring equipment in 13 medium voltage substations, on 27 medium voltage mainlines,
and on 22 low voltage mainlines, as well as providing over 9.000 residences with smart enerngy me

A virtual power plan{VPP)was created by placing 50 battery systems in residences and connecting
them to a central control system. This VPP was used to trade on th&&EPE)energy market, increase
selfconsumptionof energy, and support the local electricity grid.

Vehicleto-grid (V2G)charging was implemented by placing four bidirectional charging stations at both
the local low voltage gridndat commercial locations in the area. Three different car models @thrg
and discharged at these stations, and were used to support the local electricity grid, lower the pea
load of buildings, and increaselfconsumptionof energy. USEF flex trading was one of the methods
used to support the local grid.

Results and recomm endations

The Cityzen smart grid technology enabled the execution of all use cases mentioned above,
showcasing functional E2E, VPP and V2G systemsamplex urbarenvironment.Several lessons
were learned during the monitoring of the project.

Accurateknowledge of the local grid situation (the grid4ayt, quality, and whether or not the grid is
meshed) is a prerequisite for designing end to end smartification solutions. There are many obstacles
to overcome when connecting VPP and V2G components ito ghd: problems with both the
technology and the current regulations, which are focussed on household energy demand and not on
household energy generation or storage.

Currently, no ofthe-shelf solutions are available for E2E, VPP and V2G appicat brown field
situations. This resulted in a relatively low reliability of the VPP and V2G systems, which was far lower
than the >99.99% reliability of vital infrastructures like the energy grid. This was partly due to faults in
the digital communicatiorfthrough 4G oWi-Fi) with the VPP and V2G systems.

By trading on the energy and flex markets, smart grid solutions can balance the grid. Trading on the
EPEXSPOT market however could also have the opposite effect, at times increasing grid peak loads.



Our cities are evolving, and so is the way we power them. Currently, 68% of Europeans live in cities
and this number will rise. In 2050, it is expected that 80% of the world population will live in(tifies.
Department of Economic and Social Affairs, 20L8s urbanized population needs energy, from
sustainable energy sourcddow will we supply energy to these cities of the future? This is the central
guestion of project Citgen.

In the Cityzen projet, companies and citizens work together developing a sustainable city.
Together hey explore how innovations can contribute to the sustainability goals of a (large) city such
as Amsterdam. What are the effects of, among other things, solar panelsiielears and home
batteries on the lives of citizens and the local energy grid? How can a reliable, affordable and accessible
energy grid be retained?

This summary will provide some answers to these questions, by giving an overview of the findings of
the City-zen smart grid project, executed in Amsterdam. First the context and the challenges will be
sketched, then the smasgrid solutions implemented will be explained, followed by a description of
the partners involved in the projecEinallythe lessondearned duringboth the implementation and

the monitoring phase othe project will be presentedas well asrecommendationsfor future
endeavours.

For life in an urban context to remain sustainalsighe long term, the energy system of the city has

to be sustainable as well. A society powered by sustainable energy from intermittent and variable
sources like the wind and the suas depicted ifrigurel, needs to balance energy supply and demand
on all scales. In an urban context, this generates a need for estpge and grid smatrtification.

Figurel: Traditionalenergy systems (top) generate energy in a central location, and transport it to
decentral users. Modern, sustainable energy systems (bottom) generate and use energy in a
decentralized manner.

Along with an increased variance in energy generation, moddpanity brings with it an increased
demand for electricity during peak hours. Homes kept warm by heat pumps, whose residents drive



electric vehicles, and trade on the energy markets using battery systems, place a radically different
demand on the grid thatraditional households.

What could be viewed as a burden on the grid, can instead be turned into an advantage using smart
grid solutions. Local distribution grid operators or DSOs can collaborate with energy suppliers and
citizensto create value for alparties involved. The grid operator can balance the energy on the grid
by usingthe flexibility ofenergy storage or demand response; the energy supplier can take on new
roles and profit from providing energy and flexibility to the DSO;ditiegensbeneft from living in a
sustainable city, and they can profit by becoming active participants in the energy mdikistassists
society in keeping the electricity grid reliable and affordable fociilens

In the Cityzen project in Amsterdam, three smarid solutions were applied in practiogethe Nieuw

West district, to see if they can facilitate grid operators and prevent investments in the electricity grid,
while also providing value to theesidents of the area. Amsterdam Niedtest is a diverse
neighbourhood it has a diversity of housing, old and new, with and without local sustainable energy
generation such as solar panelss shown irFigure2. Singlefamily homes, SME and apartment
buildingscan be found there. This diverse test siteakes he lessons learned during th@roject
transferable toa great diversity of other municipalities.

Figure2: Diversity of buildings in an Amsterdam NieWest street.

In the NieuwWest district of Amsterdam a futuristic energy grid is located. Smart grid sensors and
other technology are placed at central locations in the grid and cotigtaneasure the supply and
demand of energy. The mediuaoltage grid can be controlled remotely, resulting in optimal use of
sustainable energy and prevention of power failures. The smart grid in combination with smart
metering and the smart control systetechnologically enables households to trade their energyvia
virtual power plant, and car owners to exchange energy with the grid in both directions using vehicle
to grid technology.



- End to end smartification

The first step towards a smart distributiarid is end to end smartification (E2E). This means that
between the medium voltage (Mgubstationat one end, and the energy connection of the residences
at the other, the status of all grid components is known. This should be done by placing the Iminima
amount of measurement points and equipment in the grid, while still acquirihgfdahe necessary
information.

The Cityzen E2E projecshowcased this approacim Amsterdam. Over 10.000 residences were
connected to the smart grid, using over 9.000 shmaeters, 13 monitored medium voltage stations
(MVSs), and 22 momwited low voltage (LV) mainlines, creating one of the largest smart grids in the
Netherlands. An overview of these and other vital smart grid components is shovabiel.

The results of monitoring were used to verify the predictions of a statémationmodel, which is
being developed to accurately estimate the state at any point in the grid. The nnioigitdata were

also used to assess the effect of the implementation of a virtual power plant and vehicle to grid
charging, both of which will be explained next.

- Virtual power plant

The second smart grid solution applied is the virtual power plant (MRR) this project, the
participating parties want to learn how more sustainable energy can fit in a densely populated city
such as Amsterdam. By gaining experience with this Virtual Power Plant, the balance between supply
and demand can be increased.

Ower the course of one year, fifty battery systemsre installedon a local and residential levil
Amsterdam NieuwNest. In the NieuwNest district, a large number of buildings and houses have solar
panels. When more solar energy is generated than udeel battery stores the energy locally. This
prevents overloading of the energy network and can prevent unnecessary costs to expand the grid.
This keeps the energy grid affordable and reliable. With the virtual power plant it is also possible to
trade sustanable energy on the energy markdtis makes it possible in the future to pay and receive
the true price for energy. This financial incentive could contribute to energy saving. This project
distinguishes itself from comparable pilots by combining all éhfactors: home battery systems,
energy trading and taking the capacity of the local electricity grid into account.

- Vehicle to grid

The third smart grid solution is vehicle to grid (V2G) charging and discharging of electric vehicles. The
number of electric cars is growing rapidihe government of the Netherlands has set a goalref

million electricvehiclesn 2025 which is moretlian 10% of the total number of private vehicl&gith

V2G a combination is made between electric transport and the need for storage of electricity during
sustainable energy generation peaks. The charging stations srakgystored in the batteries of
eledric cars available to the grid during timefen theenergydemand is highThe charging station

is therefore not a normal charging station, but a bidirectional charging stdticimes of low energy
demand, the cars can be charged as usual. Flexideofignergy is a more efficient solution than
adjusting the electricity grid so that more capacity can go through. This keeps the energy grid
affordable and reliable.

Within the Cityzen V2G project four bidirectional charging stations were installed, atwpublic
locations and two at commercial locations. Three different types of cars, with several drivers, used
these charging stations to charge their electric vehicles, while at the same time the cars were used to
support the grid, lower the peak load biiildings, and trade on the USEF flex market.



- Overview of City -zen smart grid components

Tablel: Main components in grid smartification by €ign in Amsterdam NieuW/est

Components of the smart grid #

MVSs (total) 45
) ) Intelligent MVSs 7
Medium voltage substation@VSs) - —
MVSs with LV monitoring 9
Monitored MVSs in total 13
MV mainlines (total) 57
o Monitored MV mainlines 27
Cable circuits o
LV mainlines (total) 166
Monitored LV mainlines 22
Virtual Power Plant (VPP) battery systems 50
Vehicle2Grid Bidirectional charging stations 4

Many private and public parties will have to collaborate to make the sustainable cities of the future a
reality. In the Cityzen project, 23 partners work togetheéfwo of those are involved in the Cizen
projects this report describes. Besides those partners, a number of collaborators and contracted
parties was also involved in the project$ie most important ones are introduced below.

Alliander brings the renewald energy market closer. As a netwo ° '
company, Alliander is responsible for the distribution of energy suc al-'-lander
electricity, (bio)gas and heat. They do nptoduce or trade energy

themselves. This is done by energy suppliers, buyers and traders. Most 0
the energy they distribute regionally is produced by power stations and windfarms and carried through
the international and domestic energy grids run by TenneT and Gasunie. A growing number of
consumers and businesses are also feeding the energy they haveagghthemselves back intine

grid. Alliander is partner in all three smart grid projects.

NeoSmart (formerly known as Greenspread) is a sustainable ene
supplier and enables new players on the energy market to participa@ NeoSmart
WhS2Q Ay b S®{Néw EdergyzOideryTRe energy market is

changing radically, and NeoSmart is the party making connections, like a connected electricity grid.
Their team of professionals collaborates with several experienced parties in the energy market to offer
the bestservices to consumers. NeoSmart is the successor of energy supplier Greenspread, building
on their many years of experience in the energy market. NeoSmart is partner for the VPP.

EXHEEnergy Exchange Enablers) is a subsidiary of Alliander. EXE we _ | Eneray

make the electricity markets accessible everyone and thereby red =J>(= ErCAnheE

costs for everyone. An individual participant is too small to participate .

the energy marketsEEXEcan test the smart software, so local energy products can gain easy access to
the enery market via an online platformrEXE is partner for the VPP, where two of its products

(demand response platforrgntrnceandreaktime energy exchange softwaiR.E.¥.are used.



NewMotion designs, builds, and supports awasthning smart chargenewmotion'
servicesincluding charge points, a mobile app and charge card, allowing

access to tens of thousands of charge points across Europe. During this project they were the charge
point operator. NewMotion was contracted for V2G.

Enervalisprovides a complete EV toolset to deliver futypmof and highly .
scalable smart charging solutionEhrough stateof-the-art selflearning Y } Enerval'ls
algorithms, the patented Smartpower Suite® platform predicts the nees

energy and departure time of the E¥iver based on historical charging patterns while taking into
account the local grid constraints. During this pobj&nervalis was the aggregatoontracted by

NewMotion for V2G.

with finding participants and ensures the communication about tF
project.

Amsterdam Smart Citys committed to a smarter Amsterdam and helpam'merdam
city |

By connecting over 10.0GHtizensto the smart grid in Amsterdam, one of the largest smart grids in
The Netherlands was createileasurement and control equipment was installed, battery systems
were placed in residential homes, and bidirectional charging stations were connected to the grid.
Rolling out this advanced system, consisting of many components that all lveatkdogether, was

not an easy taskand many technological, social and economics lessons were learned during the
implementation and monitoring of the project.

- Project timeline

The City-zensmart grid project started in 2014. After discussions about and design oftysiqal
setup, implementation started in 2017 and was finished in 2018. Measurements and experiments were
executed in 2017, 2018 and 2019.

- Lessons learned during implementation

1 Good understanding of the legut of the low voltage (LV) grid is a prerequasitor
implementing E2E smatrtification efficientifithout this accurate data, one canndetermine
where to place the measurement equipment in the grid;

1 Currently, no ofthe-shelf solutions are available for E2E, VPP and V2G applications in brown
field dtuations;

T Itis difficult to know beforehand how much and where measurement equipment is required
to enable E2E. An accurate state estimation model is a valuable tool to gain the required
insight;

1 Finding and retaining participants for VPP and V2G projectsingeaconsumingtask. Active
participation is required which is not always possible in combination with the-liferkalance
of potential participants. In addition, participargemetimes moe or retract from the project
when changes occur in their private liyes

1 The placement of bidirectional charging stations is currently not a standard job. Thefllare
far more expensive than standard charging stations, they need a reliable internetcgm
to function, and during the Citgen project problems with the hardware were encountered
frequently;

1 The battery systems placed in residences are by default connected to a different phase of the
3-phase grid than both the solar panels and househeni@érgy usage. This originates from
standards used in the installation sector. This means that the battery system cannot be used
effectively to balance energy within thesielence.



- Lessons learned during moni__toring

1

VPPsn trade mode, trading on the EPEXSPOT market, at times have a negative effect on grid
balance given the current pricing mechanism. There are instances where energy; isnsbld
thus delivered to the gridduring moments of local energy genei@t. This can increase the
peak load on the LV grid;

Due to regulations the V2G system cannot currently be used to provide emergency power in
the event of a power outage;

Additional testing with higher density of charging stations in the grid and a greateber of

V2G compatible cars should be done to definitively proof the value of V2B and V2G;

The reliability of OT/IT connections through 4G &ieFi communication networks used for
VPP and V2G applications is lower than that of the grid itself. The reliability needs to increase
to match the reliability of the grid before a VPP or V2G can be used as part of the vital
infrastructure balancing loads ohé LV grid;

State estimation iseeded in order to be able to draw conclusions abibatcurrent situation

of the grid;

By using the VPP for energy traditgsed on forecasts of energy consumption, PV solar
generation, the energy prices on the EPEXSPQXemand the availability of the battery,
overall energy costs can be decreasddow density of VPP contributors in the LV grid (less
than 5% of residences were equipped with batteryteys) showedittle impact on the grid;

The DSO is able to allevigieak loads on the grid hysingsmall storage (battery) systems, if

the DSO hafast and reliable means to contrthe VPP/V2G battery systentisrough their
operators This is possible when the batteries are operated in an inherentlysgpgorting

mode by the battery operatorwhen there are adequate financial stimuli the DSO can offer
through the energy and/or flex markets, or if the DSO can overrule the settings of this VPP
ensure grid stability and prevent a power outage.

- Recommendations for future endeavours

)l

Certain capabilities of both the VPP and V2G system cannot be utilized due to regulatory
barriers and/or sector standards. Examples are the use of the V2G system for emergency
power and theselfconsumptionof energy using the VPP by connecting the battery and solar
panels of a household to the same phase;

Data clearing should be done before starting with E2E smatrtification to gain an accurate
understanding of the physical grid layout. Currently @adugh is known about the grid on the

LV level to support a transition to smart grids;

Technical readiness level of components must be improved in order to use small scale storage
solutions (through VPP or V2G) in a reliable way to control vital infrastejcespecially in
brown field situationsimprovements in the European and international standards can ensure
compatibility of the components in all situations

Different reward mechanisms for VPP and V2G participants should be tested to determine the
financial value of these systems;

The density of the VPP and V2G contributors should be increaseadtice the effect in the

grid. When increasing the number of VPP/V2G participants, the effects of individual decisions
that do not match the desired steerimgotocols will be evened out by the combined effect of

the other transactions. For VPP this applies to the predictability of average household
behaviour, and for V2G it applies to the average presence of cars at the charging station;



9 During this projectthere was no technical supplier as a consortium partner or as official
project partner. It is recommended to seek active collaboration with a supplier of technical
components
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CHAPTER 1 &

This report describes the work done on the &ign project by Alliander and their partner NeoSmatrt.
lff A YRSNRAa NI & Lan/werk atihe wdikip&ckages WR3Kteofinolbgy intégration),
WP5 (demo Amsterdam) and WP7 (technical and processtanmg). The project started in 2014.
After discussions about and desighthe physical setup, implementation started in 2017 and was
finished in 2018. Measurements and experiments were executed in 2018 and 2019.

The deliverables from WP3 have already been reported on in earlier stages of the project, leaving on
the deliverables from WP5 and WP7. This document will report onables shown imable2, and
deliver the corresponding deliverablebhis table also shows where the different topics are discussed.

Table2: Tasks and deliverables reported on in this document. The last column iadidatd section
of the report describes the actions taken for each deliverable/task.

Deliverable Deliverable Task Task description Objectives Section
# #
Operational PV + 8 Smatrtification at 50-80 storage systems 2.2.3
intelligent storage buildinglevel installed
units and virtual (LIAN, M12M58) ICT monitoring and control ~ 2.2.4
power plant platform
VPP in demonstration 2.2

Digitalized grid 10 Smartification of Digitalized Grid substation 2.1.2
substations, medium and low
functionality voltage
description electricity
Fully functional distribution grid  iNet implementation 2.1
intelligent medium (LIAN, M&V58)
and low voltage grid
Report on V2G grid 11 Integration of BidirectionalEV chargers and 2.3.3
stabilization electrical vehicles energy management system

and vehicle to Design criteria and decision 2.3

grid (V2G) strategy

technology (LIAN Platform used 234

M6-M58)

Testing and optimization 3.3

Monitoring and 2.3 Monitoringand  Small scale storage systems 3.2

evaluation of grid evaluation of grid and VPP

smatrtification smartification Flexibility and balancing at th: 3.2.4 3.2.5
(LIAN, M2eM58) neighbourhood scale and3.2.6

Impact of electrical vehicles 3.3.1,3.3.2
and effects on the grid and3.3.4

Impact of grid updates in low, 3.1
medium and high voltage gric

The reason why we combine tlieliverablereports is because we see the environment build as an
integral energy system, build up by several components. Whilevtr& packagelescriptions is setup
on the different aspects, the report will give a description of the system as a whole.



1.1.1. Reading quide

This report starts here with an introduction of the problems faced when designidgbarding
futureproof energy systems for urban areas. The three smart grid technologies applied in Amsterdam
are also introduced in this chapter, starting with end to esmaartification, followed by virtual power
plants and vehicle to grid systems. This order will be carried through in the rest of the report.

1 Chapter 2 shows theet-up of the systems in Amsterdam, and gives details about the partners,
softwareand hardwarehat made the system work.
Chapter 3 then follows with the results from experimenting with amehitoring the systems.
Chapter 4 describes trsocialinteractions around the Citgen smart grid projects, describing
the motivations of participants and adessing concerns from people living in the
neighbourhood
1 Chapter 5 shows theconomicfindings of collaborators in the project who traded on the
energy and flex markets using Gitgn technology
Chapter 6 lists alommunicationabout the Cityzen smart gd projects
Chapter 7 drawsconclusionsand givesrecommendationsfor further investigations and
possible scaleips
In the appendices following the last chapter, additional figures and detailed information can be found.
The report will refer to these appélices where necessary.

1
1

1
1

1.2.1. We need smart ways of powering our cities

There isatendency that nore and more people live in cities in future. In addition world population
uses more and more energy. Generating atistributing enoughsustainable energy to power the
cities of the future is a bighallenge. The intermittent nature of energy sources like wind and solar
power provides new challenges in the field of grid operation and energy storage, and the boundaries
between those two fields become fluid.

1.2.2. Balancing the energy supply

A society powezd by sustainable energy from intermittent sources like the wind and the sun needs
energy storage as a means to balance energy supply and demand on all scales. Large scale energy
storage can provide a solution to the energy imbalance betweartier and sunmer. Small scale

energy storage could play the same role on a smaller scale to cancel out the daily energy imbalance.
In a standard house for example, eneogynbe stored during the middle of the day (when solar power

is high and energy demand is low) aduting the night (when energy demand is lowest), so that there

is enough energy available in the morning and the evening when most energy is used in hoyseholds
as shown irFigure3.
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Figure3: Energy profile of households. Typically, the energy use is high in the morning, low during the
day, and highest in the eveningraditional energy generation follows this pattebut solarenergy
generation typically has a complementary pattern.

Largeand small scale energy storage both have their own place in energy systems. The different
aspects of these storage types are showiiatle3.

Table3: Differences between large and small scale energy storage

Large scale energy storage Small scale energy storage
Extended periods of time (weeks or months) Short periods of time (hoursr days)
Slow (dis)charge Quick (dis)charge

Spatially centralised Spatially decentralised

1.2.3. Balancing the energy distribution

In section1.2.2we talked about the use of energy storage to balance the supply and demand of
electricity over timeWhenthis balance over time is achieved, we still have to balance this energy over
space; spply and demand are natlwayslocated at the same points in the grid, and thus electricity
has to be transported. The amount of energy that can be transported from one point to another
depends on the grid componenis-between like cables and transformer

Most electricity grids were built to transport electricity from a central supplier (like a coal or gas
generator) to decentral users (homes and factories). With the rise of sustainable energy sources like
wind turbines and solar panels, this pictureaciges. The users are still detrah, but so are the
suppliers (see
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Figure4: Traditionalenergy systems (top) generate energy in a central location, and transport it to
decentral users. Modern, sustainable energy systems (lmojtggenerate and use energy in a
decentralized manner.

Where in the old system the grid had to transport a more or less constant level of electricity in one
direction, in the new system the grid has to transport a fluctuating amount of energy in all directions.
This also brings to light the lack of measurenseint the low voltage grid. In the traditional system,
extensive measurements at the LV level were not necesbatlje new situation, they ard.his brings
about great challenges on all scales of the electricity grid.

Storing energy can help maintain alénce on the grid. Energy is stored when there is no room on the
grid to transport it at that moment, and the storage is discharged later when there is more grid capacity
than energy. Grid operators can use storage to maintain a balance aidbeicitygrid on all scales.

Balancing the electricity grid serves not only the interests of grid operators, but also those of society.
If energy supply and demand are spread out across the gritbt more energy will have to be
transported resulting in a neefbr more cables, more transformers, and more high voltage pylons in
the landscape. Installing all of this costs energy, rare materials, and money, as well as a lot of time to
install: time that could also be used to move faster towards &asuesble energysupply for all.

1.2.4. The city of the future is smart

Currently, 68% of Europeans live in cities and this number will rise. In 2050, it is expected that 80% of
the world population will live in citieUN Department of Economic and Swdiffairs, 2018)he
transition to renewable energy wilhereforelargely happen in an urban context.

Future citieenvisioned by Citgenaresmart citiesThere are many possible approaches to make such
a city energy neutrabased on the spedifopportunitiesand qualities of the location, the culture and
the resources availabl@ he energyinfrastructureis an integral part of the cityit should beflexible

and operated with the lowest costs and carbon emissidmsteach these goals the ecang of scale
has to betaken advantage of: the dense population of urban areas means that leastimftture per



person is neededn order tobenefit from this insights about the use of the infrastructure are crucial.
This is why the smartification difie cities and their infrastructures is an important building block for
the city of the future.

Energy infrastructures have always used the economy of scale, by taking advantage of the low
synchronicity of energy use by households. Residential halmest all use energy at the same time.

We say that they have a low synchronicifiheir combined peak demand do#erefore not scale
linearly. For example, one household miagve a peak load of 10kW, but the peak load of two
households combined is not 2x1042M. If we take the synchronicity to be 80%, the combined energy
demand peak of the households equals 2x10x0.8=16kni&fact is relied upon heavily during the
design of traditional gridsAround 2.5kW of power is reserved for an average household onritie g

This is about as much power as an electrical kettle needs to boil water. Due to the low synchronicity
of household energy demand however, this is enough. With the emergence of PV solar panels,
electrical vehicles, heat pumps and more, the synchronicitenergy demand and supply increases.
Tostill be able to balance the energy in the giidthis new situatiorwe needsmartinfrastructure.

1.2.5. Using smart grids to balance our energy system

If local energy storage is not used in a smart and responsiéje ivcould even be detrimental to the
balance of energies. To understand how this works, take a loBilgate5 and Figure6. Every citizen
supplies energy at the same time, and also demands energy around the saméntithese figures
energy supply from PV solar panels and energy demand from households is shown. The third big
contributor to the grid load is the charging of electrical vehicles or EVs. EV chgegieigllyhas a

higher synchronicity thatraditionalhousehold energy demand, but lower than PV solar pamelhis

project, sma‘rt grids are used to try and tackle the problems sketched in the previous sections.

\\/

Figure5: Energy transport during a supmay.Houses with solar panels produce more energy than
they use. This energy is transported through the grid to a local energy station or energy storage unit,
resulting in an overload dfie grid component at the congestion point.
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Figure6: Energy transport during the evenirtgouses wheréhe inhabitants are cooking oharging
their electric vehiclesse more energy than they produce. This energpaisported through the grid
from a lo@l energy station or energy storage unit, resulting in an overloagtidfcomponent at the
congestion point.
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The energy demand and supply can be shifted in time using storage and delayinggeabhdemand

as explained before. bkt citizenshowever havesimilar interests, the accumulatiarf their individual
optimizations will result in a high synchronicity of their energy supply and demand, potentially causing
even more imbalance in the energy system. To counteract this tendency, a communal system can be
introduced that balances the energy flows, as well as the needs of the individuals with those of society.
In the smart grid projects discussed in this report, this system consists of a virtual power plant, end to
end smatrtification and a vehicle to grigssem.

In order to be able to provide cities with a flexible and future proof infrastructure we need to
understand whais happening on house level, time neighbourhoodevel and on the grid level. €h
smart grid solutions ar@escribedbelow. End to end smartificatiofE2E) on different levels Wil
provide information about and digitalization of the grid virtual power plant(VPR is an online,
centralized platform which monitors, aggregates, stores, and redistributes energrder to make all

the smaller components of the VPP together resemble a traditional power plantvémdie to grid
(V2G)comprises a smart energy solution that allogfsctric vehicles to be utilised as battery systems
connected to the grid throughidirectionalcharging stations.
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Figure7: An overview where the smart grid solution are illustrated
1.3.1. An introduction to E2E - End to End smatrtification

End2-End Smartification is designed with the objective of achieving maximum flexibility for the
electrical grid and the connected dwellings/customers. This includes the integration of advanced
monitoring technology. En8-9 y R I NA R & K 2 dzf Ro faciftateWre iewNayS weSuge? dz3 K
produce and trade energy. This is mainly done by adding the right amount of IT components to the
electrical grid for remote monitoring and control purposes. This intelligent electricity network,
otherwise known as the samt grid, is equipped with computer and sensor technology at key nodes of

the grid, and with smart meters at the dwellings. Currents and voltages are continuously monitored to
facilitate more accurate remote monitoring and control functions. This inforomatiechnology
facilitates the remote operation, from a central location (control room), of the medium and low voltage
INARI gKAOK A& y2i LRaaraotsS Ay GKS Y2NB adl yRINR
digitization strategy is to cobine measurement data with network modelling. These network
modellingis done with state estimatiomodellingwhich is explained below.

- Use cases

E2E will be used to access multiple value streams. First and foremost, it will provide the DSO with
valuableinformation about the grid on the house, neighbourhood and district level. Other than that,
there are three specific use cases for E2E in thez@éityproject:

1 Enabling the design and operation of a VPP

1 Enabling the design and operation of a V2G system

1 Providing information to further develop State Estimation Modelling on the MV and LV level
This last use case will be explored further in the next section.
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- State Estimation modelling

By adding additional measurement and control equipment to the grid E2Edesovis with more
information and additional potential for control. Extensive state estimation modelling was done to
extract as much information as possible about the state of the grid from the measuremenDds.
traditionally treatLV and M\hetworks & two separate entities. Both voltage levels have their own set
of assumptions and design policiéis.the Cityzenproject, a fast load flow algorithm was proposed,
suitable to simulate both the LV and MV wnetrk in a single simulation. This innovatisgorithm is
applied to the grid in Amsterdam NieuWest Using this method, congestion problems in both the LV
and MV grid can be determined with greatsrcuracy(Dobbe, et al., 2019)

MV/LV simulation > LV simulation ve

Voltage problems
0% 10% 20% 30% 40% 50+°

Figure8: Medium and Low voltage simulatiofar the entire area where Alliander is the DSO.

Figure8 shows two maps othe Netherlands, showing an example of the type of information gained
from the state estimation algorithm developed for the Citgn projectAlliander services the negrey

area. This figure shows the geographical distributionadtulatedvoltage problem®n a postal code
level. The problems in the integral MV/LV simulation are concentrated, which can be logically
explained by the fact thatraLVV network with high loads influencasighbouringnetworks.

1.3.2. An introduction to VPP - Virtual Power Plants

Traditional power plants produce large amounts of energy. They are a centralized, predictable and
stable source of electricity. Sustainable energy sources dependant on nature are none of those three
things. They are decentralized; every house in a neighbourhogttmave solar panels on its roof.

The energy generated by these panels is transported throughLtheyrid of the DSCBustainable
energy production isinpredictable; equally unpredictable as the weather, and just like the weather
these energy sources caninbe influenced like traditional power plants could. And lastly, they are
volatile; when a cloud obscures the sun, the amount of energy generated by the system could suddenly
plunge.Placing energy storage units in the system creates energy buffers atazdrcontrol of these
storage untis provides more possibilities.



Thevirtual power plant is an online, centralized platform which monitors, aggregates, stores, and
redistributes energy, in order to make all the smaller components of the VPP togetlenlksa
traditional power plantThis power plant is then connected to the higher levels of the electricity grid,
as shown irFigure9.

Figure9: Schematic overview of a simple VPP. Several different components generating (solar panels),
storing (batteries), consuming (residences) and transporting (LV cables) energy are connected to each
other, and araall connected to the VPP. The VPP in tucomnected to the higher level electricity grid.

AVPFconsistof a combination of elements that generate, convert, transport, store, use and monitor
energy. The VPP then gathers information and matches the energy to create balances. The VPP in the
City-zen project consists of a group of residences (energy use) with solar panels (energy generation)
and battery systems (energgonversionand storage), connected to a smart electricity grid
(transportation and monitoring) as shown Kigure10. The monitoring takes place using E2E as
explained in sectiot.3.1 as wellasadditional monitoring from the VPP components itself: the battery
systems gather and send information.

As shown irFigure9 andFigurelOthe VPP in this project consists of many units that each individually
represent all elements in the energy system: eaclidersce generates, stores and uses energy. This is
not a general requirement for a VPP. The system could also work with only energy storage at one
location, an only energy use at another for example. Not all components of the VPP have to be equal.
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Electricity grid
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FigurelO: Schematioverviewof the components of the VPP usethia residences iproject Cityzen.
All of these residences are connected individually to the LV electricity grid.

Smart meter

- Use cases

TheVPP use cases tested within €ign are:
I Trading on energy markets with the combined capadf a maximum ob0 energy storage
systems
1 Local consumption of locgllgenerated sustainable energy;
1 Supporting the local electricity grid through congestion management.
Trading on the energy ma rkets

An energy aggregator can utilize all of the energy storage systetnad® energy on the wholesale
markets: the use of a home battery allows for energy storage when electricity prices are low and
discharge lhe battery when there are highA single battery system is not predictable enough, nor is it
large enough, to trade on the wholesale market, which is where the VPP comEsding on the
energy markets with battery systems installed at residences in one individual neighbourhodudike t
has not been done beford@histrading canonly be profitable, if the price difference between buying

and selling the electricity exceeds the energy loss incurred by charging and discharging the storage
system.

® '0-0 0

This balance between monetary gain and energy loss is represented in the formula abovexighere

the total profit or lossPis the price at which energy is bought or sd&d the amount of energy traded

in kWh and is the roundtrp efficiency of siring energyFor example, if the roundtrip efficiency of a
battery system is 80%, then 20% of every kWh stored in the battery is lost by charging and discharging
the battery.



Self-consumption of locally generated energy

Another use case for the VPP isigsinore energy locally. This can be motivated by a desire to be more
energy independent, or by financial motives: at this momsuapplyingsolar energyto the gridis
subsidized, making it profitable feed the energy into the grid. The Datgovernmenthas presented

plans to change this in the early 2020scan then becomerofitable to use as much energy locally as
possible. The use of a home battery allows for energy storage when the local energy generation is
abundant (when the sun is shining anctresidents away) and dischartfe battery when the need

for energy is high (when there is no sunshine and the residents are at home).

Supporting the local electricity grid

A 2 4 A >

TheVPPwvas alsdD2 Y Y SOG SR G2 ! f This éngbRSINIDEO ediaxfiheNfihe bAttddeR ©
are able to support the local grid network during peak momelitthe VPP can be used in this way,
this might prevent (additional) investments in the electricity grid andurethat the grid stays stable,
benefiting all those who ustihe grid and pay for it. The use of a home battery allows for the battery
systems to be discharged when the load on the grid is low, making for a stablobhdsand charged
when the load on the grid is high, alleviating thew energypeaks caused byhe local energy
generation from solar panels.

1.3.3. An introduction to V2G d Vehicle to Grid

The mismatch betwen supply and demanid enhancedoy theincreasingresence of Electric Vehicles
(EVs)causing high demand peaks tire grid ifthey are charged at the same time (for instance, during
the evening, when users come back from work). It is expected that the growth of electric cars will
increase so fast that in 202be number of EVs in The Netherlands will have increased taroltien.
Theconsequence is ancreased load on the grid.

The average car is parked more than 95% of the tithe batteries in electric vehicles could be used

to let electricity flow from the car to the electric distribution network and backGdescribes a system

in whichplugin electric vehiclesommunicate with thepower gridto selldemand responsservices

by either returning electricity to the grid or by throttling their charging rate. The stored electricity in
the cars is made available via a chargingistagt times when the demand is highhisway the
charging stations becontgdirectional so the electric cars can be used as (temporangrgy storage
facilities Additionally, by combining multiple batteries, accumulated capacity can become large
enouch to effectively prevent unbalancim the electricity grid. In the environment in Amsterdam
severalbidirectional chargers have bedmstalled to be tested by Alliander.

ENERGY RELEASE
ON EVENING

CHARGE ON
DAYTIME

4

Figurella: Effect otraditional EV charging Figurellb: Effect oBmart charging2G EVs

FLATTENED
CURVE OF

MORNING EVENING
PEAK PEAK

Figurella illustrates the effect of ektric vehicles on the gribad, without any interventiorin their
charging behaviourThe extra energy demand from EVs increases the load in the evening, where
traditionally the highest pealoads of households are locateWhereunchecked EV chargitgs an


https://en.wikipedia.org/wiki/Plug-in_electric_vehicle
https://en.wikipedia.org/wiki/Power_grid
https://en.wikipedia.org/wiki/Demand_response

unfavourableeffect, smart charging with V2G EVs can actually reduce peak IBagisellb shows
how V2G (dis)charging can do this: by charging during the dayy wblar energy is abundant, and
discharging during the evening household peak.

- Use cases

The V2G use cases tested within ity are:
1 Supporting the local electricity grid through congestion management;
0 Using standard charging;
0 Using a standardized loadddile;
0 By trading on the USH®Eniversal Smart Energy Framewdikx market;
1 Enabling businesses to save on their connection costs by limiting their required capacity;
1 Selfconsumptionof locally produced energy;
1 Supplying emergency power

Supporting the local electricity grid & self -consumption  of locally generated energy

In a similar fashion as the VPP, the V2G system can be used to increase local consumption of locally

generated energy and it can support the local electricity grid. Tds&h of this are explained in section

1.3.2 The selconsumption mode of the V2G system is a bit more advanced than that of the VPP,
because it also utilizes prediotis about the energy use and solar energy supply during the day. These

predictions are included in the so callgdeenfollowing mode, developed by Enervalis. This is the
mode we refer to when we refer to sedbnsumption modes in the context of the V2®jerct.

Trading on the USEF  (Universal Smart Energy Framework) flex market

USEF delivers the market mo@eISEF, 2018)r the trading and commoditisation of energy flexibility,
and the architecture, tools and rules to make ik effectively. By providing an international common

standard for smart energy, USEF unifies markets and ensures that projects and technologies are

connected at the lowest cost.

By delivering a common standard on which to build smart energyementations, USEF connects

prosumers, technologies and energy markets. It is the basis for an integrated smart energy future that
is both efficient and costffective. The framework defines each stakeholder role in the energy market,
how they interactand how they can benefit by doing so. With existing detailed specifications and real

life pilots in the market, USEF is perhaps the most comprehensive, advanced initiative of its kind.

Three market roles from the USEF framework are used within thez&itgroject:

1 ProsumerThe residential consumer role in the energy system is changing. It is not unusual for
a modern home to include multiple smart appliances, smart metering, electric vehicles and

solar panels. Home battery technologies are also maturimidha All internetconnected,
theseemerging technologieprovide an opportunity for ihome optimisation of energy, by

F g2ARAY3I 2N RSFSNNAY3I AdGa dzasS dzyt Saa AGQa

any excess energy generated or stozoh also reap financial rewards.

1 Aggregator: The aggregator bundles small flex assets (for example those owned by the

prosumers) into a flexibility volume, enabling (the trading of) energy flexibii§EF helps
interested parties to understand the nat of the opportunity that the new Aggregator role

2TTSNAR YR LINPOARSA G(GKS G22ta G2 FOG 2y AdGo

model clear, without limiting opportunities. USEF defines the role and delivers the related
interaction mode$ and sample technical references. These things are particularly important
where the role is of interest to companies not currently active in the energy markets but that
have existing retail relationships and expertise

L



1 DSO:USEF helps the DSO to mitigaikrand play a smarter role in the system. It delivers
SIFaA&ASNI I 00Saa (2 tNRAdZYSNERQ FfSEAOGES adzlx &
the grid possible. This can be used to alleviate grid stress and defer or avoid grid upgrades. It
also enourages prosumereliance on the grid by providing them with the opportunity to
benefit financially. This reduces the likelihood of their defection as storage technologies
become more readikavailable, making selialancing achievable.

Enabling businesses  to save on their connection costs

Those connected to the electricity grid have to pay an annual fee for that connection. The height of
this fee depends on the peak loads of the connected property. If one can lower the peak electricity
one supplies to or @mands from the electricity grid, theonnectioncosts can be decreased. Since
businesses usually have larger connection types, associated with higher connection fees, this use case
is especially relevant for business parties.

Emergency power supply

In theevent of a power failure, a large energy storage facility can act as an emergency power supply.
If there is a large number of EVs with V2G charging capability, this fleet of V2G connected cars could
hypothetically act as such an emergency power supplis iShthe fifth and last use case for the V2G
system explored in the Cigen project.

This project was executed in an urban @@ Amsterdam, The Netherlands. Alliander, the DSO in
Amsterdamand a partner in the Citgen project, worked on this project together with NeoSmart, also
a partner in the Citgen project. Both parties will be introduced below. Other collaborators will be
introduced later on in the concerning sections. After introdaietthe partners, a picture will beginted

of the area of Amsterdam in which the project took plaaed the important features of the grid will
be highlighted.

1.4.1. City -zen project partners

- Alliander & company profile

Alliander brings the renewable energy ma rkets closer

As a network company, Alliander is responsible for the distribution of energy such as electricity,
(bio)gas and heat. We do not produce or trade energy ourselves. This is done by energy suppliers,
buyers and traders. Most of the energy we distite regionally is produced by power stations and
windfarms and carried through the international and domestic energy grids run by TenneT and
Gasunie. A growing number of consumers and businesses are also feeding the energy they have
generated themselvelsack into our grid.

A well -managed energy network

Our primary task is to distribute gas and electricity to consumers, businesses and institutions. The
network operatorLiandermakes this possible by keieg the energy distribution through all our
networks in good condition, supplying more than three million consumers and businesses daily with
gas and electricity as efficiently as possible.

An open and future  -proof energy network

We are committed to runnig a reliable energy supply to ensure that living, working and travelling
remain viable in the future.


https://www.liander.nl/

- NeoSmart 8 company profile

NeoSmar{New Energy Ordei3 a sustainable energy supplier and enables new players on the energy
YIEN] SO G2 LIhinNedSOHartisiandsSob New E@&)00rder. The energy market is changing
radically, and NeoSmatrt is the party making connections, like a connected electricity grid. Their team
of professionals collaborates with several experienced parties in the energyemarkffer the best
services to consumers. NeoSmart is the successor of energy supplier Greenspread, building on their
many years of experience in the energy market.

1.4.2. Amsterdam Nieuw  -West

Amsterdam is the capital of the Netherlands and is home to ard®®@ 000 people, who live in
approximately 550.000 residences. Over 10.000 of these dwellingsoaveconnected tothe smart
grid, and more than 9% of them are equipped with smart energy metérbe smart grid pilot area is
situated in the district Nieuw V&t and spans twaity areas Osdorpand De Aker, Sloten en Nieuw
Sloten The location of the project in Europe, The Netherlands and Amsterdam is shéiguiel2a,
bandc
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Figurel2: Three maps showing the location of the @iy snart grid project. a. (topJhe Netherlands.
b. (mddle) Amsterdamc. (bottom)AmsterdamNieuwWest, where the project took place.

A typical image of thareaswhere the smart grid project took placeapturing theiratmosphere,is
depictedin Figurel3. Circa22.000 people live in thigrea who areconnected to the smart gridThe



average electricity consumptioper householdis 2.210 kWh/year, and the average natural gas
consumption is 90@n®/year. Thisis 25% less electricity and 40% less natural gas than the average
Dutchhousehold which can be explained by the urban location of the area and the fact that most of
the houses are relatively new: mostthiem were built in thé80sorWdn a @

The electricity grid is also in a relatively good condito2 &8 G 2 F (G KS 3IANRR 41 & 0 dzAf
2000s. There is more than enough capacity on the grid, and the grattially meshed: this means

that there are circular connections, that massidences are connected to tinearest medium voltage

station in two waysThere are no major issues in the grid at the moment, and the frequency of grid
malfunctioning and power outages is very low.

The greater NieuvwVest district is a relativelgoor part of Amsterdam, but the areas Bie Aker, Sloten
en Nieuw Sloterwhere the pilot took place is quitaffluent. The neighbourhoods are further
characterised by a large presence of local solar production, both private and commercially owned.

Figurel3: Amsterdam NieuwVest. This image shows the relatively modern architecture and open,
green city plan typical for the district.

An active participation collaboration with tloitizensof Amsterdam was sought outheyparticipated
in the projects by sharing theihbughts and worries, by placing battery systeamsl by using the V2G
charging stationsWe will discuss more of their moeés and experiences ®HAPTER&






























































































































































































































































































































