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A B S T R A C T  

This report presents the findings of the implementation and monitoring of several smart grid solutions 
in Amsterdam. These projects are part of the City-zen 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 of a (large) city such as Amsterdam. 
In 2050, it is expected that 80% of the world population will live in cities (UN Department of Economic 
and Social Affairs, 2018). Therefore it is important to find solutions for sustainability challenges 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 Nieuw-West area of Amsterdam, one of the 
largest smart grids in The Netherlands 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 energy meters. 
 
A virtual power plant (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 the EPEXSPOT energy market, increase 
self-consumption of energy, and support the local electricity grid. 
 
Vehicle-to-grid (V2G) charging was implemented by placing four bidirectional charging stations at both 
the local low voltage grid and at commercial locations in the area. Three different car models charged 
and discharged at these stations, and were used to support the local electricity grid, lower the peak 
load of buildings, and increase self-consumption of energy. USEF flex trading was one of the methods 
used to support the local grid. 

Results and recomm endations  

The City-zen smart grid technology enabled the execution of all use cases mentioned above, 
showcasing functional E2E, VPP and V2G systems in a complex urban environment. Several lessons 
were learned during the monitoring of the project. 
 
Accurate knowledge of the local grid situation (the grid lay-out, 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 to this grid: 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 off-the-shelf solutions are available for E2E, VPP and V2G applications in 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 communication (through 4G or Wi-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. 
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EX E CU T I V E  S U M M A R Y  

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 cities. (UN 
Department of Economic and Social Affairs, 2018) This urbanized population needs energy, from 
sustainable energy sources. How will we supply energy to these cities of the future? This is the central 
question of project City-zen. 
 
In the City-zen project, companies and citizens work together on developing a sustainable city. 
Together they 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 panels, electric cars 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 smart-grid solutions implemented will be explained, followed by a description of 
the partners involved in the project. Finally the lessons learned during both the implementation and 
the monitoring phase of the project will be presented, as well as recommendations for future 
endeavours. 

SUPPLYING SUSTAINABLE  ENERGY TO THE CITIE S OF THE FUTURE 

For life in an urban context to remain sustainable in the 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 sun, as depicted in Figure 1, needs to balance energy supply and demand 
on all scales. In an urban context, this generates a need for energy storage and grid smartification.  

 

Figure 1: Traditional energy 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, modern urbanity brings with it an increased 
demand for electricity during peak hours. Homes kept warm by heat pumps, whose residents drive 



City-zen ς GA n° 608702   

DELIVERABLES D5.7 ς 5.10 ς 5.11 - 5.12 - D7.4 | PU public 
p. 5 

electric vehicles, and trade on the energy markets using battery systems, place a radically different 
demand on the grid than traditional 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 
citizens to create value for all parties involved. The grid operator can balance the energy on the grid 
by using the flexibility of energy storage or demand response; the energy supplier can take on new 
roles and profit from providing energy and flexibility to the DSO; the citizens benefit from living in a 
sustainable city, and they can profit by becoming active participants in the energy markets. This assists 
society in keeping the electricity grid reliable and affordable for all citizens. 

THREE SMART GRID SOLU TIONS IN ACTION IN AMSTERDAM  

In the City-zen project in Amsterdam, three smart grid solutions were applied in practice in the Nieuw-
West district, to see if they can facilitate grid operators and prevent investments in the electricity grid, 
while also providing value to the residents of the area. Amsterdam Nieuw-West is a diverse 
neighbourhood; it has a diversity of housing, old and new, with and without local sustainable energy 
generation such as solar panels, as shown in Figure 2. Single-family homes, SME and apartment 
buildings can be found there. This diverse test site makes the lessons learned during the project 
transferable to a great diversity of other municipalities. 
 

 

Figure 2: Diversity of buildings in an Amsterdam Nieuw-West street.  

In the Nieuw-West district of Amsterdam a futuristic energy grid is located. Smart grid sensors and 
other technology are placed at central locations in the grid and constantly measure the supply and 
demand of energy. The medium-voltage 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 system technologically enables households to trade their energy via a 
virtual power plant, and car owners to exchange energy with the grid in both directions using vehicle 
to grid technology. 
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 End to end smartification  

The first step towards a smart distribution grid is end to end smartification (E2E). This means that 
between the medium voltage (MV) substation at 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 minimal 
amount of measurement points and equipment in the grid, while still acquiring all of the necessary 
information. 
 
The City-zen E2E project showcased this approach in Amsterdam. Over 10.000 residences were 
connected to the smart grid, using over 9.000 smart meters, 13 monitored medium voltage stations 
(MVSs), and 22 monitored 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 shown in Table 1. 
 
The results of monitoring were used to verify the predictions of a state estimation model, which is 
being developed to accurately estimate the state at any point in the grid. The monitoring data 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 (VPP). With 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.  
 
 Over the course of one year, fifty battery systems were installed on a local and residential level in 
Amsterdam Nieuw-West. In the Nieuw-West district, a large number of buildings and houses have solar 
panels. When more solar energy is generated than used, the 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 sustainable energy on the energy market. This 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 three factors: 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 rapidly. The government of the Netherlands has set a goal of one 

million electric vehicles in 2025, which is more than 10% of the total number of private vehicles. With 

V2G a combination is made between electric transport and the need for storage of electricity during 

sustainable energy generation peaks. The charging stations make energy stored in the batteries of 

electric cars available to the grid during times when the energy demand is high. The charging station 

is therefore not a normal charging station, but a bidirectional charging station. In times of low energy 

demand, the cars can be charged as usual. Flexible use of energy 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 City-zen V2G project four bidirectional charging stations were installed, two at public 

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 of buildings, and trade on the USEF flex market. 
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 Overview of City -zen smart grid components  

Table 1: Main components in grid smartification by City-zen in Amsterdam Nieuw-West 

Components of the smart grid # 

Medium voltage substations (MVSs) 

MVSs (total) 45 

Intelligent MVSs 7 

MVSs with LV monitoring 9 

Monitored MVSs in total 13 

Cable circuits 

MV mainlines (total) 57 

Monitored MV mainlines 27 

LV mainlines (total) 166 

Monitored LV mainlines 22 

Virtual Power Plant (VPP) battery systems 50 

Vehicle2Grid Bidirectional charging stations 4 

PROJECT PARTNERS 

Many private and public parties will have to collaborate to make the sustainable cities of the future a 
reality. In the City-zen project, 23 partners work together. Two of those are involved in the City-zen 
projects this report describes. Besides those partners, a number of collaborators and contracted 
parties was also involved in the projects. The most important ones are introduced below. 
 
Alliander brings the renewable energy market closer. As a network 
company, Alliander is responsible for the distribution of energy such as 
electricity, (bio)gas and heat. They do not produce or trade energy 
themselves. This is done by energy suppliers, buyers and traders. Most of 
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 have generated themselves back into the 
grid. Alliander is partner in all three smart grid projects.  
  
NeoSmart (formerly known as Greenspread) is a sustainable energy 
supplier and enables new players on the energy market to participate. 
ΨbŜƻΩ ƛƴ bŜƻ{ƳŀǊǘ ǎǘŀƴŘǎ for New Energy Order. The 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 best services 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. 
 
EXE (Energy Exchange Enablers) is a subsidiary of Alliander. EXE wants to 
make the electricity markets accessible everyone and thereby reduce 
costs for everyone. An individual participant is too small to participate in 
the energy markets. EXE can test the smart software, so local energy products can gain easy access to 
the energy market via an online platform. EXE is partner for the VPP, where two of its products 
(demand response platform Entrnce and real-time energy exchange software R.E.X.) are used. 
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NewMotion designs, builds, and supports award-winning smart charge 
services including 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. 
 

Enervalis provides a complete EV toolset to deliver future-proof and highly 
scalable smart charging solutions. Through state-of-the-art self-learning 
algorithms, the patented Smartpower Suite® platform predicts the needed 
energy and departure time of the EV-driver based on historical charging patterns while taking into 
account the local grid constraints. During this project Enervalis was the aggregator contracted by 
NewMotion for V2G. 
 
Amsterdam Smart City is committed to a smarter Amsterdam and helps 
with finding participants and ensures the communication about this 
project.  

IMPLEMENTATION  OF SMART GRID SOLUTI ONS IN AMSTERDAM  

By connecting over 10.000 citizens to the smart grid in Amsterdam, one of the largest smart grids in 
The Netherlands was created. Measurement 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 had to work together, was 
not an easy task, and many technological, social and economics lessons were learned during the 
implementation and monitoring of the project. 

 Project timeline  

The City-zen smart grid project started in 2014. After discussions about and design of the physical 
setup, implementation started in 2017 and was finished in 2018. Measurements and experiments were 
executed in 2017, 2018 and 2019. 

 Lessons learned during implementation  

¶ Good understanding of the lay-out of the low voltage (LV) grid is a prerequisite for 
implementing E2E smartification efficiently. Without this accurate data, one cannot determine 
where to place the measurement equipment in the grid; 

¶ Currently, no off-the-shelf solutions are available for E2E, VPP and V2G applications in brown 
field situations; 

¶ It is 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; 

¶ Finding and retaining participants for VPP and V2G projects is a time-consuming task. Active 
participation is required which is not always possible in combination with the work-life balance 
of potential participants. In addition, participants sometimes move or retract from the project 
when changes occur in their private lives; 

¶ The placement of bidirectional charging stations is currently not a standard job. They are still 
far more expensive than standard charging stations, they need a reliable internet connection 
to function, and during the City-zen project problems with the hardware were encountered 
frequently; 

¶ 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 household energy usage. This originates from 
standards used in the installation sector. This means that the battery system cannot be used 
effectively to balance energy within the residence. 
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MONITORING THE SMART GRID SOLUTIONS IN AMSTERDAM  

 Lessons learned during moni toring  

¶ VPPs in 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 is sold, and 
thus delivered to the grid, during moments of local energy generation. 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 greater number of 
V2G compatible cars should be done to definitively proof the value of V2B and V2G; 

¶ The reliability of OT/IT connections through 4G and Wi-Fi 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 on the LV grid; 

¶ State estimation is needed in order to be able to draw conclusions about the current situation 
of the grid; 

¶ By using the VPP for energy trading, based on forecasts of energy consumption, PV solar 
generation, the energy prices on the EPEXSPOT market and the availability of the battery, 
overall energy costs can be decreased. A low density of VPP contributors in the LV grid (less 
than 5% of residences were equipped with battery systems) showed little impact on the grid; 

¶ The DSO is able to alleviate peak loads on the grid by using small storage (battery) systems, if 
the DSO has fast and reliable means to control the VPP/V2G battery systems through their 
operators. This is possible when the batteries are operated in an inherently grid-supporting 
mode by the battery operator, when 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 the VPP to 
ensure grid stability and prevent a power outage. 

SMART  GRID SOLUTIONS IN T HE CITY  OF THE FUTURE  

 Recommendations for future endeavours  

¶ 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 the self-consumption of 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 smartification to gain an accurate 
understanding of the physical grid layout. Currently not enough 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 infrastructure, especially in 
brown field situations. Improvements 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 increased to notice the effect in the 
grid. When increasing the number of VPP/V2G participants, the effects of individual decisions 
that do not match the desired steering protocols 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; 



City-zen ς GA n° 608702   

DELIVERABLES D5.7 ς 5.10 ς 5.11 - 5.12 - D7.4 | PU public 
p. 10 

¶ During this project, there 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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CH A PTE R 1  ð I n t ro d uc t io n  

This report describes the work done on the City-zen project by Alliander and their partner NeoSmart. 
!ƭƭƛŀƴŘŜǊΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ǿƛǘƘƛƴ /ƛǘȅ-zen were at the work packages WP3 (technology integration), 
WP5 (demo Amsterdam) and WP7 (technical and process monitoring). The project started in 2014. 
After discussions about and design of the physical setup, implementation started in 2017 and was 
finished in 2018. Measurements and experiments were executed in 2017, 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 on the tasks shown in Table 2, and 
deliver the corresponding deliverables. This table also shows where the different topics are discussed. 

Table 2: Tasks and deliverables reported on in this document. The last column indicates which section 
of the report describes the actions taken for each deliverable/task. 

Deliverable 
# 

Deliverable Task 
# 

Task description Objectives Section 

5.7 Operational PV + 
intelligent storage 
units and virtual 
power plant 
 

8 Smartification at 
building level 
(LIAN, M12-M58) 
 

50-80 storage systems 
installed 

2.2.3 

ICT monitoring and control 
platform 

2.2.4 

VPP in demonstration 2.2 

5.10 Digitalized grid 
substations, 
functionality 
description 

10 Smartification of 
medium and low 
voltage 
electricity 
distribution grid 
(LIAN, M6-M58) 
 

Digitalized Grid substation 2.1.2 

5.11 Fully functional 
intelligent medium 
and low voltage grid 

iNet implementation 2.1 

5.12 Report on V2G grid 
stabilization 

11 Integration of 
electrical vehicles 
and vehicle to 
grid (V2G) 
technology (LIAN, 
M6-M58) 
 

Bidirectional EV chargers and  
energy management system 

2.3.3 

Design criteria and decision 
strategy 

2.3 

Platform used 2.3.4 

Testing and optimization 3.3 

7.4 Monitoring and 
evaluation of grid 
smartification 

2.3 Monitoring and 
evaluation of grid 
smartification 
(LIAN, M20-M58) 

Small scale storage systems 
and VPP 

3.2 

Flexibility and balancing at the 
neighbourhood scale 

3.2.4, 3.2.5 
and 3.2.6 

Impact of electrical vehicles 
and effects on the grid 

3.3.1, 3.3.2 
and 3.3.4 

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

3.1 

 
The reason why we combine the deliverable reports is because we see the environment build as an 
integral energy system, build up by several components. While the work package descriptions is setup 
on the different aspects, the report will give a description of the system as a whole. 
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1.1.1.  Reading guide  

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

¶ Chapter 2 shows the set-up of the systems in Amsterdam, and gives details about the partners, 
software and hardware that made the system work. 

¶ Chapter 3 then follows with the results from experimenting with and monitoring the systems. 

¶ Chapter 4 describes the social interactions around the City-zen smart grid projects, describing 
the motivations of participants and addressing concerns from people living in the 
neighbourhood. 

¶ Chapter 5 shows the economic findings of collaborators in the project who traded on the 
energy and flex markets using City-zen technology 

¶ Chapter 6 lists all communication about the City-zen smart grid projects 

¶ Chapter 7 draws conclusions and gives recommendations for further investigations and 
possible scale-ups 

In the appendices following the last chapter, additional figures and detailed information can be found. 
The report will refer to these appendices where necessary. 

1.2.  PROJECT CITY -ZEN: SUPPLYING ENERGY TO THE CITIES OF THE F UTURE 

1.2.1.  We need smart ways of powering our cities  

There is a tendency that more and more people live in cities in future. In addition world population 
uses more and more energy. Generating and distributing enough sustainable energy to power the 
cities of the future is a big challenge. 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 powered 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 between winter and summer. 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, energy can be stored during the middle of the day (when solar power 
is high and energy demand is low) and during 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 households, 
as shown in Figure 3. 
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Figure 3: Energy profile of households. Typically, the energy use is high in the morning, low during the 
day, and highest in the evening. Traditional energy generation follows this pattern, but solar energy 
generation typically has a complementary pattern. 

Large and small scale energy storage both have their own place in energy systems. The different 
aspects of these storage types are shown in Table 3. 

Table 3: 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 (hours or days) 

Slow (dis)charge Quick (dis)charge 

Spatially centralised Spatially de-centralised 

1.2.3.  Balancing the energy distribution  

In section 1.2.2 we talked about the use of energy storage to balance the supply and demand of 
electricity over time. When this balance over time is achieved, we still have to balance this energy over 
space; supply and demand are not always located 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 components in-between, like cables and transformers. 
 
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 picture changes. The users are still decentral, but so are the 
suppliers (see  
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Figure 4: Traditional energy 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. 

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 measurements in the low voltage grid. In the traditional system, 
extensive measurements at the LV level were not necessary. In the new situation, they are. This brings 
about great challenges on all scales of the electricity grid. 
 
Storing energy can help maintain a balance 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 on the electricity grid 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 grid, a lot more energy will have to be 
transported, resulting in a need for 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 a sustainable energy supply 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 cities. (UN Department of Economic and Social Affairs, 2018) The 
transition to renewable energy will therefore largely happen in an urban context. 
 
Future cities envisioned by City-zen are smart cities. There are many possible approaches to make such 
a city energy neutral, based on the specific opportunities and qualities of the location, the culture and 
the resources available. The energy infrastructure is an integral part of the city. It should be flexible 
and operated with the lowest costs and carbon emissions. To reach these goals the economy of scale 
has to be taken advantage of: the dense population of urban areas means that less infrastructure per 
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person is needed. In order to benefit from this, insights about the use of the infrastructure are crucial. 
This is why the smartification of the 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 homes do not all use energy at the same time. 
We say that they have a low synchronicity. Their combined peak demand does therefore not scale 
linearly. For example, one household may have a peak load of 10kW, but the peak load of two 
households combined is not 2x10=20kW. If we take the synchronicity to be 80%, the combined energy 
demand peak of the households equals 2x10x0.8=16kW. This fact is relied upon heavily during the 
design of traditional grids. Around 2.5kW of power is reserved for an average household on the grid. 
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 synchronicity in energy demand and supply increases. 
To still be able to balance the energy in the grid in this new situation we need smart infrastructure.  

1.2.5.  Using smart grids to balance our energy system  

If local energy storage is not used in a smart and responsible way, it could even be detrimental to the 
balance of energies. To understand how this works, take a look at Figure 5 and Figure 6. Every citizen 
supplies energy at the same time, and also demands energy around the same time. In these 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 charging generally has a 
higher synchronicity than traditional household energy demand, but lower than PV solar panels. In this 
project, smart grids are used to try and tackle the problems sketched in the previous sections. 

 

Figure 5: Energy transport during a sunny day. 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 of the grid component at the congestion point. 

 

Congestion 
point 

 12:00h 
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Figure 6: Energy transport during the evening. Houses where the inhabitants are cooking or charging 
their electric vehicles use more energy than they produce. This energy is transported through the grid 
from a local energy station or energy storage unit, resulting in an overload of grid component at the 
congestion point. 

The energy demand and supply can be shifted in time using storage and delaying non-urgent demand 
as explained before. Most citizens however have similar interests, the accumulation of 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 smartification and a vehicle to grid system. 

1.3.  THREE SMART GRID SOLU TIONS  

In order to be able to provide cities with a flexible and future proof infrastructure we need to 
understand what is happening on house level, on the neighbourhood level and on the grid level. The 
smart grid solutions are described below. End to end smartification (E2E) on different levels will 
provide information about and digitalization of the grid. A virtual power plant (VPP) is an online, 
centralized platform which monitors, aggregates, stores, and redistributes energy, in order to make all 
the smaller components of the VPP together resemble a traditional power plant. And vehicle to grid 
(V2G) comprises a smart energy solution that allows electric vehicles to be utilised as battery systems 
connected to the grid through bidirectional charging stations. 

 

Congestion 
point 

18:00h 
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Figure 7: An overview where the smart grid solution are illustrated 

1.3.1.  An introduction to E2E - End to End smartification  

End-2-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. End-2-9ƴŘ ƎǊƛŘ ǎƘƻǳƭŘ ōŜ ΨǎƳŀǊǘΩ ŜƴƻǳƎƘ to facilitate the new ways we use, 
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 smart 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 information technology 
facilitates the remote operation, from a central location (control room), of the medium and low voltage 
ƎǊƛŘΣ ǿƘƛŎƘ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ƛƴ ǘƘŜ ƳƻǊŜ ǎǘŀƴŘŀǊŘ ΨŀƴŀƭƻƎǳŜΩ ƎǊƛŘΦ ¢ƻ ŀŎƘƛŜǾŜ ǘƘŜ ōŜǎǘ ƛƴǎƛƎƘǘΣ !ƭƭƛŀƴŘŜǊΩǎ 
digitization strategy is to combine measurement data with network modelling. These network 
modelling is done with state estimation modelling which is explained below. 

 Use cases 

E2E will be used to access multiple value streams. First and foremost, it will provide the DSO with 
valuable information about the grid on the house, neighbourhood and district level. Other than that, 
there are three specific use cases for E2E in the City-zen project: 

¶ Enabling the design and operation of a VPP 

¶ Enabling the design and operation of a V2G system 

¶ 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 E2E provides us 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 measurement data. DSOs 
traditionally treat LV and MV networks as two separate entities. Both voltage levels have their own set 
of assumptions and design policies. In the City-zen project, a fast load flow algorithm was proposed, 
suitable to simulate both the LV and MV network in a single simulation. This innovative algorithm is 
applied to the grid in Amsterdam Nieuw-West. Using this method, congestion problems in both the LV 
and MV grid can be determined with greater accuracy. (Dobbe, et al., 2019) 
 

 

Figure 8: Medium and Low voltage simulations for the entire area where Alliander is the DSO. 

Figure 8 shows two maps of the Netherlands, showing an example of the type of information gained 
from the state estimation algorithm developed for the City-zen project. Alliander services the non-grey 
area. This figure shows the geographical distribution of calculated voltage problems on a postal code 
level. The problems in the integral MV/LV simulation are concentrated, which can be logically 
explained by the fact that an LV network with high loads influences neighbouring networks. 

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 neighbourhood might have solar panels on its roof. 
The energy generated by these panels is transported through the LV grid of the DSO. Sustainable 
energy production is unpredictable; equally unpredictable as the weather, and just like the weather 
these energy sources cannot be 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. Centralized control of these 
storage units provides more possibilities. 
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The virtual 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 together resemble a 
traditional power plant. This power plant is then connected to the higher levels of the electricity grid, 
as shown in Figure 9. 

 

Figure 9: 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 are all connected to the VPP. The VPP in turn is connected to the higher level electricity grid. 

A VPP consists of 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 (energy conversion and storage), connected to a smart electricity grid 
(transportation and monitoring) as shown in Figure 10. The monitoring takes place using E2E as 
explained in section 1.3.1. as well as additional monitoring from the VPP components itself: the battery 
systems gather and send information. 
 
As shown in Figure 9 and Figure 10 the VPP in this project consists of many units that each individually 
represent all elements in the energy system: each residence 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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Figure 10: Schematic overview of the components of the VPP used in the residences in project City-zen. 
All of these residences are connected individually to the LV electricity grid. 

 Use cases 

The VPP use cases tested within City-zen are: 

¶ Trading on energy markets with the combined capacity of a maximum of 50 energy storage 
systems; 

¶ Local consumption of locally generated sustainable energy; 

¶ Supporting the local electricity grid through congestion management.  

Trading on the energy ma rkets  

An energy aggregator can utilize all of the energy storage systems to trade energy on the wholesale 
markets: the use of a home battery allows for energy storage when electricity prices are low and 
discharge the battery when there are high. A single battery system is not predictable enough, nor is it 
large enough, to trade on the wholesale market, which is where the VPP comes in. Trading on the 
energy markets with battery systems installed at residences in one individual neighbourhood like this 
has not been done before. This trading can only be profitable, if the price difference between buying 
and selling the electricity exceeds the energy loss incurred by charging and discharging the storage 
system. 
 

ὼ Ὁ–ὖ ὖ  

 
This balance between monetary gain and energy loss is represented in the formula above, where x is 
the total profit or loss, P is the price at which energy is bought or sold, E is the amount of energy traded 
in kWh and ́ is the roundtrip efficiency of storing energy. For 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. 
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Self -consumption  of locally generated energy  

Another use case for the VPP is using more energy locally. This can be motivated by a desire to be more 
energy independent, or by financial motives: at this moment supplying solar energy to the grid is 
subsidized, making it profitable to feed the energy into the grid. The Dutch government has presented 
plans to change this in the early 2020s. It can then become profitable 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 and the residents away) and discharge the battery when the need 
for energy is high (when there is no sunshine and the residents are at home). 

Supporting the local electricity grid  

The VPP was also ŎƻƴƴŜŎǘŜŘ ǘƻ !ƭƭƛŀƴŘŜǊΩǎ ǎƳŀǊǘ ƎǊƛŘΦ This enables the DSO to examine if the batteries 
are able to support the local grid network during peak moments. If the VPP can be used in this way, 
this might prevent (additional) investments in the electricity grid and ensure that the grid stays stable, 
benefiting all those who use the 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 stable base-load, and charged 
when the load on the grid is high, alleviating the new energy peaks caused by the local energy 
generation from solar panels. 

1.3.3.  An introduction to V2G ð Vehicle to Grid  

The mismatch between supply and demand is enhanced by the increasing presence of Electric Vehicles 
(EVs), causing high demand peaks on the grid if they 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 2025 the number of EVs in The Netherlands will have increased to one million. 
The consequence is an increased load on the grid. 
 
The average car is parked more than 95% of the time. The batteries in electric vehicles could be used 
to let electricity flow from the car to the electric distribution network and back. V2G describes a system 
in which plug-in electric vehicles communicate with the power grid to sell demand response services 
by either returning electricity to the grid or by throttling their charging rate. The stored electricity in 
the cars is made available via a charging station at times when the demand is high. This way the 
charging stations become bidirectional, so the electric cars can be used as (temporary) energy storage 
facilities. Additionally, by combining multiple batteries, accumulated capacity can become large 
enough to effectively prevent unbalance in the electricity grid. In the environment in Amsterdam 
several bidirectional chargers have been installed to be tested by Alliander.  

  

Figure 11a: Effect of traditional EV charging  Figure 11b: Effect of smart charging V2G EVs  

 
Figure 11a illustrates the effect of electric vehicles on the grid load, without any intervention in their 
charging behaviour. The extra energy demand from EVs increases the load in the evening, where 
traditionally the highest peak loads of households are located. Where unchecked EV charging has an 

https://en.wikipedia.org/wiki/Plug-in_electric_vehicle
https://en.wikipedia.org/wiki/Power_grid
https://en.wikipedia.org/wiki/Demand_response
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unfavourable effect, smart charging with V2G EVs can actually reduce peak loads. Figure 11b shows 
how V2G (dis)charging can do this: by charging during the day, when solar energy is abundant, and 
discharging during the evening household peak. 

 Use cases 

The V2G use cases tested within City-zen are: 

¶ Supporting the local electricity grid through congestion management; 
o Using standard charging; 
o Using a standardized load profile; 
o By trading on the USEF (Universal Smart Energy Framework) flex market; 

¶ Enabling businesses to save on their connection costs by limiting their required capacity; 

¶ Self-consumption of locally produced energy; 

¶ 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. This basics of this are explained in section 
1.3.2. The self-consumption mode of the V2G system is a bit more advanced than that of the VPP, 
because it also utilizes predictions about the energy use and solar energy supply during the day. These 
predictions are included in the so called green-following mode, developed by Enervalis. This is the 
mode we refer to when we refer to self-consumption modes in the context of the V2G project. 

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

USEF delivers the market model (USEF, 2018) for the trading and commoditisation of energy flexibility, 
and the architecture, tools and rules to make it work 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 energy implementations, USEF connects 
prosumers, technologies and energy markets. It is the basis for an integrated smart energy future that 
is both efficient and cost-effective. The framework defines each stakeholder role in the energy market, 
how they interact and 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 the City-zen project: 

¶ Prosumer The 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 maturing rapidly. All internet-connected, 
these emerging technologies provide an opportunity for in-home optimisation of energy, by 
ŀǾƻƛŘƛƴƎ ƻǊ ŘŜŦŜǊǊƛƴƎ ƛǘǎ ǳǎŜ ǳƴƭŜǎǎ ƛǘΩǎ ŀōǎƻƭǳǘŜƭȅ ƴŜŎŜǎǎŀǊȅ ŀƴŘκƻǊ ǘƘŜ ǇǊƛŎŜ ƛǎ ǊƛƎƘǘΦ {ŜƭƭƛƴƎ 
any excess energy generated or stored can also reap financial rewards. 

¶ Aggregator:  The aggregator bundles small flex assets (for example those owned by the 
prosumers) into a flexibility volume, enabling (the trading of) energy flexibility. USEF helps 
interested parties to understand the nature of the opportunity that the new Aggregator role 
ƻŦŦŜǊǎ ŀƴŘ ǇǊƻǾƛŘŜǎ ǘƘŜ ǘƻƻƭǎ ǘƻ ŀŎǘ ƻƴ ƛǘΦ Lǘ ƳŀƪŜǎ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ŀƴ !ƎƎǊŜƎŀǘƻǊΩǎ ōǳǎƛƴŜǎǎ 
model clear, without limiting opportunities. USEF defines the role and delivers the related 
interaction models 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 
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¶ DSO: USEF helps the DSO to mitigate risk and play a smarter role in the system. It delivers 
ŜŀǎƛŜǊ ŀŎŎŜǎǎ ǘƻ tǊƻǎǳƳŜǊǎΩ ŦƭŜȄƛōƭŜ ǎǳǇǇƭȅ ŀƴŘ ŘŜƳŀƴŘ ōȅ ƳŀƪƛƴƎ ǘƘŜƛǊ ŀŎǘƛǾŜ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ 
the grid possible. This can be used to alleviate grid stress and defer or avoid grid upgrades. It 
also encourages prosumer reliance on the grid by providing them with the opportunity to 
benefit financially. This reduces the likelihood of their defection as storage technologies 
become more readily-available, making self-balancing 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 demands from the electricity grid, the connection costs 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 the event 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 supply. This is the fifth and last use case for the V2G 
system explored in the City-zen project. 

1.4.  SMART GRID EXPERIMENT S BY ALLIANDER AND NEOSMART  IN AMSTERDAM  

This project was executed in an urban area in Amsterdam, The Netherlands. Alliander, the DSO in 
Amsterdam and a partner in the City-zen project, worked on this project together with NeoSmart, also 
a partner in the City-zen project. Both parties will be introduced below. Other collaborators will be 
introduced later on in the concerning sections. After introduction the partners, a picture will be painted 
of the area of Amsterdam in which the project took place, and the important features of the grid will 
be highlighted. 

1.4.1.  City -zen project partners  

 Alliander ð 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 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 have 
generated themselves back into our grid. 

A well -managed energy network  

Our primary task is to distribute gas and electricity to consumers, businesses and institutions. The 
network operator Liander makes this possible by keeping 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 running a reliable energy supply to ensure that living, working and travelling 
remain viable in the future. 

https://www.liander.nl/
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 NeoSmart ð company profile  

NeoSmart (New Energy Order) is a sustainable energy supplier and enables new players on the energy 
ƳŀǊƪŜǘ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜΦ ΨbŜƻΩ in NeoSmart stands for New Energy Order. The 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 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 around 850.000 people, who live in 
approximately 550.000 residences. Over 10.000 of these dwellings are now connected to the smart 
grid, and more than 95% of them are equipped with smart energy meters. The smart grid pilot area is 
situated in the district Nieuw West and spans two city areas: Osdorp and De Aker, Sloten en Nieuw 
Sloten. The location of the project in Europe, The Netherlands and Amsterdam is shown in Figure 12a, 
b and c. 
 

 

 

 

Figure 12: Three maps showing the location of the City-zen smart grid project. a. (top) The Netherlands. 
b. (middle) Amsterdam. c. (bottom) Amsterdam Nieuw-West, where the project took place. 

A typical image of the areas where the smart grid project took place, capturing their atmosphere, is 
depicted in Figure 13. Circa 22.000 people live in this area, who are connected to the smart grid. The 
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average electricity consumption per household is 2.210 kWh/year, and the average natural gas 
consumption is 900 m3/year. This is 25% less electricity and 40% less natural gas than the average 
Dutch household, which can be explained by the urban location of the area and the fact that most of 
the houses are relatively new: most of them were built in the Ψ80s or ΨфлǎΦ 
 
The electricity grid is also in a relatively good condition. aƻǎǘ ƻŦ ǘƘŜ ƎǊƛŘ ǿŀǎ ōǳƛƭǘ ƛƴ ǘƘŜ Ωфлǎ ƻǊ ŜŀǊƭȅ 
2000s. There is more than enough capacity on the grid, and the grid is partially meshed: this means 
that there are circular connections, that most residences are connected to the nearest medium voltage 
station in two ways. There are no major issues in the grid at the moment, and the frequency of grid 
malfunctioning and power outages is very low. 
 
The greater Nieuw-West district is a relatively poor part of Amsterdam, but the areas of De Aker, Sloten 
en Nieuw Sloten where the pilot took place is quite affluent. The neighbourhoods are further 
characterised by a large presence of local solar production, both private and commercially owned. 
 

 

Figure 13: Amsterdam Nieuw-West. This image shows the relatively modern architecture and open, 
green city plan typical for the district. 

An active participation collaboration with the citizens of Amsterdam was sought out. They participated 
in the projects by sharing their thoughts and worries, by placing battery systems and by using the V2G 
charging stations. We will discuss more of their motives and experiences in CHAPTER 4 ς .




















































































































































































































