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Summary
The neighborhood of Houtlaan in Assen, the Netherlands, has ambitious targets for reducing the neighborhood’s
carbon emissions and increasing their production of their own, sustainable energy. Specifically, they wish to
increase the percentage of houses with a heat pump, electric vehicle (EV) and solar panels (PV) to 60%, 70%
and 80%, respectively, by the year 2030. However, it was unclear what the impacts of this transition would be on
the electricity grid, and what limitations or problems might be encountered along the way.
Therefore, a study was carried out to model the future energy load and production patterns in Houtlaan. The
purpose of the model was to identify and quantify the problems which could be encountered if no steps are taken
to prevent these problems. In addition, the model was used to simulate the effectiveness of various proposed
solutions to reduce or eliminate the problems which were identified.
Based on the model outcomes, Houtlaan’s energy transition will likely result in congestion and curtailment
problems on the local electricity grid within the next 5-7 years, possibly sooner if load imbalance between phases
is not properly addressed.
During simulations, the issue of curtailment was observed in significant quantities on one cable, resulting in a
loss of 8.292 kWh of PV production per year in 2030. This issue could be addressed by moving some of the
houses on the affects cable to a neighboring under-utilized cable, or by installing a battery system near the end of
the affected cable. Due to the layout of the grid, moving the last 7 houses on the affected cable to the neighboring
cable should be relatively simple and cost-effective, and help to alleviate issues of curtailment.
6

During simulations, the issue of grid overloading occurred largely as a result of EV charging. This issue can best
be addressed by regulating EV charging. Based on current statistics, the bulk of EV charging is expected to occur
in the early evening. By prolonging these charge cycles into the night and early morning, grid overloading can
likely be prevented for the coming decade. However, such a control system will require some sort of infrastructure
to coordinate the different EV charge cycles or will require smart EV chargers which will charge preferentially
when the grid voltage is above a certain threshold (i.e., has more capacity available).
A community battery system can be used to increase the local consumption of produced electricity within the
neighborhood. Such a system can also be complemented by charging EV during surplus production hours.
However, due to the relatively high cost of batteries at present, and losses due to inefficiencies, such a system
will not be financially feasible without some form of subsidy and/or unless it can provide an energy service which
the grid operator is willing to pay for (e.g. regulating power quality or line voltage, prolonging the lifetime of grid
infrastructure, etc.).
A community battery may be most useful as a temporary solution when problems on the grid begin to occur, until
a more cost-effective solution can be implemented (e.g. reinforcing the grid, implementing an EV charge control
system). Once a more permanent solution is implemented, the battery could then be re-used elsewhere.

Abbreviations
COP
DSM
EV
PV

Coefficient of Performance
Demand Side Management
Electric Vehicle
Photovoltaic (solar) Panel

1. Introduction
The neighborhood of Houtlaan, in Assen, has a goal of reducing carbon
emissions and being more energy self-sufficient. To this end, the local energy
cooperative ‘Minder op de Meter’ is promoting the adoption of electric vehicles,
heat pumps and solar panels for neighborhood residents (Welling, et al., 2021).
In addition, the cooperative aims to create a sense of community by promoting
energy sharing among residents. To help achieve this, a community energy
storage system was proposed.

1.1. Houtlaan Overview
Houtlaan is a neighborhood in the city of Assen with 138 houses. The houses are all standalone, and were mostly
built in early 2000’s. As is typical in the Netherlands, all houses initially used natural gas for heating, cooking and
hot water. As a result, most houses in the neighborhood have single-phase electricity connections, and the local
electricity grid was not designed to handle the relatively large electric loads required for electric heating and
transportation, or relatively large surplus electricity production from solar panels (PV). Figure 1 illustrates the
current network layout in Houtlaan.

Figure 1 - Houtlaan electricity network layout

1.2. Minder op de Meter Goals
The Houtlaan energy cooperative Minder of de Meter has the goal of reducing carbon emissions by 50% by 2030,
and to be carbon neutral by 2050. To meet the 2030 target, the energy cooperative aims to achieve the following
by 2030:
•
100 houses with PV (approximately 6 kWpeak of installed capacity per house),
•
80 houses with a heat pump,
•
95 electric vehicles.

Appendix 2 describes how these goals will help to reduce imported electricity and natural gas consumption, and
thereby reduce carbon emissions. As noted, it is planned that the additional electricity production from local PV
will help to offset the added electricity requirements for electric heating and transport.
Appendix 2 also describes the project goals and deliverables in detail, as well as the primary research questions
to be answered.

1.3. Potential Challenges and Solutions
The transition to electric energy consumption poses some potential challenges. These are summarized below.

1.3.1. Electricity Infrastructure
The existing electricity infrastructure in Houtlaan was not designed with sufficient capacity to handle the relatively
large amounts of electricity required by electric heating and transport. As a result, it is likely that (without any
intervention) the electricity grid will become overloaded at a certain point, causing congestion problems and
possibly damaging the network itself. It costs in the range of €15.000-135.000 to reinforce a local grid, depending
on the length of cable to be reinforced (Brinkel, N.B.G., Schram, Lampropoulos, van Sark, & AlSkaif, 2020).
In addition, it is likely that as PV penetration increases, voltages on the grid will rise above the allowed threshold,
resulting in curtailment (i.e. PV inverters being switched off and not producing electricity).

1.3.2. Community Energy
Minder op de Meter has a vision of producing and sharing their own energy within the neighborhood. One
proposal is to install a community energy storage system which can save energy over the day (when PV
production is highest) to be used at evening/night (when electricity demand is typically highest).
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This storage system could also help to solve some of the grid infrastructure limitations mentioned above.
However, it was unclear how much storage capacity would be required and where it must be located to achieve
these goals.

2. Methodology
Hanze University of Applied Sciences was tasked with studying the Houtlaan case in order to quantify the
potential problems which will occur, as well as to study potential solutions to these problems. L’orèl consultancy
was approached for their contacts with Enexis (the network operator) for obtaining detailed network data and
analysis.

2.1. The Model
To quantify potential grid overloading and PV curtailment, a model of the local electricity grid and connected
houses was designed. This model enables the simulation of household electricity consumption, with and without
electric vehicles (EV), PV, and heat pumps, all connected on a low-voltage electricity grid.
The GAIA software was used to validate the model’s results, and to gain insight into the network’s topology
(Phase to Phase, 2021). GAIA is a complex software which is used by grid operators such as Enexis to design
and test different grid layouts. GAIA currently does not support scenario modelling, but does model the
interactions between different load and generation sources (e.g., heat pumps and solar panels).
The model is represented in the figure below. In the model, a number of individual households are simulated.
Each household is composed of several modules, which simulate the house’s base electricity consumption, PV
production, EV charging, heat pump performance, and/or battery storage. Each module is fully customizable. The
cumulative household demand patterns for multiple houses are then simulated on a model of the electricity grid,
which models the houses’ interactions with each other. At this stage, a community battery can also be modelled to
influence these interactions. Finally, the final load at the transformer station is calculated.

Figure 2 - Model overview

The model is able to simulate one calendar year of load patterns, on a fifteen minute basis. The specifications of
each house can be specified, such that each house’s (future) load pattern can be simulated based on a variety of
parameters. The most significant parameters are:
a) The amount of PV installed (in kWpeak),

b)
c)
d)
e)
f)
g)

The orientation of these solar panels,
Whether or not the house has an electric car,
How frequently and at what time the electric car is likely to charge,
How much energy the electric car requires,
Whether or not the house has a heat pump and which type of heat pump,
Whether or not the house has a battery and what the properties of that battery are.

2.1.1. Base Load
Each house consumes a base amount of electricity to power common household items like appliances, lighting,
ventilation, etc. The base load for houses in Houtlaan was derived by studying measurements at the transformer
station in Houtlaan, provided by Enexis BV. To derive the base load pattern, the data measurements (from midJanuary to mid-May, 2021) were analyzed for each hour of the day and each day of the week to find the average
and standard deviation in the load at these times. An estimated PV production pattern was subtracted from these
patterns, based on current solar panel installations and orientations, to take into account the neighborhood’s
production of solar energy. The amount of electric and hybrid vehicles currently in the neighborhood was
unknown and none were modelled in this instance.
Although it is not possible to know a specific house’s electricity consumption profile, it was possible to develop an
average profile based on these measurements. This profile was defined as a function with an average value and
a standard deviation based on the time of day, and the day of the week. In this way, the average electricity load
profile at 9:00 on Sunday would be different from the profile at 18:00 on Friday. Figure 4 illustrates an example of
an average house base load profile on a weekday, with the standard deviation.
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Figure 3 - Average base load pattern for a house on a weekday, with +/- 1 standard deviation shown

2.1.2. Solar Panels
PV production depends on the intensity of solar radiation, the outdoor temperature (PV is less efficient at higher
temperatures), the facing of the PV relative to the sun (more direct sunlight produces more power) and the PV
capacity (how many kW of power is produced per unit of solar radiation).
This portion of the model is based on (Kaplani & Kaplanis, 2014), (Masters, 2004), (King, Boyson, & Kratochvill,
2004) and (Spitters, Toussaint, & Goudriaan, 1986).
To estimate solar irradiance, hourly solar irradiance data from the nearby weather station of Eelde was used. The
orientation of each house’s roof was estimated based on images from Google Maps. It was assumed that all
houses would have an installed capacity of 6 kWpeak of PV (as of 2018, the average PV installation was 5,3 kWpeak
(Welling, et al., 2021)). Some houses may have more, and some less, although this is not expected to be a
problem since large clusters of houses tend to have similar orientations (houses with similar orientations will have

similar solar power production patterns, so the distribution of PV between the houses is less important than the
average installed capacity).

2.1.3. Electric Vehicles
The EV model estimates the probability of an EV being plugged in at a specific time, for a specific amount of time
(including 0 hours, on days when no charging occurs). These statistics are based on measurements from (Elaad,
2021), which have measured over 1000 EV over the past 3 years. Note that weekend days and weekdays are
distinguished for start time probabilities. Also note that these measurements took place in pre-Corona times, so
they might not be representative of the future if people continue to work more from home.
It was assumed that the EV will charge with a power of 7,2 kW, which is typical for modern EV (Chargepoint,
2021). Note that this value could be lower for hybrid vehicles or single-phase charging, which are typically around
2-4 kW, or higher for fast chargers, which are typically 11 kW; 7,2 kW was chosen as an average value. As a
follow-up, it would be useful to study EV in more detail, such as when they charge and how much power they use
to charge.
The model functions by randomly choosing a start time and charge duration for each EV being modelled, based
on the statistics mentioned above. E.g., a vehicle is most likely to start charging around 18:00 on weekdays, so
even the though the start time is random, it is most likely to start around 18:00. This is illustrated in Figure 4
below, where the probability curve is steepest around 18:00. Although electricity has a lower cost after 23:00, the
statistics from Elaad suggest that people do not typically delay their charging until this time.

Figure 4 - Electric vehicle charge start time probability on weekdays

2.1.4. Heat Pumps
Heat pumps are modelled based on two different concepts: Space heating demand and hot water demand.
Space heating demand is modelled based on the correlation between space heating demand and external
temperature, accounting for wind chill. The Coefficient of Performance (COP) of the heat pump determines the
amount of thermal energy generated per kWh of electricity consumed. The COP depends on the type of heat
pump being modelled and the temperature difference between the source (e.g., the air or water) and the heat
pump supply temperature.
In this case, only air-source heat pumps were modelled, because these are cheaper and have fewer installation
restrictions than ground-source and water-source heat pumps. The COP of an air-source heat pump is dependent
upon the outdoor air temperature, and the space heating demand (i.e., water temperature required to maintain a
certain temperature within the house). The COP in the model was derived from observations of heat pump

performance under different environmental conditions as described in (Ates, 2021). During normal operation, it is
assumed that the heat pump will use up to 3 kW of power. If outdoor temperature becomes too cold, then a
backup heating system must be used. This backup system is assumed to use 8 kW of power.
Hot water demand is based on the probability that a house will request a certain amount of hot water at a certain
time. When the hot water is requested, the heat pump must produce it, using the same COP relation described
above. Note that hot water demand typically requires a warmer temperature than space heating demand, so the
COP will be lower.
All space heating and hot water demand values were derived from data obtained from (Ruhnau, Hirth, &
Praktiknjo, Time series of heat demand and heat pump efficiency for energy system modeling, 2019) and
(Ruhnau, When2Heat Heating Profiles, 2021).

2.2. Model Validation
In order to verify that the model was producing realistic results, a series of validation steps were taken which
compared the model’s outputs with measurements taken within the neighborhood.

2.2.1. Base Load
In 2020, an average house in Houtlaan consumed a net of 4191 kWh of electricity (Enexis, 2021). The model
predicted an annual net consumption of 3938 kWh, while excluding EV and heat pumps (of which a few currently
exist in Houtlaan). It is expected that the unmodelled electric cars (approximately 10) and heat pumps
(approximately 5) account for this discrepancy.
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Note that approximately 70 houses had solar panels in 2020, this was accounted for in the model by simulating
the PV production from these houses.

2.2.2. Solar Panels
The PV module was compared with measured values from a house in Houtlaan which had different sets of PV.
The results of the model and the measurements were found to be comparable, and are illustrated in the figure
below. Some discrepancy was expected because the solar irradiance measurements used as an input for the
model were taken at a location approximately 20 km away from Houtlaan. In addition, the effects of shading from
trees, etc., were not modeled.
Note that the model appears to underestimate PV production by 1,1 kWh (or 6,5%) per day on average. This
might result from discrepancies between the solar irradiance data which was used in the model (from Eelde) and
the actual solar irradiance at the location. Also, the data from Eelde is averaged per hour, which could also lead to
different outcomes.

Figure 5 - Comparison of modelled and simulated solar panel production

2.2.3. Electric Vehicles
The EV module was compared with measurements for a plug-in hybrid vehicle in Houtlaan. Due to the semirandom nature of this module, an exact replica of the measurements was not expected, but the average daily
charging value, the frequency of charging, and the total energy charged over the measurement period were found
to be comparable, as summarized in the figure below.
It should be noted that all simulations assumed fully EV were used, so that their average daily charged energy
was higher than that depicted here. On average, Dutch EV’s drive 37 km per day and Dutch diesel cars drive 62
km (CBS, 2021). Taking a conservative estimate that in future, EV’s will drive 62 km per day, this is approximately
equal to 10 kWh of electricity consumed per day.)

Figure 6 - Comparison of modelled and measured electric vehicle charging patterns

2.2.4. Heat Pumps
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The heat pump module was compared with measurements from a house in Houtlaan, as shown in the figure
below. Although the model and the measurements do not always align perfectly, some deviation is expected as a
result of the unpredictability of hot water demand. It should also be noted that the measured heat pump was not
functioning correctly in the end of November, resulting in higher-than-expected electricity consumption. However,
in general, the model matched the measurements relatively closely.

Figure 7 - Comparison of modelled and measured heat pump

2.2.5. The Neighborhood
Enexis provided measurements at the local transformer station, which were compared with a simulation of the
same number of houses over the same time period, accounting for installed PV. The comparison of the model
and measurement values is shown in the figure below. Although the values do not match perfectly, the daily
trends tend to correspond with each other, and the average, standard deviation, minimum and maximum values
were comparable, as summarized in Table 1.

Note that PV production appears to be underestimated in the figure below. This is likely the result of
discrepancies between the solar radiation data which was used, and the actual solar radiation data at the location,
as noted above. When determining battery storage size, the model may be under-estimating PV production by
roughly 5%. However, it should also be noted that the maximum production from the model compares favorably
with the measurements (36,2 kW vs. 34,9 kW). When considering the impact of solar panels on the grid, it is the
peak production which is of greatest concern.

Figure 8 - Model compared with measurements on the blue line, negative values represent net electricity
production
Table 1 - Model vs. Measurement statistics for the blue cable from 13/01/21 - 29/03/21

Average load (kW)

Measurement
6,6

Model
7,1

Standard deviation of load (kW)
Maximum net production (kW)

8,6
34,9

8,8
36,2

Maximum net consumption (kW)

27,3

25,2

2.3. Community Energy Storage
A goal of this project is to determine the details of a community energy storage system which could help to reduce
congestion on the electricity grid, and increase self-consumption of the neighborhood’s produced electricity. In
this case, a lithium ion battery system was investigated, because this is the most reliable, affordable, marketready energy storage system currently available.
The costs of battery storage systems vary wildly, but as a reference, the IRENA Electricity Storage Cost of
Service Tool was used (IRENA, 2017). This tool indicates that as of 2020, battery costs are expected to be
between €300-€600 per kWh, with an average value around €400 per kWh (this is comparable with a study by
DNV GL, which reported a cost of €350/kWh for a relatively large 30 MWh battery (van Melzen, 2018)). The value
changes depending on battery size, location, maintenance, etc. This value also includes inverter costs. It was
assumed that the battery’s round-trip efficiency (charging and discharging of electricity) was 90%. This value was
taken from the published round-trip efficiency of the Tesla Powerwall (Tesla, 2019).
Battery size and cost for each scenario was determined using the following methodology:
1. It was assumed that the battery would only store as much electricity as it could discharge within a 24
hour period. I.e., all energy stored over one day must be used before the next day begins.
2. It was assumed that the amount of surplus electricity production would increase linearly over time. This
assumption was based on the observation that the primary developments in Houtlaan in the coming

3.
4.
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years (increased PV production, increased EV and heat pump consumption) tend to occur at different
times of day, so that in general, surplus production cannot be used directly without some form of storage
or management of EV and/or heat pump time-of-use. Please refer to figure 11 in section 4.2 for details to
justify this assumption.
The battery’s capacity was left as a variable, depending on the percentage of surplus electricity saved.
It was assumed that the battery’s costs would be distributed evenly over a 10-year period. 10 years was
chosen because it represents the typical lifetime of a battery used to store solar energy (Beltran, Ayuso,
& Pérez, 2020), but this value is also somewhat arbitrary since lifetime varies between 3-25 years
depending on frequency of battery use, rate of charging/discharging, etc. All costs are shown as a price
per kWh which the battery delivered (i.e., also paying for losses due to inefficiencies).

3. Scenarios
3.1. 2030 Scenario
The goal of this scenario is to simulate how Houtlaan’s electricity patterns will likely develop by 2030. This
scenario is based on the Minder op de Meter 2030 goals, which include:
•
100 houses with PV (6 kWpeak of installed capacity per house),
•
80 houses with a heat pump,
•
95 EV.
It was assumed that the PV, EV and heat pumps would be distributed proportionally across the six different
cables in Houtlaan (e.g., the percentage of houses with a heat pump would be the same on each cable).
The results of this scenario indicated the types and magnitude of problems which might occur on the electricity
grid, as well as the amount of (net) electricity consumption and production on each cable.

3.2. 2030 alternative grid layout
As part of this study, it has been proposed that some house connections be transferred to different cables to
reduce congestion on the more highly-loaded cables (Jacobs, 2021). The proposal specifies moving 7 houses
from the blue cable to the pink cable, and 6 houses from the purple cable to the pink cable, as detailed in the
figure below.
This proposal is expected to reduce grid overloading and PV curtailment in the future, and extend the lifetime of
the gird assets.

Figure 9 - Proposed alternative grid layout (Jacobs, 2021)

3.3. 2030 with community energy storage
This scenario is the same as the 2030 scenario, but includes a community energy storage system. There are two
variants for this system, a centralized battery system and a distributed battery system. In each case, the battery
size needed for a given amount of self-consumption of the energy produced within the neighborhood was
estimated based on model results.

3.3.1. Centralized Battery Storage
The centralized battery is one large battery located near the transformer which can store electricity for the
neighborhood, and prevent overloading at the transformer. However, this system cannot prevent overloading on
the cables and cannot prevent PV curtailment.

3.3.2. Distributed Battery Storage
The distributed battery system is composed of several smaller batteries which are spread around the
neighborhood. Such a system will cost more than a centralized system, but it has some added benefits, such as
reducing PV curtailment and preventing individual electricity cables from becoming overloaded.

3.4. 2030 with electric vehicle control
This scenario analyzes the effectiveness of controlling EV charge times to reduce grid overloading and solar
energy export from the neighborhood. To simulate this, two steps were taken.
First, it was assumed that any EV being charged after 18:00 could have its charging shifted to any time between
18:00 – 6:00, in order to prevent grid overloading.
Second, it was assumed that any EV which was ‘at home’ over the day could be forced to charge during periods
of net electricity production in the neighborhood (i.e., it would consume surplus PV production). Because it was
unclear how many EV would be available over the day, this was left as a variable, to determine how much selfconsumption of electricity could be achieved for a given percentage of ‘at home over day’ EV. Since not all EV will
be charged on each day, two variants are presented: A ‘high-use’ scenario where EVs require an average of 10
kWh per day, and a ‘low-use’ scenario where EVs require an average of 5 kWh per day.

3.5. 2030 with electric vehicle control and community energy storage
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This scenario combines the previous two scenarios. The goal of this scenario is to determine the ideal battery size
to maximize self-consumption of produced energy within the neighborhood, considering that EV charging can also
be controlled. It was assumed that EV charging could be regulated to prevent cable overloading and to maximize
consumption of surplus PV production. In practice, such a system could be implemented by having a central
control system which coordinates the EVs, or by using the electricity line voltage as a signal, as is currently used
by PV inverters to curtail production when necessary.

3.6. 2050 scenario
While 2050 is far in the future and it is difficult to predict what the energy situation will be by then, it is important to
understand how the electricity grid must be adapted to accommodate the energy transition if communities are to
meet their carbon emission targets. Therefore, this scenario is meant to indicate the impacts of the Minder op de
Meter 2050 goals, with a fully electrified neighborhood including:
136 houses with PV (6 kWpeak of installed capacity per house),
136 houses with a heat pump,
136 EV.
Because of the uncertainty implicit in a 2050 scenario, an analysis of only one cable (the blue cable) was made to
gain a rough indication of the future challenges for the electricity grid.

4. Results
4.1. 2030 Scenario
The table below summarizes the results from this scenario, with notable results highlighted in red. Each cable was
modelled individually. The meaning of the different values is described below.
1. Peak Cons: The maximum (net) power consumed on the cable over a year.
2. Peak Prod: The maximum (net) power produced (by PV) over a year.
3. Cable Capacity: The maximum amount of power (kW) which can be on the cable at any moment.
4. Overcapacity Hours: The number of hours per year where the cable is overloaded, i.e., it has loads
above its rated capacity. Overloaded cables will have their lifetime shortened, and may fail if the
overloading is too large for too long a time.
5. Max daily overloading: The amount of overloading (kWh – energy) which occurred on the “worst day”.
6. Annual overloading: The amount of energy (kWh) which exceeds the network’s capacity during the year.
7. Curtailed PV: The amount of lost PV production (kWh) due to too many PV producing at the same time.
8. Max daily PV curtailment: The maximum amount of curtailed PV energy on one day.
9. Max daily net production: The amount of net energy production (i.e. energy delivered back to the net) on
the day with the most net production.
10. Same day net consumption: The amount of energy consumed during non-PV hours on the day with the
Max Daily Net Production.
11. Total Net Production: The amount of surplus PV production during the year (kWh).
12. 24-hour self-consumption: The amount of excess PV production which could be consumed within a 24hour period if it were stored.

Peak Prod (kW)

Cable Capacity (kW)

Overcapacity Hours (hrs)

Max daily overloading (kWh)

Annual overloading (kWh)

Curtailed PV (kWh)

Max daily PV curtailment (kWh)

Max daily net production (kWh)

Same day net consumption (kWh)

Total Net Production (kWh)

24-hour self-consumption (kWh)

Black_18

107

-51

57

628

478

40711

0

0

365

437

23456

23431

Purple_33

104

-80

72

384

433

30037

78

13

624

466

43926

43178

Blue_36

100

-62

72

532

534

41836

8292

167

579

657

50566

50024

Green_25

93

-62

57

659

548

42611

1

1

460

427

31627

31231

Orange_19

76

-52

57

124

324

7648

0

0

379

301

27062

26451

Pink_7

46

-22

57

0

0

0

0

0

134

162

10299

10225

Cable

Peak Cons (kW)

Table 2 - Results of 2030 scenario

4.1.1. PV Curtailment
On one cable (the blue cable), it was found that an increase in PV could lead to significant curtailment (8.292 kWh
per year of ‘lost’ electricity production. The figure below illustrates how curtailment would affect an average
house’s PV production on the day of the year with the most curtailment (4,6 kWh of curtailed electricity per
house).

Figure 10 - Average effect of PV curtailment on the "worst day"

4.1.2. Grid Overloading
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It was found that on 5 of the cables, a significant amount of grid overloading was likely to occur. In the worst case,
it was found that the grid could be overloaded up to 659 hours of the year (or 7,5% of the time). This finding was
found to largely be caused by the charging of electric vehicles in the early evening, as illustrated in the figure
below. Note that ‘overloading’ is defined as grid loads which exceed a cable’s rated capacity. Overloading will
shorten a cable’s lifetime and may ultimately result in the cable failing. The cumulative effect of the cable
overloading would also result in the existing 300 kW transformer being overloaded for roughly 300 hours per year.

Figure 11 - Grid overloading on the "worst day"
It was found that grid overloading could begin to occur when 50% of houses on a given cable own an EV. At that
point, it would become necessary to reinforce the grid. This is assuming that EV charge exclusively at home, and
that they follow the charging patterns determined by Elaad. If these are not the case, overloading would occur at a
later point.

4.1.3. A Note on Phase Imbalance
As shown by Rob Jacobs (L’orèl consultancy) in his report, phase imbalance can exacerbate the problems
described above (Jacobs, 2021). The average and maximum deviation of the loads between phases was found to
be 124% and 206% respectively. This indicates that overloading on a single phase could be 124% higher on
average, and 206% higher at the extreme if loads are not properly balanced. This would result in more frequent,
and more severe overloading than mentioned above.

4.2. 2030 alternative grid layout
The table below summarizes the results of the 2030 scenario comparing the alternative grid layout with the
current grid layout. For each altered cable, the results from the current grid layout are listed followed by the
results of the alternative grid layout. The total result over the 3 cables is also shown for both layouts.
As can be seen, for the blue and purple cables, the peak consumption and overcapacity hours decrease
significantly with the alternative grid layout. The peak consumption and overcapacity hours of the pink cable have,
predictably, increased, to values more comparable with the alternative blue and purple cables. What this means in
practice is that by 2030 grid overloading is still likely to occur, but that problems will begin to occur later.
Additionally, the alternate grid layout significantly reduces annual curtailed PV production; it is roughly 5 times
lower. Notably, despite the increase in PV production, the blue and purple cables would also be able to consume
more of their own PV energy within a 24 hour period with the alternative layout. This means that, when using a
battery system, less surplus PV production would need to be exported outside of the community.

Max daily net production (kWh)

Same day net consumption (kWh)

0

0

358

270

26.510 26.164

384

433 30.037 78

14

624

466

43.926 43.178

72

158

316 57.672

0

474

535

30.568 30.345

-62

72

532

534 41.836 8.292 185

579

657

50.566 50.024

90

-60

72

140

349 62.502 1.494 68

488

499

40.665 40.346

Current total*

n/a

n/a

n/a

916

967

71.873 8.370

199

1.337

1.285

104.791 103.426

Alt total**

n/a

n/a

n/a

457

922

32.846 1.494

68

1.321

1.303

97.743

-22

57

0

0

Pink_20**

84

-57

57

160

256 9.896

Purple_33*

104

-80

72

Purple_27**

100

-69

Blue_36*

100

Blue_29**

Cable

46

*Current grid layout

**Alternative grid layout

0

24-hour self-consumption (kWh)

Max daily PV curtailment (kWh)

10.299 10.225

Pink_7*

Total Net Production (kWh)

Curtailed PV (kWh)

162

Max daily overloading (kWh)

134

Overcapacity Hours (hrs)

0

Cable Capacity (kW)

0

Peak Prod (kW)

0

Peak Cons (kW)

Annual overloading (kWh)

In summary, the alternative grid layout should prolong the amount of time before problems being to occur on the
grid, and also distributes the problems more evenly across the different phases. It will also reduce the magnitude
of the problems encountered when they do occur.

96.855

4.3. 2030 with community energy storage
This scenario investigates how batteries could be used to limit the export of electricity. All costs below do not
include taxes, subsidies, etc. This is strictly the cost of a battery system divided by the estimated amount of kWh
stored over a 10-year period.
The amount of surplus PV production per year was estimated to increase each year, by the amount indicated by
the gray line in figure below (the blue line indicates the amount of expected surplus PV production in the case
where there are no additional heat pumps or EV present, the gray line accounts for the expected rise in selfconsumption resulting from the increase in heat pumps and EV in the neighborhood).
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Figure 12 - Expected annual increase of PV production, with and without accounting for a corresponding increase
in heat pumps and EV

Based on the modelled surplus PV energy for each year, the amount of electricity which could be stored in a
battery with a given capacity was calculated. The results for the quantity (kWh) of surplus PV electricity stored per
year per battery capacity are summarized in the table below. All these results consider a certain amount of selfconsumption from EV and heat pump (i.e., they use the grey line in the figure above).
Table 3 - kWh of surplus PV stored per year for batteries with different capacities

Year
Surplus PV (kWh)
Battery Size (kWh)
2500
2000
1500
1000
500
250

2021
107791
107791
107791
107501
103400
76981
46654

2022
113761

2023
119731
kWh Saved
113761 119731
113761 119731
113181 118860
107138 110876
77941
78901
46642
46629

2024
125701

2025
131671

125701
125701
124540
114614
79861
46617

131671
131671
130220
118352
80822
46604

Year
Surplus PV (kWh)
Battery Size (kWh)
2500
2000
1500
1000
500
250

2026
138762

2027
145853

138762
138644
136002
121733
81895
46864

145853
145617
141783
125115
82969
47124

Year
Surplus PV (kWh)
Battery Size (kWh)
2500
2000
1500
1000
500
250

2031
175634

2032
184142

174215
173510
164908
138641
87263
48165

181306
180483
170689
142023
88336
48425

2028
152943
kWh Saved
152943
152591
147564
128496
84042
47384
2033
192651
kWh Saved
188397
187456
176471
145404
89410
48685

2029
160034

2030
167125

160034
159564
153345
131878
85116
47645

167125
166537
159127
135259
86189
47905

2034
201160

2035
209669

195488
194429
182252
148786
90484
48945

202578
201403
188033
152167
91557
49205

Using the results from the above table, it is possible to calculate the total amount of surplus PV energy which can
be saved over a 10-year period for a given battery size. The figure below presents two cases, considering the
years 2021-2030 (inclusive) and 2026-2035 (inclusive). As shown, the potential gain in stored energy per kWh of
storage is non-linear. This means that a 2500 kWh battery will store only marginally more energy than a 2000
kWh battery. Note that the 2026-2035 scenario indicates that more PV energy can be saved. This results from the
fact that, although there are more EV and heat pumps in this case, they typically run during times when PV is
producing relatively little (i.e., evening, night and early morning). As a result, the heat pumps and EV will not be
able to directly consume energy produced from PV unless they are somehow controlled.

Figure 13 - Total surplus PV energy saved over a 10-year period for different battery sizes

Assuming a capital cost of 400 €/kWh for a battery system and a round-trip efficiency of 90%, the costs per kWh
delivered by the battery (i.e., accounting for 10% battery losses) can be calculated. The figure below presents two
cases, considering the years 2021-2030 (inclusive) and 2026-2035 (inclusive). Tariffs were no included in these
calculations. Note that the costs for the 2026-2035 case may be lower because the capital costs for batteries will
likely decrease by that time.
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Figure 14 - Costs per kWh delivered by batteries of different capacities

4.3.1. Centralized Battery Storage
The amount of energy which can be stored locally is proportional to the total installed battery capacity. However,
as shown in the figure above, this relation is not linear. Designing a battery with enough capacity to store 100% of
surplus electricity production is inefficient because the additional capacity required will be used very infrequently
(since very high PV production occurs for only a few days per year).
As a result, the payback of a higher capacity battery will be lower than a lower capacity battery. In essence, the
cost per kWh stored is lower with a smaller battery, because that battery can be fully charged more frequently,
and the relative amount of kWh stored compared with the battery’s capacity will be higher.

4.3.2. Distributed Battery Storage
Distributed battery storage has the advantage that it can be installed almost anywhere. This can better reduce
grid loads, prevent curtailment and save in taxes (because the battery can store energy “behind the meter”, within
a house).
However, distributed batteries also require a higher capacity than centralized batteries in order to achieve the
same effects. This is due to the fact that not all houses consume or produce electricity at the same time. This
phenomenon, known as the simultaneity factor, means that a larger group of houses will have a lower average
impact on the grid than a smaller group of houses. For example, a group of 2 houses has a relatively high chance
of producing electricity at the same time. However, in a group of 10 houses, there is a higher chance that some of
the houses will produce electricity while others consume electricity. This has the effect of naturally lowering the
amount of electricity imported or exported at the transformer.
In this study, it was found that a distributed battery system would require around 15% more capacity to achieve
the same outcome as a centralized system. Because the primary grid issue was found to occur from EV charging,
the potential benefits of a distributed system do not outweigh the added costs. Note that this value does not

account for tariffs, which could make centralized storage more costly than decentralized storage, since you may
be required to pay tariffs twice (once to transport the electricity from a house to storage, and once more to
transport it back). Distributed batteries are also better at preventing PV curtailment, but as shown in the 2030
alternative grid layout scenario, altering the grid layout is likely a simpler and more cost-effective method of
reducing grid curtailment.

4.4. 2030 with electric vehicle control
In short, it was found that a simple electric vehicle control system could help solve the neighborhood’s future
energy problems. The table and figure below illustrate how a simple EV control system can completely eliminate
grid overloading. Note that in the table, the impact of controllable EV on PV production is not described, this is
discussed in further detail below.

Peak Prod (kW)

Cable Capacity (kW)

Overcapacity Hours (hrs)

Max daily overloading (kWh)

Annual overloading (kWh)

Curtailed PV (kWh)

Max daily PV curtailment (kWh)

Max daily net production (kWh)

Same day net consumption (kWh)

Total Net Production (kWh)

24-hour self-consumption (kWh)

Blue_36 with
no EV control

Peak Cons (kW)

Cable

Table 4 - Results of EV charge control

100

-62

72

532

534

41836

8292

167

579

657

50566

50024

Blue_36 with
71
*
72
0
0
0
*
EV control
*Varies depending on the over-day availability of EV, see below

*

*

*

*

*

Figure 15 - Grid overloading on "worst day" with and without EV charge control
The effect of utilizing EV over the day to directly consume surplus PV production depends on the availability (or
presence) of EV within the neighborhood over the day. The following figure illustrates how the percentage of EV
available over the day can reduce annual PV export. For this figure, it was assumed that the available EV were
able to charge 5 kWh or 10 kWh per day on average. As shown, EV is typically not capable of significantly
reducing electricity exports. Even if half of all EV are at home over the day, they can only reduce electricity

exports by 25-45%. However, local EV could prevent or significantly reduce PV curtailment if it is charged during
the peak production hours.

Figure 16 - Effect of charging EV over day to reduce exported electricity
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4.5. 2030 with electric vehicle control and community energy storage
By combining the previous two scenarios, it can be shown that more EV can be used to store surplus PV
production, the less useful (and less profitable) a community battery becomes. Because it is more efficient to
charge EV directly if possible, this should always occur before the community battery is used. As a result, the
community battery will be used less frequently, thus increasing the costs per kWh saved (assuming that the
battery will be paid off over a fixed time period). The two figures below illustrate this effect. As in section 4.2,
these costs do not include taxes, subsidies, etc.

Figure 17 - Cost of community battery per kWh if EVs are available with 5 kWh available on average during peak
PV production

Figure 18 - Cost of community battery per kWh if EVs are available with 10 kWh available on average during peak
PV production

4.6. 2050 scenario
The results for the 2050 scenario (and the 2030 scenario as a reference) are presented in the table below.
Notably, the maximum daily net production of electricity is comparable in both case. This is the result of PV
curtailment, which effectively puts an upper limit on PV production, a limit which is already being reached by
2030. Interestingly, the amount of curtailed PV is expected to decrease by 2050. This is a result of the greater
amount of electricity consumption within the neighborhood (due to an increase in the number of EV and heat
pumps), which in turn reduces the amount of electricity exported to the grid and thereby reduces the amount of
PV curtailment.

Peak Prod (kW)

Overcapacity Hours (hrs)

Curtailed PV (kWh)

Max daily net production (kWh)

2030 results

Peak Cons (kW)

Cable

Table 5 - 2050 scenario results compared with 2030 results for the blue cable only

100

-62

532

8292

579*

136
-71
2018 2974 551*
2050 results
*Note: These 2 values are nearly the same due to curtailment of PV production
What is of concern is that the peak consumption and overcapacity hours are both expected to be significantly
higher in 2050 than in 2030. This means that without intervention, the grid will be overloaded more frequently and

by a larger amount. While in 2030 it may be possible to prevent grid overloading by delaying EV charging, this
approach will likely no longer be possible in 2050. This is illustrated in the figure below, which shows that EV
charging would need to be delayed until 12:00 on the following day to prevent grid overloading.
There are many possible solutions to help resolve this problem, including increasing grid capacity, preferentially
charging EV outside of the neighborhood (e.g., at work), or using a battery system to help distribute loads more
evenly over the day. These possibilities will need to be investigated further as we gain a clearer picture of how
neighborhood energy consumption and production is likely to develop in the coming years.

Figure 19 - 2050 grid load with and without EV charge delay
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5. Conclusions
If Houtlaan meets its development goals, there will likely be congestion and curtailment problems on the local
electricity grid within the next 5-7 years, possibly sooner if load imbalance between phases is not properly
addressed.
During simulations, the issue of curtailment was observed in significant quantities only on the blue cable. This
issue can be addressed by moving some of the houses on the blue cable to the under-utilized pink cable, or by
installing a battery system near the end of the blue cable. Due to the layout of the grid, moving the last 7 houses
on the blue cable and the first 6 houses on the purple cable to the pink cable should be relatively simple, costeffective, and help to alleviate issues of curtailment.
During simulations, the issue of grid overloading occurred largely as a result of EV charging. This issue can best
be addressed by regulating EV charging. Based on current statistics, the bulk of EV charging is expected to occur
in the early evening. By prolonging these charge cycles into the night and early morning, grid overloading and grid
reinforcement can likely be prevented. However, such a control system will require some sort of infrastructure to
coordinate the different EV charge cycles or will require smart EV chargers which will charge preferentially when
the grid voltage is above a certain threshold (i.e., has more capacity available).
A community battery system can be used to help retain produced electricity within the neighborhood. Such a
system can also be complemented by charging EV during surplus production hours. However, due to the
relatively high cost of batteries at present, and losses due to inefficiencies, such a system will not be financially
feasible without some form of subsidy and/or unless it can provide an energy service which Enexis is willing to
pay for (e.g. regulating power quality or line voltage, prolonging the lifetime of grid infrastructure – it costs in the
range of €15.000-135.000 to reinforce a local grid, depending on the length of cable to be reinforced (Brinkel,
N.B.G., Schram, Lampropoulos, van Sark, & AlSkaif, 2020)).
A community battery may be most useful as a temporary solution when problems on the grid begin to occur, until
a more cost-effective solution can be implemented (e.g. reinforcing the grid, implementing an EV charge control
system). Once a more permanent solution is implemented, the battery could be re-used elsewhere.
The questions from the original research proposal are answered in Appendix 1.

6. Recommendations
Based on the conclusions from this report, the following recommendations are given:
1. Adjust the distribution of the loads over the phases to prevent problems on individual phases, as
detailed in the report by Rob Jacobs (Jacobs, 2021). This can be promoted by subsidizing/promoting
3-phase EV chargers and 3-phase PV inverters for larger PV systems (<5 kW).
2. Adjust the house distribution between cables to prolong the lifetime of existing grid assets, as
proposed in the report by Rob Jacobs (Jacobs, 2021).
3. Continue monitoring the transformer to have 1 year worth of data. This will provide more insight into
what is occurring in Houtlaan, and provide a better calibration for the model.
4. Perform an analysis of the current vehicles in Houtlaan. Specifically, how many and which type of
EV and EV chargers exist currently, when and how much electricity they charge. Also, how many km
per day are driven by EV and petrol/diesel cars. This will give more insight into future impact of EV
on the grid.
5. Research what forms of EV control are available/possible.
6. Investigate the added benefit of combining a community energy storage system with EV charge
control (wither using the EV batteries for storage, or combining them with a stationary battery).
7. Create a pilot project to test the effectiveness of an EV control system which reduces problems on
the grid and/or increases self-consumption of PV electricity.
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8. Appendix
8.1. Answers to project proposal questions
The original (translated) question are written in bold and the answer are in italics.
1.

2.

6

3.

4.

5.

6.

What is the effect of:
a. Switching transformer
This allows the transformer to dynamically adjust the voltage on the local distribution grid to prevent
the voltage becoming too high (and thus reducing PV curtailment) or too low.
b. Reconfigure the network
This is likely the cheapest and simplest solution to help prolong the existing grid’s lifetime, but it
cannot be the only solution.
c. Replace the transformer
This may be required if grid loads are not managed in some other way.
d. Smart switching
This is a viable solution to reduce the peak load presented by EV charging.
e. One or more (community/house/car) batteries
Batteries are a flexible option capable of reducing or eliminating gird overloading and PV
curtailment.
Are batteries effective in delaying the reinforcement of the grid?
Batteries can delay grid reinforcement. However, batteries are likely not profitable without a subsidy or unless
they provide some valuable energy service.
What is the optimal size and location for battery systems?
a. Dependent on: Base load present, total generation, capacity of transformer
The optimal size and location of the battery depends on the role it is intended to play. To prevent PV
curtailment and grid overloading, it is better to install batteries on the household level. To increase
the amount of PV electricity consumed within the neighborhood, it is better to install the battery at
the transformer. In both cases, the optimal size depends on the amount of peak reduction or energy
self-consumption which is desired.
What is the optimal algorithm to control the batteries?
a. Based on excess capacity at the transformer to charge and discharge as the generation falls
below a certain level.
b. Based on the measurements of the subnetworks to optimize the overall network support in
generation and consumption.
Option a is likely preferential, because local grid problems are likely to arise before problems in the
overall grid.
How cost-effective is this intervention (compared to network reinforcement)?
a. Only if the saved costs can be settled with Enexis is there a revenue model, otherwise no.
b. Furthermore, the mutually stored energy must be without network costs and without energy
taxes may be settled as with a Postcode rose.
c. Both are not allowed under current law.
As noted in the question, batteries are not currently cost-effective without a subsidy or unless they provide a
valuable energy service which could, e.g., prolong the grid’s lifetime. Prolonging the grid’s lifetime could have
a value of €15.000-135.000 depending on the age of the assets being retained and the length of cable being
reinforced.
Can this intervention take place in other neighbourhoods?
The interventions discussed here could take place in other neighborhoods. Reconfiguring the electricity grid
is specific to the neighborhood being studied and may not always be a solution. Controlling EV charging is
likely to always be a relatively cheap and effective option of reducing grid loads. Considering the current
costs, battery storage can likely be a useful temporary solution to help alleviate grid problems until a better
solution can be implemented.

8.2. Project proposal
See next page.

Haalbaarheidsonderzoek
Houtlaan Nul op de Trafo
Algemeen
De Houtlaan is een wijk met 136 vrijstaande woningen gelegen in een cul-de-sac in AssenOost. (Zie kaart) De woningen zijn gebouwd tussen 1999 en 2004 en voldoen aan de
bouwnormen van die tijd (EPC = 1).
Het stroomnetwerk is onderverdeeld in zes deelnetwerken met als voeding een 400 kVA
transformator. Tijdens de ontwerpfase in 1995 was niet voorzien dat alle daken vol gelegd
zouden worden met zonnepanelen met de daarbij horende heel hoge piekbelasting.

Fig. 1 de wijkplattegrond
Probleemstelling
Door de toename in de wijk van elektriciteit opwekkers (zonnepanelen) en elektriciteitsafnemers (warmtepompen, elektrische auto's) ontstaat een sterk fluctuerende belasting van
de wijktransformator. Op zonnige dagen kan de netspanning al oplopen tot 248 – 250 V.
Wat dicht bij de limiet van de transformator komt (253 V). Er zijn de afgelopen jaren steeds
meer zonnepanelen bij gekomen en er komen nog elk jaar meer zonnepanelen bij. Hierdoor
wordt het (deel)netwerk met de transformator regelmatig zodanig (over)belast, dat de
zonnepanelen worden uitgeschakeld en er dus geen duurzame energie meer geleverd
wordt.
Onze wijkenquête laat zien dat de opwekkers die op het einde van een deelnetwerk zitten
een lagere opbrengst in kWh per kWpiek hebben dan diegene die vlak bij de transformator
zitten. Dit duidt erop dat diegene die aan het einde zitten, niet altijd hun opgewekte stroom
terug kunnen leveren op hun deelnetwerk vanwege het oplopende voltage.
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Door de toename van het aantal zonnepanelen in de komende jaren zal het niet terug
kunnen leveren steeds vaker plaatsvinden. Hierdoor zal ook de opbrengst in kWh per
kWpiek van de opwekkers op het einde van de stroomkabel nog verder verslechteren.
Enexis weet dat het voltage oploopt, maar omdat dit voltage nog aan de wettelijke normen
voldoet wil Enexis vooralsnog geen extra maatregelen nemen.
Enexis heeft aangegeven het haalbaarheidsonderzoek voor de Houtlaan te ondersteunen en
heeft al informatie gedeeld waarmee een eerste probleemanalyse is gemaakt. Het netwerk
en de transformator is op dit moment over het geheel gezien sterk genoeg maar er is al een
incidentele overbelastingen waargenomen op een zonnige dag waarbij 25 aansluitingen
gedurende een half uur zonder spanning hebben gezeten. Dit zal de komende jaren alleen
maar vaker gaan gebeuren omdat er meer zonnepanelen worden geïnstalleerd en steeds
meer e-auto’s en/of warmtepompen stroom gaan afnemen.
Onderzoek naar mogelijke oplossingen voor wijken zoals de Houtlaan in Assen is
noodzakelijk om de komende jaren de maatschappelijke netwerkkosten en het verlies van
zelf geproduceerde stroom te beperken of te voorkomen. In dit project worden de eerste
concrete oplossingen in de praktijk getest.

Fig. 2 laat het effect zien op de afname van het energieverbruik op elektriciteitsnet omdat 67
woningen zonnepanelen hebben geïnstalleerd.
Initiatief
In 2017 is er een werkgroep opgericht (Houtlaan Minder op de Meter) die streeft naar het
verduurzamen van het energiegebruik in lijn met het overheid beleid. De werkgroep is
onderdeel van Energie Coöperatie Duurzaam Assen.
Tot nu toe heeft een toenemend aantal woningen zonnepanelen (inmiddels > 50%) en
neemt het aantal e-auto’s snel toe. Verder worden er ook meer warmtepompen
geïnstalleerd.
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Projectdoelstelling
Het zodanig en rechtvaardig herverdelen van alle opgewekte energie binnen de wijk dat er
geen zelf geproduceerde energie verloren gaat. Dit te ontwikkelen systeem zorgt ervoor dat
het leveren van energie via het net aan de wijk omlaag zal gaan, waardoor de belasting van
de wijktrafo/netwerk zal stabiliseren en de piekbelasting wordt verlaagd. Dure uitbreiding
van de opgestelde stroomnetcapaciteit om ruimte te creëren voor meer energieleveranciers
(zonnepanelen) en afnemers (e-auto, warmtepomp, accu’s) zal dan niet nodig zijn.
Voorstel
Door het slim en gericht meten aan het begin en einde van de zes deelnetwerken (samen
met Enexis) de potentiele knelpunten in kaart brengen. Hierdoor kan het effect van de
verschillende maatregelen (zie bijlage) worden bepaald. Daarnaast wordt de invloed van
een of meerdere (wijk)accu’s verder uitgewerkt.
Verantwoording
Door alle opgewekte energie ook in de eigen wijk te gebruiken zullen naar verwachting nog
meer bewoners gestimuleerd worden om hieraan mee te werken. Hierdoor zal de
energiecoöperatie voor de bewoners nog meer gaan leven en werken we meer samen toe
naar een 50% CO2 reductie in 2030.

Fig. 3 laat zien dat in de zomermaanden de 67 woningen met zonnepanelen al meer energie
leveren dan de andere 69 woningen overdag kunnen gebruiken.
De bewoners met zonnepanelen zullen op deze manier hun energie, die overdag is
opgewekt, zelf ’s-nachts (gedeeltelijk) kunnen gebruiken. Hoeveel voordeel dit hen op zal
leveren hangt af van het effect van de afbouw van de Salderingsregeling (deze regeling
verrekent de opwek en het verbruik op jaarbasis) en tegen welke prijs de overtollige energie
binnen de wijk wordt verrekend. De afspraken over Energiebelasting, Opslag Duurzame
Energie, en BTW die kunnen worden gemaakt binnen de nieuwe (nog niet gestarte)
Experimenten Electriciteitswet 1998 en Gaswet, eventueel de nieuwe Regeling Verlaagd
Tarief (Postcoderoos) en mogelijk ook de SDE++ met net- en niet-netlevering zijn hierbij
essentieel. Deze afspraken zullen uiteindelijk door de politiek beslist moeten worden.
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Echter, onderzoeken zoals in dit project zullen de politiek van objectieve praktijkinformatie
voorzien zodat de politiek een besluit neemt op de juiste gegevens.
Bijvoorbeeld: er wordt overdag meer zonne-energie opgewekt dan de wijk in een dag
gebruikt. Als we alle zonne-energie overdag onderling verdelen tegen het huidige tarief van
zeg € 0,24/kWh (zie figuur 3, onder de rode lijn) en de overtollige energie opslaan in een
accu voor nachtgebruik tegen een vergoeding van € 0,19/kWh (boven de rode lijn) dan
levert dit de wijk met het huidige aantal panelen (67 woningen) ongeveer € 14.000 per jaar
meer op dan zonder een onderlinge energieverdeling en opslagsysteem. Daarnaast kan er
waarschijnlijk een verlaging van de netbeheerkosten bij Enexis worden bedongen voor het
verlagen van de piekbelasting op het netwerk, zoals dat bij het Gridflex project in Heeten is
gebeurd.
Opzet haalbaarheidsstudie
De modulatie van de haalbaarheidsstudie zal uitgevoerd worden door Christiaan van
Someren, Researcher, Centre of Expertise Energy, Hanzehogeschool Groningen.
Het begeleiden van de metingen, de haalbaarheidsstudie, het contact met Enexis en de
analyse van de meetgegevens vindt plaats onder supervisie van Rob Jacobs, Senior Energie
Transitie, L’orèl Consultancy BV.
In de haalbaarheidsstudie wordt nagegaan welke mix aan maatregelen toepasbaar zijn op
het bestaande stroomnet in de Houtlaan en onderzocht wordt welke publieke voordelen de
inzet van deze mix heeft (zie bijlage 1). Er zal worden voortgebouwd op de ervaringen die
zijn opgedaan met het Gridflex project in Heeten (47 woningen). De effecten van de
theoretische mix zullen over de gemeten waarden worden gelegd, om de praktische
toepasbaarheid te toetsen en het effect van wijk-/particulier opslag te kwantificeren.
Projectplan
Stap 1
Het analyseren van het bestaande netwerk samen met Enexis en de beschikbare data van
de verschillende deelnetwerken en de transformator. De ontbrekende data zal aansluitend
door metingen alsnog verkregen moeten worden. In overleg met Enexis worden de 10minuuts vermogenspatronen van de transformator en de metingen van de deelnetwerken
geanalyseerd om een toekomst projectie van dit patroon te maken.
Stap 2
Een gekalibreerd model van het netwerk in de wijk maken om de volgende vragen te
beantwoorden:
1. Wat is het effect van:
a) Omschakelen trafo
b) Herconfigureren netwerk
c) Trafo vervangen
d) Slim schakelen
e) Een of meer (wijk/thuis/auto) accu’s
2. Zijn accu’s effectief om de verzwaring van het net uit te stellen?
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3. Wat is de optimale grootte en locatie voor batterij systemen?
a) Afhankelijk van: Aanwezige basisload, totale opwekking, capaciteit
transformatorhuis.
4. Wat is het optimale algoritme om de accu’s te besturen?
a) Op basis van overcapaciteit op de transformator om te laden en te ontladen als
de opwek onder een bepaald niveau komt.
b) Op basis van de metingen van de deelnetwerken om het netwerk optimaal te
ondersteunen in opwek en afname.
5. Hoe kosteneffectief is deze interventie (in vergelijking met netwerkverzwaring)?
a) Alleen als de uitgespaarde kosten verrekend kunnen worden met Enexis is er een
verdienmodel, anders niet.
b) Verder moet de onderlinge opgeslagen energie zonder netwerkkosten en zonder
energiebelastingen verrekend mogen worden zoals bij een Postcoderoos.
c) Beide mogen in de huidige wetgeving nog niet.
6. Kan deze interventie plaats vinden in andere wijken?
Stap 3
Na de analyse van data kan geadviseerd worden over de optimale manier om de accu’s te
besturen. Op basis van de financiële analyse kunnen conclusies worden getrokken over de
toepasbaarheid en wenselijkheid van dergelijke systemen in andere wijken.
Stap 4
Onderzoeken of er nog alternatieve/innovatieve oplossingen zijn en die doorrekenen.
Stap 5
Op te leveren:
a) Een model van het elektriciteitsnet.
b) Een technische analyse van de effectiviteit van de verschillende interventies. Met o.a.
optimale grootte en locatie van de accu's.
c) Een financiële analyse van de 5 interventies en eventuele alternatieve oplossingen.
d) Advies over de toepasbaarheid van dergelijke projecten in andere wijken.
e) Een stappenplan voor de uitvoering van de volgende fase van het project.
f) Beknopte eindrapportage.
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Bijlage 1

Potentiële netwerkoplossingen
Voor oplossingen wordt eerst gekeken naar de simpelste, goedkoopste en snel uitvoerbare
opties om het bestaande stroomnetwerk te optimaliseren op de juiste plekken (trafo en/of
deelnetwerk).
1. Een transformator schakelt naar 5 verschillende voltages. De middelste stand schakelt
naar 230 volt, op deze stand staan de meeste transformatoren. Daar waar grote afname
belasting is en er op het einde van het stroomnet het voltage te veel zakt wordt het
voltage verhoogd. Hiervoor zijn er twee standen: + 5,5 of + 11 volt. Omgekeerd zijn er
ook twee standen als er te veel stroom opgewekt wordt en het voltage op het einde te
veel oploopt, dan wordt het voltage verlaagt met -5,5 of – 11 volt. Deze aanpassing is
technisch simpel door het omzetten van een schakelaar, alleen moet hiervoor wel de
hele wijk stroomloos gemaakt worden met de bijhorende hoop papierwerk.
2. Als uit de metingen blijkt dat er verschillen zijn tussen de belasting van de verschillende
deelnetwerken kan er gekeken worden of een aantal woningen uit een overbelast
deelnetwerk ‘omgezet’ kunnen worden op een ander minder belast deelnetwerk. Hierbij
worden twee stroomkabels opgegraven en wordt de ene kabel verlengd en de andere
ingekort. De eerste analyse samen met Enexis laat al zien dat het aantal woningen per
deelnetwerk verschilt, alsmede de kabeldikte (capaciteit) en de kabellengte
(stroomverliezen). Extra laagspanningskabels of herconfiguratie van het bestaande
laagspanningsnet (LS), al dan niet gefaseerd in een stappenplan van een aantal jaren, is
vrijwel altijd beter/slimmer, goedkoper en robuuster richting de toekomst.
3. De transformator kan vervangen worden door een regelbare MS/LS-trafo die per
jaargetijde anders kan regelen. In de winter bij veel afname stijgt het voltage en in de
zomer bij veel opwek zakt het voltage. Hierdoor kan het extra opgewekte vermogen
alsnog op het middensspanningsnet (MS) geplaatst worden. Echter een regelbare trafo
is 3x duurder dan een standaard trafo.
4. Slim schakelen van verschillende afnemers zoals, was- en afwasmachines, drogers,
elektrische boilers, elektrische auto’s en warmtepompen. Electrische auto’s zouden ook
ingezet kunnen worden om bidirectioneel te laden en ontladen. Het doel enerzijds het
bestaande stroomnet te ontlasten en anderzijds het verbruik van eigen opgewekte
stroom te optimaliseren. Echter het effect van het slim koppelen is in een wijk beperkt
tot een tiental procent van de opwekkingspiek in de zomer. De potentiële overbelasting
is er alleen op zonnige dagen in de zomer. Deze opwekkingspiek is ruim 2 keer zo hoog
dan de opwekkingspiek in de winter, terwijl er in de winter ook nog meer belasting is.
5. Stroom opslaan in (wijk)accu’s. Hier is op dit moment nog geen positief verdienmodel
voor vanwege de saldering van het stroomoverschot. In de toekomst zal dit wel gaan
veranderen. Hiervoor zijn onderzoeken noodzakelijk om hier meer inzicht in te krijgen.
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Bijlage 2

Projectkosten
L’orèl Consultancy
Consultant: Rob Jacobs
Stap 1, 3 en 5
1. Netwerk metingen
2. Analyse meetgegevens
3. Contact onderhoud met Enexis
4. Uitvoering van de oplossingen
5. Supervisie haalbaarheid studie
6. Eindrapportage
Totaal 58 uur @ € 100
€ 5.800
Duur 12 maanden. Start 1 maand na goedkeuring van de haalbaarheid studie

Centre of Expertise Energy, Hanzehogeschool Groningen
Researcher: Christiaan van Someren
Stap 2, 3, 4, 5
1. Analyse van de meetgegevens
2. Bouwen gekalibreerde netwerkmodel
3. Door rekenen van oplossing 1-4 (omschakelen trafo, herconfigureren netwerk, trafo
vervangen, slim schakelen).
4. Uitwerken oplossing 5 (stroom opslag)
5. Formuleren en door rekenen van alternatieve oplossingen.
6. Een stappenplan opstellen voor de uitvoering van het project
7. Eindrapportage
Totaal 68 uur @ €62,55
€ 4.200
Duur 4 maanden na beschikbaarheid van de netwerkdata

Energiecoöperatie duurzaam Assen
Adviseur: Erik Postema
Meedenken en meekijken en zijn eigen ervaring met decentrale DC-netten inbrengen vanuit
ons project Zon Op Alle Daken van Assen.
Totaal 20 uur @ € 55
€ 1.100
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