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ABSTRACT 

The Dutch Government is aiming, within an international 

context, to achieve a completely sustainable energy 

supply system by 2050. Therefore, in 2013, Energy 

Agreement for Sustainable Growth contract is signed 

among various parties representing different domains of 

the society. As a result, many pilot projects are started in 

different regions of the Netherlands. Many projects 

contribute to reaching the goals of the Energy 

Agreement, including a project in Eindhoven where large 

scale photovoltaic (PV) panels will be implemented in a 

household neighbourhood in the near future. In this 

paper, network simulation is done for that neighbourhood 

by using Vision software tool and the weakest points of 

the network assets are identified. Furthermore, power 

quality (PQ) monitoring is conducted at the nearby 

transformer station which is serving electricity to this 

neighbourhood. The PQ monitoring will give the insight 

to the network’s performance status such as the asset 

capacity utilization and voltage quality level at the 

present situation. From the simulation results and PQ 

monitoring data, a decision is taken for future network 

investments.       

INTRODUCTION 

In 2013, an ‘energy agreement contract for sustainable 

growth’ is signed among the various interested parties 

such as governmental bodies, employers’ associations, 

environmental organizations and other civil- societal and 

financial organizations in the Netherlands. Under this 

contract, a number of pilot projects have been started 

throughout the Netherlands. The governmental policies 

are encouraging many Dutch neighborhoods to install 

photovoltaic (PV) panels at their homes. The local 

housing association is actively driving the PV-

implementation process for its houses in a scoped 

neighborhood in Eindhoven. Endinet, as a network 

company, is also participating in this pilot project to 

facilitate the network connections for the PV panels. 

Endinet is one of the distribution network operators 

(DNO) in the Netherlands and provides electricity grid 

connection to the medium and low voltage customers of 

the city Eindhoven.  

Traditionally, the household customers are electricity 

consumers. However, when many customers have PV 

panels at their installations and exports electricity back to 

the grid, it will change the normal load flow scenario of 

the network. The consumer’s load demand profile, on the 

other hand, is also changing because of the usage of large 

number of power electronic devices and new loads such 

as heat pumps and electric cars. In this changing 

electricity supply-demand environment, a network 

operator’s role is very challenging. Every DNO has the 

target to minimize network losses and maintain network’s 

service quality and reliability optimally, within set 

economic boundaries.  

When a large amount of electricity is exported to the grid 

from the customers’ premises, it can have negative 

impacts on network’s capacity & voltage quality. On the 

other hand, energy production from PV panels is highly 

dependent on weather conditions & location of the 

panels. These uncertainties make it even more difficult to 

predict correctly the actual impacts on a network’s 

performance. Under such a situation, it is a real challenge 

for a DNO to optimize the network’s capacity whilst 

minimizing the social costs, without compromising the 

voltage quality regulations. 

 

In this paper, a simulation model is discussed for a low 

voltage (LV) mesh connected grid in which many 

household customers are connected with PV panels. This 

network model is the neighborhood where the 

aforementioned pilot project is executed. From the 

simulation, a scenario study is done when all the PV 

panels are producing their peak loads and are exporting 

the electricity simultaneously to the grid. The voltage 

profiles of different node points and the loading of 

various network components such as cables and 

transformers are found from the simulation results. From 

this analysis the possible bottlenecks of the grid are 

identified where the network components violate the 

standard regulations and design criteria.  

In the same neighborhood, few months ago, a power 

quality (PQ) measurement was done at the low voltage 

side of the connected transformer’s terminal. In this 

paper, a brief summary of these PQ monitoring results are 

shown. This gives the information of the capacity and 

voltage quality of the network at a situation when PV 

panels had not yet been installed in that neighborhood. At 

present, the PV panels installation work is being planned.  

The PQ measurement results  are compared with the 

above mentioned simulation results to understand the 

available network capacity and voltage quality at 

different node points. This pilot project gives an insight 

to understand the impacts of large scale PV generation on 

a mesh connected low voltage network. 
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This first-hand experience is very important for Endinet’s 

asset management point of view for preparing for the 

future developments. In the last part of this paper, a cost 

analysis is done to make a decision on network 

investment planning.               

DUTCH ENERGY AGREEMENT CONTRACT  

In the ‘Energy Agreement for Sustainable Growth’ 

contract more than forty organizations have agreed to 

support each other and work together for a robust, future-

proof energy and climate policy. They include central, 

regional and local government, employers’ associations 

and unions, nature conservation and environmental 

organizations, and other civil-society organizations and 

financial institutions. The agreement will give a major 

boost to investment and employment and help the 

faltering economy get back on track as quickly as 

possible. It will also minimize the burden on households 

and businesses [1]. 

The Energy Agreement comprises ten basic components. 

Combined, they are mutually reinforcing and therefore 

constitute a comprehensive package of arrangements. 

1) Saving energy (a reduction in final energy 

consumption, averaging 1.5% annually) 

2) Scaling up renewable energy generation 
(presently 4,4% to achieve the target of 14% by 

2020 and 16% renewables by 2023 

3) Decentralized energy generation (tax relief is 

introduced for a cooperative or an association of 

owners when the energy is produced from 

renewable sources and utilized by small-scale 

consumers) 

4) Energy transmission network (introducing 

smart grid, storage)  

5) EU Emission trading system (aiming for 80-

95% reduction of greenhouse gases by 2050) 

6) Energy generation from fossil fuels and coal 

fired plants (the capacity of coal fired stations 

will be minimized) 

7) Mobility and transport (more efficient and 

more sustainable transport system to reduce CO2 

emissions) 

8) Employment opportunities 

9) Energy innovation & energy export 
10) Funding programs (to facilitate energy 

transition needs) 

 

The participating parties have also agreed that the main 

steering committee will monitor progress regularly and 

amend measures when required to achieve the agreed 

targets. A major evaluation of this contract will take place 

in 2016, with progress being assessed and a decision 

being taken on the follow-up, with a view to achieving 

the agreed targets for 2020 and 2030. The government 

will take the lead in this program. 

GRID CONNECTION RULES  

In the Dutch Electricity Act of 1998 (Elektriciteitswet 

1998 – general law on electricity) [2] several guidelines 

and obligations are mentioned for the network operators 

regarding the maintenance and the development of the 

networks (art. 16, Electricity Act). No specific objectives 

are mentioned regarding the integration of renewable 

energy systems (RES) and the related network 

reinforcements or expansions to accommodate further 

growth of these technologies [3]. General obligation for 

the network operator is to connect all customers including 

the energy producing installations as stated in the 

Electricity Act 1998 (art. 23 (1) & art. 16 (1)). A plant 

operator's contractual claim for a connection by the grid 

operator arises when the connection agreement is signed. 

However, shortages of available grid capacities are 

identified as barriers for grid integration. In general, if 

grid capacity is insufficient, the grid operator can deny 

access to the grid. If this concerns renewable electricity, 

the grid operator is obliged to inform the regulators 

(Authority for consumers and markets- ACM) about the 

incident and suggest the measures that will prevent this 

kind of situation in the future (art. 24 (2), Electricity Act). 

The costs arising from the use of a public grid are borne 

by the customers connected to this grid (users and plant 

operators) as per art. 29 of the Electricity Act. 

NETWORK FOR SIMULATION 

Endinet is the asset owner and the operator of the 10kV 

medium voltage (MV) and 400V low voltage (LV) 

networks in Eindhoven. The MV distribution network is 

of ring configuration while the LV network is mesh 

connected to enhance the reliability of network service by 

allowing load current to flow in a feeder through more 

than one route. As a DNO, Endinet is obliged to 

guarantee a supply voltage quality at a customer’s 

terminal that meets the requirements of the EN50160 

standard [4] and the national Grid Code [5].  

The selected neighborhood for the pilot project is an area 

where mainly residential customers are connected. This 

neighborhood is connected via two transformers of 

capacity 315kVA and 500kVA respectively. From the 

transformer’s distribution box, several outgoing feeders 

are connected to different local distribution boxes in the 

neighborhood. These feeders are called ‘main LV cables’. 

On their way, at several points ‘connection cables’ are 

tapped out to serve electricity to different houses.  In this 

neighborhood, 212 houses are selected from different 

streets where photovoltaic panels (PV) will be installed to 

increase local electricity production. The local housing 

association is driving this project. Every street has a 

number of row houses. Each selected house has PV 

panels at its roof-top with a maximum capacity of 

5,5kWp.  
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The electricity produced by the PV panels from  a group 

houses will be exported by a connection cable which is 

eventually connected to the main network cable. A 

geographical view of the selected neighborhood with LV 

cables (in blue lines) are shown in Fig. 1. The network 

model used for load-flow simulation in Vision software is 

presented in Fig. 2. In this figure, two transformers that 

are supplying electricity to the neighborhood are shown. 

Also, various distribution boxes are marked in red in Fig. 

2. The houses that are located in the same street are 

grouped together and their PV panel loads are considered 

as lumped load. For example: ‘5H’ indicates that 5 

houses are grouped together and the total generation from 

PV panels of those houses are 5,5kW*5 = 27,5kW. This 

load is fed as ‘negative load’ to the connected node point. 

The main LV cable lengths and their current carrying 

capacity are also marked in Fig. 2.  

 
Fig. 1: Selected neighborhood for pilot project 

 

 

 

Fig. 2: Simulation model of the selected network 
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SIMULATION RESULTS 

Load flow simulation is done using Vision software tool. 

In a ‘worst case scenario’ all the PV panels are producing 

at their maximum capacity limit while the demand of the 

houses is minimal (zero). From the simulation, it is found 

that the voltage profiles of different node points remain 

within the standard boundaries (0,9-1,1 p.u, where 1 p.u= 

230V), as shown in Fig. 3. 

 
Fig. 3: Voltage profiles of different node points 

 

The loading of different main cables and transformers are 

shown in Fig. 4. It can be noticed that some cables near to 

the main transformer station are overloaded. These cables 

are connected between the transformer station BL-LS and 

distribution box VK-42, VK-43 and VK-44 respectively 

(see Fig. 2 for the network description). 

 
Fig. 4: Loading profiles of cables & transformers 

POWER QUALITY MEASUREMENT 

A power quality measurement is conducted for a week at 

the neighbouring transformer’s (T1) terminal to monitor 

loading pattern of the transformer.  

 

It can be observed from Fig. 5 that the peak load is 

around 275A while the loading during the lean period is 

as low as 75A only.  

The transformer has a capacity of 315kVA (equivalent to 

454A). Therefore, at present, this transformer is loaded 

by a maximum of 60% of its rated capacity to supply 

electricity to the neighbouring houses. 

 

 
Fig. 5: Voltage & current profiles for one of the measured 

phases of transformer T1 

 

The voltage profile at the transformer terminal remains 

within the standard limit (230V±10%). From 

measurement it is found that the average value of total 

harmonic distortion (THD) for voltage is around 2,8% 

(while the standard allowance is 8%). The average value 

of power factor remains within 0,9; however occasionally 

it goes to a lower value of 0,8 too. It was observed that 

flicker level is quite lower (0,25) than the standard 

boundary limit of 1,0. Hence, the present voltage quality 

performance of the network is reasonably good. Also, it 

has sufficient capacity available to include some more 

load growths in the future. 

The transformer T1 (315kVA) of Fig. 2 is also 

overloaded by 220% as shown in Fig. 4. The other 

transformer T2 is also loaded close to its full capacity. 

Also the main cables connected between the transformer 

station T2 to nearby distribution box VK-41 are 

overloaded as shown in Fig. 4. 

NETWORK INVESTMENT STRATEGY  

This pilot project can be used as an instrumental tool for 

Endinet to check the remaining capacity of its network 

and how far PV panel integration is possible in its service 

area. From simulation results it is found that the 

transformer and cables are overloaded. Therefore, one 

possibility is to reinforce the grid by adding new cables 

and a higher capacity transformer. The second possibility 

is to invest in a decentralised storage system.  
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Network reinforcement 

As found from simulation results that the transformer T1 

(315kVA) is overloaded by 220%. Therefore, it is 

recommended to invest on a 1000kVA transformer 

considering future growth. The lengths of the LV cables 

are estimated that are overloaded in the simulation. 

Similar type of cables can be laid in parallel to the 

existing cables. A total length of about 800m is needed. 

For simplicity in calculation, it is assumed that all parallel 

cables are of type 4x95mm
2
 PVC insulated aluminium 

cable.  

Decentralized storage system 

From simulation, it is found that the cables that are 

overloaded are feeding to different street houses. 

Therefore, a single centralized network storage will not 

solve the problem. At least 6 different storages are 

needed to store the locally produced electricity.  

When photovoltaic electricity production is at its 

maximum, then the overloaded cables have shortage of 

40-120A capacities per phase (see Fig. 4). Required 

storage capacity is deduced using real meteorological 

data (15 minute intervals) applicable to the city of 

Eindhoven of the year 2013. As overload levels differ per 

feeder, overload data is matched per feeder with the 

meteorological data to deduce the maximum required 

storage capacity for that particular feeder. Throughout the 

year, duration and instances of overload are unique to 

each feeder. Hence different storage capacity is required, 

ranging from a 15 kWh to 300 kWh battery storage. Also, 

after storage has been applied to the feeders to forestall 

cable replacement, a 900 kWh storage needs be placed 

near the transformer to forestall transformer replacement.  

 

As it turns out, at present the cost of storage is too high to 

favour the decentralized storage system approach. Table 

1 presents the break even cost of a storage unit. If storage 

cost drop to this level then decentralised storage can be 

applied.  

 
Table 1: Cost of storage capacity 

Storage capacity 

cost 

Investment LV-

grid excluding 

transformer 

Investment LV-

grid including 

transformer  

Assumed present 

storage cost 

(€/kWh) 

350 350 

Required storage 

cost to break even 

(€/kWh) 

125 110 

CONCLUSION  

In the beginning of this paper, the main targets of the 

Dutch energy agreement contract  (‘Energieakkoord’ in 

Dutch) are discussed. Large scale implementation of PV 

panels at customer’s roof-tops is one of the challenging 

targets of this agreement. Many pilots are started in 

different regions of the Netherlands. Endinet is also 

participating in one of such pilot project in Eindhoven. A 

household neighbourhood (with 212 houses) is 

considered for this pilot in which every house will have 

5,5kWp PV panels at its roof-top. A network simulation 

is done to check the capacity and voltage quality of the 

LV network where those above mentioned houses are 

connected. From simulation, it is found that one 

transformer in the neighbourhood is overloaded by more 

than double of its capacity and some of the cables are 

also overloaded. However, voltage profiles at different 

nodes remain within the maximum limit boundary of 1,1 

p.u. (where 1 p.u.= 230V). If all the PV panels export 

electricity to the grid then network modification is needed 

by either placing a higher capacity transformer and extra 

parallel cables, or by placing decentralised storage at 

grouped house levels. The decentralised storage option 

proves to be more costly. If storage price drops by two 

third, then the decentralised storage option can compete 

with traditional network investment. 
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