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Summary 

The ongoing energy transition has several effects on the Dutch electricity system. Electricity demand is 

rising as increasing amounts of products and activities are being fuelled by electricity. On the other 

hand, the growth in renewably produced electricity results in a more volatile and distributed electricity 

supply.  

Traditionally, the grid infrastructure has facilitated unilateral flows transporting electricity from large 

centrally located producers to end consumers located at lower levels of the electricity grid. However, 

the growth of distributed generation and storage capabilities has resulted in increasing amounts of 

bilateral flows as prosumers, consumers that also produce electricity, feed excess electricity back into 

the grid. These additional flows increase the potential of congestion within the grid infrastructure, which 

potentially prevents electricity from being transported.  

The increasingly volatile and distributed nature of the electricity supply also complicates grid operators’ 

task to balance supply and demand. This balance is necessary as it dictates the net frequency and 

frequency deviations potentially damage grid infrastructure assets and other assets connected to the 

grid. Demand side flexibility, the ability of consumers to react to inadequate energy levels by shifting, 

decreasing or increasing their consumption, is increasingly proposed to solve this problem. Enabling 

flexibility can also serve as congestion management as it can reduce loads during peak congestion times.  

Grid operators charge network tariff costs to consumers to recover the costs incurred during the 

transportation of electricity. Network tariffs have coevolved with the developments in the energy 

system. The current-day network tariff is designed with central production and unilateral flows in mind. 

It doesn’t charge prosumers for imposing additional bilateral flows on the local grid, nor does it 

incentivise consumers to provide demand side flexibility. It is therefore deemed unfit to facilitate the 

energy transition. 

This Master’s thesis studies the effects of different network tariff designs within an industrial park 

setting. Industrial parks represent a collection of consumption, generation and storage activities which 

provides unique flexibility opportunities internally and to the grid. Little is known about the effects of 

different tariff designs on industrial parks as most prior research has been performed at the household 

consumer level. 

Specifically, this thesis assesses the effects of three alternative tariff designs on different types of 

industrial park companies and the local grid operator. The three alternative tariff designs proposed in 

this work are a single tariff design, subscription based design, and dynamic pricing design. The single 

tariff design charges a single volumetric tariff for electricity consumption. The subscription based tariff 

design charges consumers a single subscription fee for a capacity bracket. Consumption within the 

capacity bracket isn’t additionally charged, whereas outside-bracket consumption is charged a premium 

volumetric charge. Finally, the dynamic tariff design charges a single volumetric tariff which’ height 

reflects the expected grid utilization values. In addition to these alternative tariff designs, a local market 

mechanism is proposed which allows local trade of electricity between the industrial park companies.  

The tariffs’ effects on industrial park stakeholders is assessed using a multi method simulation model. 

The model uses real-world input data from the Bleiswijk industrial park and external market prices. To 
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assess the effects of different tariff designs on different types of companies, several personas are 

defined, each representing a specific type of company. Three personas are identified within the available 

Bleiswijk company data, namely, the prosumer, high usage company, and low usage company. The 

multi method model simulates an industrial park with 1 prosumer, 3 high usage companies and 6 low 

usage companies, which reflects the real-world Bleiswijk industrial park.  

This work analyses four simulation scenarios. Each of these represent a specific tariff design. The first 

scenario represents the current tariff design and is used as a reference scenario. The second, third and 

fourth scenarios represent the single tariff, subscription based and dynamic pricing tariff respectively. 

Each of these scenarios involve 10.000 model simulations. The input values for external market prices 

and local electricity generation are randomized, which’ random seed is equal for all four scenarios. This 

work presents the aggregate simulation outcome for the 30th to 80th percentile of simulations as the 

bottom and upper percentiles are deemed outliers.  

Each scenario is analysed at three different levels: the persona level, industrial park level and an analysis 

of the tariff’s regulatory principles. First, the persona level analysis provides insight into how different 

types of companies are affected by changing tariff designs. This is assessed by a micro-economic 

analysis based on each persona’s capacity usage and electricity bills. Second, the industrial park level 

analysis describes the effects of different tariff designs on the local grid operator. A micro-economic 

analysis is performed using the total amount of electricity flows within the local grid and the grid 

operator’s revenue. Additionally, it provides insight into how average and peak grid utilization values 

develop under different tariff designs. Third, the regulatory principle analysis assesses whether the 

proposed tariff designs are feasible within the current Dutch regulatory settings. This is assessed on the 

basis of 7 tariff design principles which are proposed by the Dutch regulatory authority. The seven 

principles are the non-discriminatory, cost reflection, cost recovery, non-distortionary, predictability, 

simplicity, and transparency principles. These qualitative principles are assessed using quantitative 

indicators which are comprised out of model outputs.  

This work’s main results are as follows. First, it illustrates that different tariff designs affect stakeholders 

in different ways. When designing alternate tariff designs it is therefore important to acknowledge it 

will have various effects on different stakeholders. This does not mean that the chosen tariff design will 

be beneficial for all stakeholders. Each tariff design comes with its own set of trade-offs which can’t 

satisfy all stakeholders. However, by considering the effects on individual stakeholders, the transition’s 

burdens and gains can be spread out more equally.  

Second, each of the studied tariff designs has its own set of benefits and downsides, and all of them 

could, to some extent, help facilitate the energy transition in Dutch industrial parks. However, the 

potential of both the single tariff and subscription based tariff designs is limited to specific situations in 

industrial parks. The single tariff design is able to cut down high consumption levels and can therefore 

alleviate stress in congested local grids with large consumers by incentivising energy efficiency and 

consumption reduction. However, the design is inherently non-cost reflective and leads to more grid 

utilization peaks. The subscription based tariff could provide companies access to flexibility 

technologies which might prove valuable for industrial consumers which haven’t yet invested in such 

technologies. However, the subscription based tariff design is inherently discriminatory and non-cost 

reflective and therefore doesn’t fit within the Dutch regulatory settings. The dynamic tariff design, on 

the other hand, has potential to be beneficial in a wide range of industrial parks. It allows non-congested 



5 

 

local networks to serve as a buffer for the larger electricity grid, whereas in congested networks it 

incentives consumers to decrease or shift their capacity usage to off-peak periods. This potentially 

reduces peak grid utilization and therefore the amount of congestion events. Therefore, the dynamic 

tariff design has most potential of facilitating the energy transition within Dutch industrial parks. 

 

  



6 

 

1 Introduction 

The ongoing energy transition is changing energy systems worldwide. There are at least three major 

trends which can be identified: increasing electrification, renewable energy generation, and increasing 

local initiatives (Donker et al., 2015; van der Welle et al., 2014). First, products and activities are 

increasingly fuelled by electricity. Naturally, this electrification directly increases electricity demand, 

putting additional strain on current power systems. Second, an increasing share of electricity supply is 

generated through renewable energy technologies such as solar PV and wind turbines. The productivity 

of such technologies depends strongly on heavily fluctuating, hard to predict weather conditions. This 

growth of the renewable energy share decreases the predictability of the electricity supply. Third, 

climate concerns and potential self-sufficiency drive local initiatives to invest in both local generation 

and storage capacity. Traditionally centralized power systems are therefore becoming increasingly 

distributed. 

The three above-mentioned trends increase the potential for congestion as the current system isn’t 

prepared for increasing loads while maintaining service levels with increasingly intermittent renewable 

energy sources. Congestion occurs whenever electricity load exceeds grid capacity, resulting in the 

inability to transfer electricity. Congestion management has been an important task for grid operators 

within the Netherlands. Congestion forces grid operators to invest in additional grid capacity. Such 

investments are costly and long-term and therefore unfit for the rapidly changing energy environment. 

On the other hand, congestion causes renewable energy production curtailment. During production 

curtailment, prosumers, consumers which also produce electricity, are unable to export their energy 

surpluses. Combining these factors, congestion has the potential of becoming a major hampering factor 

in the energy transition. 

In addition to their effect on congestion, the three trends also complicate the balancing of electricity 

supply and demand. The balance between supply and demand is directly reflected in the grid’s 

frequency. Frequency fluctuations damage electrical components and appliances within and connected 

to the grid. Electricity storage is both difficult and expensive, therefore, supply and demand are balanced 

in real-time. Traditionally, large centralized producers have fed electricity directly into the high voltage 

grid. In order to keep the balance, electricity was only generated whenever demand deemed it necessary. 

Nowadays, electricity is increasingly generated locally and is fed both into the high and low voltage 

grids. This growth of distributed activities complicates the task to centrally balance supply and demand. 

Demand side flexibility, the ability of consumers to react to inadequate energy levels by shifting, 

decreasing or increasing their consumption, is increasingly proposed to solve this problem. Enabling 

flexibility can also serve as congestion management, as flexibility can reduce the load on the distribution 

system during peak congestion times. 

Single, small consumers are unable to provide sufficiently large amounts of flexibility to benefit the 

system. A collection of consumers can, when aggregated, provide sufficiently large amounts of 

flexibility. Industrial parks represent a collection of consumption, generation and storage activities. 

Such a collection provides unique flexibility opportunities internally and to the grid. Within the 

Netherlands there are more than 3,500 different industrial parks consuming a total of 384PJ of electricity 

(RVO, 2017). An average Dutch industrial park therefore consumes roughly 30 million kWh per year 

which is roughly equivalent to the yearly consumption of 10,000 average Dutch households consuming  
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2730 kWh per year (CBS, 2020). Although the potential in industrial parks is large, currently, flexibility 

implementation is limited to short-term projects rather than long-term implementation. 

Demand side flexibility requires a dynamic tariff structure which signals consumers whenever 

electricity is abundant or scarce. These price signals enable and incentivise consumers to change or shift 

their consumption to minimize electricity costs. Within the Netherlands, such a tariff structure currently 

does not exist. Tariffs are flat throughout the day, negating prosumer’s incentives for providing 

flexibility. Grid operators also don’t incentivise local trade, as grid operators are only compensated 

whenever consumers purchase power from the national grid. Increasing amounts of local trade would 

therefore decrease the grid operator’s revenue. 

This work will study the effects of different tariff designs within an industrial park setting. The focus 

will be on network tariffs which aim to recover the costs incurred during the transmission and 

distribution of electricity. It aims to provide insight into which types of network tariff designs guide 

industrial park stakeholders into efficiently using the local grid infrastructure.  

This section will continue by discussing prior research on network tariff designs and their effect on 

industrial parks. Subsequently, this work’s research questions are defined, and an overview of this work 

will be provided. 

1.1 Prior Research 

Network tariff designs aim to recover costs incurred during the transmission and distribution of 

electricity. As a structural part of the energy pricing system, network tariff designs have coevolved with 

the energy system. Initially, both electricity generation and transmission activities were performed by 

large electricity suppliers. The electricity grid facilitated unilateral electricity flows from these large 

electricity suppliers to end consumers connected to lower levels of the grid. Transmission costs were 

simply recovered by charging consumers uniform network costs depending merely on consumer class 

and grid connection type. Reneses and colleagues (2013) find that the importance of network cost 

allocation grew with the liberalization of electricity markets. The increased market competition required 

network tariffs to become more cost reflective as to adequately inform new investors. Grid costs are 

mainly driven by peak capacity needs and therefore a cost reflective tariff should reflect these needs. 

Schittekatte and Meeus (2018) argue that although fully cost reflective network tariffs were theoretically 

possible, implementation constraints due to incomplete real-time network information complicated their 

actual implementation. Therefore, most network tariffs settled for using volumetric charges which 

where only slightly less cost reflective but more predictable, simpler and easier to measure with the 

existing metering infrastructure. Nowadays, volumetric components are still common in network tariff 

designs.  

Recently, the growth of distributed generation and storage capabilities have resulted in increasing 

amounts of bidirectional flows as prosumers feed excess electricity back into the grid. The physical grid 

infrastructure is able to facilitate such flows, however, current network tariffs are not designed with 

bilateral flows in mind. The growth of distributed generation, storage capabilities and flexibility demand 

require network tariffs to become even more cost reflective. Network tariffs should adequately inform 

consumers about the incurred transmission costs to guide them into making efficient use of the local 

grid (Reneses et al., 2013; Schittekatte & Meeus, 2018).  
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The growth of distributed generation, storage capabilities and flexibility demand require network 

designs to change. However, actually changing network tariff designs is problematic. The energy 

system forms the backbone of society and many industries, leading to many vested interests within the 

current energy system. Network tariffs represent a part of the energy system’s rules and regulations, 

and part of these vested interest are based on these. Implementing significant changes into network 

tariffs will therefore result in different effects on different stakeholders. Azarova and colleagues (2018) 

provide an example of this effect in their study on the effects of tariff designs on household 

expenditures. They find diverse effects on different types of households and argue that implementing a 

general solution without regarding the effects on different household types would most likely shift the 

burden of recovering network costs to lower-income households.  

There is little known of the effects of tariff designs within industrial parks. Existing research has 

primarily focussed on households or other consumers connected to lower levels of the grid 

infrastructure. Prior research on household consumers can be split into two categories. The first category 

focusses on actively changing household consumer behaviour through tariff designs (Azarova et al., 

2018; Vardakas et al., 2015). This research is based on traditional economic thought which argues that 

consumers, as fully rational economic agents, will change their behaviour based on economic signals. 

However, it is increasingly evident that household consumers are not fully rational economic agents 

and are subject to behaviour biases such as loss aversion and preference of the status quo (Baddeley, 

2011; Darby, 2006; Schultz et al., 2007). Household consumers do not respond to limited monetary 

gains as much as expected and/or revert to their old behaviour post-experiment. Insights from 

behavioural economics are increasingly used to provide solutions for this consumer behaviour, for 

example, by providing visual normative feedback on consumer’s electricity bills (Darby, 2006; Schultz 

et al., 2007). 

The second category of household level research focusses on passively changing a household’s energy 

behaviour by managing smart flexible appliances such as heat pumps, washing machines, freezers or 

electric vehicles (D’hulst et al., 2015). Managed through ICT-based platforms, these smart appliances 

automatically respond to economic signals from tariff designs. These platforms are both used to 

optimize single households’ electricity use and larger systems comprised by multiple households. 

However, the current limited adoption of smart appliances has resulted in limited implementations 

mostly in pilot projects (for example in (Bliek et al., 2010)).  

This work differs from the household level research in some key ways. First, household consumers are 

connected to the lower parts of the electricity grid, whereas industrial parks are connected to the medium 

voltage grid. Second, individual consumer consumption volumes and capacity usages are significantly 

larger in the industrial park setting. Additionally, industrial consumers have access to capacity markets 

whereas household consumers don’t. Third, whereas household consumers tend to have behavioural 

biases, industrial consumers increase their competitiveness through cost minimization and therefore act 

more rationally (Boeve et al., 2018).  

1.2 Research Questions 

This project aims to improve upon the limited knowledge available on the effect of tariff designs on 

industrial parks. The research question is defined as follows:  
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RQ: “To what extent can different tariff designs accelerate the energy transition in Dutch 

industrial parks?” 

Three subquestions are defined to answer this research question. Industrial parks are a collection of 

different companies each with its own size, set of motivations, skills and competences. Ideally, a tariff 

design transfers value symmetrically over all types of companies. However, different tariff designs will 

lead to diverse effects for different stakeholders. The first subquestion assesses the fairness of different 

tariff designs, and is defined as follows: 

SQ1: “How are different types of companies affected by changing tariff designs?” 

Industrial park stakeholders aren’t limited to different types of companies. Grid operators are important 

stakeholders which operate and uphold grid the infrastructure. The second subquestion assesses the 

effect of different tariff designs on grid operators and its potential for providing flexibility services. It 

is defined as follows: 

SQ2: “How are grid operators affected by changing tariff designs, and to what extent can 

different tariff designs provide grid operators flexibility services which can be used in congestion 

management?” 

The third and final subquestion questions the tariff design’s viability for real-world application. It is 

defined as follows: 

SQ3: “To what extent are different tariff designs feasible within the current tariff regulation 

setting?” 

These subquestions will be answered based on a multi method modelling approach. A multi method 

model is created based on real-world data from an industrial  park in Bleiswijk, located near Rotterdam 

in the Netherlands. Output variables measured are both monetary, namely annual company bills and 

grid operator revenue, and grid specific outputs such as grid utilization values.  

The remainder of this work is organized as follows. Section 2 will provide the theoretical foundations 

of this research. It will discuss the current state of the Dutch electricity network, its actors and their 

roles. Furthermore, it will discuss the foundations of network tariffs and the seven regulatory principles 

of the Dutch tariff code. Section 2 will conclude by describing the current Dutch tariff design. Section 

3 will discuss three alternative tariff designs which will be studied in this work. The methodology used 

in this work is described in Section 4. Included in this section is a description of the multi method model 

and its components and the three levels of analysis. These three levels of analysis will be performed in 

Section 5, 6 and 7 respectively. The first analysis (Section 5) is performed at the company level and 

aims to answer subquestion SQ1. Subquestion SQ2 is answered by the industrial park level analysis in 

Section 6. Finally, in Section 7, an analysis of the tariff design’s underlying principles is performed, 

providing an answer to subquestion SQ3. This work’s conclusion, and the answer to its research 

question, is presented in Section 8, after which this work concludes with a discussion in Section 9.  
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2 Theory 

This section provides the theoretical foundations of this work. It will start by describing the Dutch 

power system, its actors and their roles and the different electricity markets in Section 2.1. This is 

followed by a description of network tariffs and its most common components in Section 2.2. Section 

2.3 describes the regulatory aspects of designing network tariffs after which the current tariff design is 

described and discussed in Section 2.4. 

2.1 The Dutch Power System 

Electricity systems are socio-technical systems (Verbong & Geels, 2007) which have evolved from 

local producers serving a few consumers into a large system with many producers serving many 

consumers connected by extensive transmission and distribution networks. Fuelled by the requirements 

of producers and consumers, technical innovations and political interventions, the Dutch electricity 

system has been in constant flux. The current state of the Dutch electricity network, its actors and their 

roles, will be described in the following, serving as the foundations for this research. 

2.1.1 Physical Network 

The physical electricity system is a complex system with many different levels. Depending on the scope 

of research, different distinctions between these levels can be made. Most research on smart grids and 

tariff designs is aimed at the residential end-consumer. This work, however, focuses on the industrial 

park level. Therefore, an overview of the physical network is provided which emphasizes the 

differences between residential and industrial park end-consumers. The overview is displayed in Figure 

1 and its different levels are described below. 

Figure 1: Schematic representation of the Dutch physical electricity grid. Different levels represent: (1) high voltage 
(HV) network, (2) medium voltage (MV) network, (3) industrial park and (4) low voltage (LV) network. 
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1. High voltage network: The Dutch high voltage (HV) network is operated by TenneT, the 

Dutch transmission system operator (TSO). The nationwide network connects to large scale 

power producers which feed their production into the HV network. These large electricity 

volumes are transported over large distances using high voltages (110 - 380 kV) to limit the 

amount of losses. The HV network is connected to the medium voltage (MV) network by a 

transformer which transforms the voltages between the two networks. 

2. Medium voltage network: The MV network operates at voltages between 3 and 50 kV and is 

the responsibility of one of eight Dutch distribution system operators (DSOs). This network 

transfers the electricity from the HV network to local areas. Large consumers and producers 

are often connected to this network as they require sufficient capacity. Industrial parks are also 

connected to the MV network. 

3. Industrial park: An industrial park represents a collection of companies connected to the same 

local grid, which is connected to the MV network by a transformer. This local grid is also the 

responsibility of the respective DSO. Capacity requirements are often large for industrial parks, 

which justifies their connection to the MV network. 

4. Low voltage network: The MV network further splits into several low voltage (LV) networks 

(0.4 kV) to which residential end-consumers are connected. DSOs are also responsible for the 

LV networks. Capacity requirements of individual households are low and can therefore be 

served by the lower capacity cables in the LV network. 

2.1.2 Actors 

The Dutch electricity market has been liberated by the 1998 Electricity Law (Ministerie van 

Economische Zaken, 1998). The Electricity Law has been undergoing amendments over the years, 

however, still serves as the foundation of Dutch electricity policy. It includes rules for generation, 

transmission, distribution and supply of electricity; defining the roles within the electricity system 

(Janssen et al., 2009).  

The 1998 Electricity Law established the state-owned transmission system operator (TSO) TenneT 

which is responsible for the nation-wide transmission network (the HV grid). The transmission network 

connects all regional networks which are constructed, maintained and managed by one of eight DSOs. 

Distribution networks form physical monopolies and are therefore regulated by the government. The 

Dutch regulatory authority is the ACM (‘Autoriteit Consument en Markt’). DSOs are responsible for 

connecting final consumers to the regional network, allowing them to consume electricity from the grid.  

Electricity is both difficult and expensive to store in large volumes. To ensure a stable net-frequency, 

supply and demand therefore need to be balanced in real time. TenneT is responsible for this on the 

national level. Within the Netherlands, unlike in most other European countries, Balance Responsible 

Parties (BRPs) are an important party for the balancing of power (Donker et al., 2015). A BRP is an 

authorized party which represents a portfolio of generation and consumption capacity. Most BRPs are 

large energy companies such as Eneco or Vattenfall, however, BRPs representing small amounts of 

generation and consumption capacity also exist.  

BRPs are mandated by law to inform TenneT of their forecasted net demand and transportation 

volumes. These are communicated to the TSO in an E-program and T-prognosis respectively 

(Tanrisever et al., 2015; TenneT, 2020b). The collection of T-prognoses is used by TenneT to identify 
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capacity bottlenecks within the grid, whereas the collection of E-programs is used both to balance 

supply and demand and to settle payments after electricity delivery.  

2.1.3 Markets 

Electricity is traded via long-term bilateral contracts and through several markets with different time 

horizons. These electricity markets can be subdivided into three types: over-the-counter (OTC), spot 

markets and imbalance or ancillary services markets (Donker et al., 2015). Within the Netherlands, 

access to these markets is limited to BRPs as these represent sufficiently large production and generation 

capabilities. Small end-users are therefore excluded from these markets. 

OTC contracts are long-term arrangements between electricity producers and consumers. Within the 

Netherlands, OTC contracts are traded on the European ENDEX market. On the ENDEX market large 

blocks of electricity are traded, for example base or peak load blocks (Tanrisever et al., 2015), which 

accounts for the lion’s share of total Dutch demand (Donker et al., 2015; Janssen et al., 2009).  

There are two spot markets within the Netherlands, a day-ahead (DAM) and intra-day market (IDM), 

both managed by market operator EPEX. The DAM is an auction market where firms can buy or sell 

electricity for the next day. Based on supply, demand and the physical constraints of the grid, a market 

algorithm establishes a spot market price for each hour of the next day. Since 2006, EPEX has also 

operated an intra-day market. Here, market participants can update their spot positions up to 5 minutes 

before physical delivery of the electricity. In general, IDM prices are more expensive than DAM prices 

(Tanrisever et al., 2015).  

Finally, imbalance markets (or markets for ancillary services) are used for balancing purposes. The 

power grid always needs to be in balance  to ensure a stable frequency of 50 Hz. However, electricity 

supply and demand cannot be accurately forecasted, and therefore imbalances naturally occur. TenneT 

uses three types of spare capacity to recover imbalances within the system: short-term adjustment 

capacity, reserve capacity and emergency capacity (Tanrisever et al., 2015). Short-term adjustment 

capacity and reserve capacity are used to balance demand and supply, whereas emergency capacity is 

only used in emergency situations.  

Adjustment capacity, or frequency containment reserves (FCR) automatically activate whenever a 

frequency deviation of at least 0.2 Hz is detected. The goal of FCR is to stabilize the frequency 

disturbance within the entire internationally connected HV grid in a 30 second period. The European 

Network of Transmission System Operators for Electricity (ENTSO-E) obligates TSOs to have a certain 

FCR volume available. In 2019, ENTSO-E required TenneT to have 111 MW of FCR capacity available 

at all times (TenneT, 2020a). TenneT acquires its FCR capacity through daily auctions.  

TenneT distinguishes between  two types of reserve capacity, automated and manually controlled 

frequency (aFRR and mFRR). The aFRR is activated after the FCR and aims to restore the frequency 

within 900 seconds (15 minutes). TenneT acquires aFRR through capacity contracts with suppliers 

through weekly and daily tenders. Manual FRR is reserve power used for balancing purposes. To ensure 

liquidity in the adjustment and reserve capacity markets, TenneT obligates every BRP with a capacity 

above 60 MW to offer bids for adjustment and reserve capacity. Finally, emergency capacity is required 
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by law to be equal to a percentage of a power plant's total capacity. Emergency capacity is only called 

upon in emergency situations and has priority above all other calls (TenneT, 2020c).  

The imbalance markets are operated in real-time with TenneT as a single buyer. After the electricity 

commodity has been delivered, imbalance costs and volumes are calculated after which each BRP is 

charged or compensated for their positions. 

2.2 Electricity Price 

BRPs trade electricity on the various markets described in the previous section. Most end-users, 

however, are excluded from these markets to shield them from the price volatility on the external 

markets. End-users are only able to purchase electricity from their respective retailer. 

Retail electricity prices consist of three components: energy, network, and taxes (Boeve et al., 2018). 

Before being consumed by its final consumer, electricity must be generated and transported. Costs 

incurred along electricity generation and transportation are represented in the retail electricity price by 

the energy and network component respectively. Additionally, the tax component represents all the 

taxes charged on both electricity generation and transportation.  

Retail electricity prices vary for different final consumer classes. Typically, residential consumers are 

charged larger amounts per consumed unit of electricity than industrial consumers. This difference is 

explained by industrial consumers’ larger consumption volumes and connections to the higher levels of 

the grid (Boeve et al., 2018). Larger purchase quantities reduce wholesale market prices for industrial 

consumers, resulting in lower retail prices. Furthermore, industrial consumers are often connected to 

either the high- or medium-voltage network. They don’t make use of the lower grid levels and are 

therefore charged less.  

2.2.1 Network Tariffs 

This work is focussed on the industrial park level. Therefore, it focuses on the network component of 

the retail electricity price. The local DSO charges the network component using a specific network tariff 

design. For industrial consumers, such a tariff design typically consists of three components. These 

components charge consumers for their connection to the grid (one-time and periodic payment), peak 

capacity (€/kW peak), and consumption (€/kWh). A description of each of these components is provided 

below, including additional remarks relevant for this work: 

1. Connection costs: Connection costs are charged for the initial instalment and periodic 

maintenance of the physical connection to the grid. This work will largely disregard connection 

costs as these are independent of realized consumption or capacity needs and therefore of less 

interest for the energy transition. 

2. Capacity costs: The cost of grid infrastructure is dominated by its capacity needs as these 

dictate the required weight (and therefore costs) of the cables (Boeve et al., 2018; Werkgroep 

Tarieven, 2018). The grid’s capacity is based on the combined capacity needs of its consumers 

during peak times, the so-called coincident peak capacity usage. Consumers are charged 

accordingly; based on their peak capacity needs.  
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Capacity costs are especially relevant in the industrial park setting. The limited number of 

consumers and the often large amounts of electricity consumed result in each individual 

consumer using large shares of the local grid’s capacity. Additionally, some industrial 

consumers have seasonally variable load profiles which require extra capacity during certain 

periods of the year. This combination leads to large variations in grid utilization rates, leaving 

large amounts of unused capacity during times of low consumption. 

As for the energy transition, capacity costs are of more importance. Capacity costs depend on 

expected and realized maximum consumption. It would be beneficial for the energy transition 

whenever industrial consumers invest in electricity generation and storage activities, which 

could lower their respective capacity needs. Calculating capacity costs using maximum 

consumption over long periods disincentivises investment in generation and storage, as 

lowering consumption doesn’t directly result in lower capacity costs. Capacity costs will only 

decrease whenever the maximum consumption peak decreases. Shorter measurement periods 

would be beneficial, as a single consumption peak will only be used in calculating costs for 

such a short period, allowing investments that lower capacity needs to decrease capacity costs 

over the other periods. 

The capacity concern in the industrial park setting differentiates this work from most other 

smart grid studies. Most smart grid studies focus on the low voltage network with households 

as the primary consumers. Both the lower household consumption levels and the amount of 

household consumers connected to the same local grid limit the impact of individual households 

on the local grid. 

3. Consumption costs: Consumers are charged consumption costs depending on their consumed 

electricity volume. Consumers are mostly interested in consumption volumes as it dictates what 

and how many appliances or activities can be powered. Capacity concerns are of less 

importance to consumers. As long as electricity is transferred to the consumer, i.e. without grid 

congestion, consumers aren’t affected by capacity concerns. Industrial consumers are especially 

interested in consumption volumes as it directly influences the amount of goods or services 

which can be produced.  

Traditionally, consumption costs have been flat; charging a standard fee per consumed unit of 

electricity. However, a flat consumption tariff design does not pass through any of the 

electricity’s wholesale price volatility nor does it reflect the situation in the local grid. A flat 

tariff shields consumers from price fluctuations. When consumption prices don’t depend on the 

scarcity of the electricity commodity, consumers aren’t able, nor incentivised, to change their 

consumption and provide demand side flexibility. A dynamic tariff design which signals 

consumers the scarcity of the electricity commodity to a certain extent is a necessity for enabling 

demand side flexibility.  

Various dynamic tariff designs exist, each passing through wholesale price volatility to some 

extent. The most widely used dynamic tariff designs are Time-Of-Use (TOU), Critical Peak 

Pricing (CPP) and Real-Time Pricing (RTP) (EURELECTRIC, 2017). TOU designs charge 

different fixed rates for different time-periods across the day. Increasing the number of different 

time-periods increases the dynamicness of a TOU design. CPP designs charge substantially 

larger prices for the few days or periods at which wholesale prices are highest, while charging 
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lower than average during the rest of the year. Such designs are effective in reducing load during 

these peak periods. In an RTP design, consumers are directly charged the wholesale electricity 

price. Depending on the metering interval, consumers are charged in either daily, hourly or 15-

minute interval blocks. 

2.3 Tariff Regulation 

Distribution and transmission networks are natural monopolies and are heavily regulated to protect 

electricity consumers. The setting of tariffs is one of many regulated aspects. In short, within the 

Netherlands, tariff regulation is constructed through the following processes. Initially, the government 

(Ministry of Economic Affairs) provides a rudimental tariff structure. Subsequently, the Dutch regulator 

(Authority Consumer and Market (ACM)) expands this structure into a tariff code. Individual DSOs 

propose tariff levels based on this tariff code, which’ approval is ultimately decided by ACM 

(Mercados, 2015). 

Traditionally, tariffs were designed to generate sufficient money to cover each participant’s incurred 

costs. Tariffs needed to ensure efficient operation of the network, provide proper incentives to innovate 

while delivering electricity at minimum cost. Nowadays, enabled by ICT technologies, tariffs are 

increasingly able to enable consumer’s active participation by providing them with economic signals. 

Adequate economic signals allow consumers to respond to scarcity of the electricity commodity, 

optimizing system operation. Tariff designs which combine the traditional role of tariffs with its current 

day’s demands should reflect various principles identified in literature (Mercados, 2015; Reneses et al., 

2013) 

2.3.1 Tariff Principles 

The European Union has created a variety of principles for tariff regulation. Mercados (2015) grouped 

these into three sets, namely sets of principles for system sustainability, economic efficiency, and 

protection. First, system sustainability principles aim to construct an economically sustainable system 

and incentivise innovation. An example of such a principle is sufficiency, which allows tariffs to fully 

recover DSO costs including a reasonable return on capital. Second, the economic efficiency principles 

are aimed towards a system which maximises social welfare by providing both DSOs and consumers 

with adequate signals. Examples of such principles are productive efficiency which ensures that 

network services are performed at the lowest possible cost, and cost reflectiveness which states that 

consumers should be charged for the services they receive. Third, the protection principles are in place 

to protect stakeholders. Examples are transparency which ensures that tariffs are publicly available, 

non-discrimination which ensures that all participants are treated equally, and predictability which 

ensures tariffs to be based on observable variables which are known to all participants in advance. 

The EU tariff principles are extensive although do leave room for individual member state 

interpretation. National regulatory authorities are allowed to tailor their regulatory frameworks towards 

their country’s specifics. Within the Netherlands, ACM compressed the EU tariff principles into seven 

national principles (ACM, 2017): non-discriminatory (equity), cost reflection, cost recovery, non-

distortionary, predictability, simplicity, and transparency. A description of all seven principles is 

provided below: 
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• Cost recovery: The cost recovery principle is arguably the most important tariff principle. A 

tariff design which isn’t able to recover all its incurred costs is economically unsustainable and 

therefore unable to exist without external funding (Reneses et al., 2013). 

• Non-discriminatory: The non-discriminatory, or equity, principle has many interpretations. 

Burger and colleagues (2019) identify two types of equity: allocative, and distributional. A 

tariff is allocatively equitable whenever identical consumers are charged equally. Consumers 

with the same grid connection consuming at the same time are considered identical and 

therefore charged equally. A distributional equitable tariff charges consumers proportional to 

their economic capability, as to protect vulnerable consumers (Dameto et al., 2020). This 

work’s non-discriminatory principle is defined as Burger and colleagues’ (2019) allocative 

equity as it studies consumers in an industrial park setting which are connected to the same 

local network. Therefore, a non-discriminatory tariff is defined as a tariff which charges all 

customers equally, regardless of consumer type and electricity end-use (Mercados, 2015). 

• Non-distortionary: A non-distortionary tariff design doesn’t allow for selfish individual 

behaviour which negatively affects the workings and efficiency of the power system. An 

example of such undesirable behaviour would be gaming opportunities. 

• Predictability: A tariff should be predictable and its variables publicly known as to allow all 

participants to make fully informed choices (Mercados, 2015). In a non-predictable tariff design 

investments become highly risky, deterring future investments (Reneses et al., 2013). 

• Cost reflection: A tariff should be cost reflective, meaning that each of its shares should 

represent a respective incurred cost. Consumers should therefore be charged taking into account 

the costs they impose on the network (Mercados, 2015). 

• Simplicity: Tariffs should be simple and easy to understand. A simple tariff is more likely to 

be comprehended and accepted (Reneses et al., 2013). 

• Transparency: Transparency is the necessary control principle which allows verification of 

the other principles. Tariffs and the method used to create them should be publicly available to 

allow outsiders to assess whether it adheres to its own set principles (Dameto et al., 2020; 

Reneses et al., 2013). 

2.3.1.1 Indicators 

Tariff principles are of qualitative and subjective nature. To allow direct comparison between 

alternatives, tariff principle assessment requires quantified indicators. This work distinguishes two 

types of principles: intrinsic and system dependent. Intrinsic principles solely rely on the tariff’s design 

and are therefore inherent to a specific tariff. Therefore, using indicators, the intrinsic principles can be 

assessed post-implementation. System dependent principles, however, are a result of the behaviour of 

actors and dynamics between them within the power system environment. A tariff’s design can be aimed 

to suffice certain system dependent principles, however, system dynamics dictate whether it succeeds 

in doing so. Therefore, system dependent principles can only be assessed post-implementation. This 

work uses a multi method model which simulate the power system, allowing the assessment of system 

dependent principles without real-world implementation, in a risk-free environment. Within this work, 

simplicity and transparency are considered intrinsic principles, while the remaining five principles are 

considered system dependent. The specific indicators used in this work are defined in Section 4.2.4. 
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2.3.2 Trade-offs 

A tariff is designed with its own set of underlying principles. However, it is important to note that it 

will never be able to fully satisfy all its underlying principles. This is impossible as some of these 

principles aren’t fully compatible with each other. Therefore, a tariff design will always come with a 

set of trade-offs; emphasizing on some principles while understating others. The following section will 

provide some examples of synergies and anti-synergies between the seven Dutch national principles. 

Cost reflection and simplicity are inherently anti-synergistic. A tariff which emphasizes on cost 

reflection needs to assign a price to all individual costs made across the generation, transmission and 

distribution stages. This naturally results in a highly specific tariff with many facets which decreases 

the tariff’s simplicity. Additionally, the cost reflective principle often contradicts with some aspects of 

the non-discriminatory principle. Merely assigning tariffs to incurred costs will result in poor consumers 

paying equal amounts as others, which might be deemed unfair. Furthermore, cost reflective tariffs 

might involve a spatial component as some costs are incurred locally, for example through congestion. 

This will result in consumers being charged differently depending on their location. This is undesirable 

as it retroactively affects consumers’ electricity costs without them having a counteracting ability (apart 

from relocating) while also having the potential to affect real-estate prices. 

There are also certain synergies between tariff design principles. Predictability often results in 

simplicity which improves the potential for transparency. In a predictable tariff design, participants are 

able to make fully informed choices. This requires some sort of simplicity as decisions have to be made 

on short notice without unlimited computing capacity. A simple tariff design doesn’t necessarily 

increase its transparency, however, as it is easier to communicate to and understood by overseers, it 

increases its transparency potential. 

These examples of relations between tariff principles underline that every tariff design comes with its 

own set of trade-offs. Emphasizing certain principles will lead to understating others. The final tariff 

design will define a middle-ground between the set of principles based on thorough consideration of its 

trade-offs 

2.4 Current Tariff Design 

As mentioned in Section 1.1, network tariff design has coevolved with developments in the energy 

system. Traditionally, the physical grid infrastructure facilitated unilateral flows from large centrally 

located producers to end consumers connected to lower levels of the grid. Nowadays, the growth of 

renewable distributed electricity generation and local storage capacities results in bidirectional flows. 

Electricity no longer flows exclusively from large producers to end consumers as prosumers feed 

electricity into the grid when net producing. Additionally, prosumers are empowered as they themselves 

decide how to use their assets. The physical grid infrastructure is able to facilitate bidirectional flows, 

however, traditional network tariffs are not designed to charge such bilateral flows. A change in design 

perspective is required which facilitates bilateral flows and consumer empowerment.  

The current Dutch network tariff design is a traditional design which’ main underlying principle is the 

cost recovery principle, followed by the non-discriminatory and cost reflection principles. First and 

foremost, economic viability requires a tariff to be able to recover all costs. The current tariff design 
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has been able to do so in a fairly cost reflective and non-discriminatory manner. However, the tariff is 

designed for unilateral flow networks and therefore struggles in charging bilateral flows in a cost 

reflective manner. Additionally, the lack of a widely rolled-out smart metering infrastructure has not 

allowed the current tariff design to be fully cost reflective. The result is a tariff design for industrial 

consumers which applies all three previously described components: connection costs, capacity cost, 

and consumption costs (Stedin, 2020). These components are described below and are followed by a 

discussion. 

• Connection costs: A connection cost is charged for both initial connection and periodic 

maintenance which’ height depends on connection type and capacity. As mentioned before, 

connection costs aren’t of particular interest in this work and will therefore be disregarded 

further. 

• Capacity costs: Capacity costs are split into three parts. First, a fixed cost is charged which’ 

height depends on the connection type. Second, consumers are charged based on their 

contracted transport capacity. Contracted transport capacity is the consumer’s expected 

maximum capacity at any point during the year. Consumers are charged a yearly flat tariff per 

contracted kilowatt-hour which’ height depends on the type of grid connection. Third, 

consumers are charged based on their realized maximum required capacity. The DSO decides 

on the temporal basis which realized maximum required capacity is measured. Typically, these 

are measured on a monthly or yearly basis. Consumers are charged a flat tariff per maximum 

realized kilowatt-hour which’ height depends on the connection type. Figure 2 provides an 

illustration of the capacity costs. 

Figure 2: Illustration of the current tariff design’s capacity cost components. Blue curve represents a company’s 
capacity usage over time. Yellow and red lines represent the company’s contracted capacity and realized maximum 
capacity respectively. Flat charges are applied based on a company’s yearly contracted capacity and monthly (or 
yearly) realized maximum capacity. 

• Consumption costs: The consumption cost component for Dutch industrial consumers is of 

simple TOU design, having two flat tariffs applied on fixed periods. These fixed periods 

resemble day- and night-time hours, with the exceptions of weekends and holidays. 

Specifically, a ‘normal’ tariff is applied on weekdays from 07:00 to 23:00, while a ‘low’ tariff 

is charged on weekends, holidays, and night-time hours (23:00-07:00). Consumers are charged 

a flat rate per consumed unit of electricity, which’ height depends on the time of consumption. 

Figure 3 provides an illustration of the consumption cost component. 
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Figure 3: Illustration of the current tariff design’s consumption cost component. Blue curve represents a company’s 
capacity usage over time. The two time periods (red and green) represent fixed day- and night-time periods. 
Consumption costs are charged per unit of consumed electricity (€/kWh), with night-time tariffs lower than daytime 

tariffs. 

2.4.1 Discussion 

Traditionally, tariffs have been designed with the cost recovery principle in mind. A tariff’s main goal 

has been to recover each participant’s incurred costs while maintaining an efficient system. The current 

tariff design has been able to do so in a fairly cost reflective manner. The tariff’s flat and static nature 

is beneficial for its predictability, however, the inclusion of both capacity and consumption costs 

decreases its simplicity. Furthermore, the design does have some shortcomings when regarding the 

energy transition. These shortcomings are described below. First, a shortcoming related to the tariff’s 

consumption component is described, followed by shortcomings related to its capacity component. 

First, the inclusion of a consumption component incentivises companies to reduce their consumption. 

Furthermore, the consumption component’s simple TOU design does incentivise night-time over day-

time consumption. However, its static nature doesn’t adequately represent the scarcity of the electricity 

commodity nor does it reflect the situation within the local grid. Consumers are unable to change their 

consumption behaviour for the benefit of the local grid as they are not adequately informed.  

Second, both contracted and realized capacity’s temporal bases incentivises companies to reduce their 

highest peak capacity usage over the measured time period. However, these capacity charges are 

calculated on a per company basis without regarding the companies’ combined effect on the local grid. 

An individual company’s peak capacity usage might not correspond to the incident peak usage within 

the local grid, and therefore, the current tariff design might incentivise companies to focus their efforts 

on reducing the ‘wrong’ peak.  

Third, the ‘discussion group for network tariffs’ (Werkgroep Tarieven, 2018) identified a problem with 

the current tariff’s inclusion of both contracted and realized capacity. A temporary or incidental increase 

in consumption directly translates into higher fixed costs for both the tariff’s contracted and realized 

capacity components. They argue that, in the short term, this acts as a barrier for companies to provide 

demand side flexibility. Whenever electricity supply is high, companies could provide demand side 

flexibility by increasing their consumption for the benefit of the system. However, this temporary 

consumption increase leads to higher capacity costs for the company, and therefore acts as a barrier for 

companies to provide or invest in demand side flexibility. A similar argument is presented by 

Kolokathis and colleagues (2018) who argue that fixed charges ‘promote consumption at times of stress 

on the grid and overconsumption in general, resulting in increased costs for all.’ 

Fourth and finally, the fixed capacity components lead to non-cost reflective situations in which 

companies are effectively rewarded for consuming large amounts of electricity. This is especially 

evident for companies with seasonally variable demand. As capacity costs are governed by peak 
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capacity usage, such companies have relatively large shares of capacity costs during their low demand 

periods. These large fixed capacity cost shares result in high charges per consumed unit of electricity 

during these low demand periods, whereas charges are lower during higher demand periods. A 

simplified example is provided in Figure 4. Here, during its high consumption month, a company 

consumes 3 times more electricity, however, due to the large share of capacity costs is only charged 

1.67 times the costs. This below linear relation between a company’s consumption and its total 

electricity costs incentivises overconsumption.  

Furthermore, the abovementioned situation results in both cost reflective and discriminatory issues. The 

effect is the  opposite of a cost reflective tariff as the fixed capacity components effectively rewards the 

company for consuming large amounts and putting additional stress on the local grid infrastructure. 

Additionally, an argument can be made that although the current design’s components charge 

consumers with the same type of grid connection equally, its fixed charges ultimately result in 

discriminatory effects when considering the amount charged per consumed unit of electricity.  

Evidently, the current tariff design has shortcomings when regarding the energy transition. A future 

tariff should be designed to facilitate bilateral flows and consumer empowerment. The abovementioned 

shortcomings can be avoided by adhering to the following design criteria. First, fixed costs should be 

avoided as they promote overconsumption and consumption in times of stress. This would also 

potentially prevent the non-cost reflective and arguably discriminatory situations described above.  

Second, consumers should be incentivised to provide demand side flexibility through economic signals 

or other means. Third, information about the situation within the local grid should be incorporated 

within the tariff design as to adequately inform consumers about the grid situation. This would also 

prevent companies focussing on reducing peaks which don’t correspond to the local grid’s coincident 

peak usage.  

  

Figure 4:Simplified example of a company’s network costs during its low and high consumption months. The current 
tariff’s fixed capacity component results in a below linear relation between the company’s consumption and its 
network costs. Here, the company triples its consumption resulting in only 1.67 times the costs. 
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3 Tariff Structures  

This work studies the effect of three alternate tariff designs on industrial parks and its stakeholders. The 

three alternate tariff designs are a single tariff, a subscription-based, and a dynamic pricing design. 

These designs are studied in combination with a local electricity market. This market provides an 

additional market for the local companies to either sell excess electricity or buy electricity from a 

neighbouring company. This section starts by introducing the local market principle, followed by a 

description of the three alternate tariff designs. Finally, this section concludes with a discussion about 

zonal and nodal pricing and justifies this work’s focus on zonal pricing. 

3.1 Local Market 

The current energy system is based on the principle of centralised electricity production which is 

transported to its end user through the transmission and distribution networks. However, nowadays 

increasing amounts of electricity are generated locally through both traditional and renewable 

generation technologies. The increase in local intermittent renewable energy production results in an 

increasingly volatile grid utilization. Additionally, the mismatch between the time of PV production 

and peak demand results in the so-called ‘duck curve’ (Vox, 2018), resulting in an increase of peak 

demand during the evening hours. The increased grid utilization and volatility requires extensive grid 

reinforcements. Many DSOs, however, are reluctant to strengthen the local grid as they bear the high 

investment risks and too large grid reinforcements might result in deadweight loss due to low average 

capacity utilization. Whenever the grid isn’t sufficiently reinforced the congestion potential increases, 

resulting in an increase of curtailment events. The local electricity market concept provides an 

alternative to the extensive grid reinforcements by allowing its participants to trade electricity amongst 

themselves, effectively balancing local supply and demand. 

A local electricity market allows its connected parties to trade electricity amongst themselves. It offers 

several advantages to its participants. First, the local market effectively balances local supply and 

demand, reducing net electricity flows within the local grid. This may furthermore lead to reductions of 

peak loads, load volatility, and ultimately the reduction of curtailment events (Mengelkamp et al., 2018, 

2017; Stedin, 2018). Second, the local market concept can exist alongside the existing supplier model. 

The local market doesn’t replace the supplier model but adds upon it by introducing an alternative 

market in which local consumers can trade electricity amongst themselves (Stedin, 2018). This 

empowers the consumers by providing them additional choices for their electricity supply (Mengelkamp 

et al., 2017). Third, participants will be charged less or equal to their current electricity costs. Whenever 

locally generated electricity is consumed locally it isn’t transported long distances through the 

transmission and distribution networks. This reduces network costs, leading to profitable local market 

prices. Fourth, local electricity trade keeps profits within its community which encourages additional 

investments in renewable electricity generation technologies (Mengelkamp et al., 2018).  

Local electricity markets have been researched extensively, however, real-world applications are mostly 

limited to pilot projects. Soshinskaya and colleagues (2014) identify several technical and regulatory 

barriers for local market implementation. This work, however, assumes such barriers can be overcome, 

thereby assuming a functional local market within an industrial park setting. The local market and its 
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participants are defined by the industrial park’s physical boundaries. The local market used within this 

work’s simulation model will be described in Section 4.2.3.2. 

3.2 Alternate Tariff Designs 

This work proposes three alternative tariff designs: a single tariff, subscription based, and dynamic 

pricing design. This section will continue by shortly touching upon the design criteria of these alternate 

designs, after which the designs are described and a justification for including them within this work is 

provided. A summary for all tariff designs, including the current tariff design described in Section 2.4 

is provided in Table 1 presented at the end of Section 3. 

The discussion about the current tariff design (Section 2.4.1) resulted in three design criteria: avoid 

fixed costs, incentivise demand side flexibility, and include grid specific information. The single tariff 

design focusses on the first criterion by removing the current tariff’s fixed capacity components. 

Consumers are charged entirely on the basis of their consumption volume, therefore, the single tariff 

design embraces consumer empowerment by providing them maximum freedom. The subscription 

based tariff design focusses on the second criterion. It provides consumers predictability in their 

electricity bills by charging a single subscription fee. Additionally, it offers products and services 

tailored to the customer’s preferences, increasing the number of consumers with access to the latest 

technologies and thus increasing the potential for demand side flexibility. Finally, the dynamic tariff 

design focusses on all three design criteria. It incorporates grid specific information in a dynamic 

consumption tariff which incentivises demand side flexibility by providing consumers adequate 

economic signals.  

3.2.1 Single Tariff Design 

The first proposed alternative is a single tariff design. This design has no capacity component. 

Consumers are charged entirely based on their consumption volume. A single price is charged for each 

consumed unit of electricity. Figure 5 provides an illustration of the single tariff design.  

Figure 5: Schematic of single tariff design. Blue curve represents a company’s capacity usage. A single price is 
charged per consumed unit of electricity (€/kWh) regardless of the time of consumption. 

The single tariff design fully embraces consumer empowerment by providing maximum freedom for 

consumers. However, this does yield detrimental effects for the grid operator. The grid infrastructure 

represents large sunk costs for the grid operator which need to be recovered through its network tariffs. 

However, as consumers are only charged for their realized consumption, grid operator revenue becomes 

highly unstable. Therefore, grid operators are only incentivised to uphold frequently used grid 

infrastructure assets as its respective costs can be recovered. However, the costs of sparsely used assets 

can not be recovered through a single tariff design, and therefore, grid operators are disincentivised to 

uphold these. 



23 

 

A single, 100% volumetric, tariff design is one of the least intricate tariff designs possible. It is often 

used in less advanced electricity systems as it doesn’t require advanced metering technologies. 

Although inherently simple, predictable, transparent and non-discriminatory, its lack of intricacies 

prevents the single tariff design of being cost reflective. The single tariff design is effectively a stripped-

down version of the current tariff design’s consumption component. It lacks a capacity component and 

as grid infrastructure capacity represents the DSO’s main cost factor, the single tariff design is 

inherently less cost reflective than the current design. 

Although easy to implement, a single tariff design lacks dynamism. It doesn’t reflect the scarcity of the 

electricity commodity nor the capacity scarcity and is therefore unable to adequately signal this to the 

consumers. However, whenever considering industrial consumers only, such a design might be 

beneficial for grid operations through other means, namely by reducing consumption. Industrial 

producers consume large amounts of electricity when producing goods. The relationship between 

consumed electricity and number of produced goods is often linear. As described in Section 2.4.1, the 

current tariff design has a below linear relation between consumption and electricity costs, effectively 

incentivising companies to always produce at full capacity. The single tariff design, on the other hand, 

represents a linear relation between a company’s electricity bill and its consumption volume. Therefore, 

the single tariff design eliminates the incentive as total electricity costs are fully made up by 

consumption costs. Eventually, this should result in decreasing electricity usage. 

The single tariff design is inferior to the current tariff design. However, it resolves one particular 

problem. The single tariff design results in electricity bills which directly reflect electricity usage. A 

company’s electricity bill is simply equal to the amount of electricity it consumes multiplied by the 

single tariff charge. This work therefore includes the single tariff design as the simplest option available 

to directly represent electricity consumption in the final electricity bills. 

3.2.2 Subscription Based Tariff Design 

The second proposed alternative is a subscription based tariff design. It adds upon the single tariff design 

by introducing subscriptions. Consumers pay a subscription fee which allows them to consume 

electricity within their subscription bracket without paying additional charges. A consumer is allowed 

to consume outside of their bracket, however, is charged a higher price than current-day tariffs when 

doing so. The subscription based design differs from the current tariff design in that within-bracket 

consumption isn’t charged volumetrically. A visualization of the subscription based tariff design used 

in this work is provided in Figure 6 below. 

Two real world examples of subscription based tariff designs are identified. First, a  subscription based 

tariff has been proposed by a Norwegian regulator (Bjarghov & Doorman, 2018) to limit congestion 

during peak conditions. While acknowledging the merits of such a tariff, Bjarghov and Doorman argue 

that it also limits consumers’ capacity usage during times of low congestion (Bjarghov & Doorman, 

2018; Doorman, 2005). They therefore argue for a ‘dynamic’ subscription based tariff which physically 

limits consumers’ capacity usage only whenever there is real scarcity within the grid. 

Second, subscription based tariffs have recently gained attention following the success of subscription 

based business models in a range of other sectors such as telecommunication and  online entertainment 

(Netflix, Amazon Prime)(Utility Dive, 2018). Such business models aim at long-term customer 
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relationships by providing additional services which are enabled through mostly digital technology 

innovations. Within the electricity sector there is potential for subscription based business models 

enabled through technologies such as advanced meters, smart thermostats, distributed generation, 

electric vehicles or digital apps (Guidehouse Insights, 2018). A subscription based tariff design would 

offer various subscription levels offering various services tailored to customer preferences. Increasing 

numbers of customers could gain access to the latest technologies, increasing the potential for valuable 

flexibility services. Within the Netherlands, such subscription based tariffs are envisioned as future 

tariff designs for residential customers (van Cappellen, 2019). However, they might also prove valuable 

for industrial customers, especially those who haven’t already invested in capabilities related to 

electricity trade and distributed generation options. 

Figure 6: Illustration of the subscription based tariff design. Blue curve represents a company’s capacity usage 
over time. White capacity range represents the company’s capacity bracket, whereas red ranges represent outside-
bracket capacity usage. A single fee is charged for a capacity bracket, dependent on the bracket’s size. 
Consumption within the bracket isn’t charged, whereas outside-bracket consumption is charged per consumed unit 
of electricity (€/kWh). 

The subscription based tariff design provides financial stability for both consumers and grid operators. 

Consumers are charged a single subscription charge which is known in advance, and therefore, its 

annual electricity bill is perfectly predictable. This is also beneficial for grid operators as the 

subscription charges represent a stable revenue stream. Additional to financial predictability, the 

subscription based design improves consumption predictability. Companies are incentivised to consume 

within their respective brackets as this is most cost-effective. Assuming they do, consumption 

predictability will increase allowing for efficient grid operations.  

The addition of subscription brackets complicates the design’s cost reflectivity. On the one hand, one 

could argue that its cost reflectivity increases as the brackets introduce a form of capacity costs into its 

design. Whenever consuming outside of the bracket additional consumption costs are charged, 

therefore, incentivising consumers to consume within its bracket. On the other hand, whenever 

consuming within its bracket, consumers are charged a single subscription fee. This subscription fee 

merely depends on the bracket’s size and not on actual consumption. Following this argument, the 

subscription based tariff design decreases its cost reflectivity. Furthermore, as the single tariff design, 

the subscription based design lacks dynamism, which reduces the tariff’s cost reflectivity.  

Equal to the single tariff design, the subscription based design is inherently simple, predictable, 

transparent, and, when set up correctly, is able to recover all costs. However, the subscription based 

tariff design is inherently discriminatory. Whenever consuming within its bracket, a company is charged 

a single charge which merely depends on its bracket’s size. Therefore, companies with equal brackets 

consuming different amounts will be charged equally, which is the direct opposite of a non-

discriminatory tariff design.  
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3.2.3 Dynamic Pricing Design 

A dynamic tariff design charges a dynamic rate per unit of consumed electricity depending on several 

attributes within the system. Generally, a dynamic tariff uses either time-varying and/or load-based 

programs. In a time-varying program the price per unit of electricity changes based on time signals. The 

current tariff design’s two-period TOU consumption component is an example of a simple time-varying 

program. Here, rates are different during day- and night-time independent to the grid usage. A load-

based program charges rates which depend on grid usage or congestion. For example, the price of using 

the grid is lower when 40% of grid capacity is used than when 80% is used.  

A dynamic pricing scheme is defined by the number of rates and their duration. Usually, the number of 

rates is pre-defined and limited, however, it is also possible that no price zones are defined in advance. 

The duration of a rate can either be fixed, for example a fixed day/night tariff, or dynamic, where rates 

have various starting points and durations. Within this work, the attributes of the dynamic pricing 

scheme are subject to the agreement between the market participants. 

Dynamic pricing first became relevant in areas with seasonal peaks in demand and supply constraints. 

In such areas demand during critical hours needed to be reduced and shifted to off-peak hours. In 

California, air-conditioners represent an important and somewhat flexible load component. In 2007, 

Southern California Edison started dynamic grid pricing with temperature as the variable signal (Darby, 

2006). The price of grid usage increased proportionally with increasing temperatures. In this dynamic 

pricing scheme temperature serves as a signal for possible congestion in the near future. The dynamic 

tariff signals this to consumers and producers to better react to the grid situation. Within this work, the 

capacity usage plans of the different industrial companies are used as a signal for grid utilization. 

The dynamic tariff design aims at cost reflectiveness. The direct relation between electricity costs and 

local grid utilization adequately signals capacity scarcity to consumers. It enables demand side 

flexibility as consumers can act on such signals by shifting their consumption to off-peak, and therefore 

cheaper, periods. The dynamic tariff design is also non-discriminatory. Although rates per unit of 

electricity change over time, at each specific moment of time all consumers are charged equally. The 

trade-off for the cost reflective, non-discriminatory dynamic tariff design is its simplicity. The concept 

of coupling rates to grid utilization is intuitive, however, the actual calculation of the dynamic rates 

depends on many factors making it difficult to understand. The tariff’s difficult nature also applies to 

its predictability. As electricity prices depend on the sum of all companies’ capacity usage plans, a 

single company might have insufficient information to adequately predict the dynamic rates. This is 

especially relevant for smaller companies which, due to their limited capacity usage, have limited effect 

on the dynamic rates. Additionally, the dynamic nature of the tariff design forces companies to actively 

engage in their capacity usage in order to correctly predict its electricity costs. 

In contrast to the other three tariff designs, the dynamic tariff design is able to adequately signal the 

local grid’s utilization to its consumers. Prices increase whenever grid utilization increases, effectively 

shifting consumption towards lower congestion periods. Vice versa, during low grid congestion prices 

decrease, incentivising companies to consume more. The dynamic tariff design therefore acts as a self-

correcting mechanism smoothing out capacity usage. Additionally, the dynamic tariff incentivises 

investments in local storage and production capacity as a means for companies to bridge high cost 

periods. Furthermore, research indicates  that dynamic tariff designs lead to lower electricity prices for 
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all local stakeholders (Boeve et al., 2018). This is a form of community empowerment as every local 

stakeholder gains benefit from their neighbour’s resources.  

However, dynamic tariff designs also have downsides. First and foremost, a dynamic tariff design is 

difficult to implement and requires a large-spread rollout of smart meters. Additionally, companies are 

required to either invest in their own capabilities or in a third party to effectively profit from the dynamic 

tariff design. Furthermore, critics argue communicating dynamic rates based on predicted capacity 

usage plans can result in those same predictions not being fulfilled as each actor adjusts their behaviour. 

This leads to increasing electricity volumes traded in the more expensive imbalance markets, ultimately 

increasing electricity prices for all (Kühnlenz et al., 2018). 

3.3 Zonal vs. Nodal Pricing 

This section has introduced three alternative network tariff designs. Although these designs differ 

widely, none of them questions their underlying market design: zonal pricing. In zonal pricing, market 

participants are able to trade electricity without capacity allocation within its pricing zone (IRENA, 

2019). The European electricity Internal Energy Market is based on trading between pricing zones, 

where zones often correspond to national borders. Within-zone congestion is assumed to be zero, 

whereas between-zone congestion is reflected in price differentials between pricing zones 

(Antonopoulos et al., 2020). However, zonal pricing is based on strong simplifications of the physical 

electricity network. 

The alternative to zonal pricing is nodal pricing. Nodal pricing is based on large spatial granularity. 

Instead of having uniform prices within a large pricing zone, nodal pricing charges different prices per 

transmission node. These node specific prices take transmission constraints explicitly into account. 

Therefore, nodal electricity prices include both generation and transmission costs (Antonopoulos et al., 

2020; IRENA, 2019), which effectively provides the most cost reflective pricing option. Furthermore, 

Nodal pricing is more efficient than zonal pricing as differences in nodal prices efficiently direct 

investments towards nodes and connections which would benefit most.  

Although nodal pricing is accepted to be more cost reflective and efficient, there are some downsides 

which keep it from being implemented in the European electricity system. First and foremost, nodal 

pricing’s increased granularity results in an enormous amount of calculated prices. As the electricity 

system works in real-time, computational limits are of real concern. The sheer amount of data involved 

in nodal pricing might therefore lead to computational problems (Dameto et al., 2020; IRENA, 2019; 

Weibelzahl, 2017). 

Second, the increased granularity results in a large number of small submarkets. As these submarkets 

are very location specific only a small number of traders are available, potentially leading to low market 

liquidity and low levels of  competition (IRENA, 2019; Weibelzahl, 2017). Additionally, coordination 

between large amounts of submarkets is complex (Weibelzahl, 2017).  

Third, nodal pricing leads to unpredictable, discriminatory and complex tariffs at the consumer level 

(Doorman, 2005; IRENA, 2019). Congestion at a certain line can result in increasing prices at other 

locations as generation and transmission avoid the congested line. These underlying reasons for a 

change in nodal prices are not evident for consumers, decreasing nodal pricing’s predictability. 
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Furthermore, differences in load densities and customer dispersion results in discrimination between 

rural and urban consumers. And finally, the technical nature of nodal pricing makes it inherently 

complex, reducing customer acceptance.  

Fourth and final, completely transitioning from zonal to nodal pricing would require a paradigm shift. 

Applying nodal pricing in the European electricity system would at least require redefining electricity 

markets and redefining existing and creating new roles and responsibilities (Antonopoulos et al., 2020; 

IRENA, 2019). Although transitioning from zonal to nodal pricing would raise welfare (Antonopoulos 

et al., 2020; Green, 2007), this might be offset by the transition’s costs. Additionally, the downsides of 

zonal pricing can at least be partly resolved by network tariffs, reducing the need for such a transition. 

However, with increasing amounts of distributed generation and renewable energy technologies, nodal 

pricing’s benefits might be reconsidered (Antonopoulos et al., 2020). 

 

Table 1: Summary of the current tariff (described in Section 2.4), single tariff (Section 3.2.1), subscription based 
(Section 3.2.2) and dynamic pricing (Section 3.2.3) tariff designs. 

 Current tariff Single tariff Subscription 
based 

Dynamic pricing 

Components: Connection, capacity and 
consumption 
 

Consumption Subscription fee Consumption 
(dynamic) 

Design 
principles: 

- Cost recovery 
- Non-discriminatory 
- Cost reflectivity 

- Cost recovery 
- Non-discriminatory 
- Simplicity 
- Provides 
maximum freedom 
for consumers 
- Direct coupling 
between network 
costs and company 
consumption 

- Cost recovery 
- Simplicity 
- Predictability in 
both DSO revenue 
and company bills 
- Promote demand 
side flexibility by 
providing 
companies 
additional services 
and/or products 
 

- Cost recovery 
- Non-
discriminatory 
- Cost reflectivity 
- Reflects situation 
within the local grid 
- Enables demand 
side flexibility 
through adequate 
economic signals 
 

Shortcomings: - Consumption 
component doesn’t 
reflect scarcity nor grid 
situation 
 
Capacity component: 
- acts as barrier to 
provide demand side 
flexibility 
- promotes consumption 
at times of stress and 
overconsumption in 
general 
- might not reflect peak 
incident usage in the 
local grid 
 
- Results in non-cost 
reflective (and arguably 
discriminatory) situations 
  

- Doesn’t reflect 
scarcity nor grid 
situation 
- Not cost reflective 
- No stable DSO 
income 
- Disincentivizes 
DSO to manage 
sporadically used 
infrastructure 
 

- Doesn’t reflect 
scarcity nor grid 
situation 
- Discriminatory 
- Not cost reflective 

- Difficult 
- Requires active 
consumer 
participation 
- Results in spatial 
discrimination 
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4 Methodology 

This section will describe the methodology used within this research. This section starts by discussing 

its used modelling method in Section 4.1. This is followed by a description of the model itself, its inputs 

and its outputs in Section 4.2. The model validation will be discussed in Section 4.3, followed by a 

description of this works experiments in Section 4.4 which will be analysed in Sections 5 to 7. 

4.1 Multi Method Modelling 

This paper studies the potential implementation of different tariff designs in the electricity system. The 

electricity system is complex and therefore implementing real-world changes inherently risky. 

Additionally, stakeholders are heavily reliant on a well-functioning electricity system, increasing the 

stakes involved. Modelling techniques resolve these problems by creating an abstract model which 

allows the testing of potential changes in a risk-free environment.  

This paper uses simulation based modelling for the following three reasons. First, simulation modelling 

allows us to study interactions between actors. The performance of the electricity system is influenced 

by such interactions, which merits the use of simulation modelling. Second, simulation modelling 

allows us to capture the dynamics of each individual actor. This paper aims to provide insight into the 

behaviour of individual companies, therefore, observing such dynamics is important. Third, simulation 

modelling allows the study of emerging behaviour. This paper is interested in this emerging behaviour 

as it provides insight in agents’ strategies and decisions and their impact on the other agents. 

There are three methods of simulation modelling: system dynamics, discrete event modelling, and 

agent-based modelling (Grigoryev, 2018). These methods vary in terms of their intended abstraction 

levels, with high and low abstraction levels served by system dynamics and discrete event modelling 

respectively, and agent-based modelling serving the in-between abstraction levels.  

This paper studies the interactions between actors, their individual behaviour and ultimately the 

system’s emerging behaviour under various tariff scenarios. It makes use of a multi method model 

which uses system dynamics tools to build upon an agent-based model. This multi method approach is 

used over other simulation techniques for the following reasons. First, agent-based modelling allows 

flexibility in introducing various types of agents. Second, agent-based modelling is preferred over 

discrete event modelling as it allows for suboptimal behaviour. Discrete event modelling provides an 

optimized solution while not allowing suboptimal behaviour in the system. However, each individual 

company has its own motives which might lead to suboptimal behaviour at the system level. Agent-

based modelling does allow for suboptimal behaviour and is therefore more suited for this work. Third, 

a combined approach is preferred over a purely system dynamics approach as the bottom up nature of 

an agent-based model will provide more insight in emerging behaviour than a top down system 

dynamics model. However, some system dynamic tools are beneficial as it allows for flow control 

within the model. Therefore, a multi method approach was chosen which uses certain system dynamic 

tools within an agent-based model. 
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4.2 The Model 

This section will describe the model used within this work. The data collection stage will be described 

in Section 4.2.1, followed by a description of the model’s inputs in Section 4.2.2. The model itself, 

including the various relations and decisions within a simulation run, are described in Section 4.2.3. 

Finally, the model’s outputs are described in Section 4.2.4. 

4.2.1 Data Collection 

This work is part of a larger ongoing project in cooperation with stakeholders from greenparc Bleiswijk 

(Topsector Energie, 2018); an industrial park located within the Netherlands. The greenparc Bleiswijk 

project aims to produce a proof of concept for enabling and efficiently using local flexibility to prevent 

the need for grid reinforcements within an industrial park setting. This work’s scope is broader than the 

greenparc Bleiswijk project, as it studies the effect of different tariff settings on the Dutch energy 

transition. However, it will make use of the available data from the greenparc Bleiswijk project.  

Many stakeholders are involved with the greenparc Bleiswijk project. The main stakeholders of interest 

for this work are the DSO (Stedin), a large net producing company, a large net consuming company, 

and a low consuming company. Data from these specific stakeholders is used within this work. 

Specifically, this work uses historic load profile data from all three companies, historic local PV 

production data from the large net producer and net consumer, and DSO data on the main transformer’s 

capacity. Additionally, this work uses historical data from both the EPEX wholesale markets and 

TenneT imbalance markets. 

4.2.2 Model Inputs 

This work aims to understand the effect of different tariff designs on both individual companies and the 

local grid. Therefore, the analysis will be performed on two levels: the individual company level and 

the industrial park level. The individual company level uses personas which represent a specific type of 

company differentiated on consumption level, local generation capacity, local storage capacity and 

market access. On the industrial park level all the individual persona’s power flows and behaviours are 

aggregated to gain insight into grid efficiency parameters (i.e. grid utilization) and the system’s 

emergent behaviour.  

4.2.2.1 Personas 

To understand the effects of different tariff designs on different types of companies, this work 

introduces several personas each representing a specific type of company. These personas are 

differentiated on the following four aspects: consumption profile, local generation capacity, local 

storage capacity, and external market access. Based on the available data from the greenparc Bleiswijk 

project, three different personas are identified: (1) a prosumer, (2) a high usage company, and (3) a low 

usage company. A summary of the different personas is provided in Table 2. 

The first persona, the prosumer, is based on Bleiswijk’s large net producing company. It represents a 

company which is characterised by a high consumption profile and both local generation and storage 

capacity. Local generation is realized through a roof-top PV installation which, under normal 
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circumstances, is able to suffice the prosumer’s demand while leaving excess power. The prosumer’s 

capacity is sufficiently large to allow access to both the EPEX wholesale and TenneT imbalance market. 

Therefore, the prosumer is able to either use its excess power to charge the local battery or to sell it 

directly on the EPEX or TenneT market. 

The second persona, the high usage company, is based on the large net consuming company. It 

represents a company with a consumption profile which varies significantly on a seasonal basis. During 

winter months consumption is low, while intensive cooling needs lead to high consumption values 

during summer months. This persona has local generation in the form of an PV installation, however, 

does not have local storage capacity. This persona has access to the EPEX market, however, uses its 

local generation only for its own consumption demands, feeding excess power directly into the ground. 

Finally, the third persona, the low usage company, is based the low consuming company. It represents 

a company with a low consumption profile and no local generation nor storage capacity. Its 

consumption follows a daily pattern which is both stable and predictable over longer time periods. It 

has no access to the EPEX nor the TenneT imbalance market.  

Table 2: Summary of the three personas representing different Bleiswijk companies and their characteristics. 

 Prosumer High usage Low usage 

Consumption 
profile 

High High in summer,  
low in winter 

Low 

Local generation PV generation PV generation - 

Local storage Large battery - - 

Market access EPEX & TenneT EPEX (only import) - 

 

4.2.2.2 Industrial Park 

The industrial park level represents the local power grid based on data from greenparc Bleiswijk’s ring-

1 grid. It is managed by grid operator Stedin. There are 10 companies connected to this grid, which are 

modelled as different personas. These are identified as 1 prosumer, 3 high usage companies, and 6 low 

usage companies. One of each persona uses the real-world Bleiswijk company data, while the remaining 

persona entries use variations of that data. A schematic representation of the simulated industrial park 

is provided in Figure 7. 

On the industrial park level all individual persona’s power flows are aggregated. The industrial park’s 

main transformer capacity is 4.1 MW. The aggregated power flows relative to the main transform 

capacity provides insight into the local grid’s utilization. Currently, average grid utilization is low 

(~12%), with most peak load happening during winter months.  
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Figure 7: Schematic representation of the simulated industrial park. There are 10 companies connected to the local 
industrial park grid. These are simulated as 1 prosumer, 3 high usage companies and 6 low usage companies. The 
local grid is connected to the MV-grid by a main transformer with a capacity of 4.1 MW. 

4.2.3 Simulation Run 

The multi method model used in this research uses the Java-based AnyLogic software package. The 

AnyLogic environment allows for various types of modelling, including discrete event, system 

dynamics and agent-based modelling. It also allows for combinations of modelling types, enabling the 

multi method approach used in this research.  

AnyLogic allows for various entities to be modelled as agents. These agents are explicitly modelled 

having various characteristics. Agents act within an environment based on the knowledge they have, 

the other agent’s behaviour and the rules of the environment. The combined behaviour of all the actors 

results in an emergent system behaviour which is studied in this work.  

This work’s model is governed by many relations between its agents. To illustrate this, an UML 

(Unified Modelling Language) class diagram of an early version of the model is presented in Figure 8. 

UML provides standardized ways of visualizing various modelling techniques (Booch et al., 2015). 

Here, a UML class diagram is used to visualize the relations between the different entities (3 personas, 

the DSO, and the industrial park) in our model. In the UML class diagram, each agent is represented by 

its own class. Within this class, the top section represents the agent’s characteristics. The bottom section 

represents the decisions the agent is facing. Relations and connections between classes are depicted 

with arrows. 

The three company personas, located in the bottom of the UML diagram, are modelled having properties 

such as historic load profiles, price elasticity preference and number of PV panels. Each class is facing 

decisions which must be made based on its available information. An example of a persona’s decision 

is whether and how much to either sell or buy from the national grid or the local market. Each agent’s 

decision influences the system which, by itself, influences the other agents’ behaviour. For example, 

whenever the prosumer decides to sell on the local market, other agents gain the option of purchasing 

electricity on the local market which might ultimately change their consumption volume.  
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Figure 8: UML class diagram of an early version of the model. Agents are represented by a class in which the top 
section represents the agent’s characteristics and the bottom section the decisions it faces. Relations and 
connections between agents are depicted by the dotted arrows. 

This work’s model consists of two layers: a day-ahead layer and an intra-day layer. The day-ahead layer 

represents interactions and decisions made for the following day on which the electricity is delivered. 

The intra-day layer represents the interactions and decisions made on the day of electricity delivery. 

Within AnyLogic, simulation time is discrete. This work’s model uses simulation steps which 

correspond to 1 hour in real time. During a single simulation step, the interactions in the day-ahead 

layer are performed followed by the interaction in the intra-day layer. The day-ahead layer consists of 

the following components: 

Day-ahead layer: 

• Consumption and production forecasts: Companies forecast their consumption and local 

production profiles for the next day. For the first simulated day, consumption forecasts are equal 

to 70% of that day’s historical consumption. This base load corresponds to the minimum 

consumption needed for a company to function. For the days after that, consumption forecasts 

are equal to the company’s realized consumption on the previous day. Whether this assumption 

is realistic depends on the company’s ability to shift its demand, which depends on working 

hours, interdependencies between processes and appliances and other internal factors (Boeve 

et al., 2018). Local production profiles are equal to the respective company’s historical PV 

production for the day of simulation.  

• Market stage: Within the day-ahead layer, a company can purchase additional electricity 

through its respective retailer or the day-ahead EPEX market (if it has access to it). The 

consumption volume depends on the price per consumed unit of electricity and the company’s 

price elasticity. The retailer electricity price depends on the tariff in question and EPEX price 

is set equal to its historical 2019 values. The model’s price elasticity will be elaborated upon in 

Section 4.2.3.2. Company consumption is capped both by its real-world counterpart’s physical 

cable capacity and an arbitrary cap based on historical consumption. This arbitrary cap captures 
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the law of diminishing marginal returns which argues that each additional unit of electricity 

consumed is valued less. This prevents companies  to sustain unrealistically high consumption 

levels merely based on the price signal. 

• Priority and battery strategy: A decision regarding the priority for local production and the 

battery strategy must be taken. By default, the model assumes that local production is first used 

for local consumption and battery charge, after which excess production can be sold on the 

local or external market. For the battery strategy a greedy algorithm is used which simply buys 

the maximum amount of electricity to charge whenever it is cheap to do so and sells the 

maximum amount whenever it is profitable. This algorithm does not take into account any 

scheduling to withhold some electricity for later use, nor does it take into account historical 

market prices. For real-world application this assumption will probably not hold as the company 

could profit from a more intelligent battery strategy. The battery characteristics and its modelled 

behaviour will be discussed in Section 4.2.3.1. 

• Reserve capacity allocation: Companies with local production capacity (prosumer and high 

usage companies) decide on the amount of capacity they hold in reserve for the following day. 

This reserve capacity can be used the next day to settle the company’s own imbalances or to 

sell on the TenneT imbalance market. Within the model, the company’s reserve capacity 

decision is based on the season of the year, whether the next day is a weekday, and historical 

capacity usage values.  

• Grid safety analysis: The total sum of electricity flows is calculated and compared to the local 

grid’s capacity. This work assumes that local grid capacity is dictated by its main transformer’s 

capacity of 4.1 MW whereas individual cable capacity is assumed to be infinite. Whenever 

electricity flows fit within the local grid’s capacity, the consumption and production plans are 

cleared. 

The interactions in the day-ahead layer result in a day-ahead contract in which consumption and local 

generation plans for the following day are specified. However, these are based on forecasts which often 

prove wrong on the delivery day itself. This results in imbalances between supply and demand. Within 

the model, these imbalances are introduced by random variation in PV production which result in 

discrepancies between forecasted and realized local production values. The intra-day layer consists of 

components aimed at resolving these imbalances. Its components are as follows: 

Intra-day layer: 

• Market stage: Imbalances can be traded on the EPEX intra-day, TenneT imbalance and the 

local market. Whenever the prosumer has a block of excess electricity, the block is offered into 

the local market at marginal pricing costs. Net consuming companies offer their consumption 

bids into the local market, which consist of the amount it is willing to consume and at which 

price. The decision whether to sell locally depends on whether the prosumer’s profits from 

selling locally surpasses its profits from selling on the EPEX or TenneT market. The local 

market and its workings are more elaborated upon in Section 4.2.3.2.  

• Grid safety analysis: The DSO checks whether the proposed total flow of electricity is within 

the local grid’s capacity boundaries. Furthermore, it checks whether the frequency in the local 

grid is stable at 50 Hz. Whenever cleared, the commodity is delivered. However, whenever a 

grid safety problem occurs, demand is curtailed, and the day-ahead contract is demoted into a 
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lower priority to serve as a balancing mechanism. The workings of the grid safety analysis are 

specified in Section 4.2.3.3. 

• Monetary settlements: After commodity delivery, the companies are charged for their 

consumption according to the specific tariff scenario. Additionally, the DSO revenue is 

calculated. 

4.2.3.1 Prosumer Battery 

The prosumer’s battery is a lithium-ion battery with a capacity of 400 kWh with a maximum 

(dis)charging speed of 100 kW. The battery’s state-of-charge (SOC) represents the level of charge 

relative to its capacity. Frequently operating at 100% SOC significantly reduces a battery’s lifetime. 

Leadbetter and Swan (2012) argue for operating at a maximum of 90% SOC to preserve the battery’s 

lifetime efficiently. Therefore, within our model, the battery is charged up to a maximum of 90% of its 

total capacity.  

The battery is modelled using the statechart presented in Figure 9 (left). The battery state is governed 

only by the price signals and the daily capacity discharge. It is assumed that the battery discharges 

entirely at the end of each day, resetting its charge to zero. Price signals are provided by the combination 

of EPEX, TenneT and local market prices. By default, the battery is in the ‘holding’ state where it 

conserves energy until an adequate price signal to either charge or discharge is received. The battery 

changes into the ‘charging’ state whenever the price to acquire a single unit of electricity is lower than 

the normal contracted price with the retailer, and changes into the ‘discharging’ state whenever the price 

is higher than the retailer price. The model’s statechart battery behaviour is a simplification. Its real-

world counterpart is managed by third party energy managers which optimize the battery’s behaviour 

based on the company’s strategy. 

A typical example of the model’s battery behaviour within summer months is provided in Figure 9 

(right). Here, charging occurs whenever PV production is close to its peak. The PV production can be 

used to fill up the battery capacity at low marginal cost. During these times the EPEX market price is 

often low, therefore, charging the battery is more profitable than selling on the EPEX market. Whenever 

external market prices rise, it becomes more profitable to sell, initiating the battery to start discharging. 

Figure 9: (Left) Statechart representing the prosumer battery. The initial state is ‘holding’. Shift to ‘charging’ or 
‘discharging’ based on price signal. (Right) Typical daily battery behaviour for a summer day. 
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4.2.3.2 Electricity Markets 

The simulation model works on the basis of the economic optimization of the different companies’ 

annual bills. It makes use of a Thompson Sampling algorithm which is included in Appendix A. It is 

assumed that a company’s consumption behaviour merely depends on its response to the price signals. 

A company’s consumption is modelled as a function of its price elasticity. In reality, this assumption 

doesn’t hold as a company’s consumption behaviour depends on many factors, such as its business 

processes and its employees’ working hours. However, such factors are impossible to model, and 

therefore, are disregarded in the model.  

Within the model, personas can purchase electricity through the various channels they have access to. 

Each persona can purchase directly from its retailer and the local electricity market. Additionally, the 

high usage company has access to the EPEX market, whereas the prosumer has access to both the EPEX 

and TenneT imbalance markets. The amount of electricity a persona purchases depends on the 

electricity price and its price elasticity. Unfortunately, no research about price elasticity for industrial 

consumers has been identified prior to this research. As a second best option, this work uses price 

elasticity values for residential consumers derived by Krishnamurthy and Kriström (2015). They 

provide country-specific price elasticities based on survey data for 11 OECD countries. For the 

Netherlands, they find a low price elasticity of around -0.25. This value is directly implemented within 

this work’s model. Therefore, companies purchase 0.25 kWh less for each 1 euro cent increase in 

electricity price.  

External market prices are modelled using their respective historical values. The historical values are 

sampled based on their respective month, time of day and whether they represent a weekday or 

weekend-day. At each simulation step external market prices are assigned by randomly taking a historic 

value from the sample corresponding to the simulation step’s respective month and time of day. For 

example, when assigning external market prices for Tuesday the 14th of March at 8:00 AM, the model 

picks a historic value from a random March weekday at 8:00 AM. 

Local market prices are constructed differently. Within the model, the local market is realized as 

follows. First, the producer’s selling price is calculated as its marginal cost. The decision on which 

market (local or external) to sell is based solely on the comparison between the external market price 

and the cost of exporting. Whenever the costs of exporting outweigh the local market bid price, the 

producer will sell in the local market, and vice versa. Second, whenever the prosumer decides to sell 

locally, the prosumer’s excess production is bid into the local market at price equal to the external 

market price minus the additional grid expense for exporting. As the prosumer is the only entity with 

excess production, its selling price defines the local market price. Third, based on their consumption 

elasticity, other companies offer consumption bids specifying the amount of electricity it’s willing to 

consume at what price. Consumption bids above the local market price are cleared at the local market 

price, while consumption bids below local market price are discarded. For simplicity reasons, the 

prosumer’s excess production is sold either entirely on the local market or entirely on an external 

market. Whenever the cleared consumption bids encompass the entire excess production block, the 

entire block is sold locally, whereas otherwise the entire block is sold externally.  

The model assumes that each persona has similar reaction time when a market opportunity arises. 

Furthermore, consumption bids are ordered from large to small bids. Therefore, whenever the largest 
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consumption bid covers the entire excess production block, the respective company receives the entire 

block regardless of other persona’s consumption bids.  

The local market provides opportunities for all company personas. Whenever the prosumer sells its 

excess production to the national grid it incurs an additional grid expense per kilowatt-hour for using 

the local grid. The local market allows the prosumer to circumvent this additional expense by selling 

its excess production to one of its neighbouring companies. Furthermore, the local market provides 

opportunities for community empowerment. Participating in the local market allows net consuming 

companies (both high and low usage) to benefit from local market electricity prices whenever these are 

lower than external market prices. 

4.2.3.3 Grid Safety Analysis 

The day-ahead grid safety analysis checks whether the sum of day-ahead contracts is balanced in terms 

of supply and demand and whether enough transport capacity is available. These day-ahead contracts 

are based on consumption and production forecasts which are often proven wrong at the delivery day. 

These imbalances are settled using a company's reserve capacity or by trading on local or external 

markets. 

During the delivery day additional balancing issues arise. Renewable energy technologies are heavily 

dependent on weather conditions. Situations arise where renewable production forecasts prove wrong 

on small time scales, for example by the passing of a cloud or a sudden drop in wind speeds. Such cases 

lead to sudden imbalances between local supply and demand which result in frequency deviations. 

Resolving such deviations on a local scale requires spare capacity able to mitigate the potential ups and 

downs in the system, for example, by reserving some spare capacity in the local battery.  

This work’s model works on an hourly basis and is therefore unable to realistically deal with such 

sudden and short-term frequency deviations. However, in order to ensure grid stability within the 

model’s industrial park, the model keeps track of frequency deviations above 0.2 Hz. When such a 

frequency deviation is detected, grid safety is prioritized by curtailing both consumption and generation 

and demoting the day-ahead contracts into a lower priority to serve as balancing mechanisms. 

Additionally, the model’s hourly basis does allow for the incorporation of the mFRR frequency response 

market. The prosumer is the only persona with access to this market by creating spare capacity on its 

local battery. 

4.2.4 Model Outputs 

The model’s outputs are of both technical and monetary nature. The technical outputs are recorded at 

each simulation step (hourly basis), whereas monetary outputs are only calculated after the last 

simulation step. The outputs for each persona are as follows: 

• Capacity usage: Each persona’s capacity usage is recorded at each simulation step (hourly). It 

reflects the sum of imported electricity from outside suppliers consumed by the persona or used 

for battery charging. Positive values correspond to net import, whereas negative values 

correspond to net export. Both consumption volume and capacity used for battery charging is 

also recorded at each simulation step. Furthermore, import and export values are separately 
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recorded for each of the channels it's acquired through (retailer, local market, external 

market(s)). 

• Electricity bills: Each persona’s electricity bills are calculated after the last simulation step. 

The simulation time is one year; therefore, electricity bills are calculated annually. 

Additionally, the outputs at the industrial park level are: 

• Grid utilization: The net sum of all capacity usages is reflected in the grid utilization as a 

percentage of the main transformer capacity. Grid utilization is, as is capacity usage, recorded 

at each simulation step (hourly). The sum of transported electricity flows is also recorded at 

each step. 

• DSO revenue: The DSO revenue is calculated as the sum of each persona’s electricity bills. It 

is, as are the electricity bills, calculated after the last simulation step resulting in annual DSO 

revenue. 

Using these outputs, indicators for the five system dependent tariff principle are defined. The remaining 

two inherent tariff principles are not represented by a quantitative indicator in the model. The principles 

and their respective indicators included within the model are described below and summarized in Table 

3.  

1. Cost recovery: The cost recovery principle measures whether a tariff is able to recover all 

incurred costs within the generation and transportation stages. The indicator used for the cost 

recovery principle is the difference in annual DSO revenue between the tested tariff scenario 

and the current tariff design. Here, it is assumed that the current tariff design is able to recover 

all its costs. This assumption is valid, as the current tariff design is the result of decades of 

evolution within the power system, and therefore its mere existence proves its cost recovery 

ability. 

2. Non-discriminatory: The non-discriminatory principle measures whether all consumers are 

charged equally. It will be measured within the model by comparing the price per kilowatt-hour 

consumed for each company. The standard deviation is used to measure the variation in values. 

A non-discriminatory tariff design should result in small differences between companies, while 

large differences point towards a discriminatory design.  

3. Non-distortionary: The non-distortionary principle measures the negative effect of the 

companies’ behaviour on the local grid. The model works on the basis of economic optimization 

of the companies’ annual bills. It assumes that a company’s consumption behaviour is entirely 

governed by its response to price signals. Therefore, potential distortionary behaviour will 

result in additional grid congestion. As long as the grid capacity isn’t reached, the negative 

effect on the local grid is negligible as all electricity flows can be facilitated. Therefore, the 

non-distortionary principle indicator used in this work is the amount of grid congestion events 

in which the grid capacity is reached. Whenever a specific tariff design leads to additional grid 

congestion events with respect to the current tariff design, it is defined as more distortionary. 

4. Predictability: The predictability indicator measures whether tariffs are predictable for all 

participants in the system. It can also be defined as the amount of volatility in the system as 

stable prices are inherently predictable. An intuitive indicator would be the standard deviation 
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of the price per consumed unit of electricity on a monthly basis. This would provide an intuitive 

measure for monthly price volatility, as large standard deviations indicate large fluctuations in 

the monthly price per kilowatt-hour. Unfortunately, the model only calculates annual company 

bills without breaking these down to a monthly basis and is therefore unable to calculate the 

above-mentioned predictability indicator.  

Alternatively, this work uses the standard deviation of the average monthly price per consumed 

unit of electricity. The average monthly price per consumed unit of electricity can be derived 

from the available annual company bills and the company’s monthly consumption. This 

alternative predictability indicator is not ideal, however, is the best possible alternative using 

the model’s available outputs. The result is a per persona indicator which represents the tariff’s 

predictability. A tariff’s predictability can vary between company types, therefore, the per 

persona indicators are not combined into a single predictability indicator. 

5. Cost reflection: The cost reflection principle measures whether the tariff’s shares each 

represent a specific incurred cost. The available data used in this work does not include an in-

depth cost analysis, and therefore, this work is unable to fully determine tariff design’s cost 

reflectiveness. However, it is able to measure the cost reflectiveness in a broader scope, namely 

by measuring the DSO annual revenue per kilowatt-hour transported within the system. 

Assuming DSO revenue is used to facilitate electricity flows, this indicates the amount of 

revenue the DSO can use to facilitate the transport of a single kilowatt-hour of electricity.  

Here it assumed that the current tariff design is cost reflective in this respect. Its indicator value 

is used as a threshold value for the amount of revenue necessary for the DSO to facilitate the 

transport of a single kilowatt-hour of electricity. Comparing the indicator values for the other 

tariff designs with the its value in the current tariff design allows insight into whether the DSO 

can spend this necessary amount in the respective tariff design.  

The two remaining inherent tariff principles, simplicity and transparency, aren’t represented by a 

quantitative indicator in the model. This is unnecessary as these principles are independent of the 

system’s dynamics and are solely reliant on the tariff’s implementation phase. Alternatively, these 

principles are assessed by indicators available from the tariff’s design phase: 

6. Simplicity: The simplicity principle measures whether the tariff is easy to understand by the 

consumers. Consumers assess whether a tariff’s simplicity in its electricity bills, therefore, the 

number of billing elements will be used as the simplicity indicator. 

7. Transparency: The transparency principle assesses whether the tariff and method used to 

create them are publicly available. The transparency principle can only be measured after a 

tariff’s implementation, and therefore, this work is unable to provide an adequate measure. This 

work does, however, provide a measure for the tariff’s potential of being transparent. It assumes 

that whenever a tariff is simple it is potentially transparent. Therefore, the transparency 

principle will be measured using the simplicity principle indicator combined with qualitative 

reasoning involving the respective tariff’s design. 
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Table 3: Summary of the 7 principles of the Dutch tariff code and their respective indicator used within this work. 

Tariff principle Indicator 

Cost recovery Annual DSO revenue 

Non-discriminatory SD of € / kWh consumed per company 

Non-distortionary Number of grid congestion events 

Predictability SD of average monthly company bills / monthly kWh consumed 

Cost reflection Annual DSO revenue / total kWh transported 

Simplicity Number of billing elements 

Transparency Number of billing elements 

4.3 Model Validation 

Model validation is an important process to guarantee the reliability of the model’s results. Whereas 

traditional modelling techniques have well-defined validation techniques and accuracy metrics, 

validation of agent-based and especially multi method models is difficult. On the one hand, a model 

might produce accurate values while having major flaws in its underlying mechanisms. On the other 

hand, a model with good assumptions and underlying mechanisms might fall short in traditional 

accuracy measurement metrics. Although difficult to validate, multiple approaches to ABM model 

validation have been recently created. 

This work uses two validation methods proposed by Guerini and Moneta (2017). The first method 

compares the model’s result with real historical values. This allows for the use of conventional tests 

which indicates whether the model produces the correct behaviour. Within this work, the business-as-

usual scenario, using the current tariff design, is used for this validation method. The model’s timeseries 

results at both the persona and industrial park level are compared with historical values to validate the 

model.  

The second method proposed by Guerini and Moneta (2017) is extreme behaviour testing. Here, the 

model is presented with extreme scenarios to check its physical coherence. Examples of such scenarios 

are the introduction of virtual congestion or extreme solar PV production. Throughout these extreme 

scenarios, it is checked whether the model violates physical limitations such as capacity or consumption 

limits.  

It’s important to note that multi method models are difficult to validate. However, this work’s model 

isn’t designed to perfectly represent the electricity system. Both the model and the network tariff 

scenarios are not designed to predict the exact future nor to propose a silver-bullet network tariff design. 

The goal of this work is to understand the potential effects of different network tariffs on industrial park 

stakeholders and the electricity network. Therefore, the model should provide insight into the behaviour 

of actors and how they influence the system. Such a model would provide value even when it’s not 

precisely validated. 

4.4 Methodology Analysis  

This work consists of four experiments, each representing a tariff design scenario. The first scenario is 

a business as usual (BAU) scenario which studies the current-day tariff design (as described in Section 

2.4), the second the single tariff design (Section 3.2.1), the third the subscription based design (Section 
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3.2.2), and the fourth the dynamic pricing design (Section 3.2.3). Each of these scenarios are analysed 

in three parts. The first part describes analysis at the persona level (Section 5), the second the industrial 

park level analysis (Section 6), and the third and final part analyses the respective tariff’s underlying 

principles (Section 7). An overview of this methodology is provided in Figure 10 below. 

The experimental setup used in all four scenarios are similar with a single exception in the BAU 

scenario. As the BAU scenario represents the current-day tariff design the local market is not enabled. 

The local market is enabled in the remaining three scenarios. All four scenarios consist of 10.000 

simulations which are performed to average out their results.  In each simulation run, a single year is 

simulated in which agents interact without manual interventions.  

 

Figure 10: Overview of this work’s methodology. The model incorporates 10 companies based on the 3 personas 
described in Section 4.2.2. Four experiments representing the BAU, single tariff, subscription based, and dynamic 
pricing scenarios are performed on the model. These scenarios are analysed in three parts. The first part describes 
the persona level analysis, followed by the industrial park level analysis and the analysis of the tariff’s underlying 
principles. 

Both external market prices and PV generation are randomized using a random seed. The random seeds 

used across the four scenarios are equal; i.e. the same 10.000 random seeds are used in all scenarios. 

There are large variations in input values at different percentiles, especially for the more volatile 

imbalance market and the local PV production. The average values of the external market prices and 

PV generation for the 5th, 50th and 95th percentile of simulation are provided in Table 4 below. Here, 

the percentile divisions are based on the average daily grid utilization. 

Table 4: Average values of the randomized external market prices and PV generation values for the 5th, 50th and 
95th percentile of simulations. 

Input Indicator 5th Percentile 50th Percentile 95th Percentile 

Wholesale Price (Euro cents per kWh) 2.143 3.972 4.601 

Imbalance Price (Euro cents per kWh) 2.150 6.481 9.655 

Daily PV Production (kWh per kWp installed) 0.179 2.651 4.389 

The model works on the basis of economic optimization of the annual bills for companies. It assumes 

that a company’s electricity consumption is merely the product of their response the price signals 

without active intervention by the grid operator or balancing responsible partner. This assumption leads 

to outlier simulations in all tariff scenarios in which way too many grid safety measures are triggered 

to comply with Dutch and European grid safety standards. These outlier simulations are therefore 
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excluded from this work’s analysis. For the purpose of discussing the merit of different tariff designs, 

this work therefore presents the aggregate results of the 30th to 80th percentile of simulations which 

comply to grid safety standards. For the sake of completeness, the personas’ capacity usages and the 

average grid utilization values for the 5th, 50th and 95th percentiles of simulations are provided in 

Appendix B. 

The specifics of the applied tariff designs are modelled as functions of the DSOs’ allowed revenue. 

DSO revenue is regulated by the regulatory authority ACM, which allows DSO revenue to cover grid 

operator costs plus a proposed revenue increase. It is assumed that the 2018-2019 annual DSO revenue 

is a good proxy for the grid operator cost. Additionally, the proposed revenue increase is set at 5 percent. 

The 2018-2019 annual DSO revenue was equal to €100,000, and therefore, the allowed DSO revenue 

is set at €105,000. The model’s tariff designs are designed to recover costs, which are assumed equal to 

the allowed DSO revenue of €105,000. 

4.4.1 Persona Level Analysis 

The persona level analysis aims to provide insight into how different types of companies are affected 

by changing tariff designs. This is assessed by a micro-economic analysis based on each persona’s 

capacity usage and electricity bills. The first experiment, using the current tariff design, is used as a 

reference scenario. The effect of a different tariff design is always felt with respect to the status quo. 

Therefore, model outputs in the remaining experiments are compared to their reference values to 

ascertain the effect of changing tariff designs on the different personas.  

Each scenario is shortly introduced after which the model outputs are presented on a per persona basis. 

Each persona’s respective capacity usage is presented in a time-plot which covers the entire simulated 

year on an hourly basis. The persona’s behaviour is described based on this capacity usage, emphasizing 

strategic or otherwise relevant behaviour. Subsequently, the value of the persona’s respective electricity 

bills is provided. Each scenario is concluded with a short discussion.  

4.4.2 Industrial Park Level Analysis 

The analysis at the industrial park level provides insights into how a DSO is affected by changing tariff 

designs and to what extent different tariff designs affect grid utilization levels. A micro-economic 

analysis assesses the impact of different tariff designs on the DSO based on the DSO’s annual revenue 

and the total amount of electricity flows within the local grid. Both average and peak grid utilization 

values are used to assess how grid utilization levels are affected. The industrial park level analysis 

provides the grid utilization figures on a monthly basis of which the model outputs are described. Again, 

the BAU scenario is used as a reference scenario, and therefore, model outputs are compared to their 

BAU scenario values. 

4.4.3 Tariff Principle Analysis 

The tariff principle analysis provides insight into whether the different tariff designs are feasible within 

the current regulatory setting. Model outputs from both the persona and industrial park level are 

combined into tariff principle indicators as defined in Section 4.2.4. Indicator values are compared 
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between experiments (and therefore tariff designs) on a per tariff principle basis. With exception of the 

non-discriminatory indicator, all indicators are compared to their reference value in the BAU scenario. 

Based on this comparison, indicators are translated into a qualitative scale, ranging from -- up to ++. 

Ultimately, each tariff design is rated on all its seven tariff design principles which indicates to what 

extent they adhere to the current regulatory setting. 

  



43 

 

5 Analysis – Persona Level 

This section provides the results and analyses the model on the persona level. It aims to provide an 

answer to subquestion SQ1: “How are different types of companies affected by changing tariff 

designs?” Annual company bills and capacity usage are the key indicators in the persona level analysis. 

This section describes these persona specific results for each applied tariff design. The section starts by 

describing the business as usual (BAU) scenario (Section 5.1) which applies the current-day tariff 

design, followed by the single tariff (Section 5.2), subscription based (Section 5.3) and dynamic pricing 

tariff scenarios (Section 5.4). Each of these subsections concludes with a scenario specific discussion. 

Finally, the section ends by presenting the persona level conclusion and providing the answer to SQ1. 

5.1 BAU Scenario 

The business as usual scenario represents the current-day tariff design. The specific costs attributed to 

each of the tariff’s components are taken from Stedin’s tariff tables (Stedin, 2020). 

5.1.1 Prosumer 

The prosumer’s local production capabilities depend on its rooftop PV installation. The PV production 

is modelled as a random variation on the historic PV production values available in the Bleiswijk data. 

The PV production is equal in all four scenarios and is only presented here to avoid repetition. 

The average daily PV production is presented in Figure 11. As expected, the production follows a daily 

pattern depending on the available sunshine. Local generation starts as the sun rises (~05:00), ramps up 

during the afternoon reaching an average peak of ~80 kW around 11:00, ramps back down during the 

evening, and eventually reaches zero local production as the sun sets (~19:00). PV production is 

generally lower during winter months as there are fewer hours of sun and the weather conditions are 

generally worse. As an indication, during winter months daily peak production might be as low as 

50kW, while during summer it reaches values above 100kW. 

Figure 11: Average hourly PV production for the prosumer’s PV installation. Based on historical data. 
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The prosumer’s consumption profile within the business as usual scenario is plotted in Figure 12. The 

annual average capacity usage is 85 kW resulting in an average of 36,500 kWh transported monthly. 

The consumption profile’s trend provides insight in possible seasonal varieties. Here, there is some 

small seasonal variety present as the prosumer generally consumes less during summer than winter 

months. Note that the local PV production is in the same order of magnitude as the average capacity, 

and therefore, under ideal circumstances, the prosumer’s local generation capacity is able to cover its 

consumption needs.  

Figure 12: Prosumer’s capacity usage profile in the BAU scenario. Blue line represents the average capacity usage. 
Red curve represents the capacity usage trend. 

The prosumer has a contracted capacity of 275 kW, equal to its real-world counterpart. As can be seen 

in Figure 12, capacity usage varies widely on an hourly and daily basis. During peak conditions, the 

prosumer uses up to 240 kW and therefore never exceeds its contracted capacity. Negative capacity 

usage corresponds to excess electricity exported back into the grid. During peak export conditions, the 

prosumer’s export capacity usage reaches 140 kW. Note that the prosumer uses its contracted capacity 

quite efficiently. Throughout the year, a significant share of the prosumer’s capacity usage is at levels 

near its contracted capacity, therefore, using its contracted capacity efficiently. 

Some strategic behaviour is also evident from the prosumer’s consumption profile. During consumption 

peaks the prosumer seems to cap its capacity usage, which is evident from the horizontal sections in the 

consumption profile. This behaviour ensures the prosumer doesn’t exceed its contracted capacity, which 

would result in additional costs. The capacity is capped by strategically using the local battery to limit 

consumption.  

The annual bills are calculated using Stedin’s current-day tariff design described in Section 2.4 (Stedin, 

2020). The prosumer’s total annual electricity costs are €13,578, corresponding to a monthly average 

of €1,131. Taking its realized consumption into account, the prosumer is charged €0.031 per consumed 

kWh. 
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5.1.2 High Usage Company 

The average of the high usage companies’ consumption profiles is plotted in Figure 13. The high usage 

company uses an annual average capacity of 225 kW, which is nearly three times the prosumer’s 

average capacity usage. The average monthly realized consumption is equal to 96,250 kWh. As was the 

case for the prosumer, there is seasonal variety in the high usage company’s consumption profile, 

however, it’s far more significant for the high usage company. Contrary to the prosumer, the high usage 

company consumes more during summer while consuming less during winter. 

Figure 13: Average capacity usage of the high usage companies in the BAU scenario. Blue line: average capacity 

usage. Red curve: capacity usage trend. 

The high usage company has a contracted capacity of 700 kW, equal to its real-world counterpart. 

During peak conditions, the high usage company uses 150 kW in winter and 460 kW in summer, and 

therefore never exceeds its contracted capacity. The large seasonal variation results in the high usage 

company using its contracted capacity far less efficiently as the prosumer.  

Within the current tariff setting, the high usage company’s annual bill equals €27,780 corresponding to 

an average monthly bill of €2,314 per month. Considering its annual realized consumption, the high 

usage company is charged €0.024 per consumed kilowatt-hour. Whenever considering monthly instead 

of yearly consumption values, the costs per consumed kilowatt-hour vary largely between months. The 

high contracted capacity translates into a large fixed cost. During winter months, this fixed cost 

represents a large share of total network tariffs, while during summer months its share is lower as 

consumption costs rise. Therefore, during winter months, whenever the high usage company consumes 

less, it is charged more per consumed kilowatt-hour than during summer months. 

5.1.3 Low Usage Company 

The average of the low usage companies’ consumption profiles is plotted in Figure 14. Its annual 

average capacity usage is 35 kW, roughly half of the prosumer’s capacity usage. The low usage 
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company consumes an average of 10,123 kWh per month. The consumption profile shows some 

seasonal variation, however, these variations are far less significant than seasonal variations for both 

the prosumer and high usage personas.  

Figure 14: Low usage companies’ average capacity usage profile in the BAU scenario. Blue line: average capacity 
usage. Red curve: capacity usage trend. 

The contracted capacity for the low usage company is 50 kW. The consumption profile is considered 

quite stable with capacity usage in the 20 - 50 kW range. During peak conditions, the low usage 

company uses up to 49.5 kW in summer and 49.3 kW in winter months. As the consumption is relatively 

stable and frequently near its contracted capacity, the low usage company uses its contracted capacity 

efficiently. The current tariff setting yields an annual bill equal to €4,358 for the low usage company. 

This corresponds to €363.17 per month, or €0.036 per consumed kilowatt-hour. 

5.1.4 Discussion 

The current tariff design leads to each persona being charged different sums per actual consumed unit 

of electricity. This effect arguably conflicts with the non-discriminatory principle as defined in Section 

2.3.1. The prosumer, high usage and low usage companies respectively are charged 3.1, 2.4 and 3.6 

eurocents per consumed kilowatt-hour. This is a direct consequence of the capacity costs included 

within the tariff’s design. As mentioned in Section 2.4, this results in a below linear relation between 

consumption and total electricity costs. The capacity costs’ share of total cost is highest for the high 

usage company as its contracted capacity is high, which results in a lower price per consumed unit of 

electricity.  

The previous observation is based on prices per consumed unit of electricity on a yearly basis. Whenever 

considering a monthly basis, an additional observation can be made. As mentioned in Section 5.1.2, the 

large seasonal variation in the high usage companies’ consumption combined with the current tariff’s 



47 

 

large share of fixed costs results in large seasonal variation in prices charged per consumed unit of 

electricity. Generally, this leads to higher prices during summer months. However, this situation is in 

contradiction with the cost reflectivity principle. The high usage companies are responsible for a large 

share of the electricity flows within the local grid. During summer, the high usage companies’ high 

consumption drives up the local grid’s utilization. A cost reflective tariff would charge such companies 

higher during these times, as they impose additional costs to the local grid. However, the current tariff 

design does the opposite, effectively rewarding high usage companies for their high consumption. 

5.2 Single Tariff Scenario 

The single tariff design embraces the non-discriminatory principle by charging a single tariff per 

consumed unit of electricity. Therefore, it provides a better reflection between the companies' monthly 

bills and their actual energy usage. The single tariff is designed to recover grid costs of €105,000, 

yielding a single tariff of €0.03 per transported kilowatt-hour. This value corresponds to the average of 

the charges per consumed kilowatt-hour in the BAU scenario. Additionally, the local market as 

described in Section 4.2.3.2 is introduced to enable local trade of electricity. 

5.2.1 Prosumer 

The prosumer’s energy profile in the single tariff scenario is presented in Figure 15, including the BAU 

scenario’s consumption trend as a reference. On average, monthly consumption increases slightly from 

36,500 to 39,850 kWh. This increase is the result of a significant increase in consumption during winter 

months (November, December and January). The historical TenneT market price fluctuates heavily 

during these months, providing the prosumer opportunities to profit by strategically using its battery 

capacity. The consumption profile during the remaining months doesn’t change significantly compared 

to the current tariff design.  

Figure 15: Prosumer’s capacity usage profile in the single tariff scenario. Red curve: prosumer’s capacity usage 
trend in the BAU scenario. Blue curve: the capacity usage trend in the single tariff scenario. 
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The strategic behaviour observed in the reference scenario is still present in the single tariff scenario, 

however, has undergone some changes. Whereas in the BAU scenario, the battery is used to cap capacity 

usage near the contracted capacity, in the single tariff scenario, the battery isn’t used to cap capacity 

usage but merely to tone it down. The strategic behaviour occurs during the same time windows, 

however, instead of capping capacity usage, the capacity usage’s slope is decreased. 

The prosumer exports a monthly average of 10,600 kWh to either the EPEX, TenneT or local market. 

The percentage of export to the local market is 9%.  

The prosumer’s annual bill increases slightly from €13,578 to €14,346 as a result of its increased 

consumption during winter months. This corresponds to €0.03 per consumed kilowatt-hour, which is as 

expected from the tariff’s design. 

5.2.2 High Usage Company 

The average usage of the high usage companies’ is presented in Figure 16, including the usage in the 

BAU scenario as reference. Average monthly consumption declines sharply from 96,250 kWh in the 

reference scenario to 84,000 kWh in the single tariff scenario. The decline is especially significant 

during summer months. This effect is expected, as high consumption directly translates into high costs, 

and therefore, minimizing costs can only be achieved by decreasing consumption.  

Figure 16: Average capacity usage of the high usage companies in the single tariff scenario. Red curve: capacity 

usage trend in the BAU scenario. Blue curve: capacity usage trend in the single tariff scenario. 

The decrease in consumption is dampened by the high usage companies’ ability to buy electricity on 

the local market. The monthly average energy obtained from the local market is 550 kWh, peaking 

during summer months. Generally, the EPEX market is saturated during summer months due to a large 

influx of PV generation across the Netherlands. The saturated external market results in low profitability 

for the prosumer to export its electricity externally. This leads to the prosumer selling on the local 

market at low prices, which incentives high usage companies to buy on the local market. Therefore, the 
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local market availability dampens the high usage companies’ consumption reduction due to the single 

tariff design, however, this effect is not sufficient enough to keep consumption at levels similar to the 

reference scenario. 

Although the high usage company’s consumption declines sharply, its annual bills increase. In the BAU 

scenario the high usage company was charged €27,780 annually, whereas in the single tariff scenario it 

is charged €30,240. This effect is expected, as the high usage company now faces higher costs per 

consumed kilowatt-hour (€0.030) than in the reference scenario (€0.024). Electricity prices which 

reflect a company’s usage are evidently detrimental for a high consuming company without local 

storage capabilities. 

5.2.3 Low Usage Company 

Figure 17 presents the average consumption profile of the low usage companies and its average 

consumption in the BAU scenario. The average monthly consumption increases from 10,123 kWh to 

12,000 kWh due to the lower electricity usage price. This increase is spread out over the year, resulting 

in a consumption trend similar to the reference scenario. The absence of a contracted capacity in the 

single tariff design results in higher peak usage for the low usage company. Within the single tariff 

scenario, the low usage company uses op to 57 kW and 52 kW capacity during summer and winter 

months respectively, while peak usages in the reference scenario were 49.5 kW and 49.3 kW. 

Figure 17: Low usage companies’ average capacity usage in the single tariff scenario. Red curve: capacity usage 
trend in the BAU scenario. Blue curve: capacity usage trend in the single tariff scenario. 

The low usage company also imports electricity from the local market. However, due to its limited size, 

the low usage company’s local market consumption is less significant than the high usage company’s. 

On average, the low usage company imports 75 kWh from the local market. 

Although the low usage company’s consumption increases in the single tariff scenario, its annual bills 

are roughly equal to its reference scenario values. The low usage company’s annual bills are €4,358 

with respect to €4,320 in the reference scenario. Taking into account consumption, the low usage 
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company is charged €0.03 per consumed kilowatt-hour. This is expected from the tariffs design and 

equal to both other personas. 

5.2.4 Discussion 

The aim of the single tariff design is to reflect the companies’ electricity usage in their respective annual 

bills, and therefore to be a non-discriminatory tariff. It succeeds in doing so by charging a single tariff 

per consumed unit of electricity, resulting in each persona being charged equally per unit of 

consumption. Both the prosumer and low usage company personas face lower costs per unit of 

consumption than in the BAU scenario, whereas the high usage company persona faces significantly 

higher costs per unit of consumption. This is reflected in their respective increase and decrease of 

consumption. 

The cost reflectivity issue identified in the BAU scenario, where high usage companies were charged 

lower per unit of consumption during its high-consumption summer months, is less evident in the single 

tariff design. The single tariff design charges a single tariff per unit consumed independent of the time 

of consumption, which partly removes the BAU effect. However, the single tariff design does not reflect 

electricity scarcity, nor does it reflect the situation in the grid. The high usage company is therefore not 

charged a higher tariff whenever imposing high costs on the grid and is therefore not totally cost 

reflective. 

5.3 Subscription Based Scenario 

The subscription based tariff adds upon the single tariff by introducing subscription brackets. Whenever 

consuming within its bracket, companies are charged a single subscription fee. Outside bracket 

consumption is charged 100% volumetric, similar to the single tariff design. Generally, the subscription 

based tariff design leads companies to maximize their consumption up to their respective consumption 

bracket. 

The subscription brackets used in the model are proposed by Stedin (Table 5) with the cost recovery 

principle in mind. Higher kilowatt connections require different sets of equipment and are therefore 

priced differently. The proposed subscription brackets are designed to maintain Stedin’s annual revenue 

level. 

Table 5: Tariff brackets and their subscription costs as proposed by Stedin. 

Tariff Bracket (kW) Subscription (€) 

0 – 50 4,200.00 

50 – 500 27,000.00 

500 – 1500 65,000.00 

5.3.1 Prosumer 

The prosumer’s consumption profile in the subscription based tariff design is presented in Figure 18. 

The subscription based tariff design results in a very steep increase of the prosumer’s capacity usage. 

Whereas in the reference scenario peak capacity needs reached 255 kW, in the subscription based 
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scenario it reaches up to 450 kW. This is a direct consequence of its bracket size. The prosumer’s 

capacity and consumption requirements place them into the 50 - 500 kW bracket. A single price is 

charged (€27,000) which allows the prosumer to use capacity until the 500 kW threshold.  

The prosumer’s real-world counterpart has a physical capacity of 450 kW, therefore, its capacity usage 

in the model is capped at 450 kW. Consuming below the 450 kW threshold doesn’t yield less costs, 

therefore, the prosumer is incentivised to increase its capacity usage up to 450 kW. The prosumer can 

increase its capacity usage by actively engaging with the external markets and exploiting its large local 

storage capacity. Whenever external market prices are low, the prosumer charges its battery which is 

discharged whenever external market prices are higher.  

Figure 18: Prosumer’s capacity usage profile in the subscription based scenario. Tariff brackets are displayed in 
different shades of yellow. Red curve: capacity usage trend in the BAU scenario. Blue curve: capacity usage trend 
in the subscription based scenario. 

The change in strategic behaviour identified in the single tariff scenario is also evident here. Similar to 

the single tariff scenario, the battery is used to tone down capacity usage instead of capping it near the 

upper threshold. 

The prosumer’s consumption increases to a monthly average of 68,700 kWh in the subscription based 

scenario, compared to its average monthly consumption of 36,500 kWh in the reference scenario. Its 

annual bill almost doubles, as it increases from €13,578 up to €27,000. As the consumption saw a similar 

increase, the prosumer’s charge per consumed kilowatt-hour is similar to the reference case, increasing 

slightly from €0.031 to €0.033. 

Although the prosumer’s annual bills almost doubled in the subscription based scenario, its ability to 

profit from its battery use and electricity trade also increased. The 50 - 500 kW bracket allows the 

prosumer to trade more, allowing it to use the full potential of its local battery for energy trade. The 
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biggest revenue stream comes from supporting the TenneT imbalance market, which represents €7,600 

of prosumer revenue.  

5.3.2 High Usage Company 

The high usage company’s capacity and consumption requirements places it in the 50 - 500 kW bracket. 

Similar to the prosumer, the high usage company increases its consumption to efficiently make use of 

the bracket’s upper threshold. However, in contrast to the prosumer, the high usage company does not 

have storage capabilities. It can only increase its capacity usage by using more electricity, whereas the 

prosumer’s battery allows it to store electricity and to earn profits on the external markets.  

The average of the high usage companies’ capacity usage is presented in Figure 19. Its monthly average 

consumption increases from 96,250 kWh in the reference scenario to 117,952 kWh in the subscription 

based scenario. This average increase is due to a consumption increase during winter months. The 

winter peak condition is reached in January, where capacity usage reaches 380 kW. This is a significant 

increase to the 150 kW winter peak condition in the reference scenario. However, during summer 

months, the high usage company’s consumption is naturally high, leaving no room for further increase. 

Therefore, during summer months, the high usage company’s capacity usage is similar to the reference 

scenario.  

Figure 19: Average capacity usage of the high usage companies in the subscription based scenario. Tariff brackets 
are displayed in different shades of yellow. Red curve: capacity usage trend in the BAU scenario. Blue curve: 
capacity usage trend in the subscription based scenario. 

The high usage company obtains a monthly average of 680 kWh on the local market. Its use of local 

energy however varies greatly across months. Peak local energy usage occurs during April, July and 

September. In July, local market prices are close to zero as external markets are saturated. Evidently, 

the high usage company is unable to increase its consumption even at near zero energy prices. In April 

and September, local market prices are below retail prices, and therefore the high usage company uses 

the local market to obtain cheaper electricity.  
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The annual bill is completely determined by the company’s subscription bracket. Similar to the 

prosumer, the high usage company is placed in the 50 - 500 kW bracket and is therefore charged €27,000 

annually. This value is similar to the BAU scenario value of €27,780 and lower than the single tariff 

scenario value of €30,240. Taking into account its realized consumption, the high usage company is 

charged €0.019 per consumed kilowatt-hour. However, similar to the BAU scenario, the amount of 

energy consumed doesn’t adequately represent the company’s bills. The subscription bracket price is 

flat. As the high usage company’s consumption varies widely across months, its price charged per 

kilowatt-hour varies as well. The monthly price per kilowatt-hour transported is presented in Figure 20. 

Prices vary between €0.0207 in summer up to €0.0527 during winter. Similar to the BAU scenario, 

prices are low when consumption is high, whereas high prices correspond to low-consumption months.  

Figure 20: Monthly average price per transported kWh charged to high usage companies in the subscription based 
scenario. 

5.3.3 Low Usage Company 

The low usage company’s capacity usage in the subscription based scenario is similar to the reference 

scenario. Its capacity requirements place it into the 0 - 50 kW bracket. As are the other personas, the 

low usage company is incentivised to increase its capacity usage up to its bracket’s upper threshold. 

This results in an overall consumption increase up to a monthly average of 11,068 kWh compared to 

10,123 kWh in the reference scenario. The bracket’s 50 kW upper threshold acts similar to the 50 kW 

contracted capacity in the reference scenario, effectively capping the low usage company’s maximum 

capacity usage. The low usage company does not obtain any energy from the local market in the 

subscription based scenario.  

The annual bills are dependent on the subscription bracket. The 0 - 50 kW bracket corresponds to an 

annual charge of €4,200, which is slightly lower than its reference value of €4,358. Consumption 

increases slightly, therefore, the low usage company’s price per consumed kilowatt-hour decreases to 

€0.032 compared to its reference value of €0.036.  

  



54 

 

 

Figure 21: Average of the low usage companies’ capacity usage profiles in the subscription based scenario. Tariff 
bracket displayed in yellow. Red curve: capacity usage trend in the BAU scenario. Blue curve: capacity usage trend 
in the subscription based scenario. 

5.3.4 Discussion 

In general, the subscription based tariff leads companies to maximizing their consumption up to their 

respective consumption bracket. Since the consumption bracket is a contracted price for the entire year, 

companies tend to increase consumption throughout the whole year. There are no instances of outside 

bracket consumption recorded. This is expected as this would lead to additional costs. However, in 

practice, companies might face situations in which outside bracket consumption cannot be avoided. 

The subscription based tariff does, similar to the current tariff design, lead to personas being charged 

differently per consumed unit of electricity. Therefore, the subscription based tariff is discriminatory. 

Its discriminatory nature is already evident within its design. Companies with equal bracket size are 

charged equally, disregarding their actual consumption. 

Similar to the BAU scenario, the subscription based tariff results in high usage companies being charged 

less per unit consumption during their high-consumption summer months. As discussed previously, this 

effect contrasts with the cost reflection principle. 
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5.4 Dynamic Pricing Scenario 

In the dynamic pricing tariff, electricity prices constantly change depending on the sum of the 

companies’ consumption. The dynamic pricing tariff follows a curve table which is derived from the 

companies’ daily bids and constraint by the DSOs expected daily revenue. Companies’ daily bids are 

aggregated into a daily grid utilization profile. The dynamic tariff curve table follows the same shape 

as the grid utilization profile and is constrained by the daily expected DSO revenue to ensure the DSO’s 

cost recovery. An example for a sunny summer day is provided in Figure 22 below.  

5.4.1 Prosumer 

The prosumer’s consumption profile in the dynamic tariff scenario and the BAU scenario is presented 

in Figure 23. In the dynamic tariff scenario, the prosumer’s consumption becomes closely connected to 

the EPEX market prices. This results in a change of the consumption profile’s trend. During summer 

months, consumption is significantly lower than in the BAU scenario, whereas the November and 

December consumption peak is significantly larger. These changes resemble the prosumer’s 

opportunities on the external market. During summer months, external market prices are low as they 

are saturated by abundant PV generated energy. This offers few opportunities for the prosumer, 

therefore, reducing its consumption profile. During November and December however, external market 

prices fluctuate heavily, providing ample opportunities for the prosumer to profit. This results in a 

consumption increase during these months.  

Figure 22: (Left) Example of a curve table derived from companies’ daily bids for a summer day. Dynamic tariff 
prices are assigned to the curve table constraint by the DSO’s expected daily revenue. (Right) Plot of the daily grid 

profile (in %) for a summer day. 
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Figure 23: Prosumer’s capacity usage profile in the dynamic pricing scenario. Red curve: capacity usage trend in 
the BAU scenario. Blue curve: capacity usage trend in the dynamic pricing scenario. 

On average, the prosumer consumes 39,670 kWh monthly which is a slight increase from its reference 

value of 36,500 kWh. Average monthly export is equal to its value in the single tariff scenario at 10,600 

kWh. However, the percentage of export to the local market decreases from 9% in the single tariff 

scenario to 4% in the dynamic tariff scenario. This decline is due to the less profitable local market 

compared to external market prices.  

The prosumer’s annual bill in the dynamic tariff scenario increases from its reference value of €13,578 

to €14,800. This increase stems from its higher battery usage to react to external market prices. The 

price per consumed kilowatt-hour is €0.031, equal to its value in the reference scenario. 

5.4.2 High Usage Company 

The average consumption profile of the high usage companies is presented in Figure 24. Consumption 

levels are slightly increased compared to the reference scenario, resulting in a monthly average of 

102,100 kWh compared to its reference value of 96,250 kWh. During summer months, local market 

prices and grid congestion levels are low, allowing the high usage company to increase its consumption 

at low energy costs. The average monthly energy obtained from the local market is 420 kWh, however, 

there are instances especially between June and August where the energy obtained from the local market 

reaches the 1,100 kWh level.  
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Figure 24: Average capacity usage of the high usage companies in the dynamic pricing scenario. Red curve: 
capacity usage trend in the BAU scenario. Blue curve: capacity usage trend in the dynamic pricing scenario. 

Annual bills for the high usage company decrease slightly relative to the reference scenario from 

€27,780 down to €27,200. This decrease is partly due to the high usage company’s local market 

consumption during the summer months in which local market prices are low. Furthermore, the low 

congestion within the industrial park’s local grid (which will be described in Section 6) results in low 

dynamic tariff prices. The increased consumption and decreased annual bills result in a lower price per 

consumed unit of electricity. The high usage company’s price per consumed kilowatt-hour in the 

dynamic tariff scenario is €0.022. 

5.4.3 Low Usage Company 

The low usage companies’ average consumption profile in the dynamic tariff scenario is presented in 

Figure 25. It is similar to the reference scenario, however, consumption increases slightly from 10,123 

kWh in the reference scenario up to 12,130 kWh in the dynamic tariff design. The low usage company 

does not obtain any energy from the local market, purchasing energy merely from its retailer.  

Annually, the low usage company is charged €4,020. This is a slight increase compared to its reference 

value of €4,358. When taking its increased consumption into account, the low usage company is charged 

less per consumed unit of electricity, decreasing from €0.036 down to €0.028 per consumed kilowatt-

hour. 
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Figure 25: Average capacity usage of the low usage companies in the dynamic pricing scenario. Red curve: 

capacity usage trend in the BAU scenario. Blue curve: capacity usage trend in the dynamic pricing scenario. 

5.4.4 Discussion 

As will be discussed in Section 6, grid utilization levels within the researched industrial park are 

generally low. The dynamic tariff design directly translates these low grid utilization levels into low 

electricity prices. These low prices are reflected in costs per consumed unit of electricity below their 

BAU value for both the high and low usage companies. As both these personas face lower electricity 

costs, they both increase their respective consumption levels. Note that this effect depends on the 

situation in the local grid. Higher grid utilization levels would result in higher electricity prices, 

effectively dampening consumption to reduce grid utilization.  

The overall low grid utilization levels allow the prosumer to trade electricity on the external markets 

without facing high export costs. This is reflected in both the prosumer’s consumption profile which 

follows external market prices and the decreasing share of local market export. Again, note that this 

effect is due to low grid utilization levels. Whenever grid utilization levels rise, the prosumer faces 

higher costs exporting to external markets. This incentivises the prosumer to trade its excess electricity 

on the local market, which reduces grid utilization levels.  

The dynamic tariff design does result in personas being charged differently per consumed unit of 

electricity when considering yearly consumption values. However, when considering temporal prices 

every persona is charged equally at each point of time. Therefore, the dynamic tariff design is non-

discriminatory. Furthermore, the direct coupling between electricity prices and grid utilization levels 

makes the dynamic tariff design cost reflective. 
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5.5 Conclusion – Persona Level 

A summary of the annual bills, monthly average consumption and costs per unit of electricity for the 

respective personas for each tariff scenario is presented in Table 6. Comparing these outputs with its 

values in the BAU scenario allows insight into how different types of companies are affected by various 

tariff designs. This provides an answer to SQ1: “How are different types of companies affected by 

changing tariff designs?” Additionally, an overview on the effects of changing tariff designs for each 

persona is provided in Table 7. 

Companies are profit maximizing and cost minimizing entities. This also applies to its electricity bills. 

The effect of an alternative tariff design will always be felt compared to the status quo, therefore, the 

effect of each of the studied tariff designs will be compared to the current tariff design. Arguing from a 

company’s cost minimizing point of view, an increase in annual bills should correspond to an equal or 

higher increase of its average consumption, whereas decreasing average consumption should be 

reflected in its annual bills. Such an effect is tolerable for companies as its cost per unit of consumed 

electricity stays equal or decreases with respect to the status quo. Therefore, whenever a tariff results in 

a company being charged more per unit of its consumption without providing additional means of 

regaining these lost costs, this tariff is deemed detrimental for that specific company. A tariff which 

results in an opposite effect is deemed beneficial, whereas a neutral tariff affects a company relatively 

equal to the current tariff design.  

Table 6: Annual bills, average monthly kWh consumed and cost per consumed kWh for each persona in each tariff 
scenario. Business as usual values are used as the reference value. Cell colors indicate its value relative to the 
BAU value (grey), with darker colors indicating larger differences to BAU value. Color orientation: Green cells 
indicate lower annual bills, higher amounts consumed, and lower prices per consumed kWh. Red cells indicate the 
opposite. 

 Business as usual Single tariff Subscription based Dynamic pricing 

 Pros. H-us. L-us. Pros. H-us. L-us. Pros. H-us. L-us. Pros. H-us. L-us. 

Annual bills €13,578 €27,780 €4,358 €13,815 €30,240 €4,320 €27,000 €27,000 €4,200 €14,800 €27,200 €4,020 

kWh consumed 
(mthly. avg.) 

36,500 96,250 10,123 39,850 84,000 12,000 68,700 117,952 11,068 39,670 102,100 12,130 

€/kWh €0.031 €0.024 €0.036 €0.030 €0.030 €0.030 €0.033 €0.019 €0.032 €0.031 €0.022 €0.028 

The single tariff design charges a single cost per consumed unit of electricity, based on the current 

tariff’s average cost per consumed unit. This tariff is naturally detrimental for companies which are 

charged below average costs per consumed unit in the current tariff setting, while being naturally 

beneficial for companies charged above average costs. Here, this leads to a tariff which is neutral for 

the prosumer, detrimental to the high usage companies, and beneficial to low usage companies. The 

high usage company is affected most. Its annual bill increases by 9% while consuming 13% less energy. 

Comparing the subscription based scenario with the BAU scenario is difficult, especially for the 

prosumer. The prosumer’s capacity requirements don’t fit well in the proposed subscription brackets. 

This results in roughly a two-fold increase in its consumption and its annual bills. Using the 

abovementioned criteria, the subscription based tariff is detrimental for the prosumer as its costs per 

consumed unit of electricity increases slightly. However, the prosumer’s large bracket size allows it to 



60 

 

fully exploit its battery to profit from opportunities on the external markets. The resulting profit might 

offset the slight increase in costs charged per unit of its consumption. The high usage company, on the 

other hand, is charged an annual bill similar to its BAU value. However, the subscription bracket allows 

it to increase its consumption significantly (especially during winter). Therefore, the subscription based 

tariff design is deemed beneficial for the high usage company. The same argument can be used for the 

low usage company. It is charged a similar amount while consuming more and is therefore positively 

affected by the subscription based tariff design.  

The dynamic pricing scenario introduced a grid dependent charge per consumed unit of electricity. As 

the electricity price depends on grid utilization, its effect on the different personas also depends on the 

state of the grid. The model’s industrial park generally has low grid utilization resulting in low 

electricity prices. The result is a tariff which is beneficial for both high and low usage companies as 

their costs per unit of electricity decreases with respect to their BAU values. The prosumer’s costs per 

unit of electricity are similar to its BAU values and is therefore neutrally affected by the dynamic pricing 

tariff. However, similar to the subscription based scenario, the prosumer’s ability to strategically use its 

local battery to profit on the external markets increases in the dynamic pricing scenario. This represents 

an additional means for profit for the prosumer company. 

The dynamic pricing’s beneficial effect on the high usage company might seem counterintuitive. The 

high usage company is responsible for a significant share of local grid utilization, therefore, its high 

consumption should lead to higher electricity prices. However, it is important to note that the model’s 

industrial park generally has low grid utilization rates. A more congested local grid would lead to higher 

electricity prices, and therefore, lead to the dynamic pricing tariff having a detrimental effect for high 

usage companies. In such a local grid, low usage companies will also face detrimental effects. 

Decreasing their consumption has limited effect on grid utilization.  Therefore, low usage companies 

are at the mercy of the remaining companies’ consumption which ultimately constitute the dynamic 

tariff price. Whenever grid utilization is generally high, electricity prices are generally high, 

detrimentally affecting low usage companies. 

Table 7: Overview of the impact of different tariff designs per persona. 

 Single tariff Subscription based Dynamic pricing 

Prosumer: • Equal costs per consumed 
unit of electricity 

• No capacity cap improves 
strategic battery behaviour 

• Slightly higher costs per 
consumed unit of electricity 

• Large increase in annual bills, 
however, large bracket size 
allows full exploitation of local 
storage capacity and ability to 
profit on the external markets 

• Equal costs per consumed 
unit of electricity 

• Coupling between 
consumption profile and 
external market prices 

• Low grid utilization levels 
allow to profit on external 
markets 

High 
usage: 

• Higher costs per consumed 
unit of electricity 

• Sharp reduction in 
consumption to limit costs 

• Lower costs per consumed 
unit of electricity 

• Allows consumption increase 
up to upper bracket threshold, 
however, unable to 
significantly increase due to 
lack of local storage capacity 

• Slightly lower costs per 
consumed unit of electricity 

• Low electricity prices and 
low local market prices 
reduce costs per consumed 
unit of electricity 

• Increase consumption 

Low 
usage: 

• Lower costs per consumed 
unit of electricity 

• Increase in consumption 

• Slightly lower costs per 
consumed unit of electricity 

• Increase consumption up to 
upper bracket threshold 

• Lower costs per consumed 
unit of electricity 

• Low electricity prices reduce 
costs per consumed unit of 
electricity 

• Increase consumption 
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6 Analysis - Industrial Park Level 

This section provides the results and analyses the model on the industrial park level. It aims to provide 

an answer to subquestion SQ2: “How are grid operators affected by changing tariff designs, and to 

what extent can different tariff designs provide grid operators flexibility services which can be used in 

congestion management? 

Annual DSO revenue and the sum of electricity flows within the local grid are the key indicators for 

answering the first part of subquestion SQ2, whereas number of congestion events, average and peak 

grid utilization figures are used to answer the second part. The section starts by describing the BAU 

scenario (Section 6.1) which applies the current-day tariff design, followed by the single tariff (Section 

6.2), subscription based (Section 6.3) and dynamic pricing tariff scenarios (Section 6.4). Finally, the 

section ends by presenting the industrial park level conclusion and providing the answer to SQ2. 

6.1 BAU Scenario 

The monthly grid utilization is presented in Figure 26 below. The average grid utilization is roughly 

13% of local grid capacity. On average, grid utilization is higher in winter and lower in summer months. 

However, the variation in grid utilization is higher in summer. Peak utilization is reached in August at 

23% of the local grid’s capacity. Additionally, August is the month with the most peak grid utilization 

occurrences. During the entire month there are 15 events where grid utilization reaches above 20%. 

Grid utilization is generally low and leaves ample room for adding more load capacity or increasing the 

number of companies connected to the local grid. 

Figure 26: Monthly grid utilization values for the local grid in the BAU scenario. Average values are displayed using 
a dot, whereas the distribution of the monthly grid utilization values is displayed by the curves.  
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The DSO’s annual revenue when applying the current tariff design adds up to €123,066. The total 

amount of transported electricity, i.e. the total net amount of flows in the local grid, is equal to 4,633,196 

kWh. Assuming full cost recovery, this results in a cost of €0.027 per transported kilowatt-hour of 

electricity.  

6.2 Single Tariff Scenario 

The grid utilization in the single tariff setting is presented in Figure 27 below. Average grid utilization 

decreases to 10.78%, which is the result of decreasing grid utilization in summer and increasing grid 

utilization in October, November and December. During summer, grid utilization decreases as the single 

tariff design incentivises the high usage companies to decrease their consumption. Average grid 

utilization during summer decreases to 10.1%, whereas peak utilization reaches 27.3%. In October, 

November and December high usage companies maintain their consumption level, whereas the 

prosumer’s usage increases. This results in an increase of grid utilization. Average grid utilization 

during these three months increases up to 15.9% with peak grid utilization reaching 33.1%. 

 

Figure 27: Monthly grid utilization values for the local grid in the single tariff scenario. Average values are displayed 
using a dot, whereas the distribution of the monthly grid utilization values is displayed by the curves. The blue curve 

represents the average grid utilization in the BAU scenario. 

The single tariff design does not result in any grid congestion events. Peak congestion occurs in October 

at 33.91% grid utilization. This event occurred only once. Different to the BAU scenario, most peak 

grid utilization events occur in September in which 20% grid utilization was reached 9 times.  

The sum of company bills adds up to an annual revenue of €130,986 for the DSO. This is an increase 

of 6.4% compared to the BAU scenario. The total amount of transported electricity decreases by 5.8% 

down to 4,366,370 kWh, resulting in a cost of €0.030 per transported kilowatt-hour of electricity. 
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Compared to the BAU scenario, the DSO can therefore spend an additional 3 euro cents per transported 

kilowatt-hour of electricity.  

6.3 Subscription Based Scenario 

The industrial park’s local grid utilization in the subscription based tariff is presented in Figure 28 

below. Average grid utilization increases with respect to the reference scenario from 13% up to 14.21%. 

Grid utilization is higher throughout the year due to the prosumer’s increased capacity which allows for 

increased import and export activities, which yield increasing transportation flows.  

 

Figure 28: Monthly grid utilization values for the local grid in the subscription based scenario. Average values are 
displayed using a dot, whereas the distribution of the monthly grid utilization values is displayed by the curves. The 
blue curve represents the average grid utilization in the BAU scenario. 

As for the previous tariff designs, the subscription based tariff design does not result in any grid 

congestion events. Peak grid congestion occurs in January when consumption load reaches 1,659.3 kW 

or 40.4% grid utilization. This event only occurs once. Most peak grid utilization events occur in 

November and December. Both months record 16 events where grid utilization reaches the 20% level. 

The DSOs annual revenue adds up to €133,200, which is an 8.2% increase from its BAU value. 

Although yielding an increased annual revenue, the subscription based tariff results in an even larger 

increase in transported electricity. Total transported electricity increases 26.6% up to 5,867,594 kWh, 

resulting in a cost of €0.023 per transported kilowatt-hour of electricity.  

6.4 Dynamic Pricing Scenario 

The dynamic pricing tariff charges electricity prices relative to the grid utilization values. In this work, 

the industrial park generally has low grid utilization values. These drive electricity prices down, 

resulting in all personas increasing their consumption. The monthly grid utilization in the dynamic 

pricing scenario is presented in Figure 29. An overall increase of grid utilization is observed as a result 
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of the low electricity prices. During summer months an additional peak is visible. This peak is the result 

of the prosumer’s increased battery usage. Import prices in summer months are generally low, allowing 

the prosumer to charge its battery at low costs. Therefore, the local system acts as a buffer for the 

national grid.  

 

Figure 29: Monthly grid utilization values for the local grid in the dynamic pricing scenario. Average values are 
displayed using a dot, whereas the distribution of the monthly grid utilization values is displayed by the curves. The 

blue curve represents the average grid utilization in the BAU scenario. 

Average grid utilization in the dynamic pricing tariff increases up to 17.31% compared to its BAU value 

of 13%. There are no grid congestion events. Peak utilization occurs once in August at 42.99%. The 

overall increased grid utilization results in an increasing number of events where grid utilization 

surpasses 20%. For each month in which such an event occurs, there are a minimum of 10 instances of 

such events. Most events occur in August and December, where 32 events occur where grid utilization 

exceeds 20%.  

Annual DSO revenue decreased 2.1% compared to the BAU scenario down to €120,520. While annual 

DSO revenue decreases, the amount of transported electricity increases by 8.5% up to 5,025,036 kWh. 

This corresponds with a cost of €0.024 per transported kilowatt-hour of electricity.  

6.5 Conclusion – Industrial Park Level 

An overview of the annual DSO revenue, total flows of electricity and grid utilization indicators is 

provided in Table 8 below. The combination of DSO revenue and electricity flows is used to provide 

an answer to the first part of subquestion SQ2: How are grid operators affected by changing tariff 

designs, and to what extent can different tariff designs provide grid operators flexibility services which 

can be used in congestion management?” whereas grid utilization indicators are used answer the second 

part. The section concludes with a summary (Table 9) of the effects of changing tariff designs on both 

the DSO stakeholder and the local grid. 
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DSOs have a monopoly on the physical grid. However, national regulators create a competitive market 

environment in which DSOs compete. Therefore, DSOs are incentivised to increase their efficiency. 

The model provides both annual DSO revenue and the total amount of transported electricity within the 

local grid. Combining these into revenue per transported unit of electricity this provides a measure for 

DSO efficiency. A change in tariff design might result in a change in DSO efficiency. Such changes are 

always measured compared to the status quo. The DSO efficiency in each of the tariff design scenarios 

is therefore compared to its efficiency in the BAU scenario. 

The grid utilization indicators (number of congestion events, average and peak utilization) provide 

insight in the local grid’s usage. Congestion events indicate a local grid which is unable to facilitate all 

electricity flows. The number of congestion events can be reduced by strengthening the grid (at high 

investment costs) or reducing electricity flows. The average grid utilization provides an indication for 

the efficiency of the grid’s usage, whereas the peak grid utilization indicates volatility within the grid’s 

usage. Combined, these provide insight into the situation of the local grid. For example, high average 

grid utilization does not, by itself, indicate the need for grid reinforcements, however, does so when 

combined with high volatility. On the other hand, high volatility isn’t necessarily a problem whenever 

average grid utilization is low and doesn’t yield grid congestion events. In this work, no occurrences of 

grid congestion events are observed and therefore the status of the local grid is considered purely on 

changes in average and peak grid utilization figures.  

Table 8: Summary of key indicators at the industrial park level. Business as usual values are used as the reference 
value. Cell colors indicate its value relative to the reference value (grey), with darker colors indicating larger 
differences. Color orientation: Green cells indicate higher annual DSO revenue, lower amounts of kWh transported 
and lower average and peak grid utilization. Red cells indicate the opposite. 

 Business as usual Single tariff Subscription based Dynamic pricing 

Annual DSO revenue €123,066 €130,986 €133,200 €120,520 

Total kWh transported 4,633,196 4,366,370 5,867,594 5,025,036 

Grid congestion events 0 0 0 0 

Average grid utilization 13% 10.78% 14.21% 17.31% 

Peak grid utilization 23% 33.91% 40.40% 42.99% 

As described in Section 4.4, the allowed DSO revenue consists of a grid operator cost component plus 

a proposed revenue increase, where the previous year’s grid revenue is used as an approximation of the 

grid operator costs. This cost plus function is used to calculate the height of the specific tariff 

components, which ensures cost recovery. Annually updating the cost plus function with the previous 

year’s grid revenue ensures that the DSO income stays within its allowed revenue. Although each of 

the tariff’s specifics are calculated using the allowed DSO revenue of €105.000, each of the tariff 

designs ultimately result in a higher annual DSO revenue. These discrepancies are a result of the market 

dynamic.  
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The single tariff design results in both an increase in annual DSO revenue and a decrease in electricity 

flows. This results in an increase of DSO efficiency, allowing the DSO to spend more per unit of 

transported electricity. Therefore, the single tariff design is deemed positive in terms of DSO efficiency. 

Average grid utilization is already low in the BAU scenario, however, decreases even more for the 

single tariff design. This is a direct consequence of the sharp consumption reduction of the high usage 

companies during the summer months. The peak grid utilization, on the other hand, increases compared 

to the BAU scenario. The current tariff design’s contracted capacity imposes an upper boundary to the 

prosumer’s ability to exploit its local storage capacity to profit on the external markets. The absence of 

such a boundary in the single tariff design allows larger variation in the prosumer’s capacity usage and 

therefore results in higher peak grid utilization values. In the studied industrial park grid, the increase 

in peak grid utilization doesn’t yield grid congestion events and therefore has no detrimental effects. 

However, the single tariff design increases grid utilization volatility and the absence of a consumption-

limiting mechanism might result in detrimental effects when implemented in already congested local 

networks. 

The subscription based tariff results in a DSO annual revenue increase similar to the single tariff design. 

However, contrary to the single tariff design, the sum of flows within the local grid increases sharply 

(+27%). The combined effect is a decrease in DSO efficiency, allowing the DSO to spend less per unit 

of transported electricity. Therefore, the subscription based tariff design is deemed negative in terms of 

DSO efficiency. 

Average grid utilization increases slightly compared to the BAU scenario due to increased capacity 

usage by both the high usage companies (during winter months) and the prosumer (throughout the year). 

Furthermore, the prosumer’s large bracket size allows it to fully exploit its local battery and trade large 

amounts on external markets resulting in an increase of peak grid utilization. Contrary to the single 

tariff design, the subscription based tariff design does have a consumption-limiting factor in the form 

of its brackets. Although outside bracket consumption is allowed, its additional costs incentivise 

companies to stay within their respective bracket. Peak grid utilization is therefore limited by the upper 

threshold of the collection of the companies’ respective brackets. Whether the implementation of the 

subscription based design results in detrimental effects on the local grid therefore depends on the 

collection of brackets, and might therefore, when designed correctly, reduce peak grid utilization in 

already congested networks. 

The dynamic pricing tariff design results in a slight decrease in annual DSO revenue compared to the 

BAU scenario. Additionally, electricity flows slightly increase, resulting in a decrease of DSO 

efficiency. Therefore, in terms of DSO efficiency, the dynamic pricing tariff is detrimental for the DSO. 

Both average and peak grid utilization increase sharply in the dynamic pricing design. Arguing merely 

using average and peak grid utilization, the dynamic pricing tariff design is outperformed by all other 

studied tariff designs. However, the high grid utilization figures are the direct consequence of the 

dynamic pricing’s design. The studied industrial park generally has low grid utilization, resulting in low 

electricity prices which incentivise capacity usage. However, within an already congested network, 

overall high grid utilization figures would result in higher electricity prices de-incentivising capacity 

usage. The dynamic tariff  design provides efficient grid usage, effectively increasing capacity usage in 

non-congested networks while decreasing in congested networks.  
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Table 9: Overview of the impact of different tariff designs on the DSO and the local grid. 

 Single tariff Subscription based Dynamic pricing 

DSO: • Increased revenue 

• Slight decrease in total 
flows 

• Increased revenue 

• Large increase in total 
flows 

• Slightly decreased 
revenue 

• Slight increase in total 
flows 

Local 
grid: 

• No congestion events 

• Decrease in average grid 
utilization 

• Increase in peak grid 
utilization 

• No consumption-limiting 
mechanisms 

• No congestion events 

• Slight increase in 
average grid utilization 

• Large increase in peak 
grid utilization 

• Consumption limited by 
bracket size 

• No congestion events 

• Increase in average grid 
utilization 

• Large increase in peak 
grid utilization 

• Consumption limited by 
dynamic pricing 
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7 Tariff Principle Analysis 

This section aims to answer SQ3: “To what extent are dynamic tariff designs feasible within the current 

tariff regulation setting?” To do so, this work assesses the Dutch tariff regulation code principles 

introduced in Section 2.3.1. This section will first introduce how the principles are scored (Section 7.1), 

followed by a discussion for each of the 7 principles within the studied tariff designs (Section 7.1.1 - 

7.1.7), and conclude by answering the research question stated above (Section 7.2). 

7.1 Model Results 

The tariff principles are measured in the model by quantitative indicators as defined in Section 4.2.4. 

All indicators, except for the non-discriminatory indicator, are compared to their reference value in the 

BAU scenario. Subsequently, the indicators are translated into a qualitative scale, ranging from -- up to 

++. The scale’s scores represent the following: 

-- Strong negative effect 

- Small negative effect 

o No significant effect 

+ Small positive effect 

++ Strong positive effect 

As mentioned in Section 4.2.4, the model only incorporates indicators for five of the seven identified 

tariff principles. Using the indicator values from the model each of these five indicators will be 

discussed below, after which the remaining two tariff principles are qualitatively discussed using their 

respective indicators. The respective indicator values and scores will be provided in their respective 

sections and are ultimately summarized in Table 10 in Section 7.2. 

7.1.1 Cost Recovery 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Cost recovery Indicator value: €123,066 €130,986 €133,200 €120,520 

Score: reference + + - 

The cost recovery indicator is annual DSO revenue. There are no large differences between its reference 

value in the BAU scenario and its value in each of the remaining scenarios. Therefore, arguing merely 

from the used cost recovery indicator, each of the modelled tariff designs is deemed able to recover its 

costs. 

However, a tariffs ability to recover a DSOs costs depends both on the resulting revenue and their costs. 

DSO costs aren’t represented in the model’s cost recovery indicator. DSO costs largely depend on 

infrastructure investments. The need for such investments depends on, amongst others, peak grid 
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utilization figures. The grid utilization output described in Section 6 shows that each tested tariff design 

yields peak grid utilization figures higher than its reference value. Therefore, DSO costs are higher for 

all tested scenarios. 

Combining both revenue and costs insights shows different cost recovery abilities for the different tariff 

designs. Both the single and subscription based tariff designs yield higher DSO revenue and costs and 

are therefore able to recover costs. The dynamic pricing design, however, yields less DSO revenue 

while yielding increased costs. This indicates the dynamic pricing tariff to being unable to recover its 

costs. However, it is important to note that the dynamic tariff design has self-correcting grid utilization 

properties. Whereas the model’s low utilization grid results in low electricity prices and increased 

consumption, the dynamic pricing design yields decreasing grid utilization figures in already congested 

local grids. While the dynamic pricing design is least able to recover costs in the model, its cost recovery 

abilities are probably highest in an already congested grid. 

7.1.2 Non-discriminatory 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Non-
discriminatory 

Indicator value: 0.0049 0 0.0062 0.0037 

Score: - ++ -- ++* 

The non-discriminatory indicator is the standard deviation between each persona’s price per consumed 

kilowatt-hour. The single tariff design is perfectly non-discriminatory by design, which is confirmed by 

its indicator value. A tariff which applies charges additional to purely volumetric charges will result in 

it being discriminatory to some extent. Both the current and subscription based tariff design provide an 

example of this.  

 

The current tariff design’s capacity pricing component results in discriminatory effects, whereas the 

subscription based design is discriminatory due to its subscription tariffs. The subscription based tariff 

design performs worse than the current tariff design in terms of being non-discriminatory. A possible 

explanation is the practical inexistence of a volumetric tariff in the subscription based design. Although 

technically a volumetric tariff exists for consumption outside of the subscription bracket, in practice, 

the subscription bracket is never exceeded resulting in a non-volumetric tariff design. 

The non-discriminatory indicator used in the model indicates that the dynamic pricing design, although 

being the least offensive, is also discriminatory. However, the indicator isn’t applicable for a dynamic 

tariff, resulting in a skewed non-discriminatory rating. The indicator is based on annual electricity bills 

and total annual consumption while not taking a dynamically changing tariff into account. As the height 

of the dynamic tariff changes dynamically, the non-discriminatory principle indicator presents a skewed 

figure. As the dynamic pricing design charges each individual company equal per consumed unit of 

electricity at each specific point in time, it is deemed to be non-discriminatory. 
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7.1.3 Non-distortionary 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Non-distortionary Indicator value: 0 0 0 0 

Score: reference o o o 

The number of grid congestion events is used as the non-distortionary indicator. Although some tariff 

designs resulted in an increase of grid utilization events exceeding 20%, none of the designs yielded 

100% congestion events. Therefore, all tariff designs are deemed non-distortionary. 

However, the absence of distortionary effects is at least partly the result of the overall low grid 

utilization in the modelled industrial park. All tested tariff designs yield higher peak grid utilization 

figures than the current tariff design. Therefore, implementing these tariff designs in already congested 

local grids might result in distortionary effects. In contrast to the current, single and subscription based 

tariff design, the dynamic pricing design has a built-in non-distortionary mechanism. As the dynamic 

tariff depends on grid utilization figures, increasing grid utilization leads to higher prices, dampening 

consumption and reducing peak grid utilization. Therefore, in an already congested local grid, the 

dynamic pricing design has the potential of being non-distortionary, whereas the single and subscription 

based tariff designs don’t.  

7.1.4 Predictability 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Predictability Indicator values 
(Pros. ; h-u. ; l-u.): 

0.19 ; 2.05 ; 0.56 0.22 ; 2.23 ; 0.27  0.20 ; 0.72 ; 0.41 0.48 ; 1.62 ; 0.39 

Score: Ref ; ref ; ref ++** ; ++** ; ++** o ; ++ ; + -- ; + ; + 

As discussed in Section 4.2.4, the model’s absence of monthly company bills results in an unideal 

predictability indicator. This is especially relevant for the single tariff design. The single tariff design 

is perfectly predictable by design. Each persona is charged equally for each consumed unit of electricity 

throughout the year. The model’s predictability indicator is unable to adequately signal the single tariff 

design’s predictability as it suggests the single tariff design is unpredictable. As the single tariff is 

perfectly predictable by design, the indicator values are neglected for the single tariff design, and perfect 

predictability is assumed. 

The predictability of the remaining tariff scenarios is assessed by comparing the predictability indicator 

values for each persona with its values in the BAU scenario. The indicator values for the BAU scenario 

suggest that the tariff is most predictable for the prosumer, slightly less predictable for the low usage 

company and least predictable for the high usage company. The subscription tariff provides a more 

predictable tariff for both the high and low usage company, whereas the predictability for the prosumer 

remains similar to the BAU scenario. The large predictability improvement for the high usage company 

is the result of the subscription based tariff’s simple nature. The dynamic pricing tariff also improves 

the predictability for both high and low usage companies compared to the current tariff design, however, 

predictability for the prosumer declines. This decline is the result of the prosumer’s increased external 
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market activity which represents an unpredictable factor on its electricity bills. The low local market 

price, however, improves predictability for both high and low usage companies as it provides an 

additional source of low-cost electricity.  

7.1.5 Cost Reflection 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Cost reflection Indicator value: €0.027 €0.030 €0.023 €0.024 

Score: reference + - - 

The cost reflection of each studied tariff design has been qualitatively discussed throughout Section 5. 

Summarized, both the current and subscription based tariff designs lead to high usage companies being 

charged less per consumed unit of electricity during their high consumption months; whenever they 

impose most costs on the local grid. The single tariff design partly resolves this issue by charging a 

single 100% volumetric price, effectively charging equally throughout the year. However, the single 

tariff design lacks a mechanism which signals electricity scarcity or the situation in the local grid to 

consumers, and therefore, fails to charge consumers respective to the amount of costs they impose on 

the grid. The dynamic pricing tariff design provides such a mechanism and is therefore assumed most 

cost reflective.  

Although this argument is valid, it is based merely on a qualitative discussion of the tariffs’ designs. 

The model does also include a quantitative cost reflection indicator, namely the DSO revenue per 

transported unit of electricity. As is the case for most tariff principle indicators, a tariff’s cost reflection 

is assessed by comparing its indicator value to its BAU value. The current tariff design is assumed to 

be cost reflective, and therefore its indicator value will be used as a threshold value for cost reflectivity.  

The single tariff design results in both increased DSO revenue and decreased electricity flows. The 

resulting cost reflection indicator surpasses the BAU threshold value by roughly 10%. Both subscription 

based and dynamic pricing designs yield a cost reflection indicator value roughly 10% below the 

threshold value. The increased electricity flows in both scenarios isn’t offset by a similar increase in 

DSO revenue. Therefore, the cost reflection indicator indicates that the single tariff design is cost 

reflective, whereas both subscription based, and dynamic pricing designs are less cost reflective than 

the current tariff design. 

The result of both the qualitative and quantitative arguments correspond for the current, single tariff 

and subscription based designs, however, differs for the dynamic pricing design. The cost reflection 

indicator doesn’t include electricity scarcity nor grid specific parameters and is therefore unable to 

capture dynamic tariff design’s added cost reflectivity. 
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7.1.6 Simplicity 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Simplicity Indicator value: 3 1 1 1 

Score: reference ++ ++ -*** 

Disregarding connection costs, the current tariff design has three billing elements: contracted capacity, 

realized peak capacity and volumetric consumption (Section 2.4). Both the single tariff and subscription 

based tariff designs are significantly simpler. The single tariff design charges a 100% volumetric tariff 

and therefore has only a single billing element. The subscription based tariff design technically has two 

billing elements, namely the subscription fee and a volumetric tariff for outside bracket consumption. 

However, not a single event of outside bracket consumption has occurred in the simulations, therefore, 

in practice, the subscription based tariff design only charges a single billing element.  

The dynamic pricing design, similar to the single tariff design, charges a single 100% volumetric billing 

element. Arguing merely from this indicator, the dynamic pricing design is simpler than the current 

tariff design. However, the simplicity principle assesses whether a tariff is both simple and easy to 

understand. Although the dynamic tariff design has a single billing element, this billing element isn’t 

necessarily easy to understand. Whereas the single tariff design charges a single volumetric price, the 

dynamic tariff design’s volumetric price changes rapidly depending on multiple factors. Although one 

could argue the dynamic tariff concept is easy to understand, the individual company bills’ formation 

isn’t. The dynamic tariff price is constructed by the DSO using the combined information from all the 

industrial park companies. Individual companies do not have access to all this information, and 

therefore, the constituents of their electricity bills aren’t easy to understand. Therefore, although the 

dynamic pricing design charges only a single billing element, its inherent complexity results in a tariff 

design which isn’t simple. 

7.1.7 Transparency 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Transparency Score: reference ++ ++ - 

The assessment of the transparency principle can only be achieved post implementation. This phase is 

outside the scope of this work, therefore, this work assesses whether its studied tariff designs have 

potential for being transparent. Whether this potential is ultimately fulfilled depends on the 

implementation. The simplicity principle is used as a measure for transparency potential by arguing that 

simple tariff designs with few components are easily understood and therefore more easily publicly 

communicated. Therefore, the transparency principle scores are equal to their simplicity counterparts.  

Whereas the current tariff design is transparent in practice is debated, its components are easily 

understood and thus the tariff is potentially transparent. The decrease in billing elements for both the 

single and subscription based tariffs further increase their potential for transparency. On the other side, 

the dynamic tariff design’s inherent complexities complicate its transparency potential. Additionally, 

companies might be reluctant to publicly communicate their consumption strategies which have direct 
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effects on electricity prices. The result would be a tariff design in which parties act upon incomplete 

and asymmetric information. 

7.2 Conclusion – Tariff Principle Analysis 

This section aims to answer SQ3: “To what extent are dynamic tariff designs feasible within the current 

tariff regulation setting?” To do so, this work assesses the Dutch tariff regulation code’s principles. 

These 7 principles are discussed in the previous section and their assessment is summarized in Table 

10 below. 

Table 10: Summary of the tariff principle indicator values and their attributed scores per tariff scenario. (*) Dynamic 
pricing is assumed to be non-discriminatory (discussed in Section 7.1.2). (**) Single tariff design is assumed to be 
perfectly predictable (discussed in Section 7.1.4). (***) Dynamic pricing’s simplicity is assumed below the current 
tariff design’s in the BAU scenario (discussed in Section 7.1.6). 

  Business as 
usual 

Single tariff Subscription 
based 

Dynamic pricing 

Cost recovery Indicator value: €123,066 €130,986 €133,200 €120,520 

Score: reference + + - 

Non-
discriminatory 

Indicator value: 0.0049 0 0.0062 0.0037 

Score: - ++ -- ++* 

Non-distortionary Indicator value: 0 0 0 0 

Score: reference o o o 

Predictability Indicator values 
(Pros. ; h-u. ; l-u.): 

0.19 ; 2.05 ; 0.56 0.22 ; 2.23 ; 0.27  0.20 ; 0.72 ; 0.41 0.48 ; 1.62 ; 0.39 

Score: Ref ; ref ; ref ++** ; ++** ; ++** o ; ++ ; + -- ; + ; + 

Cost reflection Indicator value: €0.027 €0.030 €0.023 €0.024 

Score: reference + - - 

Simplicity Indicator value: 3 1 1 1 

Score: reference ++ ++ -*** 

Transparency Score: reference ++ ++ - 

Each tariff design comes with its own set of trade-offs, leading to different principle scores. However, 

ultimately none of the studied tariff designs scores drastically different scores compared to the current 

tariff design. 

 The single tariff design outperforms the current tariff design for all tariff principles. It succeeds in 

providing a simple, non-discriminatory tariff design while upholding the remaining tariff principles. 

The single tariff design conforms to each of the 7 Dutch tariff principles and therefore fits within its 

regulatory boundaries. 

The subscription based tariff design does provide a simple design able to recover its costs, however, 

underperforms in terms of the non-discriminatory and cost reflection principles. The current tariff 
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design is critiqued for resulting in a discriminatory situation, however, the principle assessment 

indicates the subscription based design resulting in an even more discriminatory situation. Therefore, 

in its current form, the subscription based tariff design does not provide a feasible alternative to the 

current tariff design.  

The dynamic pricing tariff design represents a drastically different tariff design. The use of near real-

time grid utilization data decreases the tariff’s simplicity with the hopes of providing a non-

discriminatory tariff design which is able to reduce the need for grid reinforcements by providing 

adequate economic signals. The tariff principle assessment illustrates this trade-off. With respect to the 

current tariff design, the dynamic tariff design performs worse on the cost recovery, cost reflection, 

simplicity and transparency principles, while providing a design which is both non-discriminatory and 

non-distortionary.  

However, both the tariff’s non-discriminatory and non-distortionary tendencies are up for discussion. 

This work mainly argues that dynamic pricing is non-discriminatory as each of its participants are 

charged equally at each point in time. However, when increasing the scope of research, one might argue 

differently. Whereas actors sharing the same local grid are charged non-discriminatory, spatially 

disconnected actors face different costs. This spatial discrimination is an inherent characteristic of 

dynamic tariff designs. Traditionally, governments have obstructed spatially discriminatory tariffs, 

however, increasing distributed generation might shift the argument in favor of such tariffs.  

Contrary to the other tariff designs, the dynamic pricing design constantly provides consumers 

economic signals about the state of the local grid. Therefore, it is able to alleviate stress on highly 

congested networks, decreasing the number of congestion events. However, the industrial park grid 

used in this work generally has low congestion levels. None of the tariff designs result in additional 

congestion events, resulting in equal non-distortionary principle scores. The tariff principle assessment 

therefore doesn’t reflect the dynamic pricing design’s non-distortionary potential in networks with 

higher congestion levels. 

The dynamic pricing design trades off simplicity, cost recovery and cost reflection for a (local) non-

discriminatory design with large potential of alleviating stress on highly congested networks. Whereas 

this design is feasible in the current tariff regulation setting depends on whether some form of spatial 

discrimination is acceptable and to what extent local networks become congested. The increase in 

distributed generation might act as a double-edged sword by both increasing local congestion and 

shifting the discrimation discussion in favor of dynamic pricing. 
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8 Conclusion 

This work has studied the effects of different network tariff designs on industrial park stakeholders. The 

current-day tariff design is unfit within the rapidly changing energy environment. As described in 

Section 2.4.1, the current-day tariff design acts as a barrier for companies to provide demand side 

flexibility, only incentivises peak reduction instead of incentivising overall consumption reduction, and 

leads to companies always producing at full capacity. Additionally, increasing distributed generation 

and storage capabilities with the absence of a local market system leads to increasing electricity flows 

within the local grid.  

This work has proposed three alternative network designs. The research question was defined as: “To 

what extent can different tariff designs accelerate the energy transition in Dutch industrial parks?” 

Three alternative network designs and their effects on industrial park stakeholders have been studied. 

Using a multi method model based on data from a real-world industrial park, these three alternatives 

have been analysed and compared to the current-day design. The simulated industrial park incorporates 

a local market mechanism enabling the local trade of electricity and provides ancillary services through 

frequency stabilization. The three alternative tariff designs are a single tariff design, a subscription 

based tariff design, and a dynamic pricing design.  

The analysis has been performed in three parts, each represented by its own subquestion. Subquestion 

SQ1: “How are different types of companies affected by changing tariff designs?” is answered by 

analysing the tariff designs at the persona level in Section 5. Section 6 answered subquestion SQ2: 

“How are grid operators affected by changing tariff designs, and to what extent can different tariff 

designs provide grid operators flexibility services which can be used in congestion management?” by 

analysing at the industrial park level. Finally, the third subquestion SQ3: “To what extent are different 

tariff designs feasible within the current tariff regulation setting?” is answered by analysing the tariff’s 

regulative principles in Section 7. 

The remainder of this section will discuss each of the studied tariff designs separately. The findings 

from the analyses, and therefore the answers to each of the subquestions, will be  discussed, followed 

by answering the research question itself. 

8.1 Single Tariff Design 

The single tariff design provides a direct connection between a company’s electricity bills and its 

consumption volume. As the single tariff design conglomerates all the current tariff design’s cost 

components into a single 100% volumetric tariff, it is overly simplistic and inherently non-cost 

reflective. The single tariff design is therefore not included in this work as a direct alternative to the 

current tariff design, but merely to assess the impact of a direct coupling between electricity costs and 

consumption volume on industrial consumers. Minimizing electricity costs can only be achieved by an 

overall consumption reduction, therefore, the single tariff design incentivises companies to either 

decrease consumption levels or invest in efficient energy use.  
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The persona-level analysis shows that a 100% volumetric single tariff design is detrimental for high 

usage companies. Whereas their high consumption is somewhat socialized in the current tariff design, 

a high usage company is charged more for its consumption in a single tariff design. This results in a 

higher annual electricity bill for high usage companies while consuming less volume than in the status 

quo. Both prosumer and low usage companies are less affected by a single tariff design as they pay 

above average electricity costs in the current tariff design. However, the absence of an upper capacity 

threshold in the single tariff design allows the prosumer to more effectively use its local storage capacity 

to profit from external market trade.  

The reduced high usage company consumption positively affects the local grid as it results in less 

electricity flows and a lower average grid utilization. However, the absence of an upper capacity 

threshold results in increasing peak grid utilization as companies aren’t incentivised to limit their peak 

capacity usage. Within the studied industrial park this doesn’t necessarily result in detrimental effects. 

In fact, DSO efficiency increases as it gains a higher annual revenue while the total amount of electricity 

flows decreases. Furthermore, the increased peak grid utilization doesn’t result in congestion events as 

they comfortably stay within the main transformer capacity’s boundaries. However, implementing a 

single tariff design in an already congested local grid will result in detrimental effects. Due to its 

inherent simplicity, there is no reason to assume that a single tariff design will result in a different 

outcome when implemented in an already congested local grid. Therefore, although average grid 

utilization will decrease, the increase in peak grid utilization will result in congestion events. 

The tariff principle analysis confirms that the single tariff design is both simple and non-discriminatory. 

Although its non-cost reflective nature isn’t reflected in the principle analysis, its inherent simplicity 

and lack of variable parameters makes it unable to effectively function in both low and high congested 

electricity networks. Therefore, in its current form, the single tariff design is unable to accelerate the 

energy transition within Dutch industrial parks. However, there is some merit in directly coupling 

consumption volume to electricity costs. It does incentivise efficient use of electricity and overall 

consumption reduction, however, without a mechanism which limits peak capacity usage, the single 

tariff design is unfit to accommodate the energy transition.  

8.2 Subscription Based Design 

The subscription based tariff design represents an interesting alternative based on subscription business 

models. Instead of charging costs on capacity, peak capacity or consumption, the subscription based 

design charges a single subscription fee which allows consumers to freely use capacity within their 

respective subscription bracket. Outside bracket consumption is allowed, however, is charged by a 

premium 100% volumetric charge.  

The persona-level analysis demonstrates the importance of adequate subscription brackets. Companies 

are able to minimize their costs per consumed unit of electricity by increasing their capacity usage up 

to their upper bracket threshold without exceeding it. Therefore, companies change their capacity usage 

behaviour entirely based on their respective subscription bracket. Companies with local storage 

capabilities are able to increase their capacity usage significantly by actively engaging in and profiting 

from external market trade. However, companies without such capabilities are limited by their 

respective business’ processes. In this work’s model this is illustrated by the prosumer, which’ local 

battery allows it to increase its capacity usage up to its bracket upper threshold, whereas the lack of 
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local storage capabilities limits both the low and high usage companies’ ability to do so. The low usage 

company’s relatively stable capacity usage fits within its respective consumption bracket, and therefore 

allows it to efficiently make use of its subscription bracket. However, the high usage company’s 

seasonally dependent capacity usage profile results in large inefficiencies of its bracket usage during its 

low capacity usage winter months.  

At the industrial park level, the subscription based tariff design leads to a large increase in total 

electricity flows. This is as expected as both the prosumer and high usage companies increase their 

capacity usage. The increase of total electricity flows is not offset by a similar increase in annual DSO 

revenue, therefore, reducing the DSO’s efficiency. Additionally, the increased flows result in higher 

average and peak grid utilization figures. As was the case for the single tariff design, the increased 

average and peak grid utilization figures do not result in additional grid congestion events within the 

simulated industrial park. However, this is a direct result of the existing, low congestion situation within 

the Bleiswijk local grid.  

Implementing the subscription based design in its current form within an already congested network 

will result in additional grid congestion events. However, this might be circumvented by specifically 

tailoring subscription levels to the respective industrial park’s consumers. For example, in the simulated 

industrial park, the prosumer would not drastically increase its capacity usage whenever a more fitting 

subscription bracket was available. Specifically tailored subscription levels might prevent large overall 

increases in a companies’ capacity usages, however, do not prevent seasonally dependent companies 

from increasing their usage during off-season periods. Additionally, specifically tailoring subscription 

levels to fit consumers inherently contradicts with the subscription concept of offering limited amounts 

of subscription options.  

Additional to the abovementioned downsides, the subscription based tariff design is also deemed 

unfeasible within the current Dutch regulatory settings. The tariff principle analysis confirms that the 

subscription based tariff design is a simple alternative to the current tariff design. However, it is also 

less cost reflective and more discriminatory. It lacks cost reflectivity as electricity costs don’t reflect 

peak capacity usage nor does it reflect consumption volume. A one-time payment is unable to 

adequately  reflect costs. Additionally, a one-time subscription payment is inherently discriminatory as 

consumers with the same subscription bracket are charged equally independent of their realized 

consumption.  

Summarizing, the subscription based tariff design is both discriminatory and non-cost reflective and 

has detrimental effects on grid utilization values unless specifically tailored to its consumers. It is 

therefore assumed unable to accelerate the energy transition in Dutch industrial parks. However, this 

work’s analysis does not incorporate potential additional services provided to consumers which a 

subscription based design could offer. There is value in providing industrial consumers with additional 

services or access to the latest flexible technologies, which could help accelerate electrification within 

the industry and therefore help accelerate the energy transition. However, the detrimental effects on 

grid utilization values and especially the inherent discriminatory nature of the subscription based design 

might prove an insurmountable barrier for the subscription based tariff design.  
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8.3 Dynamic Pricing Design  

The dynamic pricing design is the only tariff design studied in this work that dynamically changes its 

electricity prices based on the situation in the local grid. The combined day-ahead contracts from all 

companies are used to project expected grid utilization values, which are directly translated into 

electricity prices. These provide economic signals enabling demand side flexibility by allowing 

consumers to shift their capacity usage from expensive peak periods to cheaper off-peak periods.  

As the price for electricity directly reflects expected grid utilization figures, it is important to note that 

the Bleiswijk local grid generally has low grid utilization figures, resulting in generally low electricity 

prices. This is reflected in both the persona and industrial park level analyses. The persona level analysis 

shows that the dynamic pricing tariff results in lower prices for both high and low usage companies, 

whereas the prosumer faces equal prices as in the BAU scenario. The prosumer’s capacity usage 

becomes closely related to external market prices as low grid utilization values allows it to export and 

import electricity at low costs. This enables the prosumer’s ability to actively engage with and profit 

from the external markets. Fuelled by the prosumer’s local battery, the local system works as a buffer 

for the larger-scale grid.  

The industrial park level analysis shows a similar picture. Total electricity flows increase as both high 

and low usage companies increase their consumption and the prosumer actively trades on the external 

markets. Annual DSO revenue, however, stays relatively equal to its BAU value, resulting in a decrease 

of DSO efficiency. Furthermore, both average and peak grid utilization figures increase as a result of 

the increasing electricity flows.  

However, in contrast to the current, single and subscription based tariff designs, implementing the 

dynamic tariff design in an already congested network will not have the same results as observed in this 

work’s model. An already congested network will result in higher overall electricity prices which 

decrease consumption levels, especially during peak congestion times. Furthermore, the local market 

will become more interesting for both prosumer and net consuming companies. The prosumer can profit 

from the local market as exporting prices rise, while net consuming companies gain a cheap alternative 

for electricity. The dynamic tariff design therefore has potential to efficiently use grid capacity in both 

non-congested and already congested networks.  

Although the dynamic pricing design has large potential in both non-congested and already congested 

networks, it doesn’t currently fit within the Dutch regulatory settings. As discussed in the tariff principle 

analysis, dynamic pricing designs are inherently spatially discriminatory as charges are based on local 

grid conditions. Spatial discrimination has traditionally been avoided in tariff settings (Eid et al., 2016). 

Therefore, whether dynamic pricing designs become feasible within the Dutch regulatory settings 

depends on whether some form of spatial discrimination becomes acceptable for the potential of 

alleviating stress on local networks. The ongoing growth of distributed generation, and with that, the 

increasing needs for flexibility within the system might shift the argument in favor of dynamic pricing 

designs. If it does, the dynamic pricing design is able to accelerate the energy transition in Dutch 

industrial parks.  
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8.4 General Conclusion 

This work has shown that different tariff designs affect stakeholders in different ways. Azarova and 

colleagues (2018) studied the effect of different tariff designs on household expenditures and found that 

the effect is heavily dependent on the household’s consumption patterns. This work shows the same 

effect for industrial park companies. When designing alternate tariff designs it is therefore important to 

acknowledge it will have various effects on different stakeholders. Instead of focussing on a general 

outcome, the focus should be on an outcome in which all individual stakeholders are considered. This 

does not mean that the chosen tariff design will be beneficial for all stakeholders. This work has 

illustrated that each tariff design comes with its own set of trade-offs which can’t satisfy all 

stakeholders. Innovations always have both winners and losers, however, by considering the effects on 

individual stakeholders, one could spread out both the transition’s burdens and gains more evenly.  

This work does not advocate a specific tariff design as the silver bullet solution. Each of the studied 

tariff designs have both potential benefits and downsides, and all of them could, to some extent, help 

accelerate the energy transition in Dutch industrial parks. Depending on the situation, implementing 

(parts of) these tariff designs can be justified. The single tariff design is able to cut down high 

consumption levels and can therefore alleviate stress in congested networks with large consumers by 

incentivising energy efficiency and consumption reduction. However, the single tariff design is 

inherently non-cost reflective and its lack of upper capacity threshold makes the local grid susceptible 

to grid utilization peaks. The subscription based tariff design could provide companies with additional 

services and access to flexibility technologies, which might prove valuable especially for industrial 

consumers who haven’t already invested in such capabilities. However, the trade-off for this potential 

value is an inherently discriminatory and non-cost reflective tariff design. Finally, the dynamic tariff 

design has the potential to both alleviate stress on already congested networks as to efficiently make 

use of grid infrastructure in non-congested networks. However, the result is a difficult tariff design 

which leads to spatial discrimination which traditionally has been avoided.  

Although each tariff design is potentially beneficial, the dynamic pricing design has potential to be 

beneficial in both non-congested and already congested networks. In a non-congested local network, 

the dynamic pricing design naturally leads to low overall electricity prices. This allows consumers to 

increase their capacity usage to efficiently make use of the existing local grid infrastructure. 

Furthermore, low export and import prices allows the local grid’s storage capabilities to serve as a buffer 

for the larger, national grid. In a congested network, on the other hand, dynamic pricing naturally leads 

to high electricity prices which incentives consumers to decrease or shift their capacity usage to off-

peak periods. This potentially reduces peak grid utilization and therefore reduces the amount of 

congestion events. Therefore, this argues that the dynamic tariff design has the most potential of 

accelerating the energy transition within Dutch electricity networks.  
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9 Discussion 

This section will reflect on the outcomes of this work by discussing its limitations and implications. 

The first part will discuss the model’s limitations and the implications these give rise to. Subsequently, 

the analysis will be discussed, after which this section ends by discussing this work’s results. 

9.1 The Model 

All models are approximations trying to capture complex real-world systems based on assumptions 

about those systems. It is therefore important to discuss the assumptions and limitations of this work’s 

model. This work doesn’t aim to provide an exact prediction of the future, nor does it aim to find the 

perfect silver bullet network tariff design. It is interested in the general effects of changing tariff designs 

within an industrial park setting. Therefore, the model is designed to capture the most important aspects 

of the energy system while disregarding some less significant aspects. The model is based on three main 

assumptions about simulation steps, external market prices, and consumption behaviour governed by 

price elasticity values.  

First, the model works in hourly simulation steps, whereas some of the real-world markets work in 

shorter time frames. This design decision has been made to keep the model simple and to limit the 

amounts of computations per simulation run. However in doing so, some real-world markets are 

excluded from the model, whereas others needed to be interpolated into an hourly time scale. Both FCR 

and aFRR response frequency markets are excluded from the model as these work on second and minute 

time scales. The EPEX intra-day and TenneT imbalance markets are included in the model, however, 

are interpolated from their 15-minute scale into an hourly scale. The model therefore has less temporal 

granularity than a 15-minute basis model, however, includes the most important markets in terms of 

volumes and capacity traded.  

Second, the model assumes that external market prices are equal to their historical values. This could 

be overcome by implementing external market forecasts within the model, however, this is outside the 

scope of this work. The implication of this assumption is that this work’s model is only applicable as 

long as external markets behave similar to their historical values. However, the ongoing energy 

transition also influences external markets. For example, the growth of zero marginal cost renewable 

energy production affects the merit order on which wholesale electricity prices are based. Furthermore, 

as electricity generation becomes increasingly volatile, the error in generation forecasts grows, leading 

to more volume traded in the imbalance markets (Kühnlenz et al., 2018). These effects will lead to 

structural changes within the electricity markets, at which point assuming external market prices equal 

to their historical values become problematic. 

Third, as discussed in Section 4.2.3.2, company consumption behaviour is modelled as a function of its 

price elasticity which governs its reaction to the economic signals provided by the respective tariff 

designs. However, in reality, consumption behaviour is limited by many factors. For example, business 

processes, working hours and human interactions all complicate a company’s consumption behaviour. 

Additionally, the price elasticity used in the model is taken from research based on residential 

consumers. This assumption had to be taken as industrial consumer price elasticity values are currently 

unknown. Ongoing research in the Bleiswijk industrial park is currently assessing the different 
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companies’ price elasticities. The price elasticity values resulting from that research could be used to 

validate this work.  

9.2 The Analysis 

The assumptions made within this work’s analysis, its limitations and implications are discussed here. 

These involve two aspects of the analysis, namely the disregard for social aspects in both persona and 

industrial park level analyses, and the need for active investments for stakeholders. 

First, the analysis provided within this work focuses entirely on the financial aspects of both industrial 

park companies and the DSO. Both persona and industrial park level analyses present a micro-economic 

argument entirely based on the financial effects of the respective tariff design. Social effects, however, 

are disregarded. For example, stakeholders might value self-sufficiency, community empowerment or 

being environmentally friendly, and might act differently than expected from a merely financial point 

of view. A social cost-benefit analysis would provide insight into both financial and social effects of 

different tariff designs. However, this requires additional company specific data which should be 

acquired through, among others, surveys and interviews, which is outside the scope of this work.  

Second, this work assumes that companies have sufficient capabilities and knowledge about the 

workings of the energy system, the implemented tariff design and their capacity usage to efficiently 

respond to economic signals provided by the tariff design. This assumption might be valid as a 

company’s cost minimizing behaviour makes them susceptible to economic signals, however, a 

company still needs to acknowledge and invest in such knowledge and capabilities. Companies which 

haven’t already made these investments or outsourced its energy management to a third-party face 

additional costs which might offset its benefits. This might discourage such companies to make these 

investments, ultimately resulting in inefficient behaviour. Although such inefficient behaviour exists, it 

can be expected to decrease as companies become increasingly aware of society’s climate change 

concerns. 

An example of such inefficient behaviour is evident in this work. The high usage company’s real-world 

counterpart has arbitrarily set its contracted capacity at 700 kW. This level is based on historical 

capacity usage values and includes a buffer to prevent accidental exceedance of the contracted capacity. 

In practice, however, its capacity usage never comes close to its contracted capacity, reaching a peak 

value of 460 kW (as described in Section 5.1.2). The company therefore never uses its contracted 

capacity efficiently. 

9.3 The Results 

Implementation of dynamic pricing is advocated in this work as it is potentially beneficial on both 

congested and non-congested networks. This work considers the effects of a dynamic pricing design on 

the existing industrial park stakeholders, however, does not consider the effects of new entrant 

companies on the local system. In the dynamic tariff design, electricity prices are tied to the expected 

grid utilization. This inherently leads to low overall electricity prices in non-congested networks, 

whereas congested networks generally have higher electricity prices. A potential new entrant company 

might opt to establish its business at a different industrial park with lower electricity prices. Apart from 
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this being a spatially discriminatory effect, it also effects the incumbent stakeholders in non-congested 

networks. As the number of companies connected to the local grid grows, so does the overall grid 

congestion. Therefore, electricity prices will rise for all stakeholders, both new and incumbent, due to 

the entrance of new companies. Following this argument, incumbent companies would oppose the entry 

of new companies. The incumbents’ opposition to new entrants complicates the social dimension within 

an industrial park. 

Traditionally, the social dimension in industrial parks has been of less importance. Neighbouring 

companies had nothing to do with each other in terms of their energy use. However, increasing 

distributed generation and storage capabilities and the prospect of local trade intertwines industrial park 

companies’ energy use. Electricity resource become increasingly shared, and therefore, companies have 

to cooperate to ensure fair resource allocation. The increased social tension between incumbents and 

new entrants complicates this process.   
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Appendix A 

Thompson Sampling Algorithm 

The demand of company k at time t is defined as: 𝑑𝑘,𝑡 = 𝑓(𝑝𝑘,𝑡). The price elasticity component 

estimates the elasticity parameter γ𝑘, γ𝑘 captures how the demand of company k changes with the price 

of commodities.  

The Thomson Sampling algorithm is defined as follows: 

Appendix B 

Simulated capacity usages and average grid utilization values for the 5th, 50th 

and 95th percentile of simulations 

Table 11: Simulated capacity usages per persona and average grid utilization values for the 5th, 50th, and 95th 
percentile of simulations. Red, black and blue values correspond to the 5th, 50th, and 95th percentile respectively. 

Tariff 
Schemes 

Prosumer 
Maximum Daily 
Capacity (kW) 

High usage 
company Maximum 
Daily Capacity (kW) 

Low usage 
company 
Maximum Daily 
Capacity (kW) 

Average Grid Daily 
Utilization (%) 

Current 
Tariff 

    
198.39  

    
217.96  

    
234.96  

    
409.55  

    
464.40  

    
495.65  

       
40.92  

       
49.13  

       
50.00  8.32% 14.24% 16.45% 

Single Tariff     
109.82  

    
241.98  

    
358.63  

    
306.07  

    
425.76  

    
470.75  

       
39.85  

       
48.33  

       
50.00  3.05% 11.31% 17.81% 

Subscription 
Based 

    
228.93  

    
336.94  

    
450.00  

    
380.24  

    
532.72  

    
680.00  

       
49.69  

       
50.00  

       
50.00  12.77% 15.39% 34.15% 

Dynamic     
189.72  

    
233.36  

    
414.62  

    
406.83  

    
446.27  

    
534.65  

       
43.24  

       
49.41  

       
50.00  7.61% 18.62% 31.95% 

 


