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ABSTRACT 

This paper discusses the impact of marked-based 

flexibility operation on distribution grids on both MV and 

LV level. Based on the gained experience in three 

research projects eBADGE, hybridVPP4DSO and IEA 

HPP Annex42, it is discussed how far market 

participation of flexibility resources in the distribution 

grid can cause grid congestions under consideration of 

current Austrian network planning practices. 

Furthermore, the possibility of using flexibility resources 

operating on markets to avoid grid congestions is 

analysed. 

INTRODUCTION  

With a rising share of fluctuating distributed energy 

resources (DER) in the electric energy supply, the 

importance of flexibility is increasing to match generation 

and demand at any time. Flexibility particularly provided 

by load management can be used for several purposes: (i) 

optimization of self-consumption of a prosumer, (ii) 

participation in the electricity markets and (iii) support of 

the distribution grid. The main focus of this paper is to 

analyse the influence of the market participation (ii) of 

DERs on the distribution grid. Furthermore, it will be 

analysed to what extent this market participation leads to 

congestions and the need for grid reinforcement in 

distribution grids. Thereby, the main challenge for the grid 

is the simultaneous and synchronised market-based control 

of several units which invalidates long-term observed 

coincidence factors for some types of customers. For this 

analysis the results of the European project eBADGE [1] 

and of the Austrian project hybridVPP4DSO [2] as well as 

the project IEA HPP Annex42 [3] are compared. In all 

three projects the market participation of different types of 

DERs was modelled and analysed.  

CASE STUDIES 

In this section the models developed in the projects 

eBADGE, HybridVPP4DSO and IEA HPP Annex42 and 

selected project outcomes are discussed. 

Project eBADGE 

The goal of the eBADGE project [1] was the analysis of 

cross-border balancing markets and VPP (virtual power 

plant) participation in those markets. Based on two case 

studies for VPP operation – one in an LV and one in an 

MV grid – the impact of this balancing market 

participation was examined. The focus was to assess the 

impact of flexibility utilization on the grid voltages, 

loading of grid components and network losses. Therefore, 

a parameter variation of transformer types, cable types and 

cable lengths was performed to study the effect of 

resource-activation in selected semi-automatic market 

scenarios on the distribution grids. 

In the first case study the impact of the pool activations 

was investigated and its influence on the loading of 

different existing primary substation transformer types. 

Results show that the variation caused by the scenario 

“low penetration of VPPs” could be tolerated by all 

considered transformer types, while the scenarios “high 

penetration of VPPs” and “high demand in one control 

area” could not be tolerated by some of these transformers, 

making grid reinforcements necessary.  

In the second study case, the effect of the “high 

penetration of VPPs” on a low-voltage level is analysed by 

only considering household resources. Simulations show 

that the results highly depend on the grid types. One cable 

type (NAYY [4] 4x185 mm² - minimal R/X) could endure 

all variations without having node voltage or cable loading 

exceeding any limits, while the second cable type (NAYY 

[4] 4x50 mm² - maximal R/X) would present loading 

problems for any cable length and voltage problems for 

rather long cable lengths. 

In both scenarios the VPP activation could reduce grid 

losses because VPP activation reduced the grid’s power 

flow, but these results depend on the type of activation 

request. 

Overall the impact of DR integration on the distribution 

and also on transmission grids was analysed in the project 

and the favourable effects could be proven. [5] 

Project HybridVPP4DSO 

In this project [2] a concept for VPPs is developed to sell 

flexibility on markets while considering the given local 

grid constraints. In case of grid congestions, the flexibility 

of the VPP can be provided to the DSO to assure reliable 

grid operation. The regulatory framework that will be 

necessary for such hybrid VPPs will be analysed as well as 

the economic feasibility of hybrid VPPs. 

To create realistic future scenarios, the flexibility potential 

of load (mainly industry customers) and generation 

(hydro-, PV- and wind-power, biomass and diesel 

generators) in four Austrian and Slovenian distribution 
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grids was evaluated to be used for marked participation via 

VPPs. Within the project simulations are performed for 

one year for the actual grid state and for future growth 

scenarios for 2020 and 2030 based on realistic flexibility 

potentials as well as on measured and synthetic load and 

generation profiles. In the simulation with VPP market 

participation under consideration of grid constraints, an 

optimization algorithm finds the optimal solution that 

maximizes market participation considering the individual 

behaviour and possibilities of each flexibility resource 

while ensuring that grid constraints are not exceeded. 

Table 1 summarises the grid characteristics of the Austrian 

and Slovenian networks, which mainly supply rural areas. 

Table 1: Characteristics of the analysed MV grids 

Grid Characteristics 
Network 

A B C D 

Transformer rated power [MVA] 32 2x22 20 31 

Branches [number] 2 5 1 1 

Maximal branch length [km] 37 29 8 9 

Loads [number] 127 113 19 11 

Generation units [number] 31 25 7 2 

 

In all four networks (A, B, C and D), voltage limits are the 

primary system boundary and grid equipment loading 

limits are far away from being violated. Preliminary 

simulation results of specific use cases showed that VPPs 

can have significant impact on the voltage situation in the 

analysed grids. Therefore VPPs can be used as flexibility 

for the DSO to maintain grid operation constraints. This is 

reasonable especially in grids with a high share of volatile 

generation like wind power or PV because in this case 

short-term peaks in grid voltages may occur. In contrast to 

this, the usage of VPPs in grids with mainly hydropower 

might not be economical because of the low fluctuation of 

hydropower and the resulting long-term call of the 

flexibility. The economy of such use cases depend on the 

grid connection conditions of the generation units and on 

the condition if the DSO is allowed to curtail power infeed 

in times of predicted grid congestions. 

Currently it is expected that the usage of VPPs for grid 

congestion management will only be reasonable if such 

flexibility calls for the DSO occur very seldom. A future 

use case is seen in a scenario where VPP operation for 

congestion management is only necessary in alternative 

switching states that occur rarely. This allows the DSO to 

reduce the voltage band reserved for emergency supply or 

planned changes in switching state with the benefit that 

existing grid infrastructure can be used more efficiently. 

The analysis of the use cases also showed that market 

operation of VPPs can have negative influence on the grid 

state which confirms the idea of a hybrid VPP that offers 

its flexibility on energy markets and to the DSO. Several 

solutions to prevent conflicts between marked and grid are 

possible (e.g. a marked based solution in [6]). Within this 

project, a technical solution is foreseen to solve conflicts 

between market and grid and the necessary regulatory 

framework will be analysed. [7] 

Project IEA HPP Annex42 

The IEA HPP Annex2 (“Heat pumps in smart energy grids 

for sustainable cities“) project [3] elaborates and analyses 

the technical possibilities and economic/regulatory 

framework conditions for heat pumps used as flexibility. 

Furthermore the impact of demand shifting on the thermal 

consumers is analysed. Within this project, the impact of a 

high density of households with electrical heat pumps on 

the LV grid is analysed. Three rural Austrian LV grids are 

simulated for time periods of one week in summer and 

winter with realistic load profiles and weather conditions.  

Simulations are performed for the case of (i) uncontrolled 

heat pump operation, (ii) heat pumps controlled by the 

DSO to avoid grid congestion and (iii) heat pumps 

participating on markets. Realistic thermal heat pump and 

building models are used to analyse the impact of the 

different heat pump operation strategies on the building 

temperatures and on the grid. 

The characteristics of the Austrian LV grids that are 

analysed within this project are shown in Table 2. Network 

A is a rather typical rural network with a high areal spread 

of the customers while grid C is a rather urban network 

with 100% underground cabling degree.  

Table 2: Characteristics of the analysed LV networks 

Network Characteristics 
Network 

A B C 

Transformer rated power [kVA] 250 630 250 

Branches [number] 4 11 6 

Maximal branch length [m] 1120 750 640 

Customers [number] 25 170 90 

 

To get a first impression about the impact of area-wide 

and synchronous heat pump operation of these grids, four 

heat pump penetration scenarios were defined. In these 

future scenarios a penetration with 2 kW heat pumps is 

assumed at 25%, 50%, 75% and 100% of the customers in 

the grid. While the 25%, 50% and 75% scenarios are 

considered as realistic future scenarios, the 100% scenario 

is considered as rather theoretical scenario. To analyse the 

occurrence of grid congestions, one cold week in winter 

was simulated for each network. In this week a long heat 

pump uptime is necessary to satisfy the customer’s heat 

demand. In a worst case assumption, heat pump operation 

was assumed with coincidence factor 1. The additional 

heat pump power was added to the existing load profiles 

without consideration of the hitherto existing heat 

production methods of the households (electric heating, 

boiler, etc.). The impact of this operation on the voltages 

in the network and on the transformer loading is shown in 

Table 3 and Table 4. 

While in network A and B a violation of the lower voltage 

limit (90% of nominal voltage according to EN50160 
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Table 3: Voltage limit violation in the analysed LV 

grids for different heat pump scenarios 

Undervoltage 

(10min average) [% of week] 

Network 

A B C 

Heat 

pump 

scenario 

None 0 0 0 

2 kW /   25% 0 0.4 0 

2 kW /   50% 0.4 8 0 

2 kW /   75% 0.8 50 0 

2 kW / 100% 1.2 97 2.5 

Table 4: Maximal transformer loading in the analysed 

LV grids for different heat pump scenarios 

Transformer loading 

(10min average) [% rated power] 

Network 

A B C 

Heat 

pump 

scenario 

None 33 47 67 

2 kW /   25% 39 61 93 

2 kW /   50% 44 75 120 

2 kW /   75% 49 90 148 

2 kW / 100% 54 105 177 

 

standard [8]) occurs even with 50% heat pump penetration 

(worst case assumption), in network C voltage limits get 

violated only in the 100% scenario. In contrast to this, 

transformer loading limit is exceeded in network C much 

earlier than in network A and B which results in the need 

of reinforcing the transformer in a lower heat pump 

penetration level. These preliminary results give a worst-

case estimation about the grid congestions that could occur 

if market-driven operation of heat pumps is not restricted 

in times of strong network loading.  

Further simulations are foreseen with realistic heat demand 

profiles and realistic heat pump models to compare the 

impact of stochastic and unsynchronised heat pump 

operation with the impact of synchronised heat pump 

operation (e.g. driven by market participation or controlled 

by the DSO to avoid grid congestions). 

FUTURE GRID CONGESTION SCENARIOS 

This section gives a qualitative summary from the 

experiences from the case studies of the presented 

projects. 

Impact of market participation on coincidence 

factors 

Currently distribution grids are planned according to the 

two worst-case scenarios “high consumption and no (low) 

infeed” and “low (no) consumption and high infeed” [9]. 

In Austria it is common that connection requests of new 

customers (load or generation) are assessed according the 

results of the load flow calculation of these two worst-case 

scenarios. The customer is able to freely dispose about the 

contracted power at any time according to the actual and 

common technical connection conditions. To use the 

existing grid infrastructure efficiently, the DSO considers 

coincidence factors for load and generation that depend 

amongst others also on the operation experience of the 

DSO in the specific region [10]. 

From that point of view, scenarios where the conventional 

consumer and producer behaviour of the customers lead to 

grid congestions are very unlikely. However, market 

participation of many customers in the grid can invalidate 

the coincidence factors under use by DSOs.  In case many 

customers in the grid show synchronised behaviour, the 

coincidence factor may increase dramatically. Hereinafter, 

the influence and participation of different entities on the 

market is presented. 

Market participation of generation units 

Under the current regulatory framework and planning 

practices, grid congestions caused by market participation 

of generation units are rather unlikely to happen. This is 

due to the fact that the DSO approves the connection of 

the DG assuming a high infeed in the worst case 

calculation (e.g. 100% for hydropower, 85% for PV). 

Theoretically, grid congestion caused by market 

participation of domestic PV may be created under the 

following circumstances: If the DSO approves the 

connection only under the obligation that the household 

will optimise its own consumption and perform peak 

shaving, the interruption of peak shaving for market 

participation could lead to grid congestions. Today, such 

planning methods are not practiced in Austria and 

therefore grid congestions caused by market participation 

of generation units seems not to be relevant at the moment.  

Market participation of industry customers 

Even if coincidence factors for industry customers are 

typically high, they are not one, therefore market 

participation of industry customers could lead to grid 

congestions in rather weak networks. At the moment, the 

current project experiences show that this congestion 

scenario will only be relevant in exceptional cases. 

Market participation of households 

Due to low domestic load flexibility, grid congestions due 

to market participations of households (without 

controllable heat pump/electric vehicle) can be considered 

to be a rather hypothetical scenario. Nevertheless, in the 

future grid congestions may occur depending on the future 

development of the regulatory framework. Nowadays, 

households are typically fused with 25 A (=17 kW) in 

Austria, with a typical contracted connection power for 

households of 4 kW. The coincidence factor of many 

households can decrease down to 0.2 and below 

depending on the number of households and its location in 

the grid [10]. According to the Austrian grid code [11] no 

notification or permission of the DSO is necessary for the 

operation of motors up to 3.8kVA three-phase. 

Heat pumps 

Since domestic heat pumps have a typical consumption of 

1-3kW, households do not need neither the DSO’s 
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permission to operate them nor give any notification. 

Furthermore, the customer is allowed to operate the heat 

pump without any restriction from DSO side. From this 

point of view, if the heat pump penetration increases in 

future, the synchronised and area-wide activation of heat 

pumps due to market participation can lead to grid 

congestions. To prevent such situations, some Austrian 

DSOs offer special heat pump tariffs that provide cheaper 

grid tariffs for the customers if the DSO is allowed to 

interrupt heat pump operation for a few hours in times of 

high grid load. Although this can be a cost-efficient 

alternative to grid reinforcement in many cases, customers 

are at the moment not legally obligated to use this tariff 

depending on the technical connection conditions. 

Charging of electric vehicles 

Currently, the charging current of state-of-the-art car 

chargers varies between 6A and 30A. In Austria it can be 

assumed that single phase charging is limited to 3.6 kW 

(due to common 16A fuses). In any case, charging with 

power above the contracted power can cause a violation of 

the customer’s connection contract. Therefore, DSO may 

require a tariff with a higher contracted power or force 

charging restrictions. If the requested connection power is 

not available, the customer may have to pay the 

connection to the nearest feasible connection point. Under 

such conditions, grid congestions due to market 

participation of electric vehicles are possible even in cases 

where the customer sticks to its contracted connection 

power because coincidence factors of households increase. 

Available flexibility of car charging is significantly lower 

than the flexibility of the heat pump operation since cars 

are not plugged in all the time, not all cars have charging 

demand, and not all customers have a time buffer for 

delaying charging. Therefore, grid congestions due to car 

charging can be considered in general as possible but 

unlikely future scenario from today’s point of view. To 

avoid grid congestions, a synchronised charging behaviour 

should be avoided or charging optimisation solutions (e.g. 

as suggested in [12]) have to be applied. 

CONCLUSION 

In this paper, several case studies validated and 

investigated within presented projects were analysed. The 

projects show that flexibility potential that can be sold on 

markets is available on all voltage levels. Although area-

wide synchronised operation of flexibility can significantly 

impact the grid state, this flexibility can also serve the 

DSO to maintain grid operation constraints and postpone 

or avoid network reinforcement. 

Experiences and results from the projects show that it is 

difficult to forecast future scenarios where market 

participation of flexibility causes grid problems while 

there would not be any restrictions without market 

participation. The most realistic future scenario that leads 

to grid restrictions caused by market participation is based 

on the fact that a simultaneous area-wide operation of 

normally unsynchronised consumption leads to a 

significant increase of the assumed coincidence factors. If 

this is not considered by the DSO in network planning, 

grid congestions can occur. In Austria, a realistic example 

of this future scenario is the area-wide market-

participation of domestic heat pumps or electric vehicles. 

Experiences also show that many results from case studies 

analysing future grid congestion scenarios and VPP 

operation scenarios significantly depend on the 

development of the regulatory framework and the grid 

connection rules as well as market design. To obtain more 

substantive and more representative results, the total 

supply area of DSOs should be considered and several 

market participation models need to be analysed. 
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