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Abstract - Demand response integration in balancing energy 

markets can provide significant financial savings for grid 

operators and market participants and promote optimal resource 

allocation. To facilitate demand response participation in power 

system balancing, the service must not only provide economic 

gains for the existing market participants, but it also has to 

present a viable business case for demand response service 

providers. Currently, in the Baltic states, there is no demand side 

participation in balancing markets. To support balancing market 

development, we analysed the economic potential of demand 

response for service providers. To forecast market conditions, we 

employed stochastic simulations for energy market prices and 

balancing product activation. Furthermore, to calculate the 

economic gains of a service provider, we used technical 

parameters of fridges obtained in a demand response pilot study 

and the demand response aggregation settlement model proposed 

by the Baltic TSOs and Finnish TSO. The preliminary results 

suggest sufficient financial incentives for future investments. 

Keywords— aggregation, balancing market, demand response, 

economic analysis, mFRR. 

I.  INTRODUCTION  

The reliability of electric power system operation depends 
on the balance between power production and consumption [1]. 
To achieve this balance, every grid connection point needs to 
be accounted for [2]. Traditionally, this is managed by dividing 
the system in multiple imbalance areas each having a market 
participant, which is financially responsible for ensuring that 
all energy generated within the area is sold, and all energy 
consumed within the imbalance areas is bought. These market 
participants are called balance responsible parties (BRPs). 
BRPs ensure the balance by forecasting demand and supply of 
energy within their imbalance areas and ensuring according 
energy trades via day-ahead and intraday markets.  

When BRPs fail to forecast demand and supply accurately, 
it can result in excess/ deficit energy in the power system. 
Forecasting errors are corrected in real time by transmission 
system operators (TSOs) via balancing market. Ensuring 
sufficient balancing energy reserves is pivotal to TSOs as 
without them the power system balance cannot be maintained, 
which, depending on the interconnections to other power 
systems, can result in costly procurement of balancing energy 
from other control areas or in adverse system frequency 
fluctuations. 

The system balancing costs are covered by imbalance 
payments from those BRPs, whose actual consumption/ 
generation deviated from the forecast. Accordingly, the costlier 
balancing energy is, the more expensive penalty payments for 
forecasting errors are and consequently the costlier energy in 
retail markets becomes. The main driver for high balancing 
prices is balancing resource scarcity. Currently, in the Baltics, 
only electricity producers provide balancing resources. 
Furthermore, since the opening of the Common Baltic 
Balancing market and subsequent increased reliance on 
national balancing resources (instead of balancing energy 
resources from Russian TSO), we can observe preliminary 
indications of balancing resource scarcity [3]. 

 Furthermore, according to the Baltic generation adequacy 
report, it is expected that during the next 10-15 years the 
capacity required for balancing reserves will increase due to 
rising intermittent generation and the planned Baltic power 
system desynchronization from UPS/ISP. At the same time, the 
generation from some of the sources typically used for 
balancing purposes in the Baltic states (thermal power plants in 
Estonia) will reduce by up to 50% due to lost competitiveness 
of oil-shale power plants caused by the increasing costs of SO2 
and NO2 emissions [3]. The forecasted generation mix for the 
Baltic states is presented in Fig. 1. 

This gives us clear indications that additional sources for 
balancing reserves are needed. Demand response (DR) is a 
promising source of balancing energy to consider. DR 
integration in balancing energy markets can provide significant 
financial savings for grid operators and market participants and 
promote optimal resource allocation [4]. Some large consumers 
in the Baltic states have already expressed preliminary interest 
in providing services to the TSOs [5]. However, to facilitate 
DR participation in power system balancing, the service must 
provide economic gains for both the existing market 
participants and DR service providers. The main contribution 
of this paper lies in estimations of the financial potential of DR 
for a service provider in the context of the Common Baltic 
balancing market and DR settlement model proposed by Baltic 
TSOs [6].  

The rest of the paper is organized as follows. Section II 
presents an overview of the relevant market framework. Data 
used for simulations and the model setup is explained in 
Section III. Section IV summarizes the results and, finally, the 
conclusions are drawn in Section VI. 
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Fig. 1. Forecasted available electricity supply capacity in the Baltic region in winter [2] 

II. INDEPENDENT DR AGGREGATION IN BALANCING 

MARKET 

DR service is a temporal change in consumer’s energy 
consumption due to a reaction to price signals or other 
measures [7]. DR is associated with multiple benefits, such as 
increased system flexibility, improved network congestion 
management, cost-effective deferral of grid investments and 
improved energy efficiency [8], [9]. DR can be broadly divided 
in two groups: implicit and explicit DR. Implicit (price-based) 
DR refers to consumers choosing to be exposed to time-
varying electricity prices and/ or time-varying network tariffs 
that reflect the real cost of electricity at the time of use and 
allow the consumer to react to prices depending on their 
preferences. On the other hand, explicit DR refers to a 
program, where demand competes directly with supply in the 
wholesale, balancing and ancillary services markets directly or 
through the services of aggregators. This is achieved through 
controlled changes in the load that are traded in the electricity 
markets, providing a resource comparable to generation, and 
receiving a commensurate compensation [9], [10]. Based on 
the mFRR product specification, only explicit DR is applicable 
when considering balancing market [2]. 

 

Fig. 2. Central settlement model 

 Large industrial plants in Europe (e.g. in the Nordics, 
Poland, Croatia, the Netherlands, Germany) have been 
involved in DR provision for ancillary services for 
considerable time [9], [10]. These large consumers can 
participate in the market individually. In the Baltics, the energy 
intensive industry is not highly developed, accordingly the DR 
potential is locked in smaller consumers (i.e. SMB, residential). 
A rough estimate suggests that both for residential and 
commercial buildings (such as schools, hotels, retailers) 
approximately 50% of energy consumption stems from heating, 
cooling, ventilation and lighting [11]. This indicates substantial 
flexibility potential, however, given that the minimum bid size 
for mFRR product is 1 MW, these consumers can only 
participate in the balancing market, if their loads are 
aggregated and coordinated. Advancements in information 
technology renders such aggregation and resource coordination 
feasible.  

While it is an energy related product, DR aggregation 
requires different business processes in place compared to a 
typical energy supplier. To ensure that all consumers willing to 
participate in DR are allowed to, without switching their 
supplier, a new market participant – an independent aggregator 
– emerged. In essence, an independent aggregator is a DR 
aggregation service provider that delivers balancing energy 
sourced from end-users that are included in imbalance areas 
different to the aggregator [6]. There is no consensus on the 
best market framework for the integration of independent DR 
aggregators, since effect models differ by countries and types 
of electricity markets [9], [10]. The settlement model currently 
favored by the Baltic TSOs is a Centralized model (Fig. 2) [6]. 

III. CHARACTERIZATION OF THE SIMULATION SET-UP 

A. Assumptions for Energy Transfer 

When DR activation takes place, it has the following 
impact on the consumption curve (Fig. 3). When DR activation 
for upwards regulation (i.e. reduced consumption) takes place, 
the consumption is curtailed.  



 

Fig. 3. DR activation explained 

Depending on the resource type, the energy unconsumed 
during the activation will be consumed to some extent during 
one or few following hours. Based on the results of the pilot 
with fridges [1], the assumed recovery effect in our simulations 
is 100% and it takes place during the next hour. Within our 
simulation framework, it is assumed that the volumes of energy 
transferred can be determined without an error. 

B. Assumptions for the Settlement Model (Cash-Flows) 

Within the simulation, it is assumed that the following 
prices are equal: 

 Retail price is equal to the day-ahead price. 

 Balancing price is equal to the imbalance price.  

In line with the Centralized settlement model, the following 
trades for the energy delivered during activation take place: 

1) Before an operational hour, Supplier/ BRP buys energy 
in day ahead market at day-ahead price (PDA). 

2) During the operational hour, TSO orders balancing 
energy from aggregator at balancing price (Pbal). 

3) During the operational hour, consumer does not 
consume the energy it would consume in the absence of 
TSO's activation order. 

4) During a settlement phase, TSO makes an imbalance 
adjustment for the declared position of the impacted 
BRP. 

5) During the settlement phase, TSO pays BRP 
compensation for the energy taken from its portfolio at 
reference price (Pref). 

6) During the settlement phase, TSO pays Aggregator the 
difference between Pbal and Pref. 

7) During the settlement phase consumer does not pay for 
the energy unconsumed and may receive part of the 
profit generated by the difference between Pbal and Pref. 

The following trades for the consumption pattern deviation 
caused by the recovery effect take place: 

1) During the settlement phase, consumer pays BRP/ 
Supplier retail price (Pret) of the recovery hour for the 
energy consumed due to the recovery effect. 

2) During the settlement phase, the BRP pays imbalance 
price (Pbal) of the recovery hour to the TSO for the 
energy consumed due to the recovery effect. 

C. The Simulation Tool 

The modelling for the case study is carried out using a 
Monte-Carlo simulations-based tool introduced and elaborated 
in [12]. The stochastic nature of the model requires the output 
to be probabilistic instead of deterministic. Consequently, most 
of the input settings concern the expected mean of a particular 
parameter across scenarios and the output is provided in the 
form of probability distributions.  

The main modules of the tool are day-ahead price scenario 
generation, balancing liquidity and price scenario generation, 
balancing activation simulation, short-term and long-term 
economic assessment. 

D. Input Assumptions and DR Resource Characterization 

The assumptions for day-ahead market were made based on 
the historical values from Nord Pool day-ahead market data for 
the Baltics in 2017. The assumptions are presented in Table I. 

The assumptions for the balancing market were made based 
on the historical values for the Baltic balancing market data for 
the first quarter of 2018. These reference values were chosen 
due to the significant market changes implemented on 
January 1, 2018. The assumptions are presented in Table II. 

We based technical assumptions about the DR resource on 
the data presented in a pilot study by Lakshmanan et. al (2016) 
[1]. We set the total load capacity at 2.5 MW (25 fridges). The 
load profile for a typical day is depicted in Fig. 4. 

DR activation parameters are presented in the Table III. 
Minimum DR bid price is set at 45 €/MWh to limit events 
where DR activation causes losses due to price difference 
between day-ahead price and balancing price. Based on the 
historical data from 2017, day-ahead price in Baltic region was 
below 45 €/MWh 85% of times. 

We assume that the resource participates only in upwards 
regulation. Furthermore, it is assumed that participation in DR 
does not damage the resource and consequently does not add 
other additional costs. 

TABLE I.  DAY-AHEAD MARKET DATA SIMULATION PARAMETERS 

Price simulation parameters Value (st. dev.) 

Mean price for 99.5% of hours 34.02 €/MWh (10%) 

Mean value for weekdays divided by mean 

value for weekends 

1.23 (10%) 

Mean value for day (06:00-22:00) divided by 

mean value of night (22:00-06:00) 

1.38 (10%) 

Minimum price 2.99 €/MWh (10%) 

Maximum price for 99.5% of hours 75.34 €/MWh (10%) 

Maximum price for 100% of hours 130.05 €/ MWh (10%) 

Number of scenarios 300 

 

TABLE II.  BALANCING MARKET DATA SIMULATION PARAMETERS 

Price simulation parameters Value  

% of hours when regulation takes place 70% 

% of regulation hours, where upwards regulation is 

required (load reduction) 

45%  

Balancing price for upwards regulation (expectation) 1.6 PDA 

Balancing price for downwards regulation (expectation) 0.6 PDA 

Number of scenarios 300 

 



Fig. 4.  Load profile of the DR resource simulated 

TABLE III.  DR RESOURCE SIMULATION PARAMETERS 

DR resource simulation parameter Value  

Maximum number of events during 24 hours 6 

Minimum time between the events 2 h 

Maximum period before rebound  2 h 

Rebound effect / DR energy delivery 100% 

Minimum DR bid price 45 €/MWh 

Discount rate used for NPV calculations 3% 

 

IV. RESULTS 

The portfolio's expected average annual income from 
participation in balancing market is 8 622.89 €. 85% of that is 
the revenue from balancing market payments and 15% stems 
from day-ahead price difference between the activation hour 
and recovery hour (Fig. 5).  There is no benefit from energy 
savings in this case study, since we assumed that all the 
curtailed consumption would be recovered later. 

Assuming a 10-year asset service life and 3% discount rate, 
the expected net present value (NPV) of the simulation 
described in the previous section is 73 555.01 €. In other 
words, the project would be profitable, if the initial investment 
was below 73 555.01 € or below 2 942.20 € per fridge (Fig. 6). 

It is expected that on average the portfolio will annually 
deliver 326.24 MWh of balancing energy, by participating in 
32% of all hours (1257 hours annually) when downwards 
regulation is used. Accordingly, on average, the portfolio earns 
26.43 € per each MWh delivered to the balancing market 
(Fig. 7). 

The expected average annual cash inflow for the portfolio 
is equal to 19 661.18 €, while the expected average cash 
outflow for the portfolio is 11 038.29 € (Fig. 8). 

 

Fig. 5. Average annual revenue distribution 

 

Fig. 6. Cumulative cash-flow for 15 years (all scenarios) 

V. CONCLUSIONS 

DR is associated with multiple benefits, such as increased 
system flexibility, improved network congestion managment, 
cost-effective deferral of grid investments and improved 
energy efficiency. However, to ensure that these benefits can 
be achieved, market needs a non-discriminatory framework 
that not only protects all the market participants from undue 
burdens but also facilitates business opportunities for DR 
aggregators. The preliminary assessment of expected economic 
gains from the small DR resource aggregation within the Baltic 
Balancing market employing Central Settlement model for 
aggregator integration seems promising. It suggests that there is 
existing balancing reserve potential in the Baltics. 

For further research, we suggest reviewing more DR 
resource types, and, if possible, comparison of modelled 
expected benefits and the actual gains should be piloted to 
further verify the accuracy of the simulations. Furthermore, the 
simulation tool could be used to determine the optimal 
reference (compensation) price by assessing financial impacts 
not only on the aggregator but also on BRPs. 

 

 

Fig. 7. Overview of simulated DR events and balancing market prices 



Fig. 8. Breakdown of DR owner’s annual profit 
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