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As the EU countries are working on adapting the Electricity Directive to allow indepen-
dent aggregation (IA) of demand response (DR) in all the electricity markets, this paper pro-
vides an assessment of potential benefits from DR in the day-ahead market, which has proven 
particularly challenging for the IA regulatory framework development. The model devised 
in this study uses data of the public wholesale market price curve from the Nord Pool power 
exchange to simulate market clearing results with introduction of certain amounts of DR that, 
via independent aggregation, competes alongside generation and is able to shift the supply 
curve. The simulated new market equilibrium point allows estimating price reduction capa-
bility of demand response, the total system-wide benefits, as well as analysing the potential 
remuneration mechanisms for independent aggregators and implications on their business 
models. While the results demonstrated a high value from DR during the peak hours, the over-
all benefits during average price periods were rather low, thus exposing the unpredictability 
of the revenue stream and questioning the business case for IA in the day-ahead market. The 
proposed approach can be used for further analysis of different IA compensation mechanisms, 
considering the system-wide benefits it brings to the wholesale market.
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1. INTRODUCTION

The Directive (EU) 2019/944 on com-
mon rules for the internal market for elec-
tricity calls for the European Union Member 
States to “allow final customers, including 
those offering demand response through 
aggregation, to participate alongside pro-
ducers in a non-discriminatory manner 
in all electricity markets” [1]. Moreover, 
Articles 13 and 17 of the Directive specify 
that customers must be able to, without 
discrimination, establish contractual rela-
tions to aggregators who are not affiliated 
with their electricity suppliers. In essence, 
this requires setting up the role of an inde-
pendent aggregator and mandates that such 
actors must be able to participate in all elec-
tricity markets, including balancing and 
wholesale markets.

While there have been a number of 
studies dealing with the key issues of inde-
pendent aggregator participation in bal-
ancing markets [2], such as models for 
independent aggregator (IA) and supplier 
settlement [3]–[6], baseline calculation for 
estimating the amount of delivered demand 
response (DR) energy [7] and even impacts 
of the rebound effect [8], IA participation 
in wholesale markets (especially the day-
ahead market) alongside energy producers 
has generally been given less attention in 
the literature. Some notable exceptions are 
the studies performed by USEF [5], RAP 
[9] and SEDC [10]. Nevertheless, this topic 
is also of utmost importance in the light of 
implementing the Directive, and the EU 
Member States are looking for ways to 
make IA participation in electricity whole-
sale markets a reality [11]–[13]. 

Currently, France is a leader in Europe 
in IA access to markets, being one of the few 
countries where IAs can also participate in 
the wholesale market (through the NEBEF 

mechanism) [14]. However, as pointed 
out in [15], the assessment on whether the 
NEBEF mechanism sufficiently enables DR 
resources to fully participate in the mar-
ket is mixed, and the rules still need to be 
adjusted. Moreover, 95  % of the DR sec-
tor revenues in France are capacity-related 
(from ancillary service markets), showing 
that the energy potential might not be fully 
exploited in the wholesale market through 
NEBEF – “while the mechanism is innova-
tive, it does not on its own sustain the aggre-
gators’ business models” [15]. One possible 
adjustment to the mechanism could be a 
premium paid to IAs reflecting the system-
wide benefits brought, sourced from the 
electricity bills of all consumers. A similar 
DR-premium approach was already suc-
cessfully challenged by consumer associa-
tions and competition authorities in 2015; 
however, as argued in [15], provisions set 
out in the Electricity Directive might reig-
nite the debate.

Nevertheless, in most other parts of 
Europe, the mechanism for IA participa-
tion in wholesale markets has to be built 
from scratch, including in the Nordic/
Baltic region [11], where Nord Pool is the 
main nominated electricity market opera-
tor (NEMO). To establish such a mecha-
nism, information on IA potential impact 
on the market is necessary. While there are 
a number of articles studying how DR in 
general can potentially influence the mar-
ket price through increased price elastic-
ity of the demand side, to the best of the 
authors’ knowledge, this has not yet been 
assessed with the independent aggregator 
role in mind. The key difference here is that 
the aggregated demand response offered 
to the market by an integrated aggregator 
(i.e., retailer) could be expected to affect 
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the demand curve of the market by modi-
fying their demand bids to be more elastic, 
whereas an independent aggregator who is 
not its customers’ retailer would conceiv-
ably participate in the supply side of the 
market (i.e., by selling ‘non-consumption’ 
alongside competing generation). This is a 
consequence to the way the bids are submit-
ted to the market and afterwards aggregated 
in the supply and demand curves. The type 
of the order (buy or sell) is set by the sign 
of the number representing the bid volume, 
whereby a negative volume is a sell order 
and a positive volume is for buy. Conse-
quently, the non-consumption (or consump-
tion reduction) order would have a nega-
tively signed volume and thus would be 
aggregated to the supply curve.

As a result, the retailer will have pur-
chased some electricity its customers will 
not consume because of IA-induced DR. To 
alleviate this issue, a compensation can be 
envisioned whereby a trade is settled from 
the retailer to the IA for the DR energy at a 
certain price. However, if this price is set 
equal to the corresponding day-ahead price 
(which would ensure equal treatment of 

integrated and independent aggregators), 
this can completely negate any business 
case for IA participation in the day-ahead 
market [13]. The Directive, however, does 
allow for some flexibility in the setup of 
the compensation system, e.g., by taking 
into account the socio-economic benefits 
brought by IA activities [12]. In this study, 
one such approach has been considered.

The remainder of this paper is structured 
as follows. Section II outlines the method-
ology used for the estimation of potential 
day-ahead price reducing effect from IA 
participation in the Nord Pool market, mak-
ing use of actual aggregated supply and 
demand bid data regularly published by the 
market operator. In Section  III, the results 
of the assessment are presented, firstly, for 
a whole study year, and, secondly, for three 
particular hours discussed as case studies 
in more detail. Additionally, in this section, 
the results of a conceivable IA remunera-
tion system are presented. Afterwards, the 
limitations of this study are summarised 
and their potential implications outlined. 
Finally, the conclusions are offered. 

2. METHODOLOGY

2.1. Overview

In order to assess the potential impact 
of independent aggregation on the Nord 
Pool day-ahead market system price, sys-
tem price curve data published by the mar-
ket operator are used in this study. More 
specifically, the daily market clearing price 
(MCP) data reports [16] from 2018 have 
been utilised. These data files contain all 
price curve points and corresponding vol-
umes, i.e., they do not contain informa-
tion on individual bids, instead providing 
the data necessary to construct the demand 

and supply curves and identify their inter-
section. Thereby, it is possible to calculate 
the actual hourly system price, as well as 
simulate how the MCP would change if the 
demand or supply curves were modified, 
e.g., by introducing additional bids in the 
pool.

In this study, the supply curves for each 
day-ahead market trading time-step are 
modified by adding additional supply bids 
representing IA participation in the whole-
sale market as direct competitors to elec-
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tricity generators. The aggregate volume of 
the additional bids is set equal to a certain 
percentage of the original market clearing 
volume for each respective hour, whereas 
the corresponding bid price is set equal 
to 0.00 €/MWh to ensure that the bids are 
accepted (there were no negative system 
prices recorded in 2018 [17] and a negative 
bid price for an IA would not be reason-
able).

The overall algorithm of the study can 
be summarised as follows:
1.	 Download the MCP data report for day 

number 1.
2.	 Process the data from the downloaded 

file to enable its use in simulations. 
Each daily MCP data report file con-
tains aggregated bid data for 24 hours 
(except for days with daylight saving 
time clock changes). Thereby the data 
need to be separated into hourly catego-
ries. Furthermore, the curve points ini-
tially only contain single hourly order 
information; thus, the accepted block 
order volumes for buy and sell blocks 
need to be added to the demand and 
supply curve points. Additionally, the 
volume for net flows has to be added to 
the demand curve if it is negative, and 
to the supply curve if it is positive [18].

3.	 To check the veracity of the obtained 
price curves, their intersection point is 
identified and compared to the known 
actual system price in the respective 
hour. Theoretically, these values should 
match completely or differ only mar-
ginally, which could be explained by 

accumulated rounding errors in the 
price identification simulation process. 
More significant differences point to 
data trustworthiness issues and hours 
with such deviations ought to be dis-
qualified from further analysis.	  
The method used to find the intersection 
of two curves defined by their points is 
the Fast and Robust Curve Intersection 
algorithm as described in [19].

4.	 If the original system price has been 
calculated with sufficient accuracy, 
the system price impacted by a certain 
amount of aggregated demand response 
is calculated – firstly, the IA bids are 
added to the supply curve; and, sec-
ondly, the new curve intersection point 
is found. This is the simulated system 
price with IA presence. Consequently, 
the price reduction effect is assessed.

5.	 The day number is incremented by one 
and steps 1 to 4 are repeated until day 
number 365 has been processed. The 
obtained results are then summarised 
and assessed.

The analysis of the hourly system prices 
outlined in these steps is carried out auto-
matically with a dedicated MATLAB code 
developed for this purpose. Due to the sig-
nificant volume of data, which need to be 
read and processed at each time step, the 
overall time of computation can be quite 
significant. The calculations for the year 
2018 performed for this study took nearly 
15 hours on a 2.40  GHz computer with 
16.0  GB operating memory utilising task 
parallelization on eight cores.

2.2. Additional Analysis

From the analysed dataset, three hours 
have been selected as case study exam-
ples for visualization of the price reducing 
effect, namely: 2018.03.01 8–9 CET (cor-
responding to the maximum system price of 

2018 – 198.27 €/MWh); 2018.06.19 20–21 
CET (the average price – 43.99  €/MWh); 
2018.10.15 0–1 CET (the minimum price – 
2.17 €/MWh).

Moreover, different amounts of the 
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traded demand response are assessed 
and a conceivable aggregator compensa-
tion system is shown on the basis of these 
case studies, taking into account the over-
all reduction in electricity purchase costs, 
which is a societal benefit IAs can bring by 
participating in wholesale energy markets. 
The overall electricity purchase cost reduc-
tion is estimated by multiplying the actual 
and modelled decreased Nord Pool system 
price with the total energy volume traded at 
a particular hour in the day-ahead market.

In accordance with the demand 

response incentivization scheme proposed 
in [20], in these calculations, the IA does 
not receive direct remuneration for the non-
consumption sold as generation (implicitly, 
this remuneration is used to compensate the 
suppliers affected by the IA who have oth-
erwise purchased energy they cannot sell to 
the intended customers). Instead, the IA is 
remunerated for the provided DR energy at 
a price derived from 1/3 of the total system-
wide savings resulting from the reduced 
market price. 

3. RESULTS AND DISCUSSION

3.1. Simulation Verification

At this point, the first three steps of the 
overall algorithm described in Section 2.1 
are performed. It is found that from the 
8760 hours modelled, for 7740 of them 

(i.e., 88.36  %), the modelled Nord  Pool 
system price is exactly equal to the actual 
recorded price. In Table 1, the differences in 
the remaining hours are summarised.

Table 1. Hours with Errors in the Modelled Year

Error (€/MWh)
> 0.00 > 0.01 > 0.02 > 0.05 > 0.10 > 0.50

Numb. of hours 1020 439 126 47 38 14
% of hours 11.64 % 5.01 % 1.44 % 0.54 % 0.43 % 0.16 %
Average error (€/MWh) 0.02 0.06 0.20 0.54 0.66 1.75

Evidently, the MCP identification 
model is overall well suited for calculat-
ing the Nord Pool day-ahead market system 
price using the aggregated demand and sup-
ply curves published by the market opera-
tor. For 11.64 % of hours, there are devia-
tions from the actual market price, but only 
for 0.16 % of all the hours these deviations 
exceed 0.50  €/MWh. The average error is 
equal to 0.02 €/MWh. Curiously, the larg-
est differences in the modelled prices are 
observed for 2 January 2018 (maximum 
error – 3.65 €/MWh and only the first six 
hours of the day were modelled correctly). 

The calculation mismatches from this day 
heavily skew the overall error statistics.

 Overall, while the minor differences up 
to the average error of 0.02 €/MWh could be 
explained by accumulated rounding issues 
in the price identification algorithm or the 
post-processing of the results, larger mis-
takes in the remaining 126 hours are harder 
to explain and possibly point to input data 
quality issues. Unfortunately, the authors 
do not have information which would allow 
rectifying these issues, thereby all the hours 
where the simulation error exceeds 0.02 €/
MWh are excluded from the further analy-
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sis to maintain integrity of the results. These 
discarded data-points comprise generally 
average-level price hours (in the range of 

about 24–67 €/MWh) and thus their exclu-
sion is not expected to significantly affect 
the results.

3.2. Demand Response Induced Price Reduction Simulation

In the remaining 8634 hours that have 
been verified as having sufficiently trust-
worthy original price curve data, the fourth 
step of the overall algorithm is carried out 
by introducing an additional supply bid to 
the price curve from IA equal to 1 % of the 
original market clearing volume at each 
hour and recalculating the resulting reduced 
Nord Pool system price. It is assumed that 
the IA bid price is 0.00 €. Consequently, the 
potential price reduction at each modelled 
hour can be quantified.

Overall, within the assessed hours, the 
average price reduction is equal to 0.98 €/
MWh with the median being 0.38 €/MWh, 
whereby the minimum identified reduction 
is 0.07  €/MWh and maximum – 78.35  €/
MWh. As can be discerned from Fig.  1, 
the price reducing effect is generally quite 
modest, i.e., in 63.02 % of the hours, it is 
less than 0.50 €/MWh, and only in 0.47 % 
of the hours it is equal to or exceeds 4.50 €/
MWh.
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Fig. 1. Histogram of the price reduction effect achieved with 1 % DR.

Figure 2 illustrates the correlation of 
the price reduction effect to the original 
Nord Pool system price. As can be seen on 
the x-axis of the figure, very high system 
prices are quite exceptional. There are four 
points which are noticeably distant from the 
rest of the data, with the yearly price maxi-

mum being a clear outlier (at the top-right 
corner of the chart).

Evidently, the simulated price reduc-
tion is higher when the original price itself 
is high. However, there is another cluster of 
reductions significantly above the average 
when the original price is about 20 €/MWh. 
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Fig. 2. Price reduction vs original system price (1 % DR).

3.3. Particular Examples

In this subsection, three particular hours 
from the simulated year 2018 are presented 
in more detail, also explaining visually the 
demand response induced wholesale price 
reduction if IA offers compete with gen-
erators on the supply side of the market. In 
Figs. 3–5, the blue line indicates the demand 
curve, the orange line indicates the origi-
nal supply curve, and the yellow line indi-
cates the appended supply curve, which 
includes the IA offers of aggregated demand 
response. As expected, as a consequence of 
the additional offers, the supply curve gets 
shifted to the right. In the figures, the left 
charts show the full demand and supply 
curves, whereas the right charts are zoomed 
in on the intersection points, which identify 
the original and the reduced MCP. In these 
figures, the energy volume of IA offers is set 

equal to 1 % of the original market clearing 
volume.

On the other hand, in Tables 2–4, this 
volume varies from 0.01 % to 5 %. Addi-
tionally, in these tables, the price reduction 
in each case is quantified together with the 
corresponding hypothetical decrease in the 
total electricity purchase cost in the Nord 
Pool.

For the maximum system price case 
(2018.03.01 8–9 CET), the results are shown 
in Fig. 3 and Table 2. Evidently, quite signif-
icant price reductions can be achieved in this 
case even with relatively modest amounts of 
DR energy (e.g., 14.72 €/MWh price reduc-
tion with 0.1 % / 62.97 MWh of DR). With a 
large DR volume (e.g., 5 % / 3.2 GWh), the 
price can even be reduced to a nearly aver-
age level – 49.14 €/MWh in this example.

Table 2. System Price and Total Cost Reduction with Various DR Amounts (at max. price)

DR, % of volume 0.01 % 0.05 % 0.10 % 0.50 % 1.00 % 5.00 %
DR, MWh 6.30 31.48 62.97 314.84 629.68 3148.40
MCPnew, €/MWh 198.22 183.55 180.07 177.22 119.92 49.14
ΔMCP, €/MWh 0.05 14.72 18.20 21.05 78.35 149.13
Total cost reduction, € 2 879 926 607 1 145 861 1 325 619 4 933 706 9 390 477
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Fig. 3. Modelled market equilibrium at the maximum system price and 1 % DR.

For the average system price case 
(2018.06.19 20–21 CET), the results are 
shown in Fig. 4 and Table 3. Here the price 
reductions are significantly lower, even 
miniscule (e.g., with a fairly large volume 
of DR equal to 1 % of the total traded en-
ergy, the resulting system price decreases 
by only 0.15 €/MWh). However, this is well 

in line with the previously shown results 
for the whole year. As already concluded 
from Fig. 1, in the vast majority of hours in 
the year, the price reduction with 1 % DR 
is in the range of only 0.00–0.50 €/MWh. 
Moreover, with relatively low DR volumes 
(0.01–0.1 %), price reductions are barely at-
tainable at all.
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Fig. 4. Modelled market equilibrium at the average system price and 1 % DR.

Table 3. System Price and Total Reduction with Various DR Amounts (at average price)

DR, % of volume 0.01 % 0.05 % 0.10 % 0.50 % 1.00 % 5.00 %
DR, MWh 3.72 18.59 37.18 185.85 371.70 1 858.53
MCPnew, €/MWh 43.99 43.98 43.97 43.90 43.83 42.97
ΔMCP, €/MWh 0.00 0.01 0.02 0.08 0.15 1.02
Total cost reduction, € 0 316 632 3 125 5 743 37 807
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For the minimum system price case 
(2018.10.15 0–1 CET), the results are 
shown in Fig. 5 and Table 4. Counterintui-
tively, in this case, the price reducing effect 
is more pronounced than in the average 
system price case. This can to some extent 
be explained by the fact that, in this case, 
the original market equilibrium point hap-
pened to be in the vicinity of several major 
steps in both the demand and supply curve. 
This can be well seen in the zoomed sec-

tion of Fig. 5. Nevertheless, a general effect 
of DR having more notable price reduction 
capacity when the original system price is 
low could not be observed and, mostly, the 
opposite is true as shown in Fig. 2.

Another important point regarding this 
case study is that, in general, it is quite 
unrealistic in terms of aggregator willing-
ness to bid at such a low price. However, it 
does serve well in showing the theoretical 
effect for comparison purposes.
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Fig. 5. Modelled market equilibrium at the minimum system price and 1 % DR.

Table 4. System Price and Total Cost Reduction with Various DR Amounts (at min. price)

DR, % of volume 0.01 % 0.05 % 0.10 % 0.50 % 1.00 % 5.00 %
DR, MWh 3.30 16.50 32.00 164.00 329.99 1 649.96
MCPnew, €/MWh 2.15 2.10 2.08 1.99 1.91 0.81
ΔMCP, €/MWh 0.02 0.07 0.09 0.18 0.26 1.36
Total cost reduction, € 882 2 587 2 996 6 080 8 652 45 125

It follows from both the whole year 
analysis and more detailed particular hour 
case studies that DR direct participation 
(on the supply side, via independent aggre-
gators) in the Nord Pool market does not 
significantly affect the system price if it 
initially (i.e., without IAs) is small or even 
at about the average price levels. This veri-
fies the conclusion from [21], whereby, 
using different methodology (multivariate 
adaptive regression spline), and focusing 

specifically on the Latvian bidding area of 
Nord Pool, it was found that for hours with 
average consumption, costs of energy pro-
duction changed little with 1 MWh shift in 
consumption, because the production cost 
curve was relatively flat in this region.

However, when the initial prices are 
high, the potential price reducing effect 
becomes more pronounced. Still, it takes 
very high amounts of DR to drive the price 
from maximum to close to average.
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The reasons can be well understood 
by studying a typical electricity wholesale 
market supply curve (Fig. 6). If the demand 
curve crosses the supply curve in the region 
marked by the green dashed line, then, quite 
obviously, even fairly small shifting of the 
curves (along the x-axis) can cause notable 
change in the market equilibrium i.e., the 
market clearing price. On the other hand, 
if the curve intersection is within the com-
paratively flat region marked by the blue 
dashed line, shift along the x-axis can only 
cause a considerably smaller price change 
effect.
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wholesale market supply  

curve.

3.4. IA Compensation Based on Socio-Economic Benefit

It follows from the results presented in 
the previous subsections that the partici-
pation of aggregated DR in the electricity 
wholesale market has some capacity to 
reduce the market price and consequently 
the total electricity purchase cost. This 
would bring direct benefit to all the retailers 
who procure energy on the wholesale level, 
as well as to those consumers who have 
dynamic electricity tariffs (i.e., tied to the 
hourly day-ahead price). The retailers can 
be expected, in time, to pass some of this 
accrued benefit down to also those clients 
who have fixed price tariffs, thereby dis-
seminating to consumers the overall socio-
economic benefit created by IAs in the form 
of reduced electricity prices.

However, those retailers who have 
customers in their portfolio engaged with 
independent aggregators could be placed 
in unfair position compared to competitors 
whose clients are not affiliated with any IAs 
(because of the purchased/forecasted but 
unserviceable energy). If this issue is allevi-
ated similarly as how has been proposed for 
IA participation in balancing markets (via 
compensation set at the day-ahead price) 

[11], the net position of IAs is equal to zero. 
Thereby, to not discourage IA participation 
in the day-ahead market, alternative solu-
tions need to be identified.

Table 5 quantifies the benefit per unit 
of energy the IAs could be entitled to if a 
similar remuneration scheme as in [20] 
were to be applied – by sharing part (1/3) of 
the total cost savings with the IAs presum-
ably responsible for the overall cost reduc-
tion (i.e., taking into account the system 
price reduction and the total energy traded 
in the Nord  Pool day-ahead market at the 
respective hour). It is implied that the IAs 
would have to share this remuneration also 
with the customers they are aggregating 
to incentivize their engagement in direct 
demand response.

The potential remuneration in the aver-
age price case is quite small (5–7 €/MWh) 
and likely insufficient for a viable business 
case of independent aggregator participa-
tion in the Nord Pool day-ahead market. 
Even though, in the minimum price case, 
the theoretical compensation is noticeably 
larger, as discussed previously, DR during 
low price periods is unlikely. However, in 
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the maximum price case, the remuneration 
per unit of energy is quite significant, albeit 

it tends to decrease if the volume of DR 
energy in the market grows considerably.

Table 5. Potential Remuneration to IAs Participating in the Day-Ahead Market

DR, % of volume 0.01 % 0.05 % 0.10 % 0.50 % 1.00 % 5.00 %
Remuneration to  
DR providers, €/MWh:
The maximum price case 152.33 9 811.60 6 065.65 1 403.48 2 611.75 994.21
The average price case 0.00 5.67 5.67 5.60 5.15 6.78
The minimum price case 89.09 52.26 31.21 12.36 8.74 9.12

Overall, the results presented point to 
the potential value of independent aggre-
gator participation in the day-ahead mar-
ket specifically as actors aiming to benefit 
from their ability to reduce exceptionally 
high market prices. While there are rela-
tively few hours annually when the system 
price is significantly above average levels 

(Fig. 2), the very high specific (per unit of 
DR energy) benefit obtainable in such cases 
could point to a potentially feasible busi-
ness model. However, further studies would 
be necessary to evaluate it, also taking into 
account the costs associated with indepen-
dent aggregator operations.

3.5. Study Limitations and Discussion

The results presented in this paper have 
to be interpreted in conjunction with the 
limitations inherent in the design and input 
data of the study. Most importantly, the mar-
ket clearing simulations and the consequent 
assessment of potential for price reductions 
is based solely on the Nord Pool system 
price. In reality, because of congestions in 
the interconnections between various bid-
ding zones, the actual market clearing price 
in the various bidding zones differs from the 
system price. Unfortunately, the publicly 
available bidding data published by Nord 
Pool are aggregated for the whole market 
and do not distinguish bids based on the 
bidding zone where they have been placed. 
Thereby, there is insufficient information to 
employ these historical bid-based data to 
perform price identification in specific bid-
ding zones. It could be hypothesised that IA 
direct participation in the wholesale mar-
ket might be most valuable in times when 
due to interconnector congestions there are 
exceptional price peaks in bidding zones 

with structural generation shortages.
Another limitation of the price recal-

culation approach used in this study is that 
it does not consider the potential impact of 
demand response on the market flows to 
and from bidding areas neighbouring the 
Nord  Pool zones. In other words, the net 
flows to other areas are assumed indepen-
dent from DR volume. Similarly, potential 
impacts of block bid peculiarities (e.g., 
paradoxical rejections) are not considered, 
since the data available do not allow for 
that, and neither are any potential impacts 
on the bidding behaviour of other market 
participants taken into account, although 
that can be expected to not be overly pro-
nounced. Moreover, price recalculations 
were based solely on historical data, dis-
regarding potential future evolution in the 
production and consumption structure in 
the region.

Furthermore, the total benefit (in the 
form of cost reduction) based approach to 
IA remuneration assessed in Section 3.4 has 
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certain challenges which would need to be 
overcome for this model to be practically 
applicable in the Nord  Pool areas. Firstly, 
the entity administering IA settlement and 
remuneration would need to have the tech-
nical capability to calculate (or a regulatory 
capability to request from market operators) 
the MCP (i.e., rerun the market clearing 
algorithm) in a counterfactual case without 
IA participation, to accurately assess their 
contribution to price reduction and conse-
quent remuneration. As pointed out by [22], 
such recalculation can be extremely costly: 
“it requires definition of the methodology, 
data collection and analysis, sending the 
information to stakeholders, sending and 
paying invoices, all of which will be paid 
for by consumers”. Moreover, DR deployed 
in one country would inevitably also bring 
some market price reductions in other coun-
tries because of market coupling. Thereby, 
such a remuneration mechanism would 
need coordinated and harmonised actions 
of the responsible authorities of many 
countries. The solution to this issue could 
prove even more challenging in a multi-
NEMO environment. These issues are not 
as relevant in situations where the market is 

run by a centralised entity also responsible 
for the settlements and without significant 
market coupling to neighbouring coun-
tries, such as the case in Singapore from 
where the proposed remuneration scheme is 
sourced [20]. Furthermore, introduction of 
premiums to DR aggregators formerly pro-
posed in France for residential DR has been 
heavily criticised as offering unjustifiable 
subsidies, inviting market manipulation, 
and aggregator’s direct participation in the 
wholesale market being altogether an inher-
ently flawed business model [22], [23].

Nevertheless, national regulations 
regarding IA participation in wholesale 
markets is only part of the overall IA regu-
latory framework, which needs to be devel-
oped in each EU Member State in line with 
the Clean Energy Package [24], [25]. On 
the other hand, Article 59 of the Regula-
tion on the internal market for electricity 
[26] empowers the European Commission 
to establish network codes in a number of 
areas, including the rules on aggregation. 
Such an approach would aid in the creation 
of harmonised IA frameworks across the 
EU.

4. CONCLUSIONS

The devised method demonstrated a 
very good accuracy in simulating the sys-
tem-wide market clearing price and vol-
ume based on the public day-ahead market 
data available from the Nord Pool power 
exchange. While in this study the approach 
was employed for evaluating the potential 
impact of load-reducing demand response 
participation in the market, it could also 
be used for studying other wholesale mar-
ket operation aspects in the Nordic-Baltic 
region based on the system curve data.

The impact of DR was simulated for 

the year 2018, which included both very 
high and very low prices occasionally. It 
was assumed that independent aggregation 
of DR participated in the market alongside 
generation, offering load-reducing demand 
response with a volume equal to 0.01–5 % 
relative to the original market clearing vol-
ume. Case studies with 1 % of DR were ana-
lysed in more detail. Over the whole year, 
DR addition of 1 % in most cases (63 %) 
reduced the price by less than 0.50 €/MWh. 
The price decrease was larger than 1  €/
MWh only in 17 % of the simulated hours. 
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However, quite significant price reduc-
tion was achieved for the maximum sys-
tem price case, even with modest amounts 
of DR energy provided: namely, the price 
reduced by 78.35 €/MWh with 1 % DR, and 
overall the price decrease varied between 
14.72…149.13  €/MWh with 0.05…5  % 
of DR. These results imply that DR might 
be particularly useful with extremely high 
market prices or during generation scarcity 
when the system-wide benefits from DR 
participation are the highest.

When studying the potential compen-
sation to the independent DR aggregator 
based on a model whereby 1/3 of the total 
system-wide savings is distributed among 
DR providers, the remuneration per unit of 
DR energy varied a lot among the different 
case studies. For the maximum price case, 
the largest remuneration (9811.60 €/MWh) 
was achieved with 0.05 % of DR. However, 
it tended to decrease with larger penetration 
of DR implying self-cannibalization. For 
the average system price case, the compen-
sation for DR energy was always less than 

7 €/MWh, likely indicating overall insuffi-
cient revenue for a viable business case. In 
contrast, with the lowest system price, the 
payments for DR were much larger varying 
between 9…89 €/MWh.

As the EU Member States need to 
accommodate independent aggregation 
in all their electricity markets, one of the 
key issues is a reasonable, fair and non-
discriminatory compensation mechanism 
between independent aggregators and 
other market participants. To that end, the 
approach presented in this paper could be 
useful for assessing the impact of differ-
ent policies and regulation on the IA busi-
ness models, considering also the societal 
benefits brought about by independent 
aggregation and demand response as sug-
gested by the EU Electricity Directive. One 
promising direction for the future work is 
consideration of the social welfare increase 
as opposed to electricity cost reduction as 
the main benefit and assessing how various 
compensation levels could affect that.
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