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Demand response: definition
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Demand response: challenges

Electricity consumers

Are almost always not exposed to time-variable electricity prices

When they are, they are inelastic (Ito (2014), Fabra et al. (2021),
Fowlie et al. (2021))

But why ?

Electricity is a low interest product (Fischer (2008))

Its costs is relatively complex to understand and usually does not
make up for an important share of a household’s budget (Borenstein
(2009))
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Energy communities: shifting from passive to active ?

Energy communities are often considered as challengers to this
low-elasticity paradigm (Koirala et al. (2016), Rossetto (2023))
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Energy communities: exposing consumers to time-variable
electricity prices

Graphical example
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Summarising motivation

Demand-response is needed in the electricity system to integrate
renewable sources and manage the grid scarcity.

Energy communities with energy sharing can challenger this
low-elasticity paradigm

To spread these incentives, energy communities often benefit from
network tariffs adjustments or exemption. Examples

However, the impact of energy sharing incentives on driving desired
demand-response outcomes remains uncertain.

In my case study analysis I find no proof of grid beneficial
outcomes after energy sharing incentives’ implementation.

Elise VIADERE Do energy communities foster demand-side flexibility? Evidence from a Belgian pilot projectSeptember 28, 2023



Summarising motivation

Demand-response is needed in the electricity system to integrate
renewable sources and manage the grid scarcity.

Energy communities with energy sharing can challenger this
low-elasticity paradigm

To spread these incentives, energy communities often benefit from
network tariffs adjustments or exemption. Examples

However, the impact of energy sharing incentives on driving desired
demand-response outcomes remains uncertain.

In my case study analysis I find no proof of grid beneficial
outcomes after energy sharing incentives’ implementation.

Elise VIADERE Do energy communities foster demand-side flexibility? Evidence from a Belgian pilot projectSeptember 28, 2023



Summarising motivation

Demand-response is needed in the electricity system to integrate
renewable sources and manage the grid scarcity.

Energy communities with energy sharing can challenger this
low-elasticity paradigm

To spread these incentives, energy communities often benefit from
network tariffs adjustments or exemption. Examples

However, the impact of energy sharing incentives on driving desired
demand-response outcomes remains uncertain.

In my case study analysis I find no proof of grid beneficial
outcomes after energy sharing incentives’ implementation.

Elise VIADERE Do energy communities foster demand-side flexibility? Evidence from a Belgian pilot projectSeptember 28, 2023



Summarising motivation

Demand-response is needed in the electricity system to integrate
renewable sources and manage the grid scarcity.

Energy communities with energy sharing can challenger this
low-elasticity paradigm

To spread these incentives, energy communities often benefit from
network tariffs adjustments or exemption. Examples

However, the impact of energy sharing incentives on driving desired
demand-response outcomes remains uncertain.

In my case study analysis I find no proof of grid beneficial
outcomes after energy sharing incentives’ implementation.

Elise VIADERE Do energy communities foster demand-side flexibility? Evidence from a Belgian pilot projectSeptember 28, 2023



Case study: Dataset description

List of variable per quarter hour from 1/10/2020 to 28/02/2021 for
each participant of the pilot project Summary tables Graphical example

Consumption (kWh)

Self-consumption (kWh)

Residual consumption (kWh)

Coefficient (distribution key)

Production (kWh)

Allocated production (kWh)

Non-allocated production (kWh)

Surplus injected to the grid (kWh)
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Case study : REC pilot project in Wallonia
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Case study : REC pilot project in Wallonia
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Empirical strategy

The empirical analysis involves a two-fold approach.

1 Characterization of incentives from energy sharing, including energy
and network tariff components throughout project phases,
computation of the energy bills saving

2 Estimation of the impact of the implementation of energy sharing
incentives
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1 - Characterising the incentives

+

Elise VIADERE Do energy communities foster demand-side flexibility? Evidence from a Belgian pilot projectSeptember 28, 2023



Phase 1



Phase 1

Electricity self-consummed with 
energy sharing



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Residual electricity provided by 
supplier



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Residual electricity provided by 
supplier

= 14400 MWh



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Energy component 

Residual electricity provided by 
supplier

= 14400 MWh

Energy component 



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Energy component 

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component Network component 



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Energy component 

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component Network component 

= 52.3€/MWh on average

Fixed allocation key



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Energy component 

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component Network component 

= 52.3€/MWh on average

Fixed allocation key Adjustment

= 15.1€/MWh on average



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Energy component 

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component Network component 

= 52.3€/MWh on average

Fixed allocation key Adjustment

= 15.1€/MWh on average

= 67.4€/MWh on average



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Energy component 

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component Network component 

= 52.3€/MWh on average

Fixed allocation key Adjustment

= 15.1€/MWh on average

= 67.4€/MWh on average

Supply contracts

between 109.7 and 
180.3€/MWh 



Phase 1

Electricity self-consummed with 
energy sharing

= 5076 MWh

Energy component 

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component Network component 

= 52.3€/MWh on average

Fixed allocation key Adjustment

= 15.1€/MWh on average

= 67.4€/MWh on average

Supply contracts

between 109.7 and 
180.3€/MWh 

= 125.2€/MWh on average

= 270.2€/MWh on average



Phase 1

Electricity self-consummed with 
energy sharing

= 52.3€/MWh on average

= 5076 MWh

Energy component 

Fixed allocation key

Network component 

Adjustment

= 15.1€/MWh on average

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component 

Supply contracts

between 109.7 and 
180.3€/MWh 

= 125.2€/MWh on average

= 67.4€/MWh on average = 270.2€/MWh on average

Savings on the energy bills from 21% to 31%



Phase 1

Electricity self-consummed with 
energy sharing

= 52.3€/MWh on average

= 5076 MWh

Energy component 

Fixed allocation key

Network component 

Adjustment

= 15.1€/MWh on average

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component 

Supply contracts

between 109.7 and 
180.3€/MWh 

= 125.2€/MWh on average

= 270.2€/MWh on average



Phase 1

Electricity self-consummed with 
energy sharing

= 52.3€/MWh on average

= 5076 MWh

Energy component 

Fixed allocation key

Network component 

= 126.4€/MWh on average

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component 

Supply contracts

between 109.7 and 
180.3€/MWh 

= 125.2€/MWh on average

= 270.2€/MWh on average= 178.7€/MWh on average



Phase 1

Electricity self-consummed with 
energy sharing

= 52.3€/MWh on average

= 5076 MWh

Energy component 

Fixed allocation key

Network component 

= 126.4€/MWh on average

Residual electricity provided by 
supplier

= 14400 MWh

Energy component Network component 

Supply contracts

between 109.7 and 
180.3€/MWh 

= 125.2€/MWh on average

= 270.2€/MWh on average= 178.7€/MWh on average

Savings on the energy bills from 8% to 12%



Phase 2



Phase 2

Electricity self-consummed with 
energy sharing

= 53.4€/MWh on average

= 6927 MWh

Energy component 

Dynamic allocation key

Network component 

Adjustment

= 30.6€/MWh on average

Residual electricity provided by 
supplier

= 9304 MWh

Energy component Network component 

Supply contracts

between 97.6 and 
186€/MWh 

= 125.2€/MWh on average

= 84€/MWh on average = 253.1€/MWh on average



Phase 2

Electricity self-consummed with 
energy sharing

= 53.4€/MWh on average

= 6927 MWh

Energy component 

Dynamic allocation key

Network component 

Adjustment

= 30.6€/MWh on average

Residual electricity provided by 
supplier

= 9304 MWh

Energy component Network component 

Supply contracts

between 97.6 and 
186€/MWh 

= 125.2€/MWh on average

= 84€/MWh on average = 253.1€/MWh on average

Savings on the energy bills from 19% to 22%



Phase 2

Electricity self-consummed with 
energy sharing

= 53.4€/MWh on average

= 6927 MWh

Energy component 

Dynamic allocation key

Network component 

Adjustment

= 30.6€/MWh on average

Residual electricity provided by 
supplier

= 9304 MWh

Energy component Network component 

Supply contracts

between 97.6 and 
186€/MWh 

= 125.2€/MWh on average

= 253.1€/MWh on average



Phase 2

Electricity self-consummed with 
energy sharing

= 53.4€/MWh on average

= 6927 MWh

Energy component 

Dynamic allocation key

Network component 

= 111.3€/MWh on average

Residual electricity provided by 
supplier

= 9304 MWh

Energy component Network component 

Supply contracts

between 97.6 and 
186€/MWh 

= 125.2€/MWh on average

= 253.1€/MWh on average= 164.7€/MWh on average



Phase 2

Electricity self-consummed with 
energy sharing

= 53.4€/MWh on average

= 6927 MWh

Energy component 

Dynamic allocation key

Network component 

= 111.3€/MWh on average

Residual electricity provided by 
supplier

= 9304 MWh

Energy component Network component 

Supply contracts

between 97.6 and 
186€/MWh 

= 125.2€/MWh on average

= 253.1€/MWh on average= 164.7€/MWh on average

Savings on the energy bills from 7% to 11%



Phase 1

Electricity self-consummed with 
energy sharing

Residual electricity provided by 
supplier

= 67.4€/MWh on average
= 270.2€/MWh on average

= 178.7€/MWh on average

Phase 2

= 253.1€/MWh on average
= 164.7€/MWh on average

= 84€/MWh on average



2 - Estimation

We want to measure the existence of grid beneficial outcomes to
analyze the energy sharing incentives design.

1 Peak shifting
2 Peak shedding

Source: Xu et al. (2017)
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2 - Estimation
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2 - Estimation: Counterfactual construction

Counterfactual electricity consumption time series for each individual
have been computed using three different machine learning techniques
(Gonzalez-Briones et al. (2019)):

K Nearest Neighbors (KNN) identifies future patterns by averaging the
outcomes of ’k’ nearest historical neighbors.
Random Forest (RF) uses an ensemble of decision trees, trained on
subsets of data, and averages their predictions.
Gradient Boosting iteratively improves model accuracy by correcting
errors, aggregating multiple models’ predictions for final outcomes.

Each of these algorithms have been trained on historical data to
predict for each individual the counterfactual based on calendar and
weather data. +
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3 -Estimation method

Yit =αit + β1(Treatmenti ∗ Posteventt)+
β2Treatmenti + β3Posteventt + Controlsit + ϵit

Control variables: time-related factors, weather data + , and
COVID-19 cases.

Outcome variables

Daily peak consumption to measure whether participants reduced their
peak electricity usage after joining the energy community
Binary variable indicates whether individuals shifted their daily peak
consumption away from system-wide peak hours
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Results

The implementation of the energy sharing incentives led to

A small increase in the daily peak consumption by participants

An ncrease in the probability that the peak consumption occurs in
traditional system-wide peak hours

+
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Results: peak shedding phase 1

Table: Regression Results: Phase 1 impact on individual daily peak.

Dependent variable: Dependent variable: Dependent variable:
Individual daily peak (KNN) Individual daily peak (RF) Individual daily peak (XG)

Interaction term 0.098∗∗∗ 0.109∗∗∗ 0.093∗∗∗

(0.007) (0.007) (0.007)

Treatment −0.081∗∗∗ −0.087∗∗∗ −0.073∗∗∗

(0.007) (0.007) (0.007)

Postevent −0.0002∗∗∗ −0.0002∗∗∗ −0.0002∗∗∗

(0.00004) (0.00004) (0.00004)

Observations 8,760 8,760 8,760
R2 0.088 0.095 0.089
Adjusted R2 0.084 0.091 0.085
F Statistic 30.131∗∗∗ (df = 28; 8720) 32.580∗∗∗ (df = 28; 8720) 30.270∗∗∗ (df = 28; 8720)

Note: The dependent variable is the individual daily peak, and the mentions KNN, RF,
and XG refer to the synthetic counterfactual prediction machine learning methods associ-
ated with the estimation. The displayed results in the tables correspond to the coefficients
of interest in the estimation. Weather data and calendar data were included as control
variables in the analysis but are not shown here. Standard errors are reported in parenthe-
ses. Significance levels are denoted as *** for p<0.01, ** for p<0.05, and * for p<0.1.
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Results: peak shedding phase 2

Table: Regression Results: Phase 2 impact on individual daily peak.

Dependent variable: Dependent variable: Dependent variable:
Individual daily peak (KNN) Individual daily peak (RF) Individual daily peak (XG)

Interaction term 0.333∗∗∗ 0.354∗∗∗ 0.347∗∗∗

(0.006) (0.006) (0.006)

Postevent −0.331∗∗∗ −0.353∗∗∗ −0.345∗∗∗

(0.005) (0.005) (0.005)

Treatment −0.0001∗∗∗ −0.0001∗∗∗ −0.0001∗∗∗

(0.00002) (0.00002) (0.00002)

Observations 14,580 14,580 14,580
R2 0.311 0.342 0.329
Adjusted R2 0.309 0.340 0.327
F Statistic 234.398∗∗∗ (df = 28; 14540) 269.569∗∗∗ (df = 28; 14540) 254.116∗∗∗ (df = 28; 14540)

Note: The dependent variable is the individual daily peak, and the mentions KNN, RF,
and XG refer to the synthetic counterfactual prediction machine learning methods associ-
ated with the estimation. The displayed results in the tables correspond to the coefficients
of interest in the estimation. Weather data and calendar data were included as control
variables in the analysis but are not shown here. Standard errors are reported in parenthe-
ses. Significance levels are denoted as *** for p<0.01, ** for p<0.05, and * for p<0.1.
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Results: peak shifting phase 1

Table: Regression Results: Phase 1 impact on daily peak in system-wide peak
hours.

Dependent variable: Dependent variable:
Daily peak in peak hours (KNN) Daily peak in peak hours (RF) Daily peak in peak hours (XG)

Interaction term 0.160∗∗∗ 0.058∗∗∗ 0.070∗∗∗

(0.017) (0.017) (0.017)

Treament −0.103∗∗∗ −0.001 −0.005
(0.017) (0.017) (0.017)

Postevent −0.0002∗∗ −0.0001 −0.00001
(0.0001) (0.0001) (0.0001)

Observations 8,760 8,760 8,760
R2 0.223 0.251 0.248
Adjusted R2 0.219 0.247 0.245
F Statistic 89.339∗∗∗ (df = 28; 8720) 104.139∗∗∗ (df = 28; 8720) 102.883∗∗∗ (df = 28; 8720)

Note: The dependent variable is the daily peak in peak hours, and the mentions KNN, and
RF refer to the synthetic counterfactual prediction machine learning methods associated
with the estimation. System-wide peak hours are defined from 7 to 9 am and from 5
to 8 pm. The displayed results in the tables correspond to the coefficients of interest in
the estimation. Weather data and calendar data were included as control variables in the
analysis but are not shown here. Standard errors are reported in parentheses. Significance
levels are denoted as *** for p<0.01, ** for p<0.05, and * for p<0.1.
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Results: peak shifting phase 2

Table: Regression Results: Phase 2 impact on daily peak in system-wide peak
hours.

Dependent variable: Dependent variable:
Daily peak in peak hours (KNN) Daily peak in peak hours (RF) Daily peak in peak hours (XG)

Interaction term 0.130∗∗∗ 0.125∗∗∗ 0.105∗∗∗

(0.016) (0.016) (0.016)

Treatment −0.00004 −0.0002∗∗∗ −0.0001
(0.0001) (0.0001) (0.0001)

Postevent −0.038∗∗∗ −0.015 −0.008
(0.014) (0.014) (0.014)

Observations 14,580 14,580 14,580
R2 0.031 0.027 0.027
Adjusted R2 0.028 0.024 0.024
F Statistic 16.389∗∗∗ (df = 28; 14540) 14.280∗∗∗ (df = 28; 14540) 14.390∗∗∗ (df = 28; 14540)

Note: The dependent variable is the daily peak in peak hours, and the mentions KNN, and
RF refer to the synthetic counterfactual prediction machine learning methods associated
with the estimation. System-wide peak hours are defined from 7 to 9 am and from 5
to 8 pm. The displayed results in the tables correspond to the coefficients of interest in
the estimation. Weather data and calendar data were included as control variables in the
analysis but are not shown here. Standard errors are reported in parentheses. Significance
levels are denoted as *** for p<0.01, ** for p<0.05, and * for p<0.1.
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Conclusion

The study analyzed energy sharing incentives’ impact on
demand-response outcomes, focusing on peak shedding and shifting
within a renewable energy community.

Findings indicate that despite substantial incentives, there is no
evidence of grid-beneficial outcomes, potentially even worsening peak
consumption behaviors.

These results align with existing literature showing that electricity
end-consumers often do not significantly respond to price incentives.

Public policy expectations of energy communities as drivers of retail
demand-response may need adjustment, particularly regarding
network tariff adjustments and exemptions.
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Network tariff adjustments

-
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Summary tables : 2020

-
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Summary tables : 2021

-
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Summary tables : 2022

-
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Summary tables : 2023

-
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Load profile graphical example

-
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Load profile graphical example

-

Elise VIADERE Do energy communities foster demand-side flexibility? Evidence from a Belgian pilot projectSeptember 28, 2023



Weather data

Hourly data

-
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Incentive table
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Incentive table
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ML cross-validation scores

Based on historical data only
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ML Retrofiting

Based on historical data only
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RF feature importance
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Event study results

PHASE 1

Variable Estimate Std. Error Significance
(Intercept) 7174.69 (434.03) ***
event indicator -53.48 (62.30)
dm holidays 106.58 (67.12)
dow 237.04 (23.13) ***
dm wk -1290.24 (102.40) ***
average w wdspeed 10mn ip f 34.17 (150.66)
average w humidity ip f 18.34 (3.93) **
average w gust10mn ip f -67.33 (99.31)
average w precip1h ip f 11.49 (274.50)
average w precip3h ip f -427.49 (540.61)

R2 0.36
Adj. R2 0.35
Num. obs. 1214

-
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Event study results

PHASE 2

Variable Estimate Std. Error t-value p-value
(Intercept) 7654.31 (509.41) *** < 0.001
event indicator -6.01 (70.14)
dm holidays 54.67 (81.04)
dow 240.47 (28.34) *** < 0.001
dm wk -1312.85 (125.23) *** < 0.001
average w wdspeed 10mn ip f -27.05 (184.23)
average w humidity ip f 14.25 (4.59) ** 0.01
average w gust10mn ip f -34.81 (120.90)
average w precip1h ip f 49.76 (311.83)
average w precip3h ip f -512.04 (610.95)

R2 0.37
Adj. R2 0.35
Num. obs. 849

-
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