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Abstract
Purpose of Review  The electricity grid is facing important challenges in operation and planning due to the increase in 
intermittent renewable generation and the penetration of distributed energy resources. This article reviews the remunera-
tion schemes of distribution system operators for fostering flexibility procurement in a representative sample of six selected 
European countries.
Recent Findings  Regulatory agencies should incentivize distribution system operators to properly deal with the growing 
uncertainty and take advantage of flexible resources connected to their grids to minimize the impact on electricity bills that 
upcoming challenges may have.
Summary  Most of the reviewed regulatory frameworks still need to evolve towards removing barriers to flexibility services. 
The necessary steps in the evolution of remuneration schemes for distribution system operators include (i) promoting non-
biased cost-efficiency, capital expenditures vs operational expenditures, and (ii) the possibility of flexible planning to deal 
with uncertainty.
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Introduction

The increase in renewable generation and electrification of 
energy sectors such as heating and cooling, transport, and 
industrial processes could require massive investment in 
electricity networks. Efficiently developed flexibility mecha-
nisms can partially reduce this investment need. Under this 
context, remuneration schemes of distribution system opera-
tors (DSOs) in most European countries should evolve and 
incentivize cost-efficiency, taking advantage of flexibility 
services; otherwise, the cost for bill payers during the energy 
transition may inappropriately increase more than needed.

Electricity distribution is a regulated monopoly; 
therefore, it requires regulation and definition of DSO 
remuneration schemes. The European Electricity Mar-
ket Directive 944/2019 recognizes the need for DSO 

remuneration schemes to evolve. This directive highlights 
the need to incentivize the procurement of flexibility ser-
vices to delay network reinforcement when cost-efficient. 
Flexibility is defined as “the modification of generation 
injection and/or consumption patterns in reaction to an 
external signal (price signal or activation) in order to 
provide a service within the energy system” [1]. Addition-
ally, DSOs must submit network development plans to 
the regulatory agency every 2 years, covering the invest-
ment needs for the next 5–10 years. The requirement of 
updating the network development plans with a 2-year 
frequency is a measure to deal with the high uncertainty 
faced by DSOs due to the unknown uptake pace of new 
technologies and users’ requirements.

In order to assess how to foster flexibility procurement 
by DSOs, this article reviews the current DSO remunera-
tion schemes in six European countries (i.e., France, Italy, 
Portugal, Spain, Sweden, and the UK). These countries were 
selected in the BeFlexible project [2] and are a good repre-
sentation of the different DSOs’ remuneration schemes in 
Europe. France, Italy, Spain, and Sweden are subjects for 
this study, as they are relevant countries in the European 
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context and they present different characteristics regarding 
the network, the climate, remuneration schemes, etc. The 
UK was also included because it has one of Europe’s most 
advanced regulatory frameworks for procuring flexibility. 
Moreover, Portugal was considered to study one additional 
approach referred as TOTEX apart from the UK.

There are some key characteristics for a remuneration 
scheme to incentivize flexibility procurement as an alterna-
tive to grid reinforcement:

•	 First, it should incentivize long-term cost-efficiency. Oth-
erwise, a remuneration scheme may result in unnecessary 
costs by not encouraging the selection of the most cost-
efficient of the identified alternatives to solve potential 
grid capacity limitations. This is increasingly important 
as the inclusion of flexibility increments the number of 
alternatives in distribution network planning.

•	 Second, it should be a non-biased remuneration scheme. 
Traditional regulatory frameworks tend to be CAPEX-
biased. Since flexibility procurement is an OPEX, these 
frameworks would discourage the procurement of flex-
ibility over conventional network reinforcement.

•	 Third, the regulatory framework should consider an 
approach to deal with uncertainty. The DSOs face 
increasing uncertainty about the penetration of distrib-
uted energy resources (e.g., renewable generation and 
new loads due to increasing electrification). These uncer-
tainties may lead to over-conservative plans and unnec-
essary costs if the national regulatory agencies require 
traditional deterministic plans from DSOs.

Additionally, any remuneration scheme focusing only on 
cost-efficiency may result in quality of service deteriora-
tion [3••]. Therefore, quality incentives should be included. 
Innovation incentives may also be desirable to foster innova-
tive flexibility procurement approaches.

This article highlights the importance of these three top-
ics based on current research and analyzes the status of the 
six European countries regarding these three aspects of DSO 
remuneration. The first two topics are discussed together as 
they are both closely related to the formulation of the DSO 
regulated allowed revenue.

Incentivizing DSOs to Non‑biased Cost 
Efficiency Solutions

The distribution network is considered a natural monopoly, and 
as such, it should be regulated to prevent excessive prices for con-
sumers. Thus, regulation must encourage the monopoly company 
(DSO) to seek and pursue cost efficiencies in its business.

The regulatory approaches to define the company’s allowed 
revenues can be conceptually classified into two categories 

[3••]. First, in the cost-of-service regulation, the DSO’s actual 
costs are covered with a reasonable rate of return applied to 
capital expenditures. This ex-post approach does not encour-
age the pursuit of cost efficiencies by the DSO. Second, in the 
multi-year revenue trajectory, the regulator defines the com-
pany allowed revenues ex-ante. Since the revenues are fixed, 
the DSO’s earnings will depend on its actual costs during the 
period; lower-than-expected actual costs will lead to higher 
earnings for the DSO and vice versa. Therefore, the second 
approach encourages the DSO to pursue cost efficiency.

Combining the first and second approaches would result in a 
multi-year revenue trajectory with a profit-sharing mechanism 
[4••]. The profit-sharing mechanism is an ex-post adjustment for 
the DSO’s revenues. This mechanism defines the final allowed 
revenue as a weighted average between the ex-ante trajectory 
(second approach) and the actual costs (first approach). The 
weight given to the ex-ante revenue trajectory is known as the 
incentive rate. A 100% incentive rate would result in a pure ex-
ante multi-year revenue trajectory. On the contrary, a 0% incen-
tive rate would result in a pure cost-of-service regulation. This 
third approach, the multi-year revenue trajectory with a profit-
sharing mechanism, allows the regulator to share the DSO’s 
actual cost savings with consumers while incentivizing DSO to 
achieve cost efficiencies. This third approach, while encouraging 
cost-efficiency, may still retain a bias depending on what expen-
ditures are to be included in the regulatory asset base (RAB), 
discussed in the following paragraph.

Flexibility services may represent an opportunity for cost-
efficiency in distribution network as they allow the DSO to not 
commit to irreversible investment while at the same time avoid-
ing the risk of service interruptions. However, traditional regu-
latory approaches tend to be CAPEX-biased, aiming to cover 
operational expenditures of the regulated firm and remunerate 
capital expenditures with an attractive rate of return, which may 
represent a barrier to the procurement of flexibility. This bar-
rier has already been noticed by several researchers and some 
regulatory agencies [3••, 5–9]. Incentivizing cost-efficiency 
in the context of increasing penetration of distributed energy 
resources will require a non-biased regulation. Still, most Euro-
pean regulatory frameworks maintain the traditional CAPEX 
bias [10]. This traditional incentive to increase CAPEX can 
shift to reduce CAPEX instead if the regulator puts an unattrac-
tive rate of return in place. However, this shift is not desirable as 
the quality of supply may deteriorate. Moreover, it contradicts 
one principle of regulation: “provide a reasonable return on 
capital and attract new resources of funding to finance any new 
facilities needed to cope with demand growth” [11]. The UK 
overcame this CAPEX bias with a TOTEX approach, where a 
fixed portion of the total expenditures is capitalized and remu-
nerated with an attractive rate of return.

Table 1 shows the main characteristics of current DSO 
remuneration schemes in the European countries selected for 
this study. Next, we describe these incentives for each country.
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France has an ex-ante allowance for operational expen-
ditures (OPEX) with a 100% incentive rate. The allowed 
amount is defined by the regulator based on the DSO pro-
posal and an external audit [12]. French regulation applies a 
cost-of-service approach for capital expenditures (CAPEX) 
where the allowed revenue covers commissioned network 
investments [12]. There is an incentive to reduce the unit 
price of investments in comparison to a reference unit cost 
model. If the total investment amount results lower than 
the sum of asset prices based on the reference model, the 
incentive rewards the DSO with 20% of the difference. 
This incentive is symmetric. If the total investment amount 
results higher than the model, a 20% penalty on the differ-
ence applies. The reward/penalty is capped at ±30M/year. 
In conclusion, the cost-efficiency incentives in the French 
regulation encourage DSO to reduce OPEX and to control 
the unit investment price on CAPEX but does not encourage 
to reduce the total amount of CAPEX, assuming that the DSO 
considers the rate of return for CAPEX attractive.

Italy has an ex-ante allowance for OPEX with a 100% 
incentive rate and a mechanism to capture previously achieved 
efficiencies [13]. Each period’s ex-ante OPEX allowance is 
calculated as a weighted average of actual OPEX and allowed 
OPEX from previous periods. Therefore, an actual OPEX 
resulting below the ex-ante OPEX allowance will result in a 
lower OPEX allowance for the following periods. This calcu-
lation considers multiple periods. On the other hand, capital 
expenditures (CAPEX) are covered with a cost-of-service 
approach. Therefore, the Italian regulation incentivizes the 
DSO to reduce OPEX and does not incentivize CAPEX 
reduction, if the remuneration rate is attractive for the DSO 
to invest in infrastructure.

Portugal has a regulatory approach referred as TOTEX, 
yet there are different incentives for CAPEX and OPEX, 
and only CAPEX are included in the regulatory asset base 
(RAB). Thus, this approach maintains a different treatment 
for CAPEX and OPEX and may not be considered as a full 

TOTEX approach. There is an ex-ante allowance for OPEX 
with a 100% incentive rate, and similar to the Italian regu-
lation, it has a mechanism to capture previously achieved 
efficiencies. Efficiencies achieved in previous periods are 
considered for the calculation of each period ex-ante OPEX 
allowance. Each period ex-ante allowance is calculated as a 
weighted average between actual OPEX (80% weight) and 
allowed OPEX (20% weight) from the previous, most recent, 
two audited years. This mechanism aims to capture 80% of 
the achieved efficiencies on OPEX from the previous period. 
Regarding CAPEX, there is a revenue cap for new invest-
ments. When the regulator approves the investment plan, an 
ex-ante revenue cap for new investments during the regula-
tory period is defined, and a 100% incentive rate applies. 
Then, assets commissioned during the regulatory period are 
included in the consolidated regulatory asset base (RAB) at 
the end of the regulatory period, thus, no longer affected by 
the revenue cap. There is a rate of return ex-post adjustment at 
the end of the regulatory period to share achieved efficiencies 
with the customers if the actual rate of return results higher 
than the predefined value. On the contrary, if the actual rate 
of return results lower than predefined, then this adjustment 
protects the company against low returns. As a result, the 
Portuguese regulation encourages DSO to reduce OPEX and 
CAPEX but with different incentives. Still, only CAPEX are 
included in the RAB. Therefore, a bias towards CAPEX/
OPEX may appear if the rate of return applied to CAPEX is 
higher/lower than the DSO’s cost of capital.

Spain has an ex-post allowance for OPEX and CAPEX. 
The allowed revenues for year n cover the expenditures of 
year n − 2. The calculation of OPEX uses previously defined 
standard costs (e.g., operation and maintenance costs increase 
with network investments). Regarding CAPEX, there is a cost-
of-service regulation where commissioned assets are included 
in the RAB with the 2-year delay mentioned above. The Span-
ish regulation has an incentive to reduce the unit price of 
investments. There is a list of standard investment prices, and 

Table 1   Allowed revenue under DSO remuneration schemes in the selected European countries

Country Allowed revenues for DSOs

France OPEX: ex-ante allowance with 100% incentive rate
CAPEX: cost-of-service, incentive to reduce unit investment price

Italy OPEX: ex-ante allowance with 100% incentive rate + mechanism to capture previous efficiencies
CAPEX: cost-of-service

Portugal OPEX: ex-ante allowance with 100% incentive rate + mechanism to capture previous efficiencies
CAPEX: ex-ante allowance with 100% incentive rate for new investments + rate of return ex-post 

assessment with profit sharing
Spain OPEX: ex-post allowance based on standard costs

CAPEX: cost-of-service + incentive to control unit investment price + investment limit
Sweden OPEX: ex-ante allowance with 50% profit sharing on controllable OPEX

CAPEX: leaning towards cost-of-service regulation
The UK TOTEX: ex-ante allowance + profit sharing
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an incentive mechanism applies after comparison with this 
list. Investment are included in the RAB at their actual cost if 
the sum of actual investment cost fall within a range of +5% 
and −10% of the sum of standard costs. A penalty/reward to 
the value of investment included in the RAB applies if the 
sum of actual costs results above/below the sum of stand-
ard costs by +5%/−10% [14]. In addition, there is a limit for 
the total amount of investment in each semi-period (3 years) 
[14], defined as 0.13% of GDP (divided between the different 
DSOs). There is also a penalty for surpassing the total invest-
ment limit. In conclusion, the cost-efficiency incentives in the 
Spanish regulation encourage DSOs to reduce OPEX and to 
control the unit investment price on CAPEX, while maintain-
ing the total amount of investment per year at the investment 
limit, assuming the rate of return is attractive.

Sweden has an ex-ante allowed revenue for controllable 
OPEX (the regulator distinguishes between controllable 
OPEX that are subject to an efficiency requirement as the 
DSO is considered to be able to make an effort to reduce 
them, and non-controllable OPEX that are fully covered [15]) 
with a 50% profit-sharing mechanism. This ex-ante allowance 
is based on the most recent available historic costs [16]. 
Non-controllable OPEX (e.g., energy losses, agency fees) 
are fully covered. Regarding CAPEX, the ex-ante allowed 
revenue calculation uses a list of standard investment prices 
and the DSO investment plan. The regulator sets the list of 
standard investment prices based on an external audit and 
considers the feedback from the DSOs [16]. The ex-ante 
CAPEX allowance is adjusted ex-post up or down to reflect 
the real amount [16, 17]. With this ex-post adjustment, the 
Swedish DSO remuneration scheme is leaning towards a cost-
of-service approach for CAPEX. In summary, the Swedish 
regulation encourages DSOs to reduce controllable OPEX and 
the incentives to reduce CAPEX may be limited.

The UK has a multi-year revenue trajectory with profit 
sharing for the total expenditure (TOTEX). Ofgem, the 
regulatory agency, sets the ex-ante revenue trajectory after 
evaluating the DSOs’ business plans. Business plans shall be 
based on conservative low-growth-demand scenario. Ofgem 
conducts a cross-DSO benchmarking to assess cost-efficiency 
[18]. After evaluating their business plans, Ofgem fixes the 
capitalization rate and the incentive power ex-ante for each 
DSO. This capitalization rate is the percentage of the total 
expenditure that is included in the RAB and recovered as 
slow money. The portion that is not capitalized is recovered 
as fast money [19]. The incentive power is based on Ofgem’s 
confidence in the DSO business plan. This incentive is limited 
to a 50% maximum [20]. The UK regulation includes an 
uncertainty mechanism named load-related expenditures [18] 
to increase allowed revenue beyond the baseline if the need for 
additional investment materializes. As mentioned before, the 
allowed revenue baseline is based on a low-growth-demand 
scenario. However, the business plans should include the 

consequences of different scenarios in the foreseen investments. 
Then, additional revenue allowances are recognized if demand 
grows to a point where additional investments were planned. 
In conclusion, the UK regulatory framework encourages DSOs 
to reduce total expenditures where the bias between CAPEX 
and OPEX is mostly reduced since the capitalization rate is 
fixed ex-ante. The fact that this capitalization rate is affected by 
DSOs’ business plans may incentivize them to increase CAPEX 
in their plans. At the same time, this may be reasonable since 
fixing a capitalization rate without considering the business 
plan could put the financial situation of DSOs at risk.

Any regulatory approach encouraging the DSO to pursue 
cost-efficiency should include quality of supply incentives; 
otherwise, it may incentivize the DSO to pursue excessive 
cost reduction while increasing service interruptions. This 
is not mentioned in the above regulation review as all the 
countries include this type of incentive in their regulation. 
However, if quality of supply results below the desired levels, 
the relationship between the quality of supply incentives and 
the cost-efficiency incentives should not be overlooked.

Uncertainty and Flexibility Services

The DSOs face increasing uncertainties about the penetration 
of distributed energy resources (DERs) in the upcoming years. 
Flexibility services are considered especially valuable under 
this circumstance. They may allow the DSO to maintain high 
service levels without committing to a costly irreversible 
investment in a traditional grid reinforcement. However, 
traditional deterministic network planning, where the 
decisions are fixed, may undervalue flexibility and result in 
higher cost for bill payers [21•, 22].

Flexible plans where future investment decisions are 
contingent on unfolding information (e.g., invest in a feeder 
when peak demand reaches 22 MW) may perform better than 
deterministic plans (e.g., invest in a feeder in year 3) in this 
context. The European Union regulation enforces the update 
of network development plans with a bi-annual frequency. 
This update is a reasonable approach for dealing with 
uncertainty. However, additional edge for cost-efficiency can 
be achieved with flexible plans. A real options approach may 
be suitable for flexible planning in the distribution network 
[23••]. The UK regulation has uncertainty mechanisms in 
place, allowing the DSO to receive additional funding only if 
certain conditions (e.g., demand growth) are met during the 
regulatory period. The other European regulatory approaches 
reviewed in this article do not have uncertainty mechanisms. 
Therefore, these regulatory approaches do not allow the DSO 
to present flexible plans. Table 2 summarizes some of the 
requirements for investment plans in the analyzed countries.

It is worth mentioning that regulating in favor of flexible 
plans is complex and requires additional auditing control from 
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the regulatory agencies, since the allowed revenues depend 
on the evolution of key variables. It also requires additional 
expertise to assess the selection of these key variables and 
supervise their evolution.

Additionally, it may be undesirable to allow flexible 
planning in regulatory approaches that are not explicitly 
encouraging cost-efficiency (e.g., cost-of-service approaches 
vs multi-year revenue trajectories). In a regulated monopoly: 
“the regulated firm may use its information advantage 
strategically in the regulatory process to increase its profits 
or to pursue other managerial goals” [4]. Therefore, the 
regulatory scrutiny of the firm’s investment plan is more 
crucial under cost-of-service approaches. As mentioned 
before, the business plan assessment of a flexible plan is 
more difficult. Thus, flexible planning increases the traditional 
information asymmetry over deterministic planning and may 
increase the potential of firms trying to justify higher costs, 
specially under cost-of-service approaches.

Conclusion  Flexibility services can potentially reduce or 
delay the need for traditional network reinforcement in the 
distribution network, reducing network costs. Regulatory 
frameworks should adapt to achieve these cost efficiencies; 
different measures need to be taken.

First, some European regulatory frameworks use the cost-
of-service approach, which may not correctly incentivize 
DSOs to choose the most cost-efficient alternatives. A 
multi-year revenue trajectory approach with a profit-sharing 
mechanism can potentially incentivize cost efficiency, and at 
the same time, customers partially benefit from these cost 
efficiencies.

Second, traditional different treatment of OPEX and CAPEX 
is still present in most European regulatory approaches. These 
approaches tend to be CAPEX-biased, which could represent 
a barrier to the procurement of flexibility services. Therefore, 
it may be desirable that regulatory frameworks in Europe 
evolve towards a towards more efficient perspectives that avoid 
CAPEX-bias and encourages innovative flexible solutions (e.g. 
the TOTEX approach).

Third, the uncertainty faced by DSOs can lead regulators to 
include uncertainty mechanisms and allow flexible planning. 
However, this may only be desirable if non-biased cost-
efficiency is previously in place. The interaction between a 
cost-of-service regulation and uncertainty mechanisms may 
result in undesirable outcomes.
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plans
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by an ex-post adjustment mechanism CRCP [12].

Deterministic

Italy 1 year No Deterministic
Portugal 2 years No Deterministic
Spain 3 years No Deterministic
Sweden 2 years Yes Deterministic
UK 2 years Yes Flexible

http://creativecommons.org/licenses/by/4.0/


117Current Sustainable/Renewable Energy Reports (2023) 10:112–117	

1 3

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

	 1.	 Eurelectric. Flexibility and aggregation requirements for their 
interaction in the market [Internet]. (2014) Available from: 
https://​www.​usef.​energy/​app/​uploa​ds/​2016/​12/​EUREL​ECTRIC-​
Flexi​bility-​and-​Aggre​gation-​jan-​2014.​pdf. Accessed 14 Mar 
2023.

	 2.	 BeFlexible project [Internet].  Available from: https://​befle​xible.​
eu/ Accessed 13 Mar 2023.

	 3.••	Pérez-Arriaga IJ, Batlle C, Gómez T, Chaves JP, Rodilla P, 
Herrero I, et al. Utility of the future: an MIT Energy Initiative 
response to an industry in transition. In: Project: UOF-MIT. 
Funded by Massachusetts Institute of Technology (MIT); 2016. 
This report gives a detailed review of regulatory challenges 
for the distribution network with the adoption of DERs and 
the uncertainty associated with the uptake pace of these tech-
nologies. The study highlights some tools and considerations 
that may be useful for regulatory agencies under this context.

	 4.••	Joskow PL. Incentive regulation in theory and practice: electric-
ity distribution and transmission networks. University of Chi-
cago Press [Internet]. 2014 Available from: https://​www.​nber.​
org/​system/​files/​chapt​ers/​c12566/​c12566.​pdf Accessed 13 Mar 
2023. This article gives an excellent conceptual approach for 
understanding electricity network regulation. Practical chal-
lenges are also discussed along with a critical review of some 
past experiences.

	 5.	 Council of European Energy Regulators. Regulatory sandboxes 
in incentive regulation [Internet]. 2022 Available from: https://​
www.​ceer.​eu/​docum​ents/​10440​0/-/-/​72eab​87d-​9220-​e227-​1d26-​
557a6​3409c​6b Accessed 13 Jun 2022.

	 6.	 Anaya KL, Pollitt MG. How to procure flexibility services within 
the electricity distribution system: lessons from an international 
review of innovation projects. Energies. 2021;14(15):4475.

	 7.	 European Commission. Amending Regulations (EU) 2019/943 
and (EU) 2019/942 as well as Directives (EU) 2018/2001 and 
(EU) 2019/944 to improve the Union’s electricity market design 
[Internet]. 2023 [cited 2023 Mar 16]. Available from: https://​
energy.​ec.​europa.​eu/​system/​files/​2023-​03/​COM_​2023_​147_1_​
EN_​ACT_​part1_​v5.​pdf Accessed 16 Mar 2023.

	 8.	 Burger SP, Jenkins JD, Batlle C. Pérez-Arriaga IJ. Restructuring 
revisited part 1: competition in electricity distribution systems. 
EJ [Internet]. 2019;40(3) Available from: http://​www.​iaee.​org/​
en/​publi​catio​ns/​ejart​icle.​aspx?​id=​3352. Accessed 17 Mar 2023.

	 9.	 Venegas FG. Active integration of electric vehicles into distri-
bution grids: barriers and frameworks for flexibility services. 
Renew Sustain Energy Rev. 2021;16

	10.	 Council of European Energy Regulators. Regulatory frame-
works report 2022 - main report [Internet]. 2023 Available from: 
https://​www.​ceer.​eu/​docum​ents/​10440​0/-/-/​2a8f3​739-​f371-​b84f-​
639e-​69790​3e54a​cb Accessed 13 Mar 2023.

	11.	 I. Pérez-Arriaga, editor. Regulation of the power sector [Inter-
net]. T. Gómez. London: Springer London; 2013 (Power Sys-
tems; vol. Monopoly Regulation). Available from: http://​link.​
sprin​ger.​com/​10.​1007/​978-1-​4471-​5034-3 Accessed 24 Aug 
2022.

	12.	 Carenco JF, Chauvet C, Edwige C, Faucheux I, Lastelle L. 
Deliberation of the French Energy Regulatory Commission of 
21 January 2021 on the tariffs for the use of public distribution 
electricity grids (TURPE 6 HTA-BT). 2021;168.

	13.	 Autorità per l’energia elettrica, il gas e il sistema idrico. 
Regolazione tariffaria dei servizi di trasmissione, distribuzione e 
misura dell’energia elettrica, per il periodo di regolazione 2016 - 
2023 [Internet]. 2015 Available from: https://​www.​arera.​it/​alleg​
ati/​docs/​16/​654-​15_​039-​16.​pdf Accessed 2 Mar 2023.

	14.	 CNMC. Disposición 18261 del BOE núm. 304 de 2019.pdf 
[Internet]. Available from: https://​www.​boe.​es/​boe/​dias/​2019/​
12/​19/​pdfs/​BOE-A-​2019-​18261.​pdf. Accessed 7 Mar 2023.

	15.	 L. Werther. Forhandsreglering av elnatsavgifter. Energy 
Inspectorate [Internet]. (2009) Available from: https://​ei.​
se/​downl​oad/​18.​4306b​01717​6842f​af913​a7d/​16105​30574​
125/​Forha​ndsre​gleri​ng-​av-​elnat​savgi​fterE​IR200​909.​pdf.​
pdf. Accessed 16 Mar 2023.

	16.	 Energy inspectorate. Reglering av el och gasnätsverksamhet 
utveckling sedan införandet av förhandsregleringen [Internet]. 
2022. Available from: https://​ei.​se/​downl​oad/​18.​73119​75517​
dc23d​09e01​94f6/​16431​13357​077/​Regle​ring-​av-​el-​och-​gasn%​
C3%​A4tsv​erksa​mhet-​utvec​kling-​sedan-​inf%​C3%​B6ran​det-​av-f%​
C3%​B6rha​ndsre​gleri​ngen-​Ei-​R2022-​01.​pdf. Accessed 14 Mar 
2023.

	17.	 Wallnerström CJ, Grahn E, Wigenborg G, Öhling LW, Robles 
HB, Alvehag K, et al. The regulation of electricity network tar-
iffs in Sweden from 2016. Conference: Swedish Association for 
Energy Economics Conference 2016 (SAEE2016). 2016.

	18.	 Campbell F. RIIO-ED2 draft determinations – core methodology 
document. Ofgem. 2022:430.

	19.	 Lomas P. RIIO-ED2 draft determinations – finance annex. 
Ofgem. 2022:216.

	20.	 Alexander E. RIIO-ED2 draft determinations – overview docu-
ment. Ofgem. 2022:135.

	21.•	 Schachter JA, Mancarella P. A critical review of real options 
thinking for valuing investment flexibility in smart grids 
and low carbon energy systems. Renew Sustain Energy Rev. 
2016;56:261–71 This article reviews real options methodolo-
gies and assess their potential benefits for the energy system 
as well as their limitations. This critical review discusses the 
potential of real options for valuing flexibility services under 
uncertainty.

	22.	 Ruiz MA, Gómez T, Cossent R, Chaves JP. Distribution net-
work planning during the energy transition: synergies between 
real options & flexibility mechanisms. Oxford Energy Forum. 
2022;134:19–24.

	23.••	Schachter JA, Mancarella P, Moriarty J, Shaw R. Flexible invest-
ment under uncertainty in smart distribution networks with 
demand side response: assessment framework and practical 
implementation. Energy Policy. 2016;97:439–49. This article 
proposes a real options approach to capture the value of flex-
ibility in distribution network planning under uncertainty. 
Modelling uncertainty with different demand scenarios may 
increase the value of flexibility over deterministic scenario 
analysis.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.usef.energy/app/uploads/2016/12/EURELECTRIC-Flexibility-and-Aggregation-jan-2014.pdf.
https://www.usef.energy/app/uploads/2016/12/EURELECTRIC-Flexibility-and-Aggregation-jan-2014.pdf.
https://beflexible.eu/
https://beflexible.eu/
https://www.nber.org/system/files/chapters/c12566/c12566.pdf
https://www.nber.org/system/files/chapters/c12566/c12566.pdf
https://www.ceer.eu/documents/104400/-/-/72eab87d-9220-e227-1d26-557a63409c6b
https://www.ceer.eu/documents/104400/-/-/72eab87d-9220-e227-1d26-557a63409c6b
https://www.ceer.eu/documents/104400/-/-/72eab87d-9220-e227-1d26-557a63409c6b
https://energy.ec.europa.eu/system/files/2023-03/COM_2023_147_1_EN_ACT_part1_v5.pdf
https://energy.ec.europa.eu/system/files/2023-03/COM_2023_147_1_EN_ACT_part1_v5.pdf
https://energy.ec.europa.eu/system/files/2023-03/COM_2023_147_1_EN_ACT_part1_v5.pdf
http://www.iaee.org/en/publications/ejarticle.aspx?id=3352
http://www.iaee.org/en/publications/ejarticle.aspx?id=3352
https://www.ceer.eu/documents/104400/-/-/2a8f3739-f371-b84f-639e-697903e54acb
https://www.ceer.eu/documents/104400/-/-/2a8f3739-f371-b84f-639e-697903e54acb
http://link.springer.com/10.1007/978-1-4471-5034-3
http://link.springer.com/10.1007/978-1-4471-5034-3
https://www.arera.it/allegati/docs/16/654-15_039-16.pdf
https://www.arera.it/allegati/docs/16/654-15_039-16.pdf
https://www.boe.es/boe/dias/2019/12/19/pdfs/BOE-A-2019-18261.pdf
https://www.boe.es/boe/dias/2019/12/19/pdfs/BOE-A-2019-18261.pdf
https://ei.se/download/18.4306b017176842faf913a7d/1610530574125/Forhandsreglering-av-elnatsavgifterEIR200909.pdf.pdf
https://ei.se/download/18.4306b017176842faf913a7d/1610530574125/Forhandsreglering-av-elnatsavgifterEIR200909.pdf.pdf
https://ei.se/download/18.4306b017176842faf913a7d/1610530574125/Forhandsreglering-av-elnatsavgifterEIR200909.pdf.pdf
https://ei.se/download/18.4306b017176842faf913a7d/1610530574125/Forhandsreglering-av-elnatsavgifterEIR200909.pdf.pdf
https://ei.se/download/18.7311975517dc23d09e0194f6/1643113357077/Reglering-av-el-och-gasn%C3%A4tsverksamhet-utveckling-sedan-inf%C3%B6randet-av-f%C3%B6rhandsregleringen-Ei-R2022-01.pdf
https://ei.se/download/18.7311975517dc23d09e0194f6/1643113357077/Reglering-av-el-och-gasn%C3%A4tsverksamhet-utveckling-sedan-inf%C3%B6randet-av-f%C3%B6rhandsregleringen-Ei-R2022-01.pdf
https://ei.se/download/18.7311975517dc23d09e0194f6/1643113357077/Reglering-av-el-och-gasn%C3%A4tsverksamhet-utveckling-sedan-inf%C3%B6randet-av-f%C3%B6rhandsregleringen-Ei-R2022-01.pdf
https://ei.se/download/18.7311975517dc23d09e0194f6/1643113357077/Reglering-av-el-och-gasn%C3%A4tsverksamhet-utveckling-sedan-inf%C3%B6randet-av-f%C3%B6rhandsregleringen-Ei-R2022-01.pdf

	Regulatory Challenges for Energy Infrastructure—Do Electricity Distribution Remuneration Schemes in Europe Promote the Use of Flexibility from Connected Users?
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Incentivizing DSOs to Non-biased Cost Efficiency Solutions
	Uncertainty and Flexibility Services
	Acknowledgements 
	References


