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A Fit for Purpose Distribution System Operators Regulation to
Support The Energy Transition
Enric R. Bartlett Castellà*, Carmen Gimeno de la Fuente**, Carles Majó Casas***

The transition to a decarbonised economy requires a significant electrification increase and new generation and demand paradigms to achieve the 
Paris Agreement’s objectives. Smart distribution networks become critical infrastructure for this evolution. After analysing the European and Spanish 
regulatory framework to remunerate distribution system operators (DSOs) for the costs incurred to build and operate the grid, this article makes 
recommendations for improvement.

Digitalisation in the electricity sector  

Digitalisation, thanks to automation, allows 
electricity network observability and monitoring 

in real-time making it smart, being able to integrate large vol-
umes of renewables despite the intermittency of wind or so-
lar energy. Demand-side flexibility, backed with storage, also 
facilitated by digitalisation, saves generation tips and associ-
ated CO2 emissions and provides a feedback which improves 
and updates the process (Glachant and Rossetto 2018).  

The last ten years are witnessing a growing interdependence 
between digitalisation and energy, which drives the transfor-
mation from an electromechanical to an electronic system, 
and which will challenge the fundamental principles around 
which the energy system is operating (ETIP SNET 2018). 

Data management, data analysis and connectivity are three 
fundamental digitalisation elements, it is the so-called data 
layer over the physical assets. It is a means to an end which 
in the energy sector can be measured through the energy 
tri-lemma lens: the three competing demands of security, af-
fordability, and sustainability.   

Changes at the distribution network level   

There is an increase of Distribution Energy Resources 
(DER) connected to the distribution grid, arising new chal-
lenges to their operation. In fact, the digitalisation of the 
electricity infrastructure which started at the transmission 
level and large generation assets has been expanded on the 
distribution networks and consumers’ premises domains, 
blurring many differences between transmission and distri-
bution operation and wholesale and retail levels (Rossetto 
and Reif 2021).  

Therefore, the DSO will carry out a wider number of func-
tions to manage network capacity, as the procurement of 

flexibility services, and transparent and neutral management 
of data, information and communication flows. The DSO 
becomes more active and regulation has to shift to nudge 
a DSO business model aligned with the digital transforma-
tion, able to mobilise €375-425 billion for investments in the 
EU27+UK power distribution grids in 2020-2030 needed to 
deliver the energy transition (Eurelectric 2021).

Regulatory framework approaches to DSOs’ remuner-
ation   

DSOs are natural monopolies, regulated by National Reg-
ulatory Authorities (NRAs). Regulated electricity network 
tariffs have the core objective to recover the costs incurred by 
network operators for the operation and investments in their 
grids. Therefore, the methodology used by NRAs to set grid 
tariffs (Art.59 Electricity Directive (EU) 2019/944) becomes 
of critical importance. 

The new Electricity Regulation (EU) 2019/943 (Art.18.8) 

sets the principle that “distribution tariff methodologies shall 
provide appropriate incentives to the DSOs for the most cost-ef-
ficient operation and development of their networks including 
through the procurement of services, by recognising relevant costs 
as eligible”. 

The distribution network costs to be recovered by network 
tariffs are the return on capital and depreciation of invest-
ments, operational expenditures and costs of distribution 
losses. Tariffs can be designed in multiple ways, and it is 
not easy to find the right balance between various tariff set-
ting principles (e.g. cost recovery, cost reflectivity, efficiency, 
non-discrimination, transparency, non-distortion, simplicity, 
stability, predictability and sustainability) (ACER 2021).  

Any regulatory framework makes use of a toolbox of reg-
ulatory instruments in accordance with their suitability and 
goals taking into consideration national conditions. Most 
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European countries follow revenue cap or price cap regulato-
ry approaches (e.g. Austria, France, Germany, Scandinavian 
countries, Spain), remunerating DSOs mainly for their in-
vestments in wire solutions (iron and copper), a cost of service 
model on capital expenditures (CAPEX), combined in some 
countries with performance incentives to improve efficiency. 
The main parameters are CAPEX and OPEX (operational 
expenditures), set on a benchmarking basis; CAPEX rate of 
return is calculated, mainly with a weighted average cost of 
capital (WACC); OPEX depends on demand forecast and a 
number of incentives to improve efficiency (CEER 2020).

The Spanish regulatory framework for electricity distri-
bution networks remuneration as a test case  

The remuneration of distribution activities is a regulated 
system cost, passed on to all consumers through network 
access tariffs, which are the same throughout the Spanish 
territory, regardless of the geographical location of the net-
work where the consumer is located or how much energy is 
acquired, which prevents providing local price signals. 

In the past, the remuneration scheme for electricity distri-
bution activity consisted of the allocation by the Govern-
ment (acting as NRA) a “sum of money” to the utilities.  

In 2008, a new model was launched based on two prin-
ciples: the “reference network” and the regulatory cost ac-
counting. In 2012, the model was modified to also remu-
nerate those assets still in service but not yet depreciated as 
investments for their net value.  

Law 24/2013 of December 26, on the Electricity Sector, 
implementing EU legislation, ordered that the remuneration 
of the distribution activity will be established with objective, 
transparent and non-discriminatory criteria that encourage 
the improvement of management and economic and techni-
cal efficiency (Article 14).  

In December 2019, the National Markets and Competition 
Commission (CNMC), the Spanish national regulatory au-
thority approved Circular 6/2019 establishing the methodol-
ogy, the parameters and the asset base for the remuneration 
of the electricity distribution networks. The Circular intro-
duces an equitable distribution of efficiency improvements 
between distribution companies and consumers, increases 
company’s freedom when making investments decisions and 
allows for an extension of the facilities lifespan.   

The CNMC incorporates in its methodology definitions 
and guidelines of the Government’s National Energy and 
Climate Plan (PNIEC) regarding the digitalisation of the 

electricity system, the massive deployment of decentralised 
generation (with and without storage) and the coupling of 
demand to generation thanks to demand-side management 
programs supported by digitalisation. The methodology in-
cludes:

a. Definition of general digitalisation assets categories.

b. A mechanism for pilot projects with a differentiated re-
muneration regime (“sandboxes”).

c. Eligibility, for remuneration, of those assets for the intel-
ligent management of the network based on IT.

According to the Circular “Type 2” investments are those 
necessary for the digitalisation and automation of the net-
works including investments in “smart grids” intelligent sys-
tems, communications systems and technical management 
systems, associated with the digitalisation of the networks 
and dispatching and control centres of distributed energy, 
while “Type 0” refer to conventional network investments. 

Investments in digitalisation are assigned a regulatory 
lifespan between 5 and 15 years. The investment value cal-
culation corresponds to the audited real value certified by the 
utilities, limited by investment unit values.

The remuneration parameters of the distribution activity 
are set for regulatory periods of six years. The Royal Decree 
1048/2013 did it for the first regulatory period (2016-2019), 
using a methodology to remunerate distribution activity (in-
cluding building, operation and maintenance of distribution 
networks).  The rate of return was set using a methodology 
referenced to State bonds, increased by a spread of 200 basis 
points, yielding a rate of return of 6.503%. In order to have 
a forecast of cost evolution, the new model introduced maxi-
mum thresholds or investment cap, annually settled.  

For the current second regulatory period (2020-2025), the 
CNMC calculated the rate of return based on WACC in line 
with other European regimes. The new methodology reduces 
to 6.003% the rate yielding, decreasing it again to 5.58% in 
the following 5 years. In practice, it will have a significant 
economic impact, reducing the revenues of DSOs by around 
5%. 

Does the current Spanish regulatory framework for 
distribution networks allow for the needed investments?   

The mentioned reduction in the rate of return (from 
6.503% to 6.003% and 5.58%) discourages investments. It 
would be desirable that the rate of return remains unchanged 
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during the whole regulatory lifetime of the investment to be 
executed, without any variation along the years of each reg-
ulatory period.

It has been reasoned that considering Spanish DSOs invest-
ment needs in network assets until 2030 to meet the increase 
in electricity demand are estimated at € 29 to 34 billion, and 
considering DSOs remuneration in other European coun-
tries, a rate of return of 7% would have better reflected the 
cost of debt and the profitability required by shareholders on 
capital costs (CAPEX) (Monitor Deloitte 2018). 

In order to reduce utilities’ uncertainty to invest, another 
regulatory improvement would be a more precise definition 
of the assets eligible as investments in digitalisation, which 
should include the IT and OT to support the procurement 
of flexibility services as a way to incentivise DSOs using 
them to replace or mitigate conventional grid investments 
(CAPEX) as the Electricity Directive (Art. 32) demands. 

In conclusion, the Spanish regulatory framework still remu-
nerates the DSO for “passive” network management. An “ac-
tive” DSO requires the use of flexibility mechanisms for grid 
operation to efficiently integrate DER, pursuing the most 
economic ways to minimise generation curtailment within 
network constraints to ensure the same high rate of service 
quality. 

Proposal for a regulatory framework incentivising in-
vestment. The inspiring RIIO model  

Only an incentive regulation scheme that encourages DSOs 
to make efficient trade-offs between wires and non-wires as-
sets (or capital and operational expenditures), can avoid con-
sistently biased decisions towards investment in rate-based 
capital assets (Burger et al 2019).

Great Britain, under the formula “RPI – X”, was a pioneer 
in the concrete application of the price cap regulation that 
modulates CAPEX system in Spain and most EU countries.  
The price automatically adjusts for the previous year’s retail 
price inflation (RPI) measured by the Consumer Price In-
dex, and for expected efficiency improvements (X) during 
the time period the price adjustment formula is in place. So, 
for example, if inflation is 5.5% and X is 3% then their pric-
es can raise on average by only 2.5% per year. Still, after 20 
years of application of the RPI -X model, which delivered 
a successful cost and tariff reduction and increasing quality 
of service and investment, the Office of Gas and Electricity 
Markets (Ofgem) (NRA) launched a pragmatic adaptation – 

the RIIO model:  Revenue=Incentives+Innovation+Outputs 
(Rious and Rossetto 2018).

RIIO is based on a Revenue cap model as the RPI-X regula-
tion. However, it combines capital and operational expendi-
tures in an incentive-based regulation trying to shift network 
companies focus from capital investment to outcomes. It is 
named a TOTEX scheme and provides the right incentives 
to DSOs for an optimal balance between investments on 
conventional assets, IT and flexibility services (RAP 2021).  
The RIIO model encourages innovation letting DSO’s re-
tain, through all the regulatory period of eight years, part of 
the efficient savings they achieve.

The RIIO model has proved to give certainty to investors 
while driving innovation forward and has contributed to 
incentivise companies to think long term and strategically 
about how they operate their grids.  Therefore, it seems it 
would be a good choice for the Spanish regulation, to follow 
the RIIO basic tenet of focus on outcomes giving autonomy 
to DSOs in choosing the way to achieve them.  

Goals and metrics as competition substitute in a per-
formance-based DSOs remuneration framework

The remuneration methodology of the distribution activity 
should provide the appropriate price signals for the energy 
system transformation. The challenge is to introduce the 
right incentives capable of indirectly aligning network use 
patterns with system needs as, for instance, placing gener-
ation near grid bottlenecks or moving consumption away 
from demand peak hours. 

The technology empowers a more granular approach, con-
sistent with the cost-reflective principle, of charging nodal 
prices considering the scarcity of network capacity (Burger 
et al 2019 b). Still, besides the technical difficulties and pos-
sibilities, this locational price hits against a backbone prin-
ciple of the electricity regulation that all final users located 
at the same voltage level have to pay the same price for their 
network access. A principle anchored in the technological 
paradigm of a centralised and not digitalised energy system, 
where the energy always flowed from more to less voltage 
and without storage possibilities. It seems that the techno-
logical shift also justifies a regulatory update (Rossetto and 
Reif 2021). 

The performance-based compensation scheme proposed 
tries to encourage a “least cost, best-value” approach that en-
ables to benchmark different DSOs deliveries. In the case of 
DSOs regulation, the setting of outcomes and metrics be-
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comes a market competition substitute. The e21 Initiative 
framed in Minessota (2014 and 2016) proposes desired out-
comes and examples of potential metrics to articulate rate-
making designs. 

Among the outcomes proposed: 1) DER and grid services 
are pretty valued and integrated into the electric system add-
ing net benefits and minimising costs; 2) to make the system 
more efficient, optimising the alignment between generation 
and load; 3) higher levels of reliability.   

Some suggested metrics to measure outcomes delivery 
are: 1) the average time to connect DER (by category) and 
percentage of system needs to be met by them, also, time-
ly and effective provision of locational value information to 
customers regarding DER; 2) the number of kW shifted to 
off-peak, the percentage of load went to off-peak, the num-
ber of customers participating in demand response programs 
and reduction in grid losses; 3) measuring the system average 
interruption duration index and the system average interrup-
tion frequency index.

The challenge ahead is framing the proposed incentive-based 
compensation scheme in a transparent, non-discriminatory 
and, as far as possible, marked-based way to reinforce trans-
parency and efficiency. With this purpose in mind and try-
ing to open a window to competitiveness, it is suggested to 
further consider linking the DSO congestion management 
outputs with Local Flexibility Markets, which are still in an 
early stage in Europe (Smart Energy Europe 2019). 

Conclusions  

In the EU, the most common remuneration framework to 
recover costs incurred by network operators for investments 
and grid operation is based on a revenue cap or price cap 
approach, which mainly remunerates DSOs for their in-
vestments in coper. It is a cost of service model on capital 
expenditures (CAPEX) usually linked to some external ref-
erence, for instance, the rate of interest of the public debt. 

In Spain, this system does not guarantee the same rate of 
return within the given regulatory period in which it applies. 
For the mentioned reasons, caps, external reference and var-
iations in the rate of return over the regulatory period, this 
model risks that investors choose a more lucrative activity to 
invest and, in any case, is a brake or barrier to achieve the 
enormous investments needed to make smart grids a reali-
ty. To improve the model, some changes can be introduced:  
while maintaining the investment cap, make it possible to 
equally remunerate capital investments and operational ex-

penditures, such as the procurement of flexibility services ad-
ditionally or alternatively to the current network design and 
operation model.

A way to make this possible would be defining, on the one 
hand, the operating procedures to solve technical constraints 
(bottlenecks), incorporating as an alternative tool the use of 
flexibility by the DSO, replacing or deferring the traditional 
model for investments and network operation. On the oth-
er hand, defining the functioning of local flexibility markets 
in which DSO can freely operate, remunerating as well the 
investments (IT /OT) necessary to support flexibility pro-
curement.

Finally, the remuneration mentioned above should be 
linked with the introduction of performance outcomes, e.g. 
by allowing a higher return rate to the DSO for the efficiency 
gains provided for the use of flexibility solutions that bene-
fit the system, customers and society. Incentives in relation 
to the achievement of objectives in R & D, innovation and 
more efficient management should also be included.
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