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“As for the future, your role is not 
to foresee, but to enable it”

Antoine de Saint Éxupéry
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The context
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Davos Economic Forum: Transformation Maps
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Electricity decarbonization
Electrification of the economy
Decentralization
Digitalization
Regionalization
Universal access
Urbanization?



9

Electricity decarbonization
Electrification of the economy
Decentralization
Digitalization
Regionalization
Universal access
Urbanization?



Decarbonization…
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EU emissions 1990-2050



& technological progress in costs
& performance…
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… are driving investment…
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Sectoral GHG 1990-2050
EU ROADMAP 2050



Decentralization, supported by
digitalization, guided by

decarbonization & needed for
electrification, drives the change in 

how electricity services will be 
provided in the future
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“rooftop solar, energy storage (from 
household batteries to electric 

vehicles), smart energy management 
technology, and the aggregation of 

demand are all areas where demand, 
rather than generation, can become 

[New York’s] primary energy resource”

Audrey Zibelman
CEO, Australian Energy Market Operator
Former Chair, New York Public Service 

Commission

Exuberance over DERs has led some to proclaim an 
imminent DER revolution: 



Today there are more than 1.5 million solar homes in the U.S., 
representing over 16.5GW of capacity

DERs are happening in large amounts







The presence of distributed energy resources…





… forces us to change the “top-down” perspective…
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… and adopt one where there is no clear dominance
between centralized and distributed



DERs can be installed in a short 
amount of time
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Use of DERs can save 
infrastructure investments

30



DERs provide unprecedented 
level of choice to customers to 

express their preferences…



… & technologies are ready to allow the customer 
choose how to use energy… 



But many opportunities of DERs to 
provide value to the power system 

go unused
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Flexible demand & smart thermostats are 
only useful if able to respond to changing 

system conditions



What is missing?
A comprehensive system of 

efficient prices & regulated charges
for electricity services
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Our key 
recommendations



1
“Create a comprehensive & efficient 

system of prices & charges”

The only way to put all resources –
centralized & distributed– on a level 

playing field and achieve efficient 
operation and planning in the power 

system is to dramatically improve prices 
and regulated charges for electricity 

services.
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Prices & signals are 
the nervous system
of the electricity sector, 
reaching everywhere





Any cost-reflective component of prices & charges 
should be exclusively based on the individual injection 
& withdrawal profiles at the network connection point 

& should be symmetrical.
This requires the use of advanced meters



Any cost-reflective component of prices & charges 
should be exclusively based on the individual injection 
& withdrawal profiles at the network connection point 

& should be symmetrical.

This requires the use of advanced meters
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Power Flows

Meter DERs and Loads
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• Reflect time differentiation in the 
energy charges

Let’s do it one step at a time…
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capacity charges for networks & firm 
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• Reflect time differentiation in the energy charges
• Apply forward-looking peak-coincident capacity 

charges for networks & firm generation capacity (if 
this is the case)

• Progressively increase the locational 
component of prices & charges 

Let’s do it one step at a time…
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Bidding zones in European market coupling



Energy prices at transmission level may vary 
significantly if there are binding network constraints

Wholesale LMP variation across more than 11,000 PJM nodes on July 19, 2015, at 4:05 pm



The value of energy can vary by orders of magnitude 
within a system, providing opportunities for DERs within a system, providing opportunities for DERs 

Source: Burger et al., 2019. Why distributed? A critical review of the tradeoffs between centralized and decentralized resources. IEEE Power and Energy Magazine.



• Reflect time differentiation in the energy charges
• Apply forward-looking peak-coincident capacity 

charges for networks & firm generation capacity (if 
this is the case)

• Progressively increase the locational component of 
prices & charges 

• Policy & residual network costs should 
be charged minimizing distortion of 
cost-reflective signals

Let’s do it one step at a time…
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Policy costs & residual network costs should not be recovered 
with volumetric charges ($/kWh). We recommend a fixed 

annual charge distributed in monthly installments. 



• Reflect time differentiation in the energy charges
• Apply forward-looking peak-coincident capacity 

charges for networks & firm generation capacity (if 
this is the case)

• Progressively increase the locational component of 
prices & charges

• Policy & residual network costs should be charged 
minimizing distortion of cost-reflective signals

• Reconsider which costs are included in the 
electricity tariff if inefficient grid defection is 
a serious threat

Let’s do it one step at a time…
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Depending on the seriousness of the threat of grid 
defection, which costs are included in the 

electricity tariff must be carefully considered







Getting deep into distribution
(just losses)



Getting deep into distribution
(losses & network constraints)





1. Any transition to new tariffs creates winners and 
losers.

2. Moving volumetric components towards more time-
varying prices benefits low-income customers.

3. Transitioning to higher fixed charges causes higher 
average expenditures for low-income customers on 
average.

4. Differentiating fixed charges according to customer 
criteria can mitigate some or all of the undesirable 
distributional impacts while maintaining the desired 
economic efficiency benefits

Distributional Effects of Residential Electricity
Tariff Design
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2
“Enhance distribution regulation”

The regulation of distribution utilities 
must be improved to enable the 
development of more efficient & 

innovative distribution utility business 
models
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Reforming utility incentives will drive utilities to engage 
customers in cost-saving DER opportunities

Improve distribution regulation 
by: 
1) Incentivizing utilities to pursue 
cost-saving DER opportunities 
2) Allowing utilities to recover the 
costs of contracts with 3rd party 
DER providers.
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3% Penetration
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3% Penetration
Reference Network Model

(*) Model RNM developed by IIT-Comillas University

Source: MIT Solar Study



8% Penetration
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8% Penetration
Reference Network Model

Source: MIT Solar Study



11% Penetration11% Penetration
Reference Network Model

Source: MIT Solar Study



14 % Penetration
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14 % Penetration
Reference Network Model

Source: MIT Solar Study



17% Penetration17% Penetration
Reference Network Model

Source: MIT Solar Study





ORIENTACIONES 
SOBRE LAS 

CIRCULARES





3
“Rethink industry structure to minimize 

conflicts of interest”

The structure of the electricity industry 
should be carefully evaluated to minimize 

potential conflicts of interest
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Establish independence between the 
DSO & agents performing activities in 

markets and
if independence is legal or functional, 

apply significant regulatory oversight and 
transparent mechanisms to provide 

services 
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New formats of provision of 
services with economic value

A case example
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Case example: Case example: enelenel x
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4
“Allow DERs participate in wholesale 

markets”

Wholesale market design should be 
improved to better integrate distributed 
resources, reward greater flexibility, and 

create a level playing field for all 
technologies  
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• Wholesale markets should enable 
transactions to be made closer to real 
time 

How to remove inefficient barriers?
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• Wholesale markets should enable transactions to 
be made closer to real time 

• Wholesale market rules (such as bidding formats) 
should be updated to reflect the operational 
constraints of new resources

• Aligning reserves & energy markets & establish the 
flexibility requirements for participation

• Minimize the interference of support 
mechanisms for clean technologies in 
electricity markets

How to remove inefficient barriers?

91











Sectoral GHG 1990-2050



• Wholesale electricity prices will collapse & no new 
investment will take place

• The need for firm generation capacity for times of 
low renewable output

• The need for flexibility to cope with renewables 
“variability”

• Operational security concerns
• Frequency control
• Voltage control & short circuit protection with strong 

presence of DERs
• Short circuit protection

Concerns about a massive penetration of “variable” 
renewables of almost zero variable cost 
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Capacity mechanisms







The Future of Nuclear Energy
in a Carbon-Constrained World

AN INTERDISCIPLINARY MIT STUDY





Renewable and low-carbon gas supply and demand in the "optimised gas" scenario 
(Source: Navigant, 2019)

Renewable and low-carbon gas supply and demand
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“Carefully evaluate the economic 
opportunities and costs of DERs”

Better utilization of existing assets and smarter 
energy consumption hold great potential for 

cost savings. 
Economies of scale still matter, and the 

distributed deployment of solar PV or energy 
storage is not cost-effective in all contexts and 

locations 
107



Some DERs can only be deployed at a specific 
scale level…
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Utility 
Scale 

C&I Scale

Residential 
Scale

… while others can be deployed at 
different scales



DERs can create locational value 
by: 
• Reducing distribution losses
• Reliably reducing peak power flows in distribution 

networks that would otherwise require network 
upgrades

• Supplying energy to load during network failures.
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Source: M.A. Cohen,  P.A. Kauzmann,  D.S. Callaway, Effects of distributed PV generation on California’s distribution system, part 2: Economic analysis, 
Solar Energy, Volume 128, 2016, 139–152

$0 per 
kW per 

year

$10-60 
per kW 
per year

>$60 per 
kW per 

year

Capacity benefit of distributed solar 
PV in PG&E’s network

When installed in the right locations and operated intelligently, DERs 
can bring significant benefits to the power sector



For DERs that can be deployed at different 
scales (e.g. solar PV, storage)…

Locational value competes with 
economies of scale
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10-100 
MW

1-2
MW

1-10
kW

Economies of Unit Scale Still Matter
Solar PV (2015 costs)

+57%

+146%



10-20
MW

100-200
kW

1-10
kW

+12% +68%

Economies of Unit Scale Still Matter
Lithium-ion Energy Storage (2015 costs)



• From a societal viewpoint, the locational 
value versus the incremental cost due to loss 
of economies of scale determines the best 
option

• From the customer viewpoint, the locational 
value enhances the economic viability of the 
distributed resource, which will be a factor 
among others to make a decision

Distributed or centralized?
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Will the future of the electric power 
be distributed?
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Promoting grid defection for the wrong reasons 
should be avoided













Will the future of the electric power 
be distributed?

The future will be integrated
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How to design the energy company 
of the future here?

?



Muchas gracias
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