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A production of:
________________________________________________
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Critical topic areas
________________________________________________

- Investment & security of supply

- Market governance

- Demand-side participation in markets
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Top-line messages
________________________________________________

- Investment & security of supply
- First intervene to fix energy market price formation; 

complementary measures (e.g., strategic reserve, 
reliability options) only if proven necessary

- Oversupply & path dependence are major barriers: 
“smart” retirement of surplus, inflexible baseload

- RES support must continue beyond 2020; shift to 
“smart” support as RES become major sources
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Improved energy market price formation
________________________________________________

Source: Brattle Group, “ERCOT Investment Incentives & Resource Adequacy” (1 June 2012)
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Improved energy market price formation
________________________________________________

Source: Brattle Group, “ERCOT Investment Incentives & Resource Adequacy” (1 June 2012)

Average prices on the left are lower than average 
prices on the right, especially after you add in the 
out-of-market payments not included in the energy 
price curves on the right. Reserve margins in 
markets on the left have remained at or above the 
target margins. The difference? Inflexible baseload
plants don’t fare very well in the markets on the left, 
because it’s not profitable to sit around and run all 
the time (in part precisely because average prices 
are lower). It’s more profitable to run when needed 
and dial back or shut down when not needed. In the 
markets on the right old, inflexible baseload plants 
have tended to thrive…which has been a problem for 
reliability, one they are now starting to address...by 
trying to make the economic case for investment look 
more like the markets on the left.
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Oversupply, retirement & RES investment
________________________________________________
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Oversupply, retirement & RES investment
________________________________________________

While this is a conceptual picture of an unnamed 200GW 
power market, it is quite representative of current and 
expected market conditions virtually across Europe. 
Reliable capacity (the amount of capacity that actually 
counts toward meeting generation adequacy targets) 
exceeds what is needed to meet reliability standards
and should be expected to remain so through at least the 
middle of the next decade, assuming we actually invest in 
as much reliable renewable capacity as needed to meet 
current targets and assuming existing capacity isn’t 
permanently removed from the market as it becomes 
surplus to requirements. This says three things very 
clearly: first, there is a mismatch between the claims of 
various member states about a “capacity crunch” and the 
reality as revealed by the few independent regional 
assessments, and Europe badly needs a better way of 
assessing what is and is not needed to ”keep the lights 
on;”…
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Oversupply, retirement & RES investment
________________________________________________

…second, the market – however it’s designed - will not 
drive low-carbon investment at the expected pace for the 
simple reason that the market, as things currently stand, 
has no need for that much generating capacity; and third, 
something will need to drive large amounts of thermal 
generating capacity permanently out of the market. Some 
capacity is being removed from the market today, but not 
permanently and not enough, and that will have to change 
if anyone expects the market to support investment in new 
generating capacity. The other problem, not obvious from 
this picture, is that the capacity under the most stress is 
precisely the more flexible mid-merit plant we’ll need going 
forward. So when we talk about retirement we talk about 
“smart” retirement, which means targeting for retirement 
the least flexible old baseload plants
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Top-line messages (cont’d.)
________________________________________________

- Market governance
- Create independent regional frameworks for 

system (i.e., real-time market) operation

- Confidence in competition is badly broken: Appoint 
regional, independent expert market monitors to 
police & report on competition

- Embed delivery of long-term EU climate goals & 
Efficiency First principles into market governance 
mandates (CION, ENTSO-e, ACER, NRAs, DSOs)



Regional independent market governance
________________________________________________

Source:  U.S. National Renewable Energy Laboratory, “Flexibility Reserve 
Reductions from an Energy Imbalance Market with High Levels of Wind Energy 
in the Western Interconnection” (http://www.nrel.gov/docs/fy12osti/52330.pdf)



Regional independent market governance
________________________________________________

Source:  U.S. National Renewable Energy Laboratory, “Flexibility Reserve 
Reductions from an Energy Imbalance Market with High Levels of Wind Energy 
in the Western Interconnection” (http://www.nrel.gov/docs/fy12osti/52330.pdf)

This uses recent developments in the Western 
North American grid to illustrate a possible way 
forward for Europe. The 37 individual system 
operators in the region have steadfastly resisted 
the adoption of a regional ISO for decades, but 
with the rapid growth of renewables in the region 
they have reluctantly concluded that they need to 
do something. What they’re doing – a regional

energy imbalance market that settles the short-term market (within one hour of real-
time) as if the entire region were one system - falls short of a RISO in some respects 
that are quite similar to the ways in which a regional market/system operating regime 
might work in Europe. These figures are form a study of what the region would save 
from an energy imbalance market compared to BaU, under a 30% wind penetration 
scenario. Even without achieving the full benefits of a RISO the benefits they expect to 
realize are dramatic – a cut in reserve requirements of over half, and in some scenarios 
as much as two thirds. At RES penetration levels above 30% the benefits increase, and 
the increase is not linear but rather exponential. The Booze & Co. study of larger 
balancing areas across Europe reached strikingly similar conclusions.
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Robust market monitoring structure
________________________________________________

• Data
• Resources

– Human Capital/Expertise
• Enforcement lawyers; economists; market analysts, “quants”; economists; 

former traders; accountants, auditors (89 staff for market oversight and 
monitoring in OE)

– IT Support: 
• hardware and software (algorithms)

• Legal Authority: strong enforcement tools with penalty 
authority sufficient to create deterrence

• Institutional Support
– Support from agency leadership and buy-in among staff

• Complexity of Investigations
• Jurisdictional Issues

Source: U.S. Federal Energy Regulatory Commission
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Robust market monitoring structure
________________________________________________

Source: U.S. Federal Energy Regulatory Commission

There is not a market design in existence that will 
function without effective competition, so tinkering 
with the EU power market design without tacking the 
shameful lack of real competition across much of 
Europe is pointless. It is also a big part of the real 
story behind the current market – the problem isn’t 
the market design, it’s the failure to establish the 
conditions in which this or any market design can 
succeed. This slide describes what a robust 
framework for policing, reporting on and enforcing 
competition in the market looks like – and it only 
covers FERC. If you add in the independent market 
monitors chartered by FERC for each of the regional 
ISOs the framework looks even more robust. 
Compare that to where Europe is on enforcing 
competition in the electricity markets…
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Robust market monitoring structure
________________________________________________

• Data
• Resources

– Human Capital/Expertise
• Enforcement lawyers; economists; market analysts, “quants”; economists; 

former traders; accountants, auditors (89 staff for market oversight and 
monitoring in OE)

– IT Support: 
• hardware and software (algorithms)

• Legal Authority: strong enforcement tools with penalty 
authority sufficient to create deterrence

• Institutional Support
– Support from agency leadership and buy-in among staff

• Complexity of Investigations
• Jurisdictional Issues

Europe’s
(REMIT)

Source: U.S. Federal Energy Regulatory Commission
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Robust market monitoring structure
________________________________________________

• Data
• Resources

– Human Capital/Expertise
• Enforcement lawyers; economists; market analysts, “quants”; economists; 

former traders; accountants, auditors (89 staff for market oversight and 
monitoring in OE)

– IT Support: 
• hardware and software (algorithms)

• Legal Authority: strong enforcement tools with penalty 
authority sufficient to create deterrence

• Institutional Support
– Support from agency leadership and buy-in among staff

• Complexity of Investigations
• Jurisdictional Issues

Europe’s
(REMIT)

Source: U.S. Federal Energy Regulatory Commission

ACER have made some pretty strong comments 
about lack of resources undermining the 
effectiveness of its surveillance. Staffing levels 
(approx. 17) might have been adequate for setting 
REMIT up, but are inadequate in terms of actual 
monitoring. Also, the fact that all responsibility for 
investigation and enforcement lie with the NRAs 
could be an issue, as individual NRAs are not for 
example best placed to investigate cross-border 
trades. It is also worth noting that ACER’s many 
guidance documents on REMIT are just that and 
are not binding. Also, individual MS have 
adopted different approaches to data 
collection. The governance arrangements seem 
designed to protect the authority of NRAs within 
their jurisdictions rather than maximise the 
efficiency of the monitoring process.
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Top-line messages (cont’d.)
________________________________________________

- Demand-side market participation
- A range of possible measures to jump-start 

demand-side participation (e.g., supplier 
obligations, must-offer time-of-use tariff options)

- Heat & transport sector strategies co-ordinated
aggressively with power sector (e.g., embedded 
storage, opt-out ToU tariffs, appliance standards)

- Strictly limit fixed/demand charges, enforce equal 
access to consumers for all service providers



18

The “RES value at high shares” challenge
________________________________________________

Source: Lawrence Berkeley National Laboratory (Wiser, R. & Mills, A.), 
“Changes in the Economic Value of Variable Generation at High Penetration 
Levels: A Pilot Case Study of California” (June 2012)
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The “RES value at high shares” challenge
________________________________________________

This is an analysis from LBNL but similar analyses 
have been carried out more recently by European 
experts – as things stand at the moment 
investments in variable renewables will begin to lose 
market value fairly rapidly as they reach higher and 
higher shares of market. Wind and PV exhibit 
different patterns because of their different 
characteristics, but the end result is much the same. 
This is to a great extent a solvable problem, but it 
requires action before it’s too late. A big part of the 
solution – perhaps the biggest, along with 
investment in grids – is demand response and 
associated embedded energy storage.
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A CRUCIAL solution: demand response
________________________________________________

Source: ECF et al., “Roadmap 2050: a practical guide to a prosperous, low-carbon Europe”
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A CRUCIAL solution: demand response
________________________________________________

This is from the ECF Roadmap 2050 report and 
shows a summer week under a 60% renewables 
scenario (21% from wind, 12% from PV). It 
illustrates the value problem, with minimum energy 
production in the middle of the day already well 
above a business-as-usual demand curve (the 
purple line). Each additional kW of PV capacity or 
wind capacity in this scenario has less value 
because it adds production for which there is less 
and less demand – or at least, less demand based 
on current assumptions. Getting the market to work 
the way it was intended to work will be a critical 
enabler of bringing forward the most cost-effective 
responses to this issue. Demand response and 
embedded storage can change this picture 
dramatically, and what you see here is a shift…
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A CRUCIAL solution: demand response
________________________________________________

…from the purple line (BaU demand) to the red line –
which represents a modest shift (10%) of demand in any 
given day from high-priced hours to low-priced hours. 
With electrification of transport and of much of the 
heating and cooling sectors, 10% is a very conservative 
assumption for the amount of load that can easily be 
managed in this way using currently available, very low-
cost technology. And it can do so at a tiny fraction of the 
cost of electric batteries (outside of EV applications) 
even under the most optimistic projections for the cost of 
electric battery storage. Which is why all of the large 
independent studies of deep decarbonization have 
concluded that, aside from their dual use in EVs, electric 
batteries are not needed and should not play a 
significant role until we reach very high penetrations of 
variable RES sometime much closer to 2050. 
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A CRUCIAL solution: demand response
________________________________________________

Source: RAP & Brattle Group, “Time-Varying & Dynamic Rate Design” (July 2012)

Review of 109 
pilots: Res. 
Customers reduced 
load by up to 55% 
with critical peak 
pricing plus enabling 
technology
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A CRUCIAL solution: demand response
________________________________________________

Review of 109 
pilots: Res. 
Customers reduced 
load by up to 55% 
with critical peak 
pricing plus 
enabling technology

Dynamic pricing, combined with enabling technology like smart 
refrigerators, grid-integrated electric water heaters or ice-storage 
systems for cooling, can have a much more dramatic impact than is 
commonly believed.
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Energy storage as DR: beyond batteries
________________________________________________
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Energy storage as DR: beyond batteries
________________________________________________

There are lots of ways to store energy to the 
benefit of the power system – and by far the 
cheapest, even compared to pumped storage 
hydro, are various forms of thermal energy 
storage. Between water heaters, thermal 
storage attached to CHP systems, ice storage 
refrigeration systems, smart refrigerators, 
thermal massing in commercial buildings, and 
other similar applications, there is massive 
potential to address much of the demand for 
energy storage to integrate variable renewables 
using existing applications with existing 
technology at very low cost, more than enough 
to meet expected demand for the next 10-20 
years. This calls for much closer coupling of the 
decarbonization strategies for the transport and 
heat sectors with the decarbonization strategy 
for the power sector.



27

Smart EV charging: business parks
________________________________________________

Source: Prof. Goran Strbac, Imperial College London
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Smart EV charging: business parks
________________________________________________

EVs can be part of the 
problem of integrating 
variable renewables…or part 
of the solution.
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Smart EV charging: residential
________________________________________________

Source: Prof. Goran Strbac, Imperial College London
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Smart EV charging: residential
________________________________________________

EVs can be part of the 
problem of integrating 
variable renewables…or 
part of the solution.
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District heating/CHP: blessing or curse?
________________________________________________

Source:  Kim Behnke, energinet.dk.  Data available at 
http://energinet.dk/EN/El/Engrosmarked/Udtraek-af-
markedsdata/Sider/default.aspx.

Gross demand on the West Denmark system (January 2012)
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District heating/CHP: blessing or curse?
________________________________________________

Source:  Kim Behnke, energinet.dk.  Data available at 
http://energinet.dk/EN/El/Engrosmarked/Udtraek-af-
markedsdata/Sider/default.aspx.

Gross demand on the West Denmark system (January 2012)

Likewise, CHP can be 
a big part of the 
problem…
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District heating/CHP: blessing or curse?
________________________________________________

Source:  Kim Behnke, energinet.dk.  Data available at 
http://energinet.dk/EN/El/Engrosmarked/Udtraek-af-
markedsdata/Sider/default.aspx.

Net demand – gross demand minus wind production
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District heating/CHP: blessing or curse?
________________________________________________

Source:  Kim Behnke, energinet.dk.  Data available at 
http://energinet.dk/EN/El/Engrosmarked/Udtraek-af-
markedsdata/Sider/default.aspx.

Likewise, CHP can be a 
big part of the 
problem…
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District heating/CHP: blessing or curse?
________________________________________________

Source:  Kim Behnke, energinet.dk.  Data available at 
http://energinet.dk/EN/El/Engrosmarked/Udtraek-af-
markedsdata/Sider/default.aspx.

Net-net demand – gross demand minus wind production minus CHP production
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District heating/CHP: blessing or curse?
________________________________________________

Source:  Kim Behnke, energinet.dk.  Data available at 
http://energinet.dk/EN/El/Engrosmarked/Udtraek-af-
markedsdata/Sider/default.aspx.

Likewise, CHP can be a big part of the 
problem…or a big part of the solution. The 
difference comes from what Denmark is already 
doing – adding thermal storage systems to 
CHP/district heating plants to decouple the 
production of electricity from the demand for heat. 
As you’ll see on the next slide, heat can be 
delivered either directly from the CHP (when wind 
production is down and the electricity is needed) or 
from the thermal storage system (when wind 
production is up – as it tends to be during the peak 
heating season), freeing the plant to produce 
electricity only when it’s most needed. This can 
completely reverse this very challenging picture.
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Thermal energy “batteries”
________________________________________________
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Thermal energy “batteries”
________________________________________________

These are just a few of these “non-
battery batteries” (CHP with thermal 
storage, ice storage cooling systems, 
grid-integrated water heaters) – and the 
most transparent and sustainable way to 
drive investment in them is to get the 
energy market to work the way it’s 
supposed to work, exposing the full 
value to the system of these various 
forms of very affordable, very mature 
energy storage options.



About RAP

The Regulatory Assistance Project (RAP) is a global, non-profit team of experts that 
focuses on the long-term economic and environmental sustainability of the power 
and natural gas sectors. RAP has deep expertise in regulatory and market policies 
that:

§ Promote economic efficiency
§ Protect the environment
§ Ensure system reliability
§ Allocate system benefits fairly among all consumers

Learn more about RAP at www.raponline.org

Michael Hogan – mhogan@raponline.org
Philip Baker – pbaker@raponline.org


