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Making Flexibility Pay: An Emerging 
Challenge in European Power Market Design

Overview: “Flexibility” is crucial for ensuring efficiency in 
decarbonised power systems, so should be recognised as 
more than an “ancillary” service

European power systems are undergoing radical transformation, with substantial growth 

in low carbon generation driven by falling costs for new technologies such as solar 

photovoltaics, as well as government support motivated by climate change targets. The 

challenges of integrating these new technologies into power systems are the subject 

of increasing policy debate and much study by power systems engineers. However, 

they are also the concern of economists, as reform to existing electricity market trading 

arrangements may improve the efficiency of this transformation in the energy sector, 

moderating the impact on consumer bills.

Until recently, debates around power market design in Europe have focused on 

harnessing the benefits of competition to ensure the least-cost provision of energy and 

the provision of sufficient capacity to “keep the lights on”. However, in addition to these 

aims, the focus of power market design will need to shift to ensuring electricity systems 

are also sufficiently “ flexible” to integrate intermittent and/or inflexible low carbon 

generation technologies at least cost. 

Power system flexibility refers to the ability of the system to adjust rapidly to changing 

conditions, such as shocks to demand or supply. In most European power systems, 

flexibility remains relatively abundant, as large fossil fuel power stations can adjust their 

production quickly when needed, and in practice, the need to do so is limited because 

both supply and demand are relatively predictable in systems dominated by fossil fuel 

generation technologies. As such, the remuneration of flexibility is tangential to the main 

markets for energy and capacity, and is provided, to a large extent, through (the aptly 

named) “ancillary services” arrangements.
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However, flexibility will become less abundant as power systems become dominated by less 

flexible technologies such as wind, solar, and nuclear. The demand for flexibility may also 

rise to help integrate these technologies because the production from wind and solar is 

variable and intermittent, meaning the power system will be more prone to rapid changes 

in production that will need to be managed.

As we discuss in this paper, power market design will need to keep pace, making flexibility 

a core focus of power market arrangements and no longer ancillary to the markets for 

energy and capacity.

The technical and economic features of conventional power 
systems mean the provision of flexibility has received 
relatively little attention in power market design

Most electricity systems around the world were designed to transport electricity from 

centralised power stations, which produce electricity in bulk, in a relatively cheap, stable, 

and predictable way, to users whose patterns of consumption are similarly stable and 

predictable. Variations around these relatively stable and predictable patterns of production 

and consumption are typically addressed by a centralised system operator, which steps 

in to make small adjustments to equate supply and demand in real time. These technical 

characteristics of the power system have implications for the commercial arrangements 

governing the electricity sector.

Most power systems around the world were, at some stage in their recent history, 

dominated by monopolies, which were often vertically integrated and state-owned. 

However, many have restructured, attracting private investment to remove the inefficiency 

that comes with state ownership and control, and creating market institutions that foster 

competition in order to minimise costs and promote innovation and consumer choice.

Creating competitive markets for electricity requires a number of elements, including the 

definition of a “product” to be traded, the allocation of property rights between potential 

buyers and sellers of that product, and the creation of market institutions that allow for the 

efficient trade of the product amongst potential buyers and sellers. A wide literature on 

power market design addresses these design choices. However, the industry structure most 

widely adopted, in Europe at least, involves creating a wholesale market for the trade of 

a product defined as the energy produced or consumed during trading intervals (typically 

lasting up to an hour), possibly alongside markets for the provision of capacity.

Additionally, since supply and demand need to balance in real time within each trading 

interval, a system operator is required to adjust market participants’ production or 

consumption in real time to help keep the system in balance, typically through a “balancing 

market”. This system operator is also concerned with maintaining the capacity to respond 

to operational problems within the power system and so, normally procures “ancillary 

services”. Ancillary services are effectively contracts giving system operators an option 

to ask market participants to perform certain functions or adjust their production or 

consumption at very short notice (e.g., within seconds of an instruction to do so), in order 

to maintain the stability of the system in real time. In practice, ancillary service providers 

may be called upon to deliver via the balancing market, blurring the dividing line between 

the two segments of the market.
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However, the costs of these balancing and ancillary services have typically represented 

a relatively small proportion of the overall costs of the power system. National Grid, the 

system operator for Great Britain, recovers the cost of balancing from customers via the 

“BSUoS” charge. These charges accounted for about 1% of the average UK domestic 

customer’s bill in 2011. Today, they account for roughly 1.5%.1 In comparison, the cost of 

wholesale power supply currently makes up around 40% of an average domestic electricity 

bill.2 As such, the design of efficient balancing and ancillary services markets has received 

less attention than the design of energy and capacity markets.

As European power systems decarbonise, generators will 
tend to see lower earnings from energy markets, while 
markets for flexibility will become increasingly important as 
a source of value and a mechanism for promoting efficiency

Low carbon and intermittent renewable generators will wish to produce power as long 

as their fuel, which may be wind or sunshine, is available and prevailing market prices are 

sufficient to cover their—often negligible—variable operating costs. Hence, in markets 

with high proportions of these technologies, energy market prices may be extremely low in 

off-peak periods when there is sufficient supply from low carbon technologies, such as on 

windy days, to meet all or most market demand for energy.3 

This phenomenon is one cause of the recent reductions in baseload clean spark and 

dark spreads seen in European power markets and the periods of negative wholesale 

prices seen increasingly frequently in Germany, for example. As the share of low marginal 

cost technologies rises, these trends of low prices will tend to become more frequent, 

further eroding the value that generators earn from the sale of energy and increasing the 

importance of identifying alternative sources of value.4 As the figure below illustrates for 

Germany, hours with zero or negative electricity prices have increased in recent years. 

Over the same period, clean spark spreads—a guide as to the level of profit that a gas 

generator can earn from selling electricity after paying for fuel and emissions costs—

decreased materially.5

These trends are also a major source of assertions by some industry commentators that 

“electricity markets do not work” in decarbonised power systems. However, as we argue 

below, such broad-brush assertions belie a lack of imagination as to the versatility of 

markets and their potential for promoting efficient outcomes. Abandonment of competitive 

electricity markets is neither inevitable nor desirable in the face of decarbonisation. Rather, 

the economics of designing effective, competitive power markets need to adapt to ensure 

that providers of flexibility services receive remuneration commensurate with the value they 

provide to the power system.
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Figure 1. The Number of Hours with Zero or Negative Day-Ahead Electricity Prices in 
 Germany Has Increased (Top Panel) and Clean Spark Spreads Have Dropped 
 (Bottom Panel)
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European systems will also see an increasing demand for 
flexibility services

Similar to many other European countries, the UK government has ambitious plans to 

decarbonise the electricity sector by deploying large amounts of intermittent and/or 

inflexible power generation. The generation mix under the fifth carbon budget, a roadmap 

for the UK’s decarbonisation path suggested by the Committee on Climate Change (CCC), is 

shown below. The share of intermittent, non-dispatchable renewables, shown in blue in the 

figure below, rises from 16% in 2015 to 40% in 2030.

As a consequence, the costs of system balancing and ancillary services are likely to rise 

materially. In fact, there is some evidence that the costs of system balancing and ancillary 

services are already rising with the penetration of renewable and low carbon generation. 

These costs are recovered in the UK through the Balancing Services Use of System (BSUoS) 

charges, which have nearly doubled between 2010 and 2015.7 Over the same period, while 

we recognise there may be other factors at play that have caused BSUoS to rise, wind 

generation has increased by 8.9 GW and solar by 9.1 GW.8

Figure 1. The Number of Hours with Zero or Negative Day-Ahead Electricity Prices in 
 Germany Has Increased (Top Panel) and Clean Spark Spreads Have Dropped 
 (Bottom Panel)
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In the longer term, there is evidence that the supply of flexibility will become increasingly 

important to achieving the government’s environmental targets efficiently. For instance,  

a recent study by NERA and Imperial College London demonstrated the value of flexibility  

in supporting the integration of low carbon power generation technologies.

This study examined the “system integration cost” associated with installing alternative  

low carbon power generation technologies9 in a scenario where the power system 

is materially decarbonised through growth in a range of low carbon generation 

technologies.10 It found that:

•	 Without	the	additional	provision	of	flexibility,	reductions	in	emissions	to	the	levels	

currently targeted by the UK government (average emissions of around 50g/kWh)  

will be extremely difficult to achieve. Actual emissions will be nearly four times the 

targeted level.11

•	 The	marginal	cost	to	the	system	from	adding	one	additional	MWh	of	solar	PV	

generation could be reduced by around two-thirds in a scenario where the supply of 

flexibility increases, compared to the levels seen today. The study found similar results 

for wind generation.12

Figure 2. The CCC’s Predicted Generation Mix to 2030
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Decarbonisation has prompted some changes in market 
arrangements, but additional reforms will be required to 
ensure flexibility services are provided efficiently through 
competitive market mechanisms

Recognising the challenges associated with the ongoing changes in the electricity industry 

and, in particular, the need to remunerate sufficient thermal generation to meet peak 

demand and back up intermittent renewable technologies, the UK government has 

recently introduced a market for capacity. This aims to “ensure adequate capacity within 

an electricity system that in future will rely increasingly on intermittent wind and inflexible 

nuclear generation”.13 Some reform of the balancing market has also taken place to ensure 

that prices more accurately reflect the underlying marginal cost of production at peak 

times,14 which will help send efficient signals regarding the costs of system balancing  

and further support the remuneration of plants that supply the market in conditions of 

relative shortage.

However, these reforms have done little to isolate and explicitly recognise the increasing 

value of flexibility. In particular, they aim to ensure that the price of energy produced during 

30-minute trading intervals reflects the marginal cost of production during that period, with 

no new market mechanisms to reflect the costs of adjusting supply and demand within that 

trading interval.

Further, there have also been no substantive reforms to enhance efficiency and/or 

competition in the procurement or provision of ancillary services:15

•	 Ancillary	services	tend	to	be	procured	through	tenders	for	relatively	long-term	contracts	

between the system operator and generators or other providers. The minimum 

commitment period is generally about a month.16 Given that the underlying need for 

ancillary services varies with conditions in the power system as a whole, such as variation 

in wind production or demand, it is likely that efficiency gains can be achieved by 

adjusting the volume of ancillary services that are procured over shorter time horizons.

•	 Also,	transparent	information	on	the	marginal	cost	of	procuring	ancillary	services	(or	

the marginal benefit of providing them) can help market participants make an efficient 

allocation of their capacity amongst the various market segments (energy, capacity, and 

ancillary services of various types). However: 

- At present, the prices of ancillary service contracts are published retrospectively or, 

in some cases, not at all. What market data is published is generally geared toward 

calculating overall costs, not allowing ancillary service providers to make efficient 

allocation decisions at the margin.17

- Ancillary service payments and penalties for non-delivery of contracted ancillary services 

are only loosely tied to conditions in the real-time market. Fees are set by tender 

or by bilateral negotiation prior to the initiation of the contract, and penalties for 

non-delivery generally involve forgoing all or a portion of these fees. Contracts may 

be cancelled entirely for multiple failures to deliver.18 Hence, while fees/penalties may 

be reflective of marginal costs/benefit by coincidence or average across the contract 

period, they do not send any signal regarding the marginal cost of ancillary services in 

real time.
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Therefore, the UK provides an example of a market where there are significant challenges 

associated with the increasing demand for flexibility and where the market reforms 

undertaken to date have not been sufficient to ensure that the increasing demand for 

flexibility can be met through competitive, market-based mechanisms, which ought, in 

theory, to promote economic efficiency.

Experience from other markets provide examples of ways 
to better recognise the value of flexibility in the energy and 
ancillary service markets

As noted above, recent reforms to the British energy market have done little to recognise 

the value of flexibility, due in part to the 30-minute length of trading intervals. A possible 

change to market design to help recognise the value of flexibility would, therefore, be 

to shorten the trading interval, for example, to five minutes. This change to trading 

arrangements would better value flexibility by rewarding those generators or consumers 

(or other market participants like storage owners) that can adjust their production or 

consumption quickly in response to changing market conditions. In effect, this reform 

would extend the role of the energy market for managing real-time variation in supply-

demand conditions. This is similar to the approach adopted in some other markets, where 

trading intervals are shorter. In the PJM market, the trading interval for real-time pricing is 

five minutes.19 In ERCOT, which covers most of Texas, it is 15 minutes.20 Nord Pool similarly 

clears in 15-minute intervals.21

However, whatever the length of the trading interval, there remains some need to recognise 

the value that generators offer to the system by adjusting their output within trading intervals 

through ancillary service markets. Improving the efficiency of ancillary service markets 

can, therefore, also support the efficiency of price signals conveyed to market participants 

regarding the value of their assets in integrating low carbon generation efficiently. 

A number of reforms may be helpful in achieving this objective. First, the underlying need 

for ancillary services is likely to vary with wind/solar output and demand. Hence, it may 

improve efficiency to adjust the volume of ancillary service contracts that are procured 

more frequently, such as in every trading interval. This would involve abandoning the 

current principle that providers of ancillary services are contracted to provide a given service 

at all times for relatively long contract periods (e.g., months or years). For example, National 

Grid’s “Short Term Operating Reserve” (STOR) product is tendered three times a year, with 

a minimum commitment for about a month.22 Similarly, “Fast Reserve” is tendered monthly, 

and commitments last at least a month.23 These long contract periods limit providers’ ability 

to continuously adjust the market segments they are serving (i.e., the energy market and 

different types of reserve) as market conditions vary, for reasons such as changes in wind 

speeds or demand.

By adjusting the supply of and demand for ancillary services on a more continuous basis, 

it would be possible to set prices for ancillary services in each trading interval. This follows 

from the approaches seen in a range of other markets, where the wholesale market and 

ancillary service markets are “co-optimised”, allowing a price for energy and a price for a 

range of ancillary service products to emerge in each trading interval. For instance, three 

types of ancillary services are continuously traded in PJM alongside energy. The figure 

below shows the clearing prices for these four products, which vary in every trading 

interval, for the first half of June 2016. The contrast to the British market, where there is no 

continuously traded market for ancillary services, is stark.
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The emergence of better pricing information for ancillary services will allow private investors 

to make more efficient decisions about the allocation of their generation and storage 

capacity between market segments, and decisions about how to provide demand response.

Better pricing information could also be used to calibrate the penalties that providers 

of ancillary services face for non-delivery, allowing them to be better aligned with the 

marginal value of the service to the system. This would improve on the current approach, 

in which penalties are unrelated to the marginal cost imposed on the system, as we 

discuss above.

Some jurisdictions have chosen to better recognise the value of flexibility through reforms 

to capacity markets. Two US electricity markets, ISO New England and PJM, which together 

cover most of the power-intensive New England and mid-Atlantic states,25 have recently 

reformed their capacity markets to introduce new, more expansive definitions of capacity 

and higher penalties for non-performance: 

•	 PJM	has	chosen	to	procure	“Capacity	Performance”	resources	that	can	be	called	upon	

at any point in the year, instead of just the summer peak period, and to have higher 

penalties for non-performance. Capacity Performance will be the only product in the 

supply mix as of June 2020, after a few years of transition.26 

•	 Under	ISO	New	England’s	“Pay	for	Performance	Mechanism”,	which	will	start	in	2018,	

resources that perform better during system stress will be compensated by resources 

that do not perform as well.27 

Enhanced performance is undeniably a good thing when needed. However, recognising 

the value of flexibility through reform of capacity markets may blur the line between 

markets for capacity and flexibility, which it may be better to recognise as two distinct 

services to the power system. 

Figure 3. Three Types of Ancillary Services Are Traded Alongside Energy in the PJM Market
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Conclusion: The consequences of failing to create markets 
that value flexibility will be the erosion of competition and 
higher costs for consumers

As power systems decarbonise with high levels of low marginal cost and intermittent 

generation, energy will be plentiful at certain times and prices will be low, eroding the 

value of the energy market as a source of revenue to generators. While energy will be 

plentiful, flexibility will be limited and valuable to the system. In essence, to ensure the 

system’s needs for flexibility are met efficiently and to ensure generators (and other market 

participants such as storage) are adequately remunerated for the services they provide, 

market arrangements will need to ensure that it pays to be flexible.

This paper discusses how electricity market arrangements in the UK could improve to better 

value flexibility services through the energy and ancillary service markets and promote 

competition in provision. While significantly more work would be needed to develop 

improved arrangements for remunerating flexibility, other markets around the world provide 

inspiration on how this can be achieved in practice. For instance, many markets have 

continuously traded markets for ancillary services, with prices for each trading interval. 

Absent new market arrangements to place more value on flexibility, system operators will 

need to continue to procure balancing and ancillary services through relatively opaque, 

long-term contracts. Such arrangements will undermine the ability of competition to 

promote the efficient transformation and ongoing operation of the power system. 

Ultimately, such a failure to foster competition and efficient pricing in the ancillary service 

markets would impose unnecessary cost on consumers.
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