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SUMMARY 
 
This paper provides a comparative analysis of the impact of Market designs on generation 
adequacy. The paper introduces the general issues associated with generation adequacy; 
discusses generation adequacy in terms of electricity markets; and presents two specific 
market designs – France and PJM – and their respective practices and experiences with 
generation adequacy. 
 
The basic information is derived from an international survey distributed by the Task Force 
on Impacts on Infrastructure Investment resulting from Electricity Market Designs (TF 
C5-7.1) of CIGRE’s Working Group C5-7 on Market Design.  
 
 
 
 
 
KEYWORDS 
 
Generation Adequacy; Investment Incentives; Market Design



11/9/2009 

Introduction 
 
A survey of Market Operators was created to investigate the various incentive schemes that 
are deployed in market environments to ensure generation adequacy. The survey was 
designed, developed and distributed by Task Force C5-7.1 of CIGRE’s Working Group on 
Market Design. This is an initial report based on the survey results with supporting 
examples by two of the respondees. 
 
Introduction to Generation Adequacy 
 
Generation Adequacy can be defined as a system’s ability to meet demand on a long-term 
planning horizon [1]. Generation adequacy includes consideration of the inherent 
fluctuation and uncertainty in demand and supply; the non-storability of power; the long 
lead time for capacity expansion and more recently the increase in Demand Side 
Management programs.  
 
Traditionally, Generation Adequacy on the bulk transmission system has been quantified 
using either deterministic indicators such as Capacity Margin or statistical indicators such 
as loss of load expectation (LOLE) or loss of load probabilities (LOLP). When the applied 
indicator is at an appropriate level, the supply/demand balance (i.e. adequacy) is judged to 
be satisfactory. For example both France and PJM report LOLE and for France a loss of 
load expectation of 3h/year is satisfactory, while for PJM this is 2,4h/year (1 day/10 years). 
 
Note however that during the surveyed period 1997 – 2007 neither France nor PJM 
experienced problems due to generation shortages. In comparison, the ESKOM market in 
South Africa made extensive use of controlled load shedding to address generation 
shortages during this same period. On occasions the magnitude of load shedding varied 
between 500 MW to 1 GW on a daily basis. 
 
The real concern of local distribution system end-users is of course “to keep the lights on”. 
Most supply interruptions are however not caused by generation shortages, but rather by 
network (transmission or distribution) disturbances. Overall the distribution system 
performance is often measured by indicators like the system average interruption frequency 
index (SAIFI), the system average interruption duration index (SAIDI) and the customer 
average interruption index (CAIDI): 

• SAIFI is calculated as the percentage of customers affected over all interruptions. 
Typical values are in the range of 0% and 5%.  

• SAIDI is calculated as the average duration of an interruption for all customers 
(affected and non-affected customers). Values are typically expressed in minutes, 
e.g. around 20 minutes for South-Korea.  

• CAIDI is the average time required to restore service after an interruption (which 
implies that CAIDI = SAIDI / SAIFI). Values are typically expressed in minutes, 
e.g. Figure 1 gives the values for Belgium, Israel, Portugal and Eskom in the period 
1999-2006 with values typically ranging from 10 to 80 minutes. 
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Figure 1: CAIDI for Belgium, Israel, Portugal and Eskom in 1999-2006 
 
Generation Adequacy in a Market environment 
 
Difference between mature and developing economies? 
Market reforms have been introduced in many electricity sectors worldwide to improve 
generation adequacy [2]. In mature economies, prior to restructuring the electricity sector 
has often experienced over-investment, while in developing economies, it often suffered 
from under-investment.  
 
It would be reasonable to expect that since the introduction of market reforms, capacity 
margins typically decreased in mature economies, while they increased in developing 
economies. As indicated in Figure 2, capacity margins in developing economies that 
introduced market reforms indeed seem to have increased. This is especially true for Brazil 
(reforms since 1999), but less clear for South Korea and Iran, while capacity margins in 
South Africa that did not yet introduce market reforms are clearly decreasing. As indicated 
in Figure 3, capacity margins in some mature economies have decreased, like in France and 
NY ISO, but for most markets there is no clearly observable downward trend. In Portugal 
and the UK there is even a clearly noticeable increase in capacity margins. 
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 Figure 2: Evolution of capacity margins relative to the base year, i.e. the first year for which the survey 
has been completed, for developing economies 
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Figure 3: Evolution of capacity margins relative to the base year, i.e. the first year for which the survey 
has been completed, for mature economies 
 



11/9/2009 

The survey results therefore do not completely support the expectations. One explanation is 
that the capacity margin indicator noted above does not fully capture the evolution of 
generation adequacy. The indicator for instance does not account for import/export capacity 
which can offset/create domestic shortages and thereby increasing/decreasing overall 
adequacy. This is an important factor because the introduction of markets goes often 
together with increased interconnection opportunities and flows as a result of trade between 
countries. As illustrated in Figure 4, import/export capacities are typically increasing, 
meaning that generation adequacy should increasingly be looked at on a more than national 
level. 
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Figure 4: Evolution of import/export capacity as a percentage of installed generation capacity 
 
Another explanation for the fact that the survey results are not fully in line with the 
expectations, is that market reforms have increased opportunities for renewable energy 
sources. Renewable energy sources, like wind generators, have a smaller operating 
availability than classical fossil fuel generation. This availability difference is also not 
captured in the basic capacity margin indicator used in the survey.  
 
Although the survey also included more sophisticated capacity margin indicators, the 
limited response for those indicators precludes making any firm conclusions about them. 
The limited response is due largely to the many differences between markets on the 
definition and reporting practices in relation to those indicators. 
 
Finally, it should also be mentioned that most if not all markets are still in transition, as 
discussed in the next section.  
 
Market reforms still in transition? 
The price resulting from a competitive market is in theory sufficient to remunerate the total 
costs of generating units whose investment is well adapted to existing demand and to the 
presence of all other generation plants.  
 
This is usually not the case in practice for several reasons, such as the existence of price 
caps on the income of peaking generation units, the downward pressure on energy prices 
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possibly exerted by mandatory levels of operating reserves, and (primarily country or 
regulatory) risk aversion [3], [4].  
 
Price caps on wholesale prices are for instance applied in Iran, the National Electricity 
Market (Australia), the Western Australian market, PJM (1000$/MWh) and in Midwest ISO 
(US) (1000$/MWh). In several economies also price caps on retail prices exist, e.g. in PJM, 
France and in the National Electricity Market (Australia). 
 
However, the main flaw is that real demand is not yet playing its proper market role, partly 
because of the lack of demand side infrastructure, such as “smart” or “real time” meters that 
enable demand response and therefore facilitate demand side participation in the market. 
Today most economies do not go further than a rough differentiation in time-of-use 
metering, like for example: 
• Day-night metering in Belgium, Japan and Portugal 
• Seasonal metering (e.g. summer versus winter) in  Israel, Japan, Belgium and Portugal 
 
Arguably, all markets are therefore still in transition. Moreover, several economies are even 
not yet fully supplied by the market and have chosen for the moment not to introduce retail 
competition, which are of course more clear indications that the markets are still in 
transition. Table 2 illustrates the status of the market reforms in the economies that have 
been surveyed. 
 
Table 1: Status market reforms in surveyed economies 

Market Start reforms Also retail market? Share consumption 
supplied by market 

Australia 1998 yes 100% 
Belgium 2000 yes 100% 
Brazil 1999 28% 

Czech Republic 2002 yes 100% 
Eskom Not yet no 0% 
France 2000 yes 31% 

Iran 2000 no 100% 
Israel Not yet no 0% 
Japan 2000 yes 63% 
Korea 2001 no 93% 

Midwest ISO (US) 2004 yes 96% 
Norway 1992 yes 125% 

NY ISO (US) 1999 no 100% 
Ontario 2002 yes 100% 

PJM 1997 partly 
Portugal 1996 yes 100% 

Southwest PP (US) 2007 no 
UK 2001 yes 100% 

Western Australia 2006 partly 100% 
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Generation adequacy and market design 
 
Prolonged or systematic supply interruptions can lead to political or market model crisis, as 
for instance in California and Ontario. Markets therefore need to be carefully designed so 
that they ensure generation adequacy.  
 
In many markets, there is a regulatory generation capacity mechanism of some form. In one 
version of capacity mechanisms, the regulator sets a price for generation capacity and lets 
the market determine the amount of capacity available, i.e. capacity payments. In the other 
version, the regulator sets the amount of capacity that has to be available and lets the market 
determine the price, i.e. capacity requirements or obligations.  
 
Even in so-called energy only markets where there is no such additional support scheme for 
generation capacity [3] (like many European markets), it may be safely asserted that these 
systems at least have an implicit regulatory safeguard. The safeguard for some markets is 
that the incumbents, still under (partial) public control, “shares the regulator’s concern” 
about system reliability. 
 
This partly explains why in the survey markets with explicit capacity mechanism do not 
outperform “energy-only” markets in terms of generation adequacy. As illustrated in Table 
2, the capacity margins in the surveyed economies even seem to be higher in energy-only 
markets on average. The reason could also be that explicit capacity mechanism are used to 
repair a market distortion that is not present in the same degree in every market, like price 
caps, lack of demand side response, etc.  
 
Table 2: Generation adequacy in different markets 

Capacity Margins 1997 2000 2004 2007 2010 2015 2020 
Energy Only 39,0% 34,3% 32,3% 24,7% 40,9% 41,9% 29,5% 
West Australia 36,7% 24,3%  

Belgium 22,7% 24,1% 14,4% 16,5% 26,5% 24,7% 9,6% 

France 60,9% 55,9% 40,5% 27,4% 32,11% 32,74% 30,10% 

Israel 20,5% 15,6% 15,4% 12,2% 11,1% 13,9% 9,9% 

Norway 41,6% 36,3% 36,8% 38,7% 36,9% 34,8% 31,5% 

Ontario 17,7% 24,8% 21,3%  
Portugal 49,1% 44,4% 42,5% 54,1% 78,6% 80,4% 54,2% 

Czech Republic 51,3% 57,9% 0,0% 55,5% 53,8% 41,9% 

UK 28,7% 22,0% 27,4% 45,8% 52,7% 

Capacity payment/market 22,9% 19,4% 29,0% 19,1% 19,7% 18,6% 18,5% 
Australia 13,6% 14,9% 19,1%  

Iran 0,0% 35,1% 41,5% 35,5%  
Korea 14,5% 18,2% 17,0% 9,6% 17,1% 33,7% 31,3% 

PJM 17,4% 34,3% 18,0% 18,0% 16,0% 16,5% 

Eskom 31,2% 34,3% 16,4% 9,0% 5,0% 6,2% 

Brazil 21,0% 44,6%  
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Midwest ISO (US) 15,8%  
NY ISO (US) 25,3% 37,8% 18,0% 16,1% 13,9% 7,6% 

Southwest PP (US) 33,5% 25,9% 27,0% 23,3% 

 
It should also be stressed that long term generation adequacy, i.e. years ahead, should not be 
confused with very short term reserve adequacy, i.e. hour or a minutes ahead. For the latter, 
all designs are considering some kind of mandatory mechanism: capacity mechanisms 
where they exist, include mandatory clauses for short term reserve adequacy; in energy-
only designs, the system operator could enter into specific regulated contract for short term 
reserve adequacy. 
 
Actual practices 
 
France 
France is currently an area of yearly consumption about 495 TWh and peak demand 92 GW 
in winter. It is highly interconnected with its neighbors, especially with continental Europe: 
about 14 GW export and 11 GW import are assumed to be feasible in certain conditions 
(respectively 16% and 12 % of peak load). RTE, the French TSO, is legally in charge of 
publishing a Multiannual Generation Adequacy report identifying shortage risks for the 
coming fifteen years with a special focus on the next five years. This report provides 
information to the market and in case there are significant foreseeable shortages, the French 
government has legally the duty to intervene through open call for tender.  

European TSOs are progressing towards  coordinating  long term issues like generation 
adequacy . The coordination is moving faster in regional subsets, especially in the Central 
Western European region (CWE), i. e. France, Germany, Belgium, Netherlands and 
Luxemburg, where long term issues are backed by shorter term convergences in market 
design such as market coupling at day ahead, central order book platforms at intraday, etc. 

France, as well as its CWE neighbors, is indeed an energy-only market. There is no price 
cap in the French wholesale market, but as illustrated below, price spikes have not been 
frequent since the market opening in 2002.   
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There is currently no evidence that French generation adequacy will be jeopardized up to 
year 2013. There are however two key issues for the coming years. The first is that peak 
demand is developing much faster than base load, which can be compensated by increasing 
imports in some stressed cases. The second is that massive intermittent generation may 
change the flow patterns unexpectedly creating congestion blocking those levels of imports 
needed in stressed cases. 

Demand response has so far not yet accompanied the opening of the market, although 
French rules for balancing mechanism do already allows it. This resource is expected to 
bring a significant contribution in future through smart grids and real time metering which 
are only at their very beginning and should develop now, following the ambitious EU 
energy policy targets. This progress is however submit to an evolution of the market design 
as domestic clients can currently use regulated tariffs to avoid exposure to price spikes. 

 
PJM 
 
In the PJM Market, each Load Serving Entity is assigned a resource adequacy requirement 
in the form of an installed reserve requirement of 115% times their peak demand for the 
period.  PJM conducts forward capacity auctions in order to allow suppliers and load 
serving entities to buy and sell generation capacity.  Load serving entities are required to 
secure capacity on an annual basis, three years forward, and may acquire it through bilateral 
contracts, self supply or through the annual PJM auction. In addition to the initial annual 
forward auction, PJM conducts periodic adjustment auctions to allow suppliers and load 
servers to adjust their capacity market positions.  The capacity product is essentially a form 
of energy call option under which the purchaser is entitled to firm delivery of energy during 
times of system capacity shortage. 
 
When the PJM market initially started in 1997, the market had a surplus of installed 
generation capacity which was increased in the first few years of market operation by 
substantial investment in new, mostly gas-fired, resources by competitive generation 
suppliers in response to high summer energy prices in 1999. The initial design included a 
simple short-term capacity market but it was assumed the capacity market would atrophy 
over time as the energy market would provide the dominant investment incentive.  Because 
of the initial over-investment, prices fell throughout 2000 – 2004 and many new resource 
owners experienced financial problems. Through this period, the growth of demand 
response was less than expected due to low prices and the lack of innovation in retail rate 
designs. During the 2000-2004 period, PJM also implemented more sophisticated local 
market power mitigation mechanisms which limited resource offers to short-run marginal 
cost when they failed the relatively stringent local market power screening tests. While 
mitigation is triggered for only 2 to 3 percent of all generator run hours across the entire 
market, some generators in local regions of the market experienced mitigated offers for 60 
percent of their run hours.  During 2004 and 2005, the market power mitigation procedures 
were perceived to be suppressing prices during energy scarcity conditions. These conditions 
led to reluctance for investment in new resources and a reduction in demand response; 
therefore capacity margins began to decrease.   
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In 2005 PJM began to project shortages in generation capacity for future years due to lack 
of new resource and demand response investment. The projected shortages led to capacity 
market reform in order to incent new generation investment. The implementation of a 
forward capacity auction in 2007 was successful stimulating both investment in generation 
resources and demand response as illustrated below. 
 
Cumulative Increase in Firm Capacity Commitments  

 
While the capacity market reforms were successful in stimulating investment, some policy 
makers advocate energy scarcity pricing reforms, (i.e. allowing energy prices to rise when 
operating reserve shortages are approaching) coupled with implementation of time-based or 
dynamic retail rate designs and additional investment in real-time metering to allow 
demand response participation to mature.  Therefore, PJM, supported by orders from the 
federal regulator, is actively discussing energy scarcity pricing reform which, if 
implemented, would tend to reduce the reliance on the capacity market. The focus on smart 
grid and the potential growth in price responsive demand in the US should allow the energy 
market to become the primary investment incentive.    
 
Conclusions 
 
Improving generation adequacy has been one of the main motivations to introduce market 
reforms, but when reforms start, generation adequacy is not necessarily at the center of the 
market design that is implemented. During transition, markets often need to be repaired 
because they do not always provide sufficient revenue for generators to invest in capacity. 
If this is not done quickly enough, shortages can occur and this can discredit the reform all 
together.  
 
As illustrated in this initial report based on survey results and supporting examples from 
France and PJM, markets can have very different evolutions. Particular for the French case 
is for instance that it started its reforms with a structural export situation where historical 
long term contracts included higher adequacy margins at a national level. In the case of 
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PJM, generation adequacy has been a motivation to repair the original market design, which 
has been done successfully. 
 
Market design therefore has an impact on generation adequacy and this needs to be 
carefully considered when reforming markets.  
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