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Reliability Options : 
A Market-Oriented Approach to 
Long-Term Adequacy 

The issue of generation adequacy is not going away and 
mey electricity market will eventually have to deal with 
it. The author proposes a method for assuring long-term 
adequacy while at the same time reducing price and 
quantity volatility and giving markets long-term stable 
equilibrium prices. 

Miles Bidwell 

I. Introduction 

In the summer of 2004, Alex 
Henney and I wrote an article, 
'Will the New Electricity Trading 
Arrangements Ensure Generation 
Adequacy?" which appeared in 
the August/September 2004 issue 
of this journal. In that article we 
explained our reasons for doubt- 
ing that an energy-only eledricity 
market could ensure generation 
adequacy, by which we meant 
calling forth sufficient new 
investment to maintain reason- 
able levels of reliability over time. 
In the article we mentioned that 

we were working on a market- 
oriented approach that would 
ensure long-term adequacy while 
not impeding an efficient short- 
term energy market. In this article 
I explain that approach - the 
reliability options (RO) method 
for ensuring generation ade- 

quacy. 

11. Context 

Over the past two years, Alex 
Henney and I have been devel- 
oping the reliability options 
method with a view toward it 
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being used in a European context. 
In the spring of 2004, the FERC 
established Docket No. ER03-563- 
030, Devon Power LLC, et al., the 
purpose of which was to develop 
a mechanism for ensuring long- 
term adequacy within the context 
of the locational-based, installed- 
capacity (ICAP) approach pro- 
posed by the New England ISO. 
ISO-New England's (ISO-NE's) 
witness, Dr. Steven Stoft, filed 
Direct Testimony on Aug. 31, 
2004. In his testimony, Dr. Stoft 
identified the same capacity 
market flaws that I had identified 
and he proposed a new type of 
ICAP that fixed these flaws and 
did so in ways that were not 
totally dissimilar from the RO 
approach. Power Economics, Inc., 
had been retained by the Con- 
necticut parties' to participate in 
the case, and this participation 
would now include submitting 
testimony on an RO version of Dr. 
Stoff s approach.2 

Dr. Stoft's assignment was to 
develop a locational installed 
capacity-type mechanism 
(LICAP) incorporating a so-called 
"demand curve" of the type that 
had been implemented in New 
York State a year before.3 

I n his testimony on behalf of 
the ISO-NE, Dr. Stoft identi- 

fied and addressed two signifi- 
cant shortcomings of the 
conventional ICAP approach, 
namely (1) the lack of an incentive 
for generators to be running at 
times of stress when the system 
most needs them, and (2) the 
related problem that generators 
can profitably withhold output 
during periods of scarcity and 

stress in order to create larger 
price spikes. Dr. Stoft proposed 
two measures to refhfy these 
shortcomings. These measures 
fix: 

(1) the lack of an incentive for 
generators to be nznning when 
the system most needs them, by 
basing the capacity payment on 
availability during hours of sys- 
tem stress, and 

(2) the related problem that 
generators can withhold genera- 

Unfortunately, Nao 
England consumers 

and generators wilI not 
have the opportunity of 

enjoying the most 
eficient 

electricity market 
possible. 

tion during periods of scarcity, 
by subtracting the price spike 
revenue from the capacity 
payments. 

Dr. Stofi! s market design is 
clearly an improvement over 
existing capacity markets; how- 
ever, the RO approach achieves 
these same goals in a less com- 
plex, more elegant, and more 
marketcompatible, manner; and, 
in testimony submitted by Power 
Economics, I explained that the 
RO approach should be viewed as 
the next evolutionary progression 
in methods for dealing with long- 
term generation adequacy in that 
the RO approach goes a step 
beyond the New York-type 

demand-curve approach by 
including the positive aspects of 
the demand curve without 
including the negative aspects. 

Unfortunately, New England 
consumers and generators will 
not have the opportunity of 
enjoying the most efficient 
electricity market possible as a 
result of the current proceeding. 
Power Economics' testimony on 
the RO approach was stricken 
from the court record after the 
Federal Energy Regulatory 
Commission (FERC) ordered the 
Judge to not consider any 
alternatives to a New York-type 
demand curve.4 

T he RO method was not the 
only potentially superior 

method not examined. Dr. Stoft 
has previously developed an 
approach to ensuring long-term 
adequacy based on a combination 
of price caps and a greater 
amount of operating reserves 
such that the energy price during 
peak periods is sufficient to ade- 
quately reimburse generators for 
their marginal capacity costs. This 
approach, explained in his IEEE 
article, 'The Demand for 
Operating Reserves: Key to Price 
Spikes and ~nvestment,"~ is 
superior to any capacity market 
approach. In order to choose the 
very best electricity market 
structure, the recent hearings 
should have been concerned 
with evaluating the RO 
approach and the Stoft reserves 
approach. But, with all other 
approaches removed from 
consideration, New England 
can only have Dr. Stoft's 
significant market improvements 
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as part of a package that also 
contains the infirmities of 
the accompanying demand 
curve. 

A. The demand curve reduces 
price volatility but adds 
quantity uncertainty 

Although the demand-curve 
approach reduces capacity market 
price volatility, it does so at the 
expense of adding uncertainty 
about the amount of reliability that 
will be forthcoming and of possi- 
bly facilitating market power 
abuse.6 The quantity uncertainty 
stems from the requirement that 
the market designer be able to 
accurately guess the future cost of 
building a peaker including the 
risk premium and to then position 
the demand curve so that this 
price wiU be associated with the 
quantity of capacity that repre 
sents the desired amount of relia- 
bility. To the extent that the guess 
is wrong, the amount of reliability 
will differ from the desired 
amount because the demand 
curve shifts with estimates of the 
cost of a peaker. Engineering stu- 
dies can estimate the physical cost 
of building a peaker, but the risk 
premium is a si@cant unknown 
component of totaI cost. Total cost 
takes on additional importance in 
the demandcurve approach 
because the total cost of building a 
plant will determine the as-yet- 
unknown long-term supply 
curve, and it is the unknown 
long-run supply curve that must 
cross the demand curve at the 
desired quantity of capacity and 
reliability. 

Figwa 1: Short-Term Capacity Demand and Supply are Very Inelastic. A Small Excess 
Supply Drives the Price Toward Zem 

T he supply curve used in 
LICAP auctions is a very 

short-run supply curve that only 
includes existing generators. The 
link between the short-run supply 
function and the long-run supply 
function is another nebulous 
unknown. The demand curve only 
affects long-tan adequacy to the 
extent that it affeds the long-run 
supply function. The question of 
whether the short-run demand 
curve wiIl induce investors to 
build generation when it is needed 
in the long run is a question that 
cannot yet be answered. 

The demand curve was created 
in response to a short-term market 

Priced 
CAP 

q 

that was providing the correct 
price signals for the resources that 
were available at that time. The 
type of demand curve used by the 
New York IS0 (and proposed by 
the ISO-NE) makes the short-term 
market price more stable. It does 
this because it is a schedule of 
price controls imposed on an 
essentially completely inelastic 

supply- 
It should be apparent that the 

problem of price volatility in 
short-term capacity markets is 
caused by the fact that both the 
demand curve and the supply 
curve are very inelastic, as shown 
in Figures 1 and 2. 

Figure 2: Short-Term Capacii Demand and Supply are Very Inelastic. A Small Excess 
Demand Drives the Price to the Cap 
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Figure 3: Using a Sloped Demand Curve Makes the Capacity Market Less V W l e  

B. The RO method reduces 
price voIatiIity and adds 
quantity certainty 

It follows that a solution could 
be achieved by making either 
curve less inelastic. The choice 
here is between replacing the 
demand curve with an adminis- 
tratively determined price/quan- 
tity schedule as shown in Figure 3 
or changing the form of the ICAP 
instrument and the type of auc- 
tion so that the supply curve 
becomes a less inelastic longer- 
run supply curve that can interact 
with a vertical demand curve in a 
way that produces price stability 
and predictable levels of reliabil- 
ity, as shown in Figure 4. 

T he first approach represents 
an administered non-market 

solution. The second approach, 
the RO approach, makes the 
market supply curve more elastic 
and represents a market solution, 
albeit one that still requires an 
administratively determined ver- 
tical demand curve set at the point 
that will produce the desired 
reliability level. 

T he adjustment mechanisms 
are quite different in the two 

approaches. Under the demand- 
curve approach, a capacity 
deficiency quickly causes a 
large increase in the LICAP price 
that, after a three-year or more 
lag7 is expected to cause an 
increase in the quantity of 

Figure 4: Using a Long-Run Supply M e t  Makes the Capacity Market Less Volatile 

installed capacity and a large 
decrease in price. Under the 
RO approach, an anticipated 
capacity deficiency causes a 
small increase in the RO auction 
price, an increase that will not 
affect consumers until after 
three years when the new plant 
comes on line, and the small 
increase in the RO price will be 
sufficient to exactly eliminate 
the expected deficiency, as I 
explain below. 

111. Overview of the 
Reliability Options 
Concept 

A reliability option is a call 
option that is both physical and 
financial8 It is financial in that a 
generator that sells an RO must 
pay the IS0 the difference 
between the spot price and the 
strike price whenever the spot 
price exceeds the strike price. 
It is physical in that it is associated 
with a specific plant that will 
be penalized if the plant is 
not available when the option 
is called. The RO is called 
when the spot price exceeds 
the strike price. The strike 
price is set at a price that is 
slightly higher than the marginal 
cost of the most expensive unit on 
the system. 

The RO may be conceptualized 
as a contractual commitment to 
provide future electricity from 
installed capacity but the RO is 
not capacity and an RO market is 
not a capacity market.9 An RO 
market is an options market based 
on the energy market. 
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In summary: 
The RO method requires 

creating a reliability option pro- 
duct and a centralized "reliability 
market" administered by a 
Reliability Options Administra- 
tor, that can be the System 
Operator (SO). 

An RO is a call option that 
requires a plant to be generating 
or to be supplying reserves (i.e., to 
be available to generate) when the 
system is stressed by setting a 
strike price that is higher than the 
most expensive unit on the system 
and, thus, is higher than the 
maximum price that would nor- 
mally be seen in a competitive 
market in non-shortage condi- 
tions. 

0 Existing and potential new 
plants offer ROs in an annual 
auction after the SO has 
announced the strike price and 
any non-performance penalty?' 

0 The annual RO contract does 
not go into effect until three years 
after the auction. This allows 
potential generators to compete 
with existing generators. 

0 The SO prepares a supply 
curve" from the offers for each 
location, as in the LICAP auction, 
and then chooses the option price 
at which the desired amount of 
plant will be forthcoming. 

0 If the spot price equals 
or exceeds the strike price when a 
plant is selling into the spot 
market at more than the strike 
price, the plant pays back the 
difference to the ISO. 

0 If the plant is neither running 
nor providing reserves, it pays a 
penalty and it pays the SO the 
difference between the spot price 

and the strike price for the 
amount of contracted electricity 
that it did not produce?2 

0 ROs could be paid for 
through the local distribution 
company'3 or in the same way 
that the ISO-NE allocates costs for 
LICAP payments to LSEs (retail- 
ers). The SO passes the net costs 
(RO purchase price less penalties) 
through to retailers or distribu- 
tion companies and, ultimately, to 
consumers. 

It is difficult to 
see why anyone 
would want 
to set up a 
bidding system 
that includes only 
the existing 
generators. 

IV. ROs Provide 
Competition between 
Existing Generators and 
Potential Entrants 

Allowing potential generators 
to bid against existing generators 
increases the level of competition 
and changes the nature of the 
competition from that in an ICAP 
market. The increase in competi- 
tion reduces opportunities for 
bidders b exercise market power 
and shifts offers closer to costs. 
Entry and the threat of entry is an 
antidote to the exercise of market 
power by existing generators. The 
market becomes a "contestable" 
market, where the threat of entry 

disciplines existing suppliers. 
This is a fundamental difference 
between the RO approach and the 
demand-curve ICAP approach 
under which only the existing 
generators can bid. 

The long-run price in any 
competitive market is determined 
by the cost of entry. In order to 
ensure that a competitive market 
produces the lowest costs, it is 
crucial that there be no bamers to 
entry because any increase in the 
cost of entry will be reflected in a 
higher long-run price of electri- 
city. It is difficult to see why 
anyone would want to set up a 
bidding system that includes only 
the existing generators. 

T o promote competition 
between existing and poten- 

tial generators, the RO auction 
structure is a "descending clock" 
type auction14 that provides for a 
three-year lag period between the 
auction and the commitment per- 
iod.I5 A potential entrant will bid a 
price equal to the first-year costs of 
its new unit. The existing genera- 
tors will know this, and therefore 
the cost of the new unit will serve 
as the price cap on the bids of 
existing generators.16 

The three-year lag period 
between the auction and the start 
of the commitment period should 
be long enough to ensure suffi- 
cient entry and threat of entry. In 
the RO approach the length of the 
period of commitment is 
increased from one year to four 
years for new entrants so that 
potential entrants can be assured 
of fixed RO prices for the first four 
years of operation. The extended 
commitment period will be 
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offered to new generating units 
on an optional basis and only for 
their first auction. Thereafter, 
their bids will be considered on 
the same basis as existing units for 
one-year commitment periods. 

A llowing new entrants to 
have a four-year commit- 

ment period will add some com- 
plexity and thin the market in 
subsequent auctions by removing 
the entrants from the competitive 
bidding for three years. This 
should not have a sigruficant effect 
because the number of new units 
(in MW) in any one year will be a 
small fraction of the total MW 
bidding in the auction. The four- 
year commitment will remove 
these plants from the auction but at 
the same time should increase the 
number of potential new entrants 
in the auction and should lower 
the cost of entry by reducing the 
investment risk 

V. An Overview of the 
Workings of an RO 
Market 

A. An RO system is stable 
and predictable 

(2) the system has more than 
the desired amount of capacity; or 

(3) the system has exactly the 
desired amount of capacity. 

1. The operation of the RO 
auction when the system has Iess 
capacity than is desired 

In this case, the RO Adminis- 
trator (SO) will start the clock 
auction at a price sufficiently 
greater than the entry price so that 
in the first round of the auction the 
new entrants and the existing 
generators together will offer more 
ROs than are needed. This is the 
'Beginning Price" in Figure 5. 

A s the clock runs down and 
the price descends, the 

more expensive of the potential 
new entrants will drop out until 
the amount of ROs offered exactly 
equals the amount of capacity that 
is desired. This is the "Equili- 
brium Final Price" in Figure 5. At 
this point the clock stops. This 
price will be the true minimum 
cost of new entry. In three years 
time, the new units will have been 
built, and the system will have the 
desired amount of capacity and 
aU plants will receive the 

Price0 
ROs 

Beginnin! 
Priu 

Equiiibriun 
Fnal Price 

0 - 

"Equilibrium Final Price" for 
their ROs. The system will have 
gone directly from expected 
shortage to expected quantity 
equal to the desired amount of 
capacity, and it will have 
achieved this with no volatility, 
no extreme prices, no guess work, 
and a high degree of certainty. 

2. The operation of the RO 
auction when the system has 
more capacity than is desired 

When there is more existing 
generation than is desired, the 
initial price in the first auction 
round will be set at less than the 
entry price, but still high enough 
so that the existing generators 
will offer more ROs than the 
system will need, as is shown in 
Figure 6. As the clock winds 
down and the price descends, the 
least efficient generators on the 
system will reach the point at 
which they will choose to shut 
down or mothball their plants. In 
the final round, after the retire- 
ments, the amount of ROs 
supplied will exactly match the 
amount required to produce the 
desired reliability. 

In the RO approach, the SO or 
other administrative body begms 
by determining the desired relia- 
bility level and the amount of 
capacity needed to achieve this 
level in three years. There are three 
possible cases, all of which use the 
''descending clock" type of auc- 
tion to promote vigorous compe- 
tition: 

(1) The system has less than the 
desired amount of capacity; 

Ouantityd 
Quantity of ROs = desired quantity of RO, 
KWs of Capacity at ti me of system peak 

F~ure 5: A Descending Clock Auction for ROs Always Starts W& Excess Supply: System 
Wants More Capacity 
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Figure 6: A Descending Clock Auction for ROs Always Starts with Excess Supply: System 
Wants Less Capacity 

3. Operation of the RO demand 
curoe when the system has exactly 
the desired amount of capacity 

In the final case - the long-run 
equilibrium case - the system 
has, and wishes to maintain, the 
existing amount of capacity rela- 
tive to load. If the system load is 
increasing at 3 percent each year, 
for example, the total amount of 
capacity will have to increase at 
the same rate on average. In this 
circumstance, the auctioneer will 
start the auction at a price that is 
above the entry price. The clock 
will then run down and the price 

Price of 
ROs 

will descend until only the 
needed amount of new capacity is 
offered. The competition built 
into this auction will ensure that 
only the most effiaent new 
entrants build the power plants 
that expand the system by an 
average of 3 percent each year and 
the growth in capacity will be 
exactly the amount and the plant 
type required.17 If the system 
wants to maintain the amount of 
capacity that it now has, the final 
price will be less than the cost of 
entry but more than the retire- 
ment price as shown in Figure 7. 

0 
- 

Quamyof 
QuanMy of ROs = desired quanthy of RO, 
KWs of Capacity at time of system peak 

Figure 7: A Descending Clock Auction for ROs Always Stah with Excess Supply: System 
has the Desired Amount of Capacity 

4. The RO approach eliminates 
uncertainty about the amount of 
capacity that will be forthcoming 

Under the RO approach, the 
actual amount of capacity is the 
amount that has been chosen. The 
administrator picks the amount 
and the market supplies that 
amount at the least possible cost. 
There is no uncertainty about the 
amount of capacity that will be 
forthcoming. There is no need to 
pay for too much capacity to make 
sure there will not be too little. 

B. ROs mitigate market power 
abuse 

1. Market power in the energy 
market 

RDs eliminate market power 
abuse in the energy market dur- 
ing times of system stress by 
effectively capping the energy 
price to generators at the RO 
strike price. At other times, the 
elasticities are probably such that 
market power is not a concern. 

u nlike most market power 
mitigation mechanisms, 

ROs eliminate market power 
without distorting the spot energy 
market, adversely affecting other 
financial instruments, or harming 
generators. This is so because ROs 
only come into effect when the 
spot energy price is above the 
competitive level, i.e., at or above 
the strike price, at which point the 
generators receive only the strike 
price because the SO takes back 
the difference between the spot 
price and the strike price. Impor- 
tantly, the adjustment takes place 
immediately and automatically in 
the daily settlement process. The 
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Figure 8: ROs Reduce Price Vdatiliiy Without Changing the Long-Run Average Cost 

approach improves the market by 
eliminating the opportunity for 
increasing revenue by pricing 
above competitive levels. Struc- 
turing a market so that market 
power abuse will be unprofitable 
is generally considered to be a 
better approach than imposing 
threats of punishment and non- 
market mechanisms on markets 
whose structure allows the prof- 
itable exercise of market power. 

Essentially, the RO approach 
trades off price spikes and market 
volatility for a steadier income 
from the sale of options as shown 
in Figure 8.'' ROs allow generators 
to swap the uncertain income from 
price for the predictable 
income from the sale of ROs. 

2.  Market power in the capacity 
market 

The use of ROs, combined with 
the descending-clock auction and 
three-year lag, will reduce market 
power in the capacity market. The 
ability of potential new entrants to 
bid ROs into the RO market in 
competition with the existing 
generators will help control the 
exercise of market power. How 
well this market discipline works 
will depend on whether barriers to 
entry remain. State regulatory and 
antitrust agencies will need to con- 
tinue their efforts to eliminate 
barriers that would impede new 

entry. It is important that each 
potential entrant be able to acquire 
a site and permit, or be sure that 
this can be done, prior to the auc- 
tion. 

T here is little concern under 
the RO approach about 

whether an existing generator can 

discourage new entry by moth- 
balling a plant and having it ready 
to come on line and drive down 
the price when a new entrant's 
plant comes on line." This pro- 
blem does not exist under the RO 
approach because all generators, 
including potential entrants, sell 
their ROs in a competitive auction 
three years before their commit- 
ment period. The price of the ROs, 
not whether plants have been 
taken out of mothballs, will 
determine what the new genera- 
tor receives when its plant comes 
on line in three years. In addition, 
the new generator will be able to 
lock in this RO price for an addi- 
tional three years by extending 
the commitment period to four 
years instead of one. Thus, even if 
an old plant were taken out of 
mothballs, it would not reduce the 
RO-related revenue stream 
received by the new entrant dur- 
ing the initial four years of the 
new unit's operation as it would 
have done under the short-run 
demandcunre approach. Because 
the price for the new entrant is 

fixed, any attempt to lower the 
price by starting mothballed 
plants would only hurt the exist- 
ing generators without providing 
a barrier to entry. 

VI. Implementing the 
RO Method 

A. The strike price is 
established once each year 

The strike price is set each year 
before the annual auction and is 
established at a point higher than 
the marginal costs of the most ex- 
pensive plant in the zone. In order 
to remove the risk of volatile fuel 
prices - and, therefore, to reduce 
the risk premium that will be 
included in RO bids - the strike 
price should be indexed. For 
instance, the strike price might be 
set by picking a benchmark heat 
rate, increasing it slightly, index- 
ing on the current cost of fuel, and 
then using a well-known and 
easily available fuel price index. To 
further reduce risk, the strike price 
should also be indexed during the 
longer commitment period for 
new entrants. 

B. Penalty mechanisms in the 
RO approach 

The penalty mechanism takes 
two forms. 

1. A plant that is not available2' 
when the option is d e d  - i.e., 
when the spot price exceeds the 
strike price -must pay an amount 
equal to the spot price minus the 
strike price times the amount of 
electricity contracted in the RO but 
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