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In addition to the capacity procured under the Forward Capacity Market (FCM), there are three other services procured by the ISO which have capacity-like characteristics – Reactive Supply and Voltage Support (also known as VAR services), black start capability, and fast-start capability.  For the purpose of this discussion a service has capacity-like characteristics if an investment in equipment is required to provide the service and the investment is considered sunk and thus independent of the purpose of decisions for efficiently allocating the resource’s production.
This document looks, in particular, at payments for VAR services, and examines whether a capacity resource cleared and paid through the FCM would be receiving double compensation if it also separately received payments for VAR services.  
As a general matter, if the capability to provide the additional service is not required to meet the obligations of the capacity market, resources that include the costs associated with acquiring or maintaining that capability in their Forward Capacity Auction (FCA) offer would be at a competitive disadvantage in the auction.  Such resources would risk clearing less than their full capacity.  
Existing Tariff Provisions of Schedule 2

The ISO’s existing Transmission, Markets, and Services Tariff contains provisions governing compensation for Reactive Supply and Voltage Control (i.e. VAR services) in Section II Schedule 2.  Schedule 2 provides for payments to appropriately qualified generators and non-generators composed of four components
:
1. Capacity Payment: A $/kVar-year rate, subject to adjustment as detailed in the Tariff.

2. Lost Opportunity Payment: Compensation for lost energy revenues when an in-merit generator is backed down to provide VAR services.

3. Cost of Energy Produced: Compensation for generation that is dispatched to provide VAR services when the generator’s energy offer price exceeds the energy market price and the generator is running out-of-merit.
4. Cost of Energy Consumed: Compensation for the cost of electric supply used to motor hydro generation to provide VAR services.
Schedule 2 additionally describes the procedures used to determine the VAR capability for each Qualified Reactive Resource (includes both Generator and Non-Generator resources), and how the costs for providing VAR services are paid by Transmission customers in proportion to their hourly share of total Regional Network Load and Reserved Capacity for Through or Out Service.
The Capacity Payment component relates to the capability to provide VARs.  The way the Capacity Payment component may interact with FCM capacity payments is the focus of this discussion.  The remaining components relate to the variable costs of actually providing the changing VAR requirements of the grid in real time, and are not of concern with respect to FCM capacity payments. 

Generator Compensation and FCA Bidding Strategies

Using history as a guide, the bulk of a generator’s capacity-type revenue is derived from the sale of capacity and energy, not supplemental services.  Given the expected competitiveness of auctions (and resulting prices) in the FCM, an FCA bidding strategy which includes the costs associated with the provision of non-required supplemental services would clearly not be profit maximizing – these higher priced bids would risk not clearing in the FCA and losing the opportunity to earn capacity revenues  and energy revenues
.  Therefore, for any service incremental to the obligations of the capacity market and which requires an incremental investment to provide, a separate payment stream is likely appropriate and required.  
Alternatively, if the ability to provide an additional service is subsumed within the ability to sell capacity and energy, while that additional service may not be strictly required to meet the obligations of the capacity market, a separate payment stream would likely be duplicative.  If a separate payment stream is available, and if the market is competitive, suppliers might net the payment from their offer in the FCA.  While this would avoid duplicative compensation, it introduces the risk that an FCA offer may be accepted but additional compensation may not be provided if, for example, the performance of the resource in providing the supplemental service is inadequate.  Exposure to such risk creates incentives for resources to seek some level of double compensation as insurance against that risk.  Conversely, if the market is not strongly price-competitive
, the market is not guaranteed to discipline bidders fully.  The probability of double compensation is high, since little incentive exists for the bidder to net expected supplemental compensation from FCA offers.
Reactive Supply and Voltage Control is normally considered as a single service, that can be supplied both by facilities that can dynamically change their VAR output in response to changing requirements (such as generators), and by static devices that provide a fixed quantity of VARs (such as capacitor banks).  In either case, the cost of the equipment necessary to provide static or dynamic VAR capability is a fixed cost. 
VAR suppliers may also have variable costs, that can include both real and opportunity costs.  Real costs arise out of the increased fuel consumed and in wear and tear on equipment.  Opportunity costs arise because generating resources are compensated in the energy market for real power provided to the system, which does not include VAR.  If a generator is operated in a lagging state, at a power factor of 0.95, it produces more VAR and less real power than if it were operated at a power factor of 1.0.  Such operation creates an energy lost opportunity cost, since in this example the generator only produces 95% of the energy it is capable of producing.

All generating resources, as a condition of interconnection, are required to operate to voltage schedules specified by the interconnecting transmission owner.  In theory, a power plant could meet this VAR requirement with transmission equipment installed at its switch-yard.  As a practical matter, it is generally more economic to provide the necessary reactive range dynamically with the generator.  Most generators installed in the U.S. have power factors
 of 0.85 to 0.9,
 representing an ability to provide 43 to 53% of the resource output as VAR rather than energy.  
To interconnect to the system, generators are required to be able to meet specific voltage schedules, with a typical range of about 5%.  The dynamic VAR capability of generators operating with typical power factors is sufficient to meet these requirements without the need to install additional equipment not otherwise required to allow the generator to provide capacity and energy.  
For a generator, the ability to meet voltage schedules is required for interconnection regardless of whether it sells installed capacity, and thus the ability to provide some amount of dynamic VAR service is a prerequisite to meeting the obligations of the capacity market.  Thus, it is appropriate that a generator include the costs associated with acquiring or maintaining the necessary VAR capability in its FCA offer.  So in theory, no separate VAR payment to generators for providing the VAR capability required to meet interconnection requirements should be necessary.  
However, as noted above, Schedule 2 of the ISO-NE transmission tariff in fact currently does provide a capacity payment for VAR capability provided by both generators and non-pool transmission elements.  In order to avoid double compensation for VAR capability provided by generating resources, either the tariff must be modified to eliminate this payment, or the payment for the implicitly required VAR capability (a prerequisite for generators that interconnect to the New England grid) must be deducted from the capacity payment provided to generators.
If, for a given output, more dynamic reactive range is desired than is minimally required, a generation owner could purchase a generator with a lower name-plate power factor.  However, the lower power factor requires a larger generator to achieve the same real power output (increasing capital costs), increases cooling requirements and results in higher losses (increasing operating costs).  Alternatively, the plant developer could specify a standard generator, taking advantage of its dynamic VAR capability, and install equipment in the switch-yard to meet the static requirements of the transmission owners.  In either case, it seems improbable that a competitive power producer would incur such costs for incremental VAR capability above the required minimum without a financial inducement.  

From the ISO’s perspective, the additional dynamic VAR capability that many generators in the region provide is valuable.  If, lacking appropriate financial inducements, generators were unwilling to provide the additional dynamic VAR capability required to reliably operate the system, the ISO would have to work with transmission owners to install transmission devices which are normally more expensive and more limited than generators.  Since the ISO does, in fact, require dynamic reactive capability above and beyond what is minimally required from generators for interconnection, and this service can be had from either generator or transmission sources, there is a clear value in exposing the cost of this service in order to ensure the most efficient procurement.  Therefore, it is appropriate and beneficial for the tariff to provide a separate variable VAR payment to providers of this service.
Netting Static VAR Capacity Payments Prevents Double Compensation

Based on the understanding of the fixed costs of providing static VAR services for generators and transmission sources provided above, we can examine the potential outcomes of profit maximizing bidding strategies in the Forward Capacity Market (FCM) under several scenarios.  In the FCM, the new capacity from generators and demand response resources is acquired through an annual Forward Capacity Auction (FCA).  Both types of resources will be paid the same locational price for the installed capacity they provide.  
Consider four scenarios, described below and illustrated in Figure 1:

1. Assume there is no separate VAR capacity payment. As described above, such a payment is not required to have generators submit “correct” capacity auction bids.  Generators would include the cost of meeting the interconnection-related VAR capability requirements in their FCA bids.  The auction will clear at some price that supports a certain mix of generation and demand response resources.

2. Next, consider a scenario which does include a separate VAR capacity payment made to generators that provide VAR capability, similar to that provided for currently by Schedule 2.  If generators submit the same FCA bids used in scenario one, and, due to limited competition (as might occur if few bidders qualify to participate in one or more constrained capacity zones), the FCA clears at the same price, the Schedule 2 VAR payment would be a windfall, representing double compensation to the generators who had already included those costs into their Forward Capacity Auction bids.  
3. With the same assumptions as scenario two, but with a competitive FCA, double compensation would be an unlikely result.  If generators know they will receive a separate VAR capacity payment, they would rationally be expected to reduce their FCA bids to account for the separate VAR capability revenue stream.  Lower generator bids would cause the FCA to clear at a lower price.  Since the demand response resources could not anticipate a VAR capacity revenue stream, they would not be able to similarly reduce their bids.  The auction would still clear the same amount of installed capacity, but at a lower price.  We would expect to see fewer demand resources, and correspondingly more generation resources, clearing in the FCA.
4. Consider a fourth scenario where installed capacity payments to generators are reduced by Schedule 2 VAR capacity payments each generator receives.  Profit maximizing generators would then be expected to bid their full capacity cost (including the incremental capital cost of providing VAR capability) into the FCA.  The FCA would clear at the same price as scenario one, and with the same mix of generation and demand response resources.  Generators would not receive double compensation, and demand response resources would be fully compensated for the installed capacity they deliver.
5. Finally, consider a scenario where the FCA clearing price is set by a Demand Response resource that is unable to provide VAR service.  A profit maximizing bid from this resource, with no incremental VAR costs and no anticipated VAR revenues, would include its capacity costs and nothing else.

[image: image1.emf]FCA Bid / Clearing Price

Scenario One

Annualized Capacity Cost

VAR

Generator Capacity Rev

Dmnd Resp Cap Rev

FCA Bid / Clearing Price

Scenario Two

Annualized Capacity Cost

Generator Capacity Rev

Dmnd Resp Cap Rev

VAR

FCA Bid / Clearing Price

Scenario Three

Annualized Capacity Cost

Generator Capacity Rev

Dmnd Resp Cap Rev

VAR

FCA Bid / Clearing Price

Scenario Four

Annualized Capacity Cost

Generator Capacity Rev

Dmnd Resp Cap Rev

VAR

VAR

VAR

Netted from ICAP Pmt

ICAP

ICAP

ICAP

ICAP

ICAP

ICAP

ICAP

ICAP

Figure 1

FCA Bid / Clearing Price

Scenario Five

Generator Capacity Rev

Dmnd Resp Cap Rev

Demand Response Resource Capacity Cost

ICAP

ICAP

VAR


New generation resources could opt to provide incremental VAR capability above the amount necessary to meet voltage schedules specified by interconnection requirements, by altering the design and configuration of their facility.  Assuming, reasonably, that such alterations come at additional cost, it is unlikely a rational bidder would choose to do so, if the full amount of the Schedule 2 VAR capability payment is netted against FCM capacity revenues.  It would increase the generator’s required capital investment, which in turn would require a higher bid with a higher risk of failing to clear in the auction.  Increased VAR capability revenues would be netted against FCM capacity revenues, and the generator would have no way to recover the cost of providing the additional VAR capability.

Alternatively, only the portion of the generator’s VAR capability that is explicitly required to interconnect
, i.e., that minimum capability needed to meet voltage schedules, referred to here as the “pro forma VAR capability”, might be netted against FCM capacity revenues.  The generator could then receive incremental revenues for VAR capability provided above and beyond the minimum requirements to interconnect.
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DR Cost to Provide ICAP 8 8 8 8 8 8

Gen Cost to Provide ICAP 11 10 9 8 7 6

VAR Price 2 2 2 2 2 2

DR FCA Bid 8 8 8 8 8 8

Gen FCA Bid 11 10 9 8 7 6

FCA Clearing Price 8 8 8 8 7 6

DR Revenue 8 8 8 8 7 6

Gen Revenue 8 + 2 = 10 8 + 2 = 10 8 + 2 = 10 8 + 2 = 10 7 + 2 = 9 6 + 2 = 8

 = Overcompensation of Generators

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

DR Cost to Provide ICAP 8 8 8 8 8 8

Gen Cost to Provide ICAP 11 10 9 8 7 6

VAR Price 2 2 2 2 2 2

DR FCA Bid 8 8 8 8 8 8

Gen FCA Bid 9 8 7 6 5 4

FCA Clearing Price 8 8 7 6 5 4

DR Revenue 8 8 7 6 5 4

Gen Revenue 8 + 2 = 10 8 + 2 = 10 7 + 2 = 9 6 + 2 = 8 5 + 2 = 7 4 + 2 = 6

 = Low Clearing Price results in inefficient DR/Gen mix

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

DR Cost to Provide ICAP 8 8 8 8 8 8

Gen Cost to Provide ICAP 11 10 9 8 7 6

VAR Price 2 2 2 2 2 2

DR FCA Bid 8 8 8 8 8 8

Gen FCA Bid 11 10 9 8 7 6

FCA Clearing Price 8 8 8 8 7 6

DR Revenue 8 8 8 8 7 6

Gen Revenue 8-2+2 = 8 8-2+2 = 8 8-2+2 = 8 8-2+2 = 8 7-2+2 = 7 6-2+2 = 6

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

DR Cost to Provide ICAP 8 8 8 8 8 8

Gen Cost to Provide ICAP 11 10 9 8 7 6

VAR Price 2 2 2 2 2 2

DR FCA Bid 8 8 8 8 8 8

Gen FCA Bid 11 10 9 8 7 6

FCA Clearing Price 8 8 8 8 7 6

Marginal Resource DR DR DR Rationed Gen Gen

VAR Revenues Netted from Gen 0 0 0 2 2 2

DR Revenue 8 8 8 8 7 6

Gen Revenue 8-0+2 = 10 8-0+2 = 10 8-0+2 = 10 8-2+2 = 8 7-2+2 = 7 6-2+2 = 6

Note : Clearing prices represent the capacity cost of the marginal ICAP resource.
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If a market participant believed VAR service provided significant opportunities, a range of alternatives exist.  A generator meeting the minimum requirements for interconnection providing mostly real power and small amounts of reactive power defines one end of the spectrum.  At the opposite end, we have devices like synchronous condensers that provide only reactive power and have no capacity value.  Devices designed for the primary purpose of providing VAR services, rather than installed capacity, lie outside the intended scope of the Forward Capacity Market and the revenue streams it will provide.  The investment decision to provide incremental VAR capability would have to be justified based on the VAR revenues provided for by Schedule 2. 
Recommendations
The ISO believes the following market design will ensure appropriate FCM incentives, preserve incentives for incremental VAR capability, and prevent double compensation of generators:

1) If the FCA clearing price is set by a VAR-capable resource, then VAR capacity payments should be netted out of FCM capacity payments:

Total Capacity Payments = 
(ICAP MW) x (FCA Clearing Price) 






+ (Audited VAR Capability) x Sched 2 VAR rate
– (Pro Forma VAR Capability) x Sched 2 VAR rate
2) If the FCA clearing price is set by a resource that is not VAR-capable, then VAR capacity payments should not be net out of FCM capacity payments:


Total Capacity Payments = 
(ICAP MW) x (FCA Clearing Price) 






+ (Audited VAR Capability) x Sched 2 VAR rate

3) The determination of the appropriate netting of VAR capacity payments for a specific calendar year will be based on the type of the marginal resource (VAR capable versus non-VAR capable) cleared in the primary auction procuring resources for that year.  In other words, the first FCA, conducted in early 2008, will establish the VAR payment netting for 2010,  the second FCA in last 2008 will determine VAR netting for 2011, etc.
4) If the FCA clearing results in the rationing of new capacity bids, then the marginal resources will be presumed to included VAR-capable resources, and VAR capacity payments for pro forma VAR capability should be netted from FCM capacity payments, as described in 1) above.
� The specific compensation rates are adjusted annually in accordance with the provisions of Schedule 2.


� A new generator that does not clear in the FCA will not be paid for capacity, but is not precluded from producing and selling energy.  However, without capacity revenues, it is far less likely the new generator will be constructed and operate to earn energy revenues.


�There are four prerequisites for strong price competition: 1) a homogenous product, 2) full information is equally available to participants in the market, 3) a large number of buyer and sellers, and 4) minimal barriers to entry.  It is not unreasonable to imagine that the difficulties of siting and permitting new generating facilities might result in a very limited numbers of projects being qualified to bid in the FCA inside potential import-constrained capacity zones.  That, and difficulty in obtaining accurate and timely market intelligence could result in weak price competition in some locations in the Forward Capacity Market.


� “Power Factor” is defined as the ratio Real Power to Apparent Power.  Apparent Power, measured in Volt-Amps, equals  ( (Real Power Watts)2 + (Reactive Power VARs)2 )½


� Standard Handbook of Power Plant Engineering, 2nd Edition, 1998.


� The Large Generator Interconnection Agreement, which is Schedule 22, Appendix 6 of the OATT, requires generators to be able to operate at power factors within a range of 0.95 leading and 0.95 lagging.  See Section 9.6.
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