
Expansion of Biddable Nodes:
Promoting Greater Efficiency and Accurate 

Price Formation in Wholesale Electricity Markets



Disclaimer

• This presentation was originally constructed in November 2016, when the PJM proposed biddable nodes was generation 
buses as sources only, trading hubs, load zones and interfaces.

• On January 25, 2017, PJM changed their proposed biddable locations to only zones, hubs, and interfaces.
• The following analysis reflects the proposal at the time this presentation was created (November 2016), except for slide 

27, which conducts the same analysis under the new proposal.
• The “XO Proposal” reflects all PJM Monthly FTR nodes to be biddable as both a source and sink point. XO Energy has 

a second proposal, which allows all PJM nodes as UTC biddable points.

The following presentation is intended to show why having a very granular set of nodes to transact is extremely important in 
proper price formation, commitment and price convergence, and market efficiency. The less granular PJM becomes further 
exacerbates the price formation problem, as it masks the true costs of transmission (congestion and losses) across a power 
system.
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Background
On October 12, 2015, PJM published a report entitled, “Virtual Transactions in the PJM Energy Markets.”1

PJM’s recommendations regarding the available points for virtual bidding included the following:

• Align the eligible trading points for INCs and DECs with nodes where either generation, load or interchange transactions are settled, or at 
trading hubs. This would include generator buses where active generators exist, load buses where load is settled nodally, load zones, 
interfaces and trading hubs.

• Alter the biddable locations for UTCs to generation buses as sources only, trading hubs, load zones and interfaces.

1.) http://www.pjm.com/~/media/documents/reports/20151012-virtual-bid-report.ashx
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Further, the report states:

Overall, virtual trading benefits the efficient operation of the PJM energy markets. It can assist 
in attaining efficient market outcomes and improve commitment and price convergence 
between the Day-Ahead and Real-Time Markets. The participation of financial traders alongside 
physical asset owners and load-serving entities provides enhanced competition and liquidity to 
support hedging. Virtual trading generally assists in achieving efficient market outcomes, i.e. 
Day-Ahead Market outcomes that commit those generation resources that will in fact be needed 
to serve load in real time.

http://www.pjm.com/~/media/documents/reports/20151012-virtual-bid-report.ashx
http://www.pjm.com/~/media/documents/reports/20151012-virtual-bid-report.ashx


Proposals (as of Nov 2016)

4



Why is this important?
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Because energy prices are the 
same at all locations, however, 
congestion and losses (the 
value of transmission) is what 
determines the unique prices 
at over 12,000 separate 
locations.

LMP Contour Map



PowerWorld Simulations: Simplified Model
In order to simulate the financial and physical impacts on a power system,

• XO Energy performed powerflow analyses with a publically available 30-bus model:2 

• IEEE 30-Bus System:
• “The IEEE 30-bus test case represents a simple approximation of the American Electric Power system as it was in 

December 1961.”

• XO Energy analyzed the physical and economic impacts of UTCs under 2 scenarios:
• PJM Proposal (Gen to Load Zone only)
• Any available node as source or sink

2.) http://icseg.iti.illinois.edu/ieee-30-bus-system/

• Security Constrained Optimal Power Flow (or SCED) was 
performed to simulate market solutions and produce both 
load/generator bus LMPs and a load-weighted Zonal LMP.
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PowerWorld Simulations: Simplified Model
• In the following example case, the Roanoke – Reusens 132 kV transmission line is binding in the Real-Time Market, but not binding in the 

Day-Ahead Market.

• One of the intended outcomes of the UTC, as stated numerous times by both PJM and FERC, is to help pre-position the generation in the DAM for 
the RTM, as well as converge the DAM and RTM prices.

• The following four slides show the different impacts a UTC would have if the PJM proposal (only Gen to Zone), or the XO proposal (any 
source/sink node) is implemented.

• The first slide illustrates results from the Day-Ahead Market without any financial transactions. This uses the day-ahead load (308 MWh), 
and distributes it down to the nodal level based on the RTO pre-defined load distribution factors.

• The second slide illustrates what really occurred in the Real-Time Market. The load is different at a few nodal buses, which may have been 
due to a number of reasons, such as weather pattern changes. This redistribution of load causes Roanoke – Reusens 132 kV to be overloaded, 
and hence produces different congestion prices across the system, while also increasing the Zonal LMP.

• The third slide simulates what the Day-Ahead Market would look like under the PJM proposal if a participant transacted a UTC with just 
enough MWh to cause Roanoke – Reusens 132 kV to bind in the DAM.

• The fourth slide simulates what the Day-Ahead Market would look like under the XO proposal if a participant was able to transact a UTC 
between any two nodes.
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BASE CASE: Day-Ahead Market without Financial Transactions
Using RTO pre-defined day-ahead load distribution factors
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Key Observations
•Zonal LMP is $6.00/MWh
•No congestion

• LMP is $6.00/MWh at every load and generator

•Roanoke – Reusens 132 kV transmission line not binding (74% loading)
•Reusens generator is not dispatched
•Total cost of load is $1,847
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BASE CASE: Real-Time Market
Using actual real-time load
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Key Observations
• This case simulates where nodal load actually occurred in the real-time, which differs from 

the PJM pre-defined Day-Ahead nodal distributions.
• Note that the total load has not changed, just the distribution of it

• Real-Time Zonal LMP is now $7.18/MWh
• Roanoke – Reusens 132 kV transmission line binding at 100% loading
• This has caused the re-dispatch of the system:

• Reusens generator now dispatched to 9 MW
• Reusens generator and load LMP of $15.00
• All other bus prices between $5.99/MWh and $6.21/MWh

• Total cost of load is $2,211
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STUDY CASE: Day-Ahead with PJM Proposal UTC Transaction
150 MWh Injection at Fieldale Gen, 150 MWh Withdrawal at Zone A

UTC Sink

Zone A

 Source 12



Key Observations
• The UTC withdrawal of 150 MWh at Zone A, which gets distributed down to the nodal level 

based on the day-ahead distribution factors, has caused a significant amount of additional 
constraints

• DA Load distribution factors have not changed, just the scale of individual nodal MWh
• Overall power balance has not changed, due to the offsetting UTC injection of 150 MWh at 

Fieldale
• Day-Ahead Zonal LMP is now $16.22/MWh

• Bus prices range from ($13.63)/MWh to $90.95/MWh
• The system solved for the Roanoke – Reusens 132 kV constraint, however:

• This caused 4 other constraints on the transmission system
• This transaction re-dispatched the Reusens generator to only 4 MW

• Total cost of load is $7,427
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STUDY CASE: Day-Ahead with XO Proposal UTC Transaction
23 MWh Injection at Blaine, 23 MWh Withdrawal at Reusens
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Key Observations
•Allowing a UTC transaction to source at any bus and sink at any bus has isolated 

the day-ahead congestion to reflect the real-time congestion
• The UTC has effectively changed the DA Load distribution factors to reflect RT

•Day-Ahead Zonal LMP is now $7.18/MWh, the same as the Real-Time Zonal 
LMP
•Only the Roanoke – Reusens 132 kV transmission line is binding

• Reusens generator and load LMP of $15.00/MWh
• All other bus prices between $5.99/MWh and $6.21/MWh
• Total cost of load is $2,376

• This transaction helped pre-position the day-ahead for the real-time, while significantly 
lowering total cost of load relative to a Generator to Load Zone UTC transaction
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Comparing Cases: Gen and Load Records
Zonal LMP: $6.00/MWh $16.22/MWh$7.18/MWh $7.18/MWh
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Conclusions

•PJM’s current methodology of allocating Day-Ahead load to individual 
load buses is imperfect (using the Real-Time load distribution at 8am, from seven days prior)

•A good solution is to allow market participants help re-distribute the load 
using virtual products
• With enough volume and competition, day-ahead values should converge with 

real-time

•Only with a granular product (all nodes available), can this be achieved.
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PJM Grid: Congestion Overview
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Shadow Price Divergence by 
Voltage Level 

2014

76% of all congestion is 
Local Congestion.

Alignment of the available UTC points to that of the 
Monthly FTR Auctions will facilitate unit 

commitment  and dispatch in these “local” areas.



Analysis Extrapolated to Actual PJM FTR Network Model

In order to simulate these same impacts on the actual PJM system:

• XO Energy performed PowerWorld simulations under three different scenarios:
• Status Quo (Current set of UTC nodes)
• PJM Proposal (Gen to Load Zone only)
• Monthly FTR Source/Sinks

• XO Energy analyzed:
• MWh Required to Bind the intended RT Constraint in the DA
• Number of Additional DA Binding Constraints
• Credit Requirements

  

• Every constraint that bound in the 
Real-Time Market in 2015 was analyzed

19



The percentage of flow relative to thermal limit.

The line or transformer thermal limit.

• The next few slides compares the PowerWorld simulations from all three proposals.
• Below is a description of each field.

Table Legend Description

The amount of MWh required to transact in the 
Day-Ahead Market in order to get the intended RT 
constraint to bind in the DA (assuming 0 MW flow).

The resulting flow created on surrounding lines and 
transformers by transacting optimal UTC pair under each 
proposal. The resulting MW flow on each element.

The distribution factor on each element by the 
UTC transaction.

Credit required to transact this path (per 24 
hours)

Red background indicates an overloaded element.

Green background indicates a non-overloaded element.
20

The optimal Source/Sink Pair with given set of 
nodes (highest flow impact on RT constraint).
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Additional constraints occur in the Day-Ahead Market; 

Day-Ahead units cannot be properly committed for Real-Time.
More efficient Day-Ahead Market; fewer Mws required to bind on 

the local constraint without constraint “Spillover.”

Example: Otter - Altavista 138 kV Line: Proposal Comparison



• PJM is proposing to only allow Generators as sources, and Load Zones as sinks.
• If this is enacted, the optimal path would source at VP KERR DAM 1-7 GEN, and sink at the AEP ZONE.
• This optimal pair has a 3.38% impact on Otter - Altavista 138 kV, the targeted constraint.
• Assuming that 0 MW are currently flowing in the model, 4,053 MW would have to flow on this path to bind Otter - 

Altavista 138 kV in the Day-Ahead. (137 MW / 3.38% = 4,053 MW)
• Flowing MW from a source and sink far away from this constraint results in 43 other transmission lines that would 

reach their thermal limit before Otter - Altavista 138 kV.

This has potential to have devastating results in both the Day-Ahead and Real-Time Markets.

Restricting a transmission path to only sink at a zonal load has very little chance of binding on the 
intended Real-Time constraint.

Will create inaccurate price formation, resulting to the incorrect dispatch of generating units.

Otter - Altavista 138 kV: Example With Proposed Rules
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Otter - Altavista 138 kV: Example Under Current Rules

• Market Participant expects Otter - Altavista 138 kV constraint to have higher shadow prices in Real-Time than 
Day-Ahead.

• Given the current list of valid UTC pairs, market participant would source at HALIFAX WR TX1 and sink at 
JOSHUA FALLS in order to capture the greatest impact on constraint and minimize risk.

• This “optimal” pair has an  8% impact (Distribution Factor, or DFAX) on Otter - Altavista 138 kV, which has a 
thermal limit of 137 MW.

• Assuming that 0 MWh are currently flowing in the model, a 1,805 MW UTC transaction would be required to flow 
on this path to bind Otter - Altavista 138 kV in the Day-Ahead (137 MW / 8% = 1,805).

• Flowing MWh from a source and sink that are not proximately located near the constraint results in 4 other 
transmission lines reaching their thermal limit before Otter - Altavista 138 kV.

RESULT:  Numerous additional constraints occur in the Day-Ahead Market, creating unnecessary congestion that does not occur in 
Real-Time.  Day-Ahead units cannot be properly committed for Real-Time.
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• If all available pricing nodes were available for UTC transactions, the optimal path would source at ALTAVSTA 13 
KV TX2T LOAD, and sink at OTTER 138 KV LOAD1.

• This optimal pair has a 98% impact on Otter - Altavista 138 kV.

• Assuming that 0 MWh are currently flowing in the model, only 140 MW would have to flow on this path to bind 
Otter - Altavista 138 kV in the Day-Ahead. (137 MW / 98% = 140).

• This results in 0 other constraints in the Day-Ahead Market.

RESULT:  A more efficient Day-Ahead Market without any additional constraints resulting in lower 
Day-Ahead Zonal LMP.  Allows proper Day-Ahead unit commitment for the Real-Time.

Otter - Altavista 138 kV: Example With Improved Rules
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Example Results: Common PJM Constraints

The table below shows the results of the number of MWh required to bind, and the number of constraints that bind in the day-ahead before 
the targeted real-time constraint for some of the most heavily constrained paths in 2015:
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PJM Summary: 2015 Real-Time Constraints
• XO Energy analyzed each constraint that occurred in the 

Real-Time Market in PJM in 2015.
• The numbers are a summation for each constraint as a snapshot 

of one hour of binding.

• The analysis clearly shows that more granular options to 
transmit energy creates a more robust and efficient market.
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Comparison with PJM Jan 2017 Proposal
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• XO Energy then performed the same analysis with the current PJM 
proposal (Zone/Hub/Interface as a source and sink only).

• The results, compared to the previous PJM proposal, is even further 
exacerbated.

• These results are based on 2016 constraints.



ERCOT Summary: 2015 Real-Time Constraints

● The same analysis was performed on all 
2015 constraints in the ERCOT Market.

● There are roughly 550 biddable points 
available for PTP (UTC) transactions, but 
over 12,000 nodes on the system.

● The PTP is allowed to source and/or sink at 
any of the 550 biddable nodes.

● The results are consistent with the 
expansion of PJM nodes

28



Contact Information
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