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Abstract In the United States, Regional Transmission Organizations (RTOs) operate
the power grid serving nearly 70% of electricity customers and are critical organiza-
tions for ensuring reliable system operations and facilitating the integration of new
technologies and market participants. RTOs are designed to be stakeholder-driven
organizations, with rules and policies crafted through a highly participatory process.
While the decisions that RTOs make have implications for industry, society and the
environment, their decision processes have not been modeled in any systematic way.
In this paper, we develop a modeling framework for the stakeholder process of PJM,
an RTO serving thirteen states plus the District of Columbia, adapting some of the
seminal literature from political science and political economy on the theory of voting
systems. This modeling framework can generate predictions of stakeholder process
outcomes, identify strong coalitions among stakeholders and identify shifts in political
power in the formulation of RTO market rules. We illustrate this analysis framework
using a detailed data set from stakeholder deliberations of capacity market reform
in PJM. Our model predicts that the current structure of the stakeholder process in
PJM makes the passage of capacity market reforms through the stakeholder process
virtually impossible because it creates strong coalitions that would favor or oppose
changes to capacity market rules. In the capacity market case, we also identify a small
subset of voters that act as swing voters and confirm that political power is shifted
to these voters by deviations from otherwise strong coalitions and abstentions from
the voting process altogether. Our framework represents the first attempt to model
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the decision-making behavior of RTOs in any systematic way, and points towards
emerging research needs in evaluating the governance structure of RTOs.

Keywords Regional transmission organization ·Decision-making ·Voting behavior ·
Capacity markets

JEL Classification Q40 · Q48 · P160 · P110 · L980

1 Introduction

Regional Transmission Organizations (RTOs) operate the power grid serving more
than two-thirds of electricity customers in the U.S. and are critical organizations for
ensuring reliable system operations and facilitating the integration of new technologies
and market participants, including renewable power generation, energy storage and
demand response. They are also supposed to be stakeholder-driven organizations,
with rules and policies crafted through a highly participatory process and ultimately
approved by the Federal Energy Regulatory Commission (FERC).While the decisions
that RTOs make have implications for industry, society and the environment, their
decision processes have not been broadly studied. The environment in which rules
and policies are made is important because market rules and regulations have a critical
impact on the value of technology (Paine et al. 2014). The preferences of different
actors within the regulatory system can impact the scale and scope of technology
adoption (Fischlein et al. 2014;Wilson and Stephens 2009), and can even affect system
reliability (Carreras et al. 2009).

The governance of RTOs and the behavior of RTOs as organizations has been
raised a number of times in the literature (Dworkin and Goldwasser 2007; Joskow
1997; O’Neill et al. 2005; Schulman and Roe 2016, 2008; Simeone 2017). While
questions have been raised about the outcomes of such stakeholder-driven decision
processes, those processes have not, to date, been modeled in any systematic way.
Most recently, Johnson et al. (2015) Lenhart et al. (2016) and Stafford and Wilson
(2016) have studied qualitatively the functioning of the stakeholder process in various
RTOs in the context of specific initiatives to integrate renewable power supplies and
energy storage.

This paper focuses primarily on decision processes representative of the RTOs in
the U.S. Northeast (PJM, the New York ISO and ISO New England), which render
considerable authority to stakeholders through voting mechanisms that generally lead
directly to FERC filings. We focus our discussion on the PJM RTO (leaving compar-
isons between the Northeastern RTOs for future work) but acknowledge that the RTOs
in PJM, New York and New England all develop policies and rule changes through a
process intended to be highly democratic. RTOs in the Midwestern U.S. and in Cali-
fornia still seek stakeholder input, but final decisions on filings to FERC are made by
the RTO staff and Boards.

Our work is inspired primarily by Johnson et al. (2015), Yoo (2016) and Blumsack
et al. (2017), which have examined coalitions in the stakeholder process of the PJM
Interconnection, an RTO serving all or parts of thirteen states in the Mid-Atlantic
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U.S. plus the District of Columbia. This work addresses the question of how reliable
power grid operations, specifically generation resource adequacy, can bewell-designed
through a highly participatory process with many competing interests. In this paper,
we develop a modeling framework for the PJM stakeholder process that bridges some
of the seminal literature from political science and political economy on the theory
of voting systems (Arrow 1950; Black 1986; Downs 1957; Plott 1967a, b; Rubinstein
1980). Our model allows for the prediction of the formation of coalitions, analysis of
pivotal voting power within the stakeholder process, and assessment of how devia-
tions from expected coalitions through abstention from voting and deviation from a
predicted coalition can shift political power in some unexpected ways. We illustrate
the insights that this modeling framework can provide a series of votes taken in the
PJM stakeholder process in 2011 on capacity market redesign.

Section2of the paper describes thePJMstakeholder process and the voting structure
used in the Members Committee, the construct on which we primarily focus in this
work. Section 3 develops a theory of passable proposals that we use as a predictive
model of voting outcomes in the PJM stakeholder process, and allows us to a priori
anticipate coalitions forming around specific issues. In Sect. 4, we provide a geometric
interpretation of the voting system in the PJM stakeholder process that permits analysis
of how abstentions and coalition defections shift voting power. Section 5 provides an
application of this framework to the capacity market redesign, while Sect. 6 offers
some concluding thoughts, policy implications and directions for future research.

2 Voting structure in the PJM RTO

The stakeholder process in PJM, as outlined in Fig. 1, is complex and hierarchical.
Proposed changes to rules and practices are generally initiated by a stakeholder or a
group of stakeholders in one of many lower-level committees. Issues eventually move
up to higher-level committees, the Markets and Reliability Committee (MRC) and
then the Members Committee (MC), and then on to the PJM Board of Managers to
approve a filing with the FERC. This paper focuses on voting behavior in the MC, for
two reasons. First, only the MC has detailed firm-level voting data. Second, the MC
can bypass the PJM board and make filings directly with FERC by exercising its filing
rights (PJM 2015a), although it seldom does so.

Thema�c or Issue-Specific
Subcommi�ees and Working Groups
Examples:
• Reliability Standards Subcommi�ee
• Demand Response Subcommi�ee
• Regional Planning Task Force

• Markets and Reliability
Commi�ee (MRC)

• Members Commi�ee (MC)
Some subcommi�ees report first to
the MRC and then the MC while
others report to the MC directly.

PJM Board of
Managers

Fig. 1 Structure of the PJM stakeholder process Source: Reproduced with permission from Blumsack et al.
(2017), PJM (2015b)
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Table 1 Composition of MC voters Source: Reproduced with permission from PJM (2015c)

Sector Number of firms (%) Example firms

End Use Customers 21 (4%) Air products, proctor and gamble

Electric Distributors 43 (8%) Old dominion electric cooperative, northern virginia
electric cooperative

Generation Owners 95 (18%) Calpine, NRG

Transmission Owners 14 (3%) Duquesne light, PSEG

Other Suppliers 354 (67%) Direct energy (CSP), citigroup energy (financial),
EDF trading (marketer)

The MC uses a voting procedure called sector-weighted voting in which partici-
pating stakeholders self-identify with one of five pre-determined sectors: Generation
Owners (GO), Transmission Owners (TO), Electric Distributors (ED), End Use Cus-
tomers (EUC), or Other Suppliers (OS). Table 1 shows the number of voters in each
sector at the time of this writing, with examples of specific companies. OS is the most
diverse sector, consisting primarily of curtailment service providers, financial institu-
tions, marketers and traders, and municipal/co-op utilities. Stakeholders are permitted
to change their sector affiliation, although we have observed this only five times since
2011.

Sector-weighted voting in PJM bears some similarity to the Electoral College used
inU.S. presidential elections except that it gives equalweights to each sector. The share
of voters in each sector that vote in favor of a particular issue represents the weight of
that sector. The sector-level weights are then summed to obtain a final voting score.
We define an indicator variable δjk of a voter j from sector k to be equal to one for a
yes vote and zero for a no or an abstention vote. The final voting score V is calculated
as:

V �
∑

k

(nk−ak )∑

j�1

w jk �
∑

k

(nk−ak )∑

j�1

δ jk

nk − ak
(1)

where nk is the total number of voters in sector k, and ak is the number of abstention
votes in sector k. In the PJM stakeholder process, an issue passes if the final voting
score V exceeds 3.335, two-thirds of the maximum voting score 5. This threshold
is roughly equivalent to four out of five sectors voting for passage, implying that
any two sectors could jointly prevent passage regardless of the number of voters in
those sectors. Note that as the number of voters in a sector increases, the weight of
an individual voter in that sector (1/(nk − ak)) declines. Abstentions have the same
effect as a smaller number of sector voters, i.e., abstentions increase the weight of an
individual voter within a sector. Table 2 illustrates a hypothetical voting result that
results in passage of the voting item. The column showing the percentage of votes in
favor is calculated by taking the proportion of For votes relative to the total of For
plus Against votes. Abstentions are not counted at all in the voting process.
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Table 2 Sector-weighted voting example. Source: Reproduced with permission from PJM (2016)

Sector For Against Abstain Total Total-abstain % in favor

Transmission Owner 8 2 4 14 10 0.8

Generation Owner 15 0 1 16 15 1

Other Supplier 10 10 5 25 20 0.5

Electric Distributor 3 7 15 25 10 0.3

End Use Customer 12 2 0 14 14 0.857

Total score in favor 3.457

3 A model of passable proposals

To model stakeholder process in systematic way, we adapt the acceptable proposal
framework from the political economy literature (Plott 1967a, b) to the sector-weighted
voting structure used in PJM.We will refer to this adaptation as the passable proposal
model for stakeholder-driven decision-making.

Suppose there are m voting participants; a voter i (where i =1, …, m) has a utility
function Ui that is a function of n relevant policy variables X � (x1, . . . , xn); X̄ �
(x1, . . . , xn) represents status quo. Now consider a proposal y � (dx1, . . . , dxn), a
set of marginal changes in X from X̄ . A voter iwould accept a proposal y if it satisfies:

∂Ui

∂x1
dx∗

1 +
∂Ui

∂x2
dx∗

2 + · · · + ∂Ui

∂xn
dx∗

n > 0 (2)

which requires positive marginal utility of an individual i by a proposal y∗ �(
dx∗

1 , . . . , dx
∗
n

)
. Unanimous approval, as in Plott (1967a, b), requires:

Ay > 0

where A �

⎡

⎢⎢⎣

∂U1

∂x1
· · · ∂U1

∂xn
...

. . .
...

∂Um

∂x1
· · · ∂Um

∂xn

⎤

⎥⎥⎦ , y �

⎡

⎢⎢⎢⎣

y1
y2
...
yn

⎤

⎥⎥⎥⎦ (3)

The matrixA thus has dimensionality (m×n). Tomodel the sector-weighted voting
system described in Sect. 2, we define amatrix M as a subset of Awith dimensionality
(m-l×n) such that a positive marginal utility condition in is satisfied:

My > 0

where M �

⎡

⎢⎢⎢⎣

... · · · ...

∂Ui

∂x1

. . . ∂Ui

∂xn
... · · · ...

⎤

⎥⎥⎥⎦ (4)
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We also define a matrix Mc with dimension (j×n) consisting of the subset of A
such that Mc y < 0. We note that j ≤ l, meaning that there may be undecided voters
for whose marginal utility has an ambiguous sign, or may be equal to zero, meaning
indifference to the proposal. As the score threshold in the PJM MC for passing a
proposal is 3.335, a proposal would pass if voting weight sum of voters who has
positive marginal utility is greater than the threshold, or

∑
iεMwi >3.335 where wi

is the voting weight of a voter i. That is, if
∑

i∈Mc wi > 1.665, a proposal would be
blocked.

4 Measures of voting power and assessing impacts of abstentions and
defections

Two of the most widely used voting power measures are the Shapely–Shubik Index
(Shapley and Shubik 1954) andBanzhaf Index (Banzhaf 1964), and these voting power
indices have been refined multiple times in the political economy literature (Coleman
1971; Deegan and Packel 1978; Holler 1982; Johnston 1977; Napel and Widgren
2004). An advantage of the Banzhaf type index over the Shapely–Shubik type index
for our purposes is that the Banzhaf type index is independent of the order in which
players vote, and we have no record of the order in which stakeholders cast votes in
the PJM Members Committee. We adapt the Banzhaf index in a way that considers
the utility of the voters (addressing a critique raised by Garrett and Tsebelis 2001;
Steunenberg et al. 1999; Tsebelis and Garrett 1996, 1997) to define a metric for the
strength of swing voters or pivotal voters—those undecided voters that could sway an
issue towards passage or defeat.

We assume that voters can be categorized as decided, in which case their utility
function is tractable to model within the framework described in Sect. 3, and those
who are undecided, in which case preferences are ambiguous and assembling a utility
function is not tractable, or the voter is truly indifferent towards passage or failure of
the proposal. We also assume that there are some voters (not limited to one sector)
that form a coalition—a group of decided voters with shared interest. In the language
of Sect. 2, the matrices M and Mc would represent coalitions. We assume that the
composition of coalitions is given based on the predictions from the model in Sect. 3.

An important premise of the passable proposal framework is that decided voters
are driven purely by their private utility function defined over a set of policy variables.
For example, the passable proposal model would predict that power generators would
never vote for a proposal that would decrease market prices (other things being equal)
while consumer advocates would always vote for such a proposal. We will see that this
appears to be a reasonable assumption for many voters on capacity market issues, but
the framework does have amore general drawback that it cannot admit strategic voting
considerations (such as vote-trading, which likely occurs with some issues since the
PJM stakeholder process can be viewed as a repeated game with the same large set
of players). As RTO stakeholder processes have received virtually no attention in the
regulatory economics literature, the development of such dynamic voting models is a
clear area for future research.
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If the size of a decided voter group with the same position is big enough to block or
pass an issue, then they are (as a group) the critical voterswhose vote dictates the final
voting outcome [as in the Banzhaf index (Banzhaf 1964)]. If the size of the decided
voter group, however, is not sufficient to force passage or blockage, then they need
to persuade some other voters who could swing their position, and these undecided
voters would represent the critical voters in this case. We will use undecided voters
and swing voters as interchangeable terms in this paper, and it is the quantification
of their voting power with which we will be primarily concerned in the abstention
and defection analysis. The voting power measure that we derive for swing voters,
which we refer to as the size of the critical voter group shares some properties with
the concept of the critical voter who can change a voting outcome by switching their
position.1

4.1 Measuring voting power of critical voters

In this section, we derive ameasure of voting power of critical voters among undecided
or swing voters. To begin, we assume that two sectors are of our interest, both of which
have some swing voters. We will relax this assumption in subsequent sections. Also,
without loss of generality we will examine voting power in an effort to block a voting
issue. We will refer to the coalition attempting to block a voting issue as the blocking
coalition.

Equation (5) describes a mathematical condition for blocking a vote in the PJM
stakeholder process. C represents a set of voters in the blocking coalition, nA in sector
A, and nB in sector B. To be a successful blocking coalition, the total sum of voting
scores for A andB of voters in the coalition needs to be at least as large as the difference
between 1.665 (the blocking threshold in the PJM MC) and the voting score sum of
all the others in the blocking coalition besides sectors A and B.

nA

TNA
+

nB

TNB
≥ 1.665 −

∑

i∈C\A,B

wi, j (5)

Figure 2 provides a geometric interpretation of Eq. (5). TNA and TNB represent the
total number of voters in sectors A and B. The downward sloping line, which has slope
− TNB/TNA, represents the threshold condition for blocking an issue. The shaded area
above the threshold line represents possible combinations of nA and nB which would
yield a successful block of a voting issue. The interior of the threshold line represents
combinations of nA and nB which do not achieve a successful block. At point X, for
example, just enough voters fromA and B vote to block an issue that the issue fails. At
point X ′ in the interior of the threshold line, either one voter (represented as one arrow)
from B or two voters (represented as two arrows) from A are needed to successfully
block an issue. In this case, either one voter from B or two voters jointly fromAwould

1 The concept of the critical voter is similar to that of a pivotal supplier in electricity market power analysis
(Blumsack et al. 2002; Brandts et al. 2014; Mayes et al. 2012). A power producer is considered as a pivotal
supplier if the demand cannot be met without its capacity.
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Fig. 2 The number of critical voters required to block a voting item depends on the number of decided
voters in sectors A and B

be said to possess pivotal voting power in being able to effectively decide the outcome
of the voting issue, and this would describe the size of the critical voter group.

We definePA as theminimum voters required from sector A in order to successfully
block a voting issue, and define PB analogously. If PA is not an integer, we define mA

as the smallest integer greater than or equal to PA. Hence, subtracted by the number
of sector A firms already in the coalition (XA), we getmA − XA, the size of the critical
voter groupwhocan change a losing coalition into a successful blocking coalitionwhen
no other voters in the coalition defect. Note that since all individual voters within a
sector have the same voting weight, voters in critical voter group have equal voting
power. Equations (6) and (7) calculate the value of PA(B) andmA(B), respectively, using
Eq. (5).

PA(B) � TNA(B)

⎧
⎨

⎩− nB(A)

TNB(A)

+

⎛

⎝1.665 −
∑

i∈C\A,B

wi, j

⎞

⎠

⎫
⎬

⎭ (6)

mA(B) − 1 < TNA(B)

⎧
⎨

⎩− nB(A)

TNB(A)

+

⎛

⎝1.665 −
∑

i∈C\A,B

wi, j

⎞

⎠

⎫
⎬

⎭ ≤ mA(B) (7)

We can use Eqs. (6) and (7) and the geometric interpretation in Fig. 2 to measure the
size of the group of critical voters, especially when a coalition does not have sufficient
voting score to block a voting item. The points Y and Y ′ are examples of corner-type
groups of voters from a single sector, while X, X ′ and X ′′ represent examples of
interior combinations of voters from A and B. At the corner type point Y , two voters
would jointly share pivotal voting power. At point Y ′, a single swing voter could be a
critical voter and have essentially monopoly power over the voting outcome. The point
X ′′ illustrates a situation where more swing voters from B would be needed to ensure
blockage of a voting issue as compared to points X or X ′. This shows geometrically
that the individual voting power of critical voters decreases as the size of the group
increases (is smaller at point X ′′ than at X ′ in Fig. 2).
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4.2 Impact of defections and abstentions

In this section, we illustrate how defection and abstention enhances or mitigates the
voting power of swing voters.Wewill again draw heavily on a geometric interpretation
like that in Fig. 2.

4.2.1 Defections

We define a defector as a voter who votes in a different way than the utility model
in Sect. 2 would predict. An undecided voter cannot, by definition, be a defector in
our modeling framework. Equation (8) modifies the blocking condition from Eq. (5)
in the presence of defection from sector A (dA) and sector B (dB) based on an initial
voting prediction X(XA, XB) from our model.

XB − dB
TNB

+
XA − dA
TNA

≥ 1.665 −
∑

i∈C\A,B

wi, j (8)

Figure 3 geometrically shows the impacts of defection. Prior to considering any
defection, consider a scenario when in the passable proposal model from Sect. 2 would
predict a coalition to have enough voters to effectively block an issue, locating point
X above the threshold line.

Defection from sector A moves the point closer to the y-axis, while defection from
sector B moves the point closer to the x-axis. From the point X, defection from sector
A alone is not enough to make a successful coalition fail to keep its veto power in this
illustration (defectors in sector A would move the voting outcome from X to X1, then
eventually to the y-axis). Sufficient defection from sector B alone could, however,
place the voting outcome in the interior, transferring some amount of voting power
to swing voters. Defections dB, for example, would move the voting outcome from
X to X2 transferring voting power to either one swing voter from B or two (or P1

A− XA) swing voters from A. Once the voting outcome point is placed in the interior,
defections from both sectors decrease individual voting power by moving the point

Fig. 3 Impacts of defection on voting power by different scenarios
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further from the threshold line (although PA(B) does not change, due to changes in
XA(B), the number of critical voters, PA − XA, would change). Dotted line illustrates
the impacts of defectors from sectors besides A and B. This increases the required
voting score from sectors A and B, moving the threshold line outwards, away from the
origin. In a sense, defectors in other sectors can have an equivalent effect as defection
from A and B in shifting pivotal voting power by increasing the minimum required
voters PA.

4.2.2 Abstentions

We now modify Eq. (5) to consider abstentions (aA for sector A, aB for sector B),
as in Eqs. (9) and illustrated geometrically in Fig. 4. Abstention decreases the total
number of voters in a given sector which decreases the denominator in Eq. (9) relative
to Eq. (5). Thus, it increases the voting weight of remaining voters in that sector.
Geometrically, abstention has the effect of changing the slope of the threshold line,
rotating it about one of the axis intercept points if abstention happens in only one sector
(this is described in more detail in the Appendix). In Fig. 4, because of abstention from
sector B, the intercept of the sector B axis declines from TNB to TNB − aB by the
number of abstainers and the threshold line is shifted from the dotted-line to solid-line.

Consider a scenario in which our utility voting model predicts an outcome X and
either two voters from B or four voters from A would possess pivotal voting power.
Abstention from sector B (aB), however, decreases the number of critical voters from
both sectors for blockage (now the coalition demands either one or two from sector B
or A, respectively) and thus increases individual critical voter’s voting power. Recall
that in the same situation in which the predicted voting outcome is in the interior
of the threshold line, defection decreases individual voting power. For a case when
the predicted outcome is on the other side of the threshold line in the shaded area,
abstention would not change voting power. Since the voting weight of the coalition
would increase due to abstention, there would still be no critical voters.

Equation (9) and Fig. 4 only consider abstentions outside the coalition. Equa-
tion (10) illustrates the effect of abstention from the coalition. Such internal abstentions
reduce not only the denominator (as in abstention outside the coalition) but also numer-

Fig. 4 Impacts of abstention on voting power outside the coalition
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Fig. 5 Impacts of abstention on voting power from the coalition

ator (as in defection). Decrease by same number in both the denominator and the
numerator of the sector’s voting score will only decrease the score which is similar
to defection; it would increase the number of required critical voters and ultimately
decrease the individual voting power. This implies that defection has greater impact on
voting power than abstention. For example, point X in Fig. 5 moves to point X ′ after
sector B firms’ abstention (aB) from the coalition. These abstentions have increased
the required number of critical voters and so decreased their voting power. If the
abstainer of the coalition, however, comes from a unified sector (in which voters all
cast identical votes), the voting weight would remain the same as one because the rest
of the voters of the sector would still unanimously agree with the coalition (point Y in
Fig. 5). Thus, it has no impact on voting power.

XB

TNB − aB
+

XA

TNA − aA
> 1.665 −

∑

i∈C\A,B

wi, j (9)

XB − aB
TNB − aB

+
XA − aA
TNA − aA

> 1.665 −
∑

i∈C\A,B

wi, j (10)

5 Application to capacity market votes

5.1 Capacity market and VRR curves

PJM (2011) went through a periodic review of the Variable Resource Requirement
Curve (VRR Curve) in its capacity market. The VRR Curve is the downward sloping
demand curve used to clear the forward capacity auction (Pfeifenberger et al. 2014).
While the VRR Curve is often described as being administratively determined (e.g.
Kiesling 2008), its parameters are, in fact, determined through negotiations and voting
in the PJM stakeholder process. Six proposals for reshaping the VRR Curve were
brought before the MC. One of these proposals was a “status quo” proposal which
would have made no changes to the existing VRR curve (Pfeifenberger et al. 2014;
PJM 2011).
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Fig. 6 Example VRR curve Source: Author calculations based on Pfeifenberger et al. (2014)

Fig. 7 VRR curves considered by the MC Source: Author calculations based on Pfeifenberger et al. (2014)

Figure 6 illustrates theVRRcurve thatwas in effect in 2011.The relevant parameters
for our analysis are the Gross Cost of New Entry (CONE), the Net CONE (defined
as CONE less modeled energy market revenues) and the Installed Reserve Margin
(IRM). These parameters determine the price cap point a in Fig. 6, the knot point b
where the slope of the VRR curve changes, and point cwhere the VRRCurve becomes
a vertical line.

Each of the six VRR curve proposals on which stakeholders were asked to vote
is shown in Fig. 7. The proposals are labeled using a numbering system employed
in the stakeholder process. The VRR Curve proposal labeled Package 1 reflected a
proposal from PJM staff. The other VRR Curve proposals were submitted by various
stakeholder constituencies. Other things being equal, Packages 11, 12 and 13 would
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Table 3 Outcomes of RPM redesign votes

Status quo Package 1 Package 10 Package 11 Package 12 Package 13

Transmission
Owner

0.083 0.8 0.75 0.167 0.167 0.333

Generation
Owner

0.071 0.833 0.714 0.077 0.231 0.267

End Use
Customer

0.083 0 0 0.909 1 1

Electric
Distributor

0.043 0 0 0.913 0.913 1

Other
Supplier

0.056 0.667 0.323 0.235 0.25 0.513

Results 0.336 2.3 1.787 2.301 2.561 3.113

Failed Failed Failed Failed Failed Failed

have tended to depress capacity market prices as compared to the status quo VRR
Curve, while Package 1 and 10 would have tended to increase capacity market prices.

We obtained firm-level voting data on all six VRR Curve proposals; Table 3 shows
the voting results for each proposal. Based on the passable proposal model, it would
be reasonable to expect that supply-side interests (in the Generation Owner and Trans-
mission Owner sectors plus some marketers and curtailment service providers in the
Other Suppliers sector) would have supported Packages 1 and 10. Demand-side inter-
ests (in the End Use Customer and Electric Distributor sectors plus some publicly
owned utilities in the Other Suppliers sector) would have supported Packages 11, 12
and 13. A priori, it is hard to see how Packages 1 and 10 could pass since our frame-
work predicts that these packages would be opposed by every voter in the End Use
Customer and Electric Distributor sectors. Stakeholders with no apparent interest in
capacity market outcomes (such as financial firms engaged in arbitrage between day-
ahead and real-time market outcomes) would be expected to be the undecided voters
in this situation and may even abstain from voting altogether.

All six proposals failed to pass the MC, including the status quo proposal (which
was the least popular alternative, based on the total voting score of 0.336).2 The failure
of the PJMMC to pass any of the VRR Curve proposals was alarming, and influenced
the decision of PJM to trigger an alternative decision process in a subsequent review of
the capacity market design (Johnson et al. 2015; Yoo 2016). This alternative process,
knownas theEnhancedLiaisonCommittee, dispensedwith voting at theMCaltogether
in favor of an advisory role for the stakeholders.

As expected,VRRproposals thatwould have tended to raise capacity clearing prices
(Packages 1 and 10) had more support from Generation Owner and Transmission
Owner sectors. No End Use Customer or Electric Distributor sector member voted

2 Given how close the Status Quo package was to Package 11, as shown in Fig. 7, it is somewhat surprising
that the voting scores for Status Quo and Package 11 are so different. Why this was is not clear, although
Yoo (2016) point out that there was broad dissatisfaction with the capacity market construct at the time that
these votes were taken.
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for either Package 1 or Package 10. Those VRR proposals that would have tended
to reduce capacity prices had more support from End Use Customer and Electric
Distributor sectors. Part of the reason that no proposal passed, however, is that some
stakeholders acted as defectors, voting in counterintuitive ways. The remainder of this
paper provides our analytical framework clarifying the reasons that the stakeholders
were unable to pass any of the VRR proposals (including the proposal to make no
changes to the VRR curve) and highlighting the critical voter role taken up by a
specific subset of voters in the Members Committee. In Sect. 5.2, we use our passable
proposal model from Sect. 2 to illustrate that the failure to pass any redesign of the
VRR Curve was predictable, in part because of the presence of strong coalitions. In
practice, however, as we show at the end of the analysis, these coalitions were not
sufficiently strong at times because of some defections and abstentions. Section 5.3
illustrates how these deviations transferred pivotal voting power to swing voters in the
Other Suppliers sector.

5.2 Insights from the passable proposal framework

To parameterize utility functions for various types of stakeholders, we focus on two
key variables from the analysis on the RPM redesign proposals, the levels of points
a and b (represented as a and b in equations). Hence, the proposal y � [

da db
]
is

a set of proposed changes of the levels of the two points. We assume that firm level
utility is proportional to profit in the capacity market and we can replace a voter’s
utility function with a payoff function. We also assume that payoffs from the capacity
market are separable from the energy and ancillary services market so that firms make
decisions on the proposals purely on the capacity market regardless of the energy
market outcomes.3

Payoff functions for the GO firms are assumed to be proportional to capacity clear-
ing prices while payoffs in the ED and EUC firms are inversely proportional. Since
firms in the GO, ED and EUC sector have clear and strong interests in the capacity
market, we also assume they are all decided voters. When describing the ED and EUC
sector payoffs we also include an apportionment variable 0<θ <1 which describes
the allocation of capacity costs in the market to the ED sector with the remaining
share (1 − θ ) borne by the EUC sector. As described in Fig. 8, the clearing price is
determined by the level of supply offers (QR in equations) and can be represented by
the two key variables. For example, if the supply offers are at α% below the target4

then the clearing price would be (b + α% × (a − b)/4%). Accordingly, payoffs from
the capacity market for GO firms is calculated as the clearing price times quantityQR;
ED and EUC share the cost of the same amount (Eq. 11).

3 This may sound like a strong assumption. Johnson, et al. (2015) offer some qualitative and anecdotal
evidence in support of the notion that stakeholder discussions on different market products tended to be
focused on those products rather than on spillover effects into other market products.
4 We consider only when the clearing price is settled between point a and b because it was the area of
concern of the proposals at the moment of votes were taken. Therefore, 0 ≤ α ≤ 4.
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Fig. 8 RPM price sensitivity to a deviation of α% from the IRM target

πGO (a, b, QR) �
(
b + α × a − b

4

)
× QR

πED (a, b, QR) � −θ

(
b + α × a − b

4

)
× QR

πEUC (a, b, QR) � − (1 − θ)

(
b + α × a − b

4

)
× QR (11)

Marginal payoffs for each sector are calculated from Eq. (11):

∂πGO
∂a � α

4 QR
∂πGO

∂b � (
1 − α

4

)
QR

∂πED
∂a � −θ α

4 QR
∂πED

∂b � −θ
(
1 − α

4

)
QR

∂πEUC
∂a � − (1 − θ) α

4 QR
∂πEUC

∂b � − (1 − θ)
(
1 − α

4

)
QR

(12)

These marginal utilities tell us intuitive results that as a and b increases, in other words
as the clearing price increases, GO’s payoff increases and ED and EUC’s utilities
decrease since 0 ≤ α ≤ 4, 0<θ <1 and QR >0.

Modeling the TO sector ismore complicated since firms that own transmission lines
tend also to have business units in the generation and load-serving sectors or share a
corporate parent with other subsidiary firms in those sectors (among 12 TO firms who
participated in the capacity market voting, 11 of them own all three types of assets).
Thus, for TO’s profit function, we consider shares of the firms’ assets (or those of its
parent firm) in generation (γ 1), transmission (γ 2) and load serving (γ 3). In our data
set, each asset type is categorized into four groups by size: zero, small, medium and
large. We assign numbers to the groups from zero to three according to the category
(for example, zero to zero group, one to small group, two to medium group and three
to large group) and normalize them by sum of the numbers for each firm. Hence,
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0 < γi < 1, ∀i ∈ {1, 2, 3} and γ 1 +γ 2 +γ 3 =1. Note that since we assume firms
make decisions on the proposals purely on the capacity market regardless of other
energy markets, there is no profit from the capacity market for owning transmission
lines.

(13)

πT O (a, b, QR) � γ1

{(
b + α × a − b

4

)
× QR

}
+ γ2 ()

+ γ3

{
−θ ×

(
b + α × a − b

4

)
× QR

}

From Eq. (13), we calculate marginal payoffs for the TO sector as:

∂π

∂a
� α

4
QR (γ1 − θγ3) ,

∂π

∂b
�
(
1 − α

4

)
QR (γ1 − θγ3) (14)

The sign of the marginal payoffs for firms in the TO sector not determined by the
share of transmission business (γ2) but by difference in the shares of the generation or
load serving businesses (γ1 − θγ3). Equation (14) predicts if a firm inTO sector has
more generators than load servers, that is γ1 − θγ3 > 0, it has aligned interest with
the GO sector and would vote in favor of proposals that would increase the clearing
price. A firm with significantly (due to θ ) greater load serving interest than generation
assets, γ1 − θγ3 < 0, would vote against proposals for increasing the clearing price.
In our data set, we find nine TO firms for which γ 1 >γ 3 and three for which γ 1 <γ 3.
Our model predicts nine among 12 TO voters would thus vote with the GO sector
and three TO voters would vote with the ED and EUC sectors assuming they are all
decided voters. Note that generation business share (γ1) has greater influence than
load serving business (γ3) as 0 < θ < 1.

The OS sector is highly heterogeneous, consisting of curtailment service providers
(CSPs), municipal and cooperative utilities, marketers, and purely financial players
(such as banks and hedge funds that participate in PJM primarily via virtual bidding).
Wemodel CSPs (which consist of nearly 18% of the firms in the OS sector in our data)
as having payoff functions similar to generating firms, since CSPs tend to profit from
selling demand response into capacity markets. Marketers and financial players make
up over 55% of firms in the OS sector, and these firms appear to have no fundamental
interest in capacity market outcomes. Therefore, we treat the voters in the OS sector
(except CSPs) as undecided or swing voters in our model.

We first integrate the parameterized payoffs of different types of voters in the
capacity market [Eqs. (12) and (14)] with the acceptable proposal model [Eq. (3)]
and then use the passable proposal framework [Eq. (4)] to generate voting outcome
predictions. Note that in Eq. (15) we intentionally have left the marginal payoffs for
the OS sector undefined, except for those firms in the OS sector identified as CSPs,
since their incentives for specific capacity market outcomes are unclear. We assume
CSPs have the same payoff functions as firms in the GO sector.
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Ay �

⎡
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da
db
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(15)

Suppose a proposal that suggests higher clearing prices (da, db > 0). Then Eq. (4)
would be:

(16)

My �

⎡

⎢⎢⎣

mGO,a mGO,b

mT O1,a mT O1,b

mCSP,a mCSP,b

⎤

⎥⎥⎦

⎡

⎣da

db

⎤

⎦

�

⎡

⎢⎢⎣

α
4 QR

(
1 − α

4

)
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(γ1 − θγ3)
α
4 QR (γ1 − θγ3)

(
1 − α

4

)
QR

α
4 QR

(
1 − α

4

)
QR

⎤

⎥⎥⎦

⎡

⎣da

db

⎤

⎦ > 0

where mi,a and mi,b represent the marginal payoffs of voter i with respect to a and b,
respectively. The subscript TO1 indicates the subset of TO firms for which γ 1 >γ 3,
indicating alignment with suppliers. Since γ1 − θγ3 > 0, da >0 and db >0 suggest
that the entire system of equations is positive.

Suppose another proposal that suggests lower clearing prices (da, db <0). Then
Eq. (4) would be:

(17)

M ′ y �

⎡

⎢⎢⎣

mED,a mED,b

mT O2,a mT O2,b

mEUC,a mEUC,b

⎤

⎥⎥⎦

⎡

⎣da

db

⎤

⎦

�

⎡

⎢⎢⎣

−θ α
4 QR −θ

(
1 − α

4

)
QR

(γ1 − θγ3)
α
4 QR (γ1 − θγ3)

(
1 − α

4

)
QR

− (1 − θ) α
4 QR − (1 − θ)

(
1 − α

4

)
QR

⎤

⎥⎥⎦

⎡

⎣da

db

⎤

⎦ > 0

TO2 indicates the subset of TO firms for whom γ 1 <γ 3 indicating alignment with the
consumer coalition. Thus, γ 1 - θγ 3 <0 and since da <0 and db <0 the entire system
is positive.

Disentangled from Eqs. (16) and (17), we have one acceptability criterion for each
coalition:
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Fig. 9 The space of VRR curve design alternatives and voting predictions for each alternative

(18)

Supplier coalition Z :
α

4
QR × da +

(
1 − α

4

)
QR × db> 0

⇒ db> − α

4 − α
× da

(19)

Consumer coalition Z :
α

4
QR × da +

(
1 − α

4

)
QR × db> 0

⇒ db< − α

4 − α
× da

Note that we consider that OS firms other than CSPs are outside the two coalitions
so we define a third set of swing voters Uc � {OS\CSP}. Figure 9 shows Eqs. (18)
and (19) graphically. The upper right area to the line (db =− a/(4 − a)×da) is the set
(da, db) preferred by the supplier coalition, GO, TO1 and CSP. To the left of the line
is the set (da, db) preferred by the consumer coalition, ED, TO2 and EUC. Since the
two areas are non-overlapping, there is no proposal that both coalitions could agree
and acceptance of each proposal would be determined by sum of the voting scores of
each coalition or the number of undecided voters in the OS sector.

As concrete examples, we apply Eqs. (18) and (19) to two of the capacity market
proposals for which da >0 and db >0 (Packages 1 and 10), and show these voting
predictions in Table 4. The passable proposal framework would predict that the pro-
posal would be supported by the supplier coalition with a total voting score of 1.928
(
∑

i∈Z wi � 1.928) and opposed by the consumer coalition with a total voting score
of 2.25 (

∑
i∈Zc wi � 2.25). The α and β terms in Table 4 indicate the contribution of

swing voters to the voting score for each proposal. The final row of Table 4 shows the
actual voting results of all six capacity market proposals. Note that both the supplier
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Table 4 Predictions of RPM redesign votes

Package 1 Package 10 Package 11 Package 12 Package 13

Transmission Owner 0.75 0.75 0.25 0.25 0.25

Generation Owner 1 1 0 0 0

End Use Customer 0 0 1 1 1

Electric Distributor 0 0 1 1 1

Other Supplier 0.178+α 0.178+α β β β

Prediction Result 1.928+α 1.928+α 2.25+β 2.25+β 2.25+β

Actual Result 2.3 1.787 2.301 2.561 3.113

and consumer coalitions that we identify would have veto power regardless of how the
firms in the OS sector vote if each firm in the coalition voted exactly as our passable
proposal model predicted.

In practice, however, we observe some deviations from our predictive model, par-
ticularly among stakeholders in the GO sector that have both generation assets and
load serving obligations. For example, four voters in the GO sector voted against Pack-
age 10, which would have raised capacity clearing prices, other things being equal.
These stakeholders whose votes differed from what our model would have predicted
were either municipally owned utilities that selected into the GO sector on account
of having generation asset holdings; or were large industrial customers that owned
on-site generation. One GO firm abstained while the other GO voters voted in favor.
Additionally, we observed six CSP voters abstaining and two voting against Package
10. We note that there were very few deviations from our predictive model among
stakeholders in the ED and EUC sectors.

These defections and abstentions caused a decline in the total voting score of the
supplier coalition to 1.464

(∑
i∈Z wi � 1.464

)
. Since this total voting score is below

the threshold to block a voting item, 1.665, the coalition needed to convince swing
voters in the OS sector to vote with them. That is, the defections and abstentions
in voting on Package 10 effectively transferred pivotal voting power to swing vot-
ers in the OS sector. The consumer coalition had an increased total voting score of∑

i∈Zc wi � 2.536 showing strong ties among the members and possibility of forcing
an issue to pass with large support from the OS sector (Blumsack et al. 2017; Yoo
2016).

5.3 Transfer of power to swing voters via abstention and defection

In this section, we illustrate the impact of abstentions and defections geometrically for
a specific voting alternative in the PJM capacity market case. We focus in particular
on defections in the GO sector and abstentions in the OS sector because these sec-
tors exhibited the largest incidence of defection and abstention behavior. We focus on
Package 13 in the capacity market reform voting data, which would have decreased
the capacity clearing price. The supplier coalition that we define in this circumstance
includes all 15 generation owners, 9 (supplier) transmission owners (among 12 trans-
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Fig. 10 A combination of impacts of defection and abstention from the GO and the OS sectors on voting
power for Package 13

missionowners) and8CSPs (among45 the other supplier firms).Our passable proposal
model from Sect. 5.2 suggests that all of these stakeholders would vote against Pack-
age 13. Yet, four firms in the GO sector, one firm in the supplier TO sector and two
CSPs defected (voted for Package 13) while one CSP and five undecided voters in the
OS sector abstained. Figure 10 describes when defections and abstentions occurred
in the GO sector and the OS sector. Thus, the axes in Fig. 10 represent voting in the
GO and OS sectors for Package 13. Point X and the dotted line in Fig. 10 represents
the votes that the passable proposal model predicted; 15 GO firms and 8 CSPs locate
the point X and 9 TO firms are considered in the threshold line. At this point X, swing
voters do not have voting power since the coalition already own enough voting score.

Consider four defections from the GO sector first assuming no other deviation
from the other sectors. The four defections from the GO sector shift the voting point
from X to X1 and increase the minimum required voter from the OS sector for the
supplier coalition to successfully block Package 13 [Eq. (20)]. As a result, they transfer
exclusive voting power to one critical voter in the OS sector (with m1

OS being 9
in Eq. (20) and 8 CSPs in the coalition, only one additional voter was needed for
the coalition to attain veto power). Now, in addition to these GO firms’ defections,
consider the two defections among CSPs that move the voting point to X2, increasing
the number of required critical voters from one to three, decreasing individual critical
voter’s voting power. Note that the CSP defections would not have affected any voting
outcome without the concurrent GO defections. Five abstentions from the undecided
OS voters rotate the threshold line in a clockwise direction, with the new threshold
line being the solid line in Fig. 10. These abstentions have the effect of increasing the
individual voting power of critical voters, since the number of required voters declines
from 9 to 8 [Eq. (21)]. An abstention by one CSP in the OS sector shifts the voting
point to X3 from X2 (the number of CSPs in the supplier coalition has decreased from
six to five) and simultaneously rotates the threshold line clockwise [Eq. (22) and the
second solid line in Fig. 10].
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Fig. 11 A combination of impacts of defection and abstention from the GO, the OS and the TO sectors on
voting power

Deviations from sectors besides the GO and OS sectors are shown in Fig. 11. A
single defection from the TO sector shifts the threshold line inwards from the solid line
to the dashed line and increases the minimum required voters from 8 to 11 [Eq. (23)].
Consequently, these series of defections and abstentions increase the size of the pivotal
voter group necessary to block Package 13 from zero to six and grant political power
to those few voters.
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6 Conclusion and future work

Regional Transmission Organizations are critical actors in the U.S. electric power
industry. While formally regulated by FERC, RTOs develop rules and protocols
internally following a highly participatory process. These stakeholder processes are
important determinants of which market rules are adopted and which are not, and we
argue that a vital contribution of our work is showing how stakeholder processes can
be modeled and evaluated in a systematic way. Our work in this paper makes a first
attempt at modeling stakeholder decision-making in RTOs, using a highly-detailed

123



148 K. Yoo, S. Blumsack

data set from the PJMMembers Committee. Our model provides predictions of coali-
tion formation around specific issues and identifies sources of political power and
the consequences of this political power for the formation of rules within the RTO.
Aside from the need for additional research into the structure of stakeholder decision
processes in RTOs, we draw some concrete conclusions from our analysis of capacity
market reforms in PJM in particular.

First, we expect that the current structure of the stakeholder process in PJM makes
the passage of capacity market reforms through the stakeholder process virtually
impossible. Our passable proposal model is flexible enough to build theoretical sce-
narios for how voting might turn out under different stakeholder structures, so there
may be some space of possible voting structures that would yield a passable capacity
market proposal. The findings of the present paper, however, suggest that there may
be limits to the degree to which organizations like RTOs can create mechanisms for
heterogeneous stakeholders with opposing interests to develop passable market rules
and protocols. PJM and other RTOs have some protocols in place to permit bypassing
the stakeholder process under certain circumstances, but an obvious implication of our
analysis for regulation of RTOs is that there may be some advantage to more formal
triggers for alternative decision-making processes that seek stakeholder input without
formal voting.

Second, analysis of voting data in the capacity market redesign case suggests that
the formation of such pivotal coalitions is more complex than our model of passable
proposals would suggest. In practice, due to the abstentions and the defections from
the predicted coalition, the formation of these coalitions might depend on convincing
a small number of swing players, primarily marketers and financial firms, to vote
in alignment with the coalition. This would lead to a kind of endogeneity feature
of coalition formation that is a ripe area for future research but our present model
does not accommodate. Indeed, we find evidence in the Capacity Market example
that defections from the supplier coalition could give exclusive voting power to swing
voters in theOS sector, primarily financial players, and abstentions could increase their
voting power. While this study does not explore the motivation behind deviations, it
confirms that the deviations help the undecided swing voters to attain voting power.

As our analysis is limited to understanding the mechanisms by which voting power
is created in the PJM stakeholder process, we also do not directly address the potential
impact of changes to the stakeholder decision-making structure in PJM. We leave
detailed discussion of this to future research but note that the decision coming out of
the stakeholder process in the VRR reform case may have been different with different
voting rules in place. Reducing the voting score threshold to 3.0 or adopting a rank-
choice type of voting system, may have led to the adoption of Package 13 rather than
the failure to pass any VRR curve reform, since Package 13 appeared to have the most
support within the end-user coalition (which, as Yoo 2016 have noted, has historically
been a strong coalition within PJM).

This analysis is, to our knowledge, the first attempt to explicitly model the decision-
making process within RTOs, and the scope of the present paper is limited to an issue
known to be politically fraught. Avenues for future research with the framework in
this paper involve application to other market-rule issues and comparative analysis of
voting structures between RTOs. One shortcoming of our present modeling approach
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is its treatment of votes as independent events. In reality, the stakeholder process is
more like a repeated game, and such a lens would likely provide additional insights
into coalition formation, not just the ex post identification of shifts in voting power.

Funding Funding was provided by the U.S. National Science Foundation under Award Number SBE-
1261867.

Appendix

Consider abstention from sector B (aB). Then, the threshold condition considering aB
is Eq. (A-1).

XB

TNB − aB
+

XA

TNA
> 1.665 −

∑

i∈C\A,B

wi, j (A-1)

Y-intercept (IB) andX-intercept (IA) of this inequality conditionwith the abstention
(aB) are:
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From Eq. (5), we know that Y-intercept (I ′
B) and X-intercept (I

′
A) of the inequality

condition without abstention are:
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B � TNB
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∑
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Since IA � I ′
A, we check that abstention (aB) rotates the threshold line anchored

to an intercept (IA).
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