Net Revenue

The Market Monitoring Unit (MMU) analyzed measures of PJM energy market
structure, participant conduct and market performance. As part of the review
of market performance, the MMU analyzed the net revenues earned by
combustion turbine (CT), combined cycle (CC), coal plant (CP), diesel (DS),
nuclear (NU), solar, and wind generating units.

Overview
Net Revenue

® Net revenues are significantly affected by fuel prices, energy prices and
capacity prices. Coal and natural gas prices and energy prices were lower
in the first three months of 2015 than in the first three months of 2014.
Net revenues from the energy market for all plant types were significantly
affected by the lower prices.

® [n the first three months of 2015, average energy market net revenues
decreased by 50 percent for a new CT, 44 percent for a new CC, 61 percent
for a new CP, 72 percent for a new DS, 50 percent for a new nuclear plant,
26 percent for a new wind installation, and 13 percent for a new solar
installation. The comparison to the first three months of 2014 reflects the
very high net revenues in January 2014.

Conclusion

Wholesale electric power markets are affected by externally imposed
reliability requirements. A regulatory authority external to the market makes
a determination as to the acceptable level of reliability which is enforced
through a requirement to maintain a target level of installed or unforced
capacity. The requirement to maintain a target level of installed capacity can
be enforced via a variety of mechanisms, including government construction
of generation, full-requirement contracts with developers to construct
and operate generation, state utility commission mandates to construct
capacity, or capacity markets of various types. Regardless of the enforcement
mechanism, the exogenous requirement to construct capacity in excess of
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what is constructed in response to energy market signals has an impact on
energy markets. The reliability requirement results in maintaining a level of
capacity in excess of the level that would result from the operation of an
energy market alone. The result of that additional capacity is to reduce the
level and volatility of energy market prices and to reduce the duration of high
energy market prices. This, in turn, reduces net revenue to generation owners
which reduces the incentive to invest. The exact level of both aggregate and
locational excess capacity is a function of the calculation methods used by
RTOs and ISOs.

Net Revenue

Net revenues are significantly affected by energy prices, fuel prices and
capacity prices. The real-time load-weighted average LMP was 45.2 percent
lower in the first three months of 2015 than in the first three months of
2014, $50.91 per MWh versus $92.98 per MWh. Coal and natural gas prices
decreased in 2015. Comparing fuel prices in the first three months of 2015 to
the first three months of 2014, the price of Northern Appalachian coal was
12.6 percent lower; the price of Central Appalachian coal was 19.5 percent
lower; the price of Powder River Basin coal was 5.8 percent lower; the price of
eastern natural gas was 46.5 percent lower; and the price of western natural
gas was 61.0 percent lower.
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Figure 7-1 Energy Market net revenue factor trends: 2009 through 2015
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Theoretical Energy Market Net Revenue

The net revenues presented in this section are theoretical as they are based on
explicitly stated assumptions about how a new unit with specific characteristics
would operate under economic dispatch. The economic dispatch uses
technology specific operating constraints in the calculation of a new entrant’s
operations and potential net revenue in PJM markets. All technology specific,
zonal net revenue calculations included in the new entrant net revenue
analysis in this section are based on this economic dispatch scenario.

Analysis of energy market net revenues for a new entrant includes eight
power plant configurations:

® The CT plant has an installed capacity of 641.2 MW and consists of two GE
Frame 7HA.02 CTs, equipped with full inlet air mechanical refrigeration
and selective catalytic reduction (SCR) for NO, reduction.

230 Section 7 Net Revenue

® The CC plant has an installed capacity of 971.4 MW and consists of two
GE Frame 7HA.02 CTs equipped with evaporative cooling, duct burners, a
heat recovery steam generator (HRSG) for each CT with steam reheat and
SCR for NO,_ reduction with a single steam turbine generator.'

® The CP has an installed capacity of 600.0 MW and is a sub-critical steam
unit, equipped with selective catalytic reduction system (SCR) for NO_
control, a flue gas desulphurization (FGD) system with chemical injection
for SO and mercury control, and a bag-house for particulate control.

® The DS plant has an installed capacity of 2.0 MW and consists of one oil
fired CAT 2 MW unit.

® The nuclear plant has an installed capacity of 2,200 MW and consists of
two nuclear power units and related facilities using the Westinghouse
AP1000 technology.

® The wind installation consists of twenty two Siemens 2.3 MW wind
turbines totaling 50.6 MW installed capacity.

® The solar installation consists of a 60 acre ground mounted solar farm
totaling 10 MW of AC capacity.

Net revenue calculations for the CT, CC and CP include the hourly effect of
actual local ambient air temperature on plant heat rates and generator output
for each of the three plant configurations.>® Plant heat rates account for the
efficiency changes and corresponding cost changes resulting from ambient
air temperatures.

NO,_ and SO, emission allowance costs are included in the hourly plant
dispatch cost. These costs are included in the definition of marginal cost. NO_
and SO, emission allowance costs were obtained from actual historical daily
spot cash prices.*

1 The duct burner firing dispatch rate is developed using the same methodology as for the unfired dispatch rate, with adjustments to the
duct burner fired heat rate and output.

2 Hourly ambient conditions supplied by Schneider Electric.

3 Heat rates provided by Pasteris Energy, Inc. No-load costs are included in the dispatch price since each unit type is dispatched at full load
for every economic hour. Therefore, there is a single offer point and no offer curve.

4 NO, and SO, emission daily prompt prices obtained from Evolution Markets, Inc.
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A forced outage rate for each class of plant was calculated from PJM data
and incorporated into all revenue calculations.” Each CT, CC, CP, and DS
plant was also given a continuous 14 day planned annual outage in the fall
season. Ancillary service revenues for the provision of synchronized reserve
service for all four plant types were set to zero. Ancillary service revenues
for the provision of regulation service were calculated for the CP only. The
regulation offer price was the sum of the calculated hourly cost to supply
regulation service plus an adder of $12 per PJM market rules. This offer price
was compared to the hourly clearing price in the PJM Regulation Market.
If the reference CP could provide regulation more profitably than energy,
the unit was assumed to provide regulation during that hour. No black start
service capability is assumed for any of the unit types.

Zonal net revenues reflect zonal fuel costs based on locational fuel indices,
actual unit consumption patterns, and zone specific delivery charges.® The
delivered fuel cost for natural gas reflects the zonal, daily delivered price of
natural gas and is from published commodity daily cash prices, with a basis
adjustment for transportation costs.” The delivered cost of coal reflects the
zone specific, delivered price of coal and was developed from the published
prompt-month price, adjusted for rail transportation cost.®?

Operating costs are the short run marginal cost of operations and include fuel
costs, emissions costs, and VOM costs.”!° Average operating costs are shown
in Table 7-1.

5 Outage figures obtained from the PJM eGADS database.

6 Startup fuel burns and emission rates provided by Pasteris Energy, Inc. Startup station power consumption costs were obtained from the
station service rates published quarterly by PJM and netted against the MW produced during startup at the preceding applicable hourly
LMP. All starts associated with combined cycle units are assumed to be hot starts.

Gas daily cash prices obtained from Platts.
Coal prompt prices obtained from Platts.
Fuel costs are calculated using the daily spot price and may not equal what participants actually paid.

0 VOM rates provided by Pasteris Energy, Inc.
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Table 7-1 Average operating costs

Operating Costs Heat Rate VOM
Unit Type ($/MWh) (Btu/kWh) ($/MWh)
cT $50.76 9,476 $0.25
CC $35.68 6,667 $1.00
CP $26.96 9,250 $4.00
DS $127.00 9,660 $0.25
Nuclear $8.50 NA $3.00
Wind $0.00 NA $0.00
Solar $0.00 NA $0.00

A significant increase in gas prices on cold days resulted in a corresponding
increase in the average operating cost of CTs and CCs in January 2014 and
February 2015 (Figure 7-2).

Figure 7-2 Average operating costs: 2009 through 2015
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The net revenue measure does not include the potentially significant  Table 7-2 Energy net revenue for a new entrant gas-fired CT under economic
contribution from the explicit or implicit sale of the option value of physical  dispatch (Dollars per installed MW-year)"

units or from bilateral agreements to sell output at a price other than the PJM 2014 2015 Change in 2015
Day-Ahead or Real-Time Energy Market prices, e.g., a forward price. Zone (Jan-Mar) (an-Mar) from 2014
AECO $22,395 $10,106 (5500)

. . AEP $31,514 $15,018 (529%)

New Entrant Combustion Turbine AP $43,215 526,118 (40%)
. ATSI $35,759 $15,509 (57%)

Energy market net revenue was calculated for a CT plant dispatched by PJM. BGE $24,739 $7.954 (680,2)
For this economic dispatch, it was assumed that the CT plant had a minimum ComEd $12,751 $6,211 (51%)
run time of four hours. The unit was first committed day ahead in profitable BE\ZK :i;;;‘g i;iﬂ E:Z";
" 0 0,

blocks of at least four hours, including start costs. If the unit was not already DLCO $27.789 $10,599 (62%)
committed day ahead, it was then run in real time in standalone profitable Dominion $20,471 $7.723 (62%)
blocks of at least four hours, or any profitable hours bordering the profitable DPL $23,610 $9,658 (599%)
: EKPC $30,287 $20,659 (3290)

day ahead or real time block. JCPL $25,020 $11,204 (55%)
Met-Ed $22,415 $9,825 (56%0)

New entrant CT plant energy market net revenues were lower in the first three PECO $22,546 $9,857 (56%)
PENELEC $52,342 $42,472 (19%)

months of 2015 (Table 7-2). Pepco $24,715 $6,949 (72%)
PPL $23,218 $10,142 (56%0)

PSEG $15374 $6,246 (599%)

RECO $16,041 $8,157 (49%)

PIM $26,738 $13,419 (50%)

11 The energy net revenues presented for the PJM area in this section represent the zonal average energy net revenues.
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New Entrant Combined Cycle

Energy market net revenue was calculated for a CC plant dispatched by PJM.
For this economic dispatch scenario, it was assumed that the CC plant had a
minimum run time of eight hours. The unit was first committed day ahead in
profitable blocks of at least eight hours, including start costs.'” If the unit was
not already committed day ahead, it was then run in real time in standalone
profitable blocks of at least eight hours, or any profitable hours bordering the
profitable day ahead or real time block.

New entrant CC plant energy market net revenues were lower in the first three
months of 2015 (Table 7-3).

Table 7-3 Energy net revenue for a new entrant CC under economic dispatch
(Dollars per installed MW-year)?

2014 2015 Change in 2015
Zone (Jan-Mar) (Jan-Mar) from 2014
AECO $42,976 $26,912 (37%)
AEP $51,936 $29,683 (43%)
AP $68,349 $43,514 (36%)
ATSI $58,477 $30,519 (48%)
BGE $52,514 $19,947 (62%)
ComEd $21,527 $14,832 (31%)
DAY $51,288 $28,066 (45%)
DEOK $49,081 $33,722 (31%)
DLCO $43,759 $22,666 (48%)
Dominion $39,787 $20,513 (48%)
DPL $51,721 $24,450 (53%)
EKPC $50,013 $33,780 (329%)
JCPL $47,806 $27,824 (42%)
Met-Ed $40,779 $24,426 (409%)
PECO $42,041 $26,059 (38%)
PENELEC $81,807 $58,054 (29%)
Pepco $51,170 $18,522 (649%)
PPL $41,923 $25,432 (39%)
PSEG $36,937 $16,087 (56%)
RECO $36,442 $17,204 (53%)
PJM $48,017 $27,111 (44%)

12 All starts associated with combined cycle units are assumed to be hot starts.
13 The energy net revenues presented for the PJM area in this section represent the zonal average energy net revenues.
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New Entrant Coal Plant

Energy market net revenue was calculated assuming that the CP plant had
a 24-hour minimum run time and was dispatched day ahead by PJM for
all available plant hours. The calculations include operating reserve credits
based on PJM rules, when applicable, since the assumed operation is under
the direction of PJM. Regulation revenue is calculated for any hours in which
the new entrant CP’s regulation offer is below the regulation-clearing price.

New entrant CP plant energy market net revenues were lower in the first three
months of 2015 (Table 7-4).

Table 7-4 Energy net revenue for a new entrant CP (Dollars per installed MW-
year)'

2014 2015 Change in 2015
Zone (Jan-Mar) (Jan-Mar) from 2014
AECO $140,018 $54,092 (61%)
AEP $89,717 $35,103 (61%)
AP $109,730 $51,865 (53%)
ATSI $98,406 $36,792 (63%)
BGE $149,164 $53,953 (649%)
ComEd $73,418 $23,316 (68%)
DAY $89,975 $33,225 (63%)
DEOK $83,675 $30,245 (649%)
DLCO $61,862 $13,858 (78%)
Dominion $138,826 $66,247 (529%)
DPL $157,221 $67,930 (57%)
EKPC $79,704 $25,825 (68%)
JCPL $146,943 $55,845 (629%)
Met-Ed $137,641 $51,597 (63%)
PECO $139,092 $54,132 (61%)
PENELEC $119,263 $54,870 (549%)
Pepco $145,870 $51,869 (64%)
PPL $138,186 $53,137 (629%)
PSEG $162,621 $62,335 (629%)
RECO $159,361 $63,127 (60%)
PJM $121,035 $46,968 (61%)

14 The energy net revenues presented for the PJM area in this section represent the zonal average energy net revenues.
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New Entrant Diesel

Energy market net revenue was calculated assuming that the DS plant was
economically dispatched on an hourly basis based on the real-time LMP.

New entrant DS plant energy market net revenues were lower in the first three

months of 2015 (Table 7-5).

Table 7-5 PJM Energy Market net revenue for a new entrant DS (Dollars per

installed MW-year)

New Entrant Nuclear Plant

Energy market net revenue for a nuclear plant was calculated by assuming the
unit was dispatched day ahead by PJM. The unit runs for all hours of the year.

New entrant nuclear plant energy market net revenues were lower in the first

three months of 2015 (Table 7-6).

Table 7-6 Energy net revenue for a new entrant nuclear plant (Dollars per

installed MW-year)'s

2014 2015 Change in 2015
Zone (Jan-Mar) (Jan-Mar) from 2014
AECO $36,672 $12,101 (67%)
AEP $15,558 $3,140 (80%)
AP $20,400 $6,993 (66%)
ATSI $15,264 $2,830 (81%)
BGE $54,347 $11,307 (79%)
ComEd $12,200 $1,822 (85%)
DAY $15,293 $2,673 (83%)
DEOK $14,462 $2,198 (85%)
DLCO $13,959 $2,605 (81%)
Dominion $46,890 $10,175 (789%)
DPL $41,520 $15,051 (64%)
EKPC $15,524 $2,378 (85%)
JCPL $36,925 $12,970 (65%)
Met-Ed $35,826 $11,783 (67%)
PECO $36,082 $11,966 (67%)
PENELEC $18,101 $5,799 (68%)
Pepco $56,364 $10,212 (82%)
PPL $36,741 $12,553 (66%)
PSEG $36,584 $12,521 (66%)
RECO $33,954 $14,356 (58%)
PJM $29,633 $8,272 (72%)
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2014 2015 Change in 2015
Zone (Jan-Mar) (Jan-Mar) from 2014
AECO $213,108 $107,428 (509%)
AEP $133,456 $68,625 (49%)
AP $156,581 $87,897 (449%)
ATSI $142,752 $69,788 (51%)
BGE $223,476 $109,112 (51%)
ComEd $114,468 $54,862 (52%)
DAY $132,989 $66,421 (509%)
DEOK $125,746 $62,978 (509%)
DLCO $121,236 $58,752 (52%)
Dominion $190,110 $104,512 (450%)
DPL $226,731 $119,073 (47%)
EKPC $125,699 $61,833 (51%)
JCPL $220,206 $108,458 (51%%)
Met-Ed $208,680 $102,973 (51%)
PECO $210,437 $106,050 (509%)
PENELEC $167,500 $88,973 (47%)
Pepco $219,810 $106,540 (52%)
PPL $209,275 $104,670 (50%)
PSEG $237,349 $116,642 (51%)
RECO $234,180 $118,037 (509%)
PJM $180,689 $91,181 (509%)

15 The energy net revenues presented for the PJM area in this section represent the zonal average energy net revenues.
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New Entrant Wind Installation

Energy market net revenues for a wind installation located in the ComEd and
PENELEC zones were calculated hourly by assuming the unit was generating
at the average capacity factor if 75 percent of existing wind units in the zone
were generating power in that hour.

Wind energy market net revenues were lower in the first three months of 2015
(Table 7-7).

Table 7-7 Energy Market net revenue for a wind installation (Dollars per
installed MW-year)

2014 2015 Change in 2015
Zone (Jan-Mar) (Jan-Mar) from 2014
ComEd $67,572 $49,358 (27%)
PENELEC $83,930 $62,618 (25%)

New Entrant Solar Installation

Energy market net revenue for a solar installation located in the PSEG Zone
was calculated hourly by assuming the unit was generating at the average
capacity factor if 75 percent of existing solar units in the zone were generating
power in that hour.

Solar energy market net revenues were lower in the first three months of 2015
(Table 7-8).

Table 7-8 PSEG Energy Market net revenue for a solar installation (Dollars per
installed MW-year)

2014 2015 Change in 2015
Zone (Jan-Mar) (Jan-Mar) from 2014
PSEG $104,673 $91,100 (13%)
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