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Abstract—One of the impediments to large-scale use of wind
generation within power systems is its non-dispatchabilit and
variable and uncertain real-time availability. Operating con-
straints on conventional generators such as minimum genetian
points, forbidden zones, and ramping limits as well as syste
constraints such as power flow limits and ancillary service
requirements may force a system operator to curtail wind
generation in order to ensure feasibility. Furthermore, the pattern
of wind availability and electricity demand may not allow wind
generation to be fully utilized in all hours. One solution to
these issues, which could reduce these inflexibilities, ibe use of
real-time pricing (RTP) tariffs which can both smooth-out the
diurnal load pattern in order to reduce the impact of binding
unit operating and system constraints on wind utilization, and
allow demand to increase in response to the availability ofastless
wind generation. We use and analyze a detailed unit commitrme
model of the Texas power system with different estimates of
demand elasticities to demonstrate the potential increasen wind
generation from implementing RTP.



of renewable generation and reduce it elsewhere can irereas
wind utilization in a transmission-constrained system.

Over the last few years a number of authors have advocated
real-time pricing (RTP) of electricity, in which retail elgic
prices change frequently to reflect changes in the supply
of electricity and the cost of serving load (they typically
suggest rates change hourly or sub-hourly since the cost of
service can vary significantly on this timescale). Thesba@nst
have typically advocated RTP for standard economic reasons
such as increasing social welfare by having consumers face
the actual marginal cost of electricity service, or dedreas
generators’ market power by making demand more elastic.
Reference[I5] suggests that the demand response resulting
from RTP could have lessened the severity of the 2000-
2001 California electricity crisis, while 6] andl[7] sinaik
the efficiency gains from RTP. These and other simulations
generally show that RTP has the effect of changing the diurna
load pattern by flattening peaks and shifting those load$fto o
peak hours, since peak prices tend to be higher than the fixed
retail rates customers would otherwise face whereas afkpe
prices are lower—which is the exact change in the load patter
which may increase system flexibility and allow greater use o
renewable energy resources. The use of locational priaes ca
help alleviate transmission bottlenecks and further hrape’
the load pattern in different parts of the transmission oetw
to more-closely follow the availability of renewable engrg

In this paper we use a detailed unit commitment model
with historical system, market, and wind availability déiam
2005 in the Electricity Reliability Council of Texas (ERCDT
system, to simulate the potential for RTP to increase the
utilization of large-scale wind farms. We demonstrate that
introducing demand response increases both the percentage
of total load which is served by wind generation, and the
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assumed to only make binding commitments as opposed to
dispatches. Both the day-ahead unit commitment and real-
time dispatch models were formulated as mixed-integealine
programs (MILPs) using GAMS and solved using cplex 9.0.

Generator costs were modeled as consisting of three parts—
a startup cost, which is incurred whenever a generatoritedta
up; a spinning no-load cost, which is incurred whenever a
generator is online; and a non-decreasing stepped variable
generating cost function. Generator capacities, minimem-g
erating points, ramp rates, AS capabilities, minimum up and
down times, and must-run requirements were included in the
model formulation as well. Generator costs were computed
using heat rate values, fuel and emission permit prices, and
variable operation and maintenance costs obtained froratlo
Energy Decisions and Platts Energy. Generator constraint
parameters were also obtained from the same sources.

Power flows within the network were represented using
the linearized zonal DC power-flow model used in ERCOT’s
congestion management system—consisting of five zones and
six commercially significant constraints (CSCs). Powengra
fer distribution factors (PTDFs) between zonal injectiamsi
CSCs, and total transfer capacities (TTCs) on each CSC were
obtained from ERCOT. The PTDF data consisted of monthly
averages, whereas TTCs were the monitored limit on each
CSC, reported at 15-minute intervals.

Simulations without RTP were conducted using actual his-
torical load data, which were obtained from the Public ttili
Commission of Texas (PUCT). The PUCT data included both
day-ahead load forecasts as well as actual real-time loads
reported at 15-minute intervals. Simulations with RTP were
conducted by constructing a price-elastic demand fungction
and formulating the unit commitment objective to maximize
social surplus as opposed to minimizing cost. Following [7]
we assume that cross-price elasticities between demands in
different periods are zef®As done in [10], we construct the
demand function by assuming a fixed elasticity and calibgati
the demand function so it goes through the locus defined by the
actual historical load and the retail price of electricitgirce
the actual historical loads reveal demand for electricityha
historical retail price. Because different customer tyfase
different retail prices, loads were broken down into indiakt



Ill. SIMULATION RESULTS

Tablesl andl summarize the results of our simulations,
showing wind utilization averages for the days simulated.
Tablell shows the average percentage of potential wind gen-
eration that is actually dispatched in real-time for difet
demand elasticities and day-ahead wind schedule ratings,
whereas tabl&lll reports the average percentage of totdl loa
that is served by wind generation. Our results show substan-
tive increases of up t@% in the usage of potential wind
generation, which translates into an increase of upl%
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e Sp; .11 SPINNING and non-spinning reserves provided
by generator € I in periodt € T, respectively

e U;¢. Si. hi: binary variables indicating if unit € I is
up, started-up, and shutdown in period T, respectively

e gw,: Wind generation provided by wind generatore
in periodt € T

o ... load served in transmission zonec Z in period
teT

e ¢, Net exports from transmission zone= Z in period
teT

The problem is formulated as maximizing social surplus:

max ) /0 pai(x)do—

Z Ci(git) + Nyui e + SU;sit |

it
subject to the following constraints:
« zonal load-balancev(z € Z.t € T):

Yot = Z Qi + Z Juw,t — €z,
icI(z) weW (z)

whereI(z) and y/(z) are conventional and wind gener-
ators located in zone € Z;
e No net exportsY ¢t € T):

E ezt =0;
z€Z

« total and spinning reserve requiremeritst(c 7):

0 Z Guw t +Z(Qi,t +spip+nsiy) > (1+ #) E 2t

weWw el zEZ
0 Z Guw,t + Z(Qi,t +spiy) > (1+ 7) E 2,83
weW icl 2cZ

« conventional generator minimum and maximum genera-
tion boundsY i € I.t € T):

K, u;y < qiyg
Qi+ spip < K uiy
Qit + 8pit +nsis < K
« conventional generator AS bounds{c I.t € T):

0<spit <
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