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MODELING REGIONAL POWER TRANSFERS

OSTI

James A. Kavicky Federal Power Act (FPA) to provide file Federal Energy
Energy Systems Engineer Regulatory Cotmnission (FERC) with tile authority to order

transmitting utilities to wheel power produced by EWGs if
and such wheeling is in the public interest mad does not impair

the reliability of the transmission system. As a direct resuh
of these legislative policies, NUGs and independent power

Thomas D. Veselka producers ¢IPPs), qualified as EWGs, may enter the
Energy Policy Scientist wholesale electric power market. Because of the increased

interest it, wheeling altenmtives now open to a broader
Argonne National Laboratory cotmntttfity of IPPs and NUGs, electricity transmission

Argonne, IL. modeling has become an important plamfing parameter,
wkich essentially detemfines the feasibility and economic
benefit of proposed wheeling, capacity expansion and siting

ABSTRACT alternatives.

Tile Spot Market Network (SMN) model was used To axutlyze the,se altenmtives from a transmission
to estimate spot market trmtsactions and prices between perspective, Argomle National Lalx)ratory (ANL) Ires
various North American Electric Reliability Council (NERC) developed the Spot Market Network model [11to simulate
regions for sumnler on-peak situations. A preliminary transactious between regiolml or individual utility systems.
analysis of new or proposed additious to the trmtsmission The SMN model is a linear program (LP) that minimizes
network was perfomled. The effects of altenmtive exempt production costs subject to utility-specific miifimmn profit
wholesale generator (EWG) options on SlX)t nmrket margiits that trigger spot market transactions. Nodes in file
transactions and tile transmission system are also studied, network represent generating resources and load centers.
This paper presents the SMN regional modeling approach Generating resources are represented as piece-wise linear
mid summarizes simulation re.suits. Although the paper margilml cost curves wlfile load centers are represented by
focuses oil a regional network representation, a discussion estimates of hourly electricity demand. Nodes are
of how the SMN model was used to represent a detailed comlected via links that represent trmLsmission lines with
utility-level network is also presented, capacity limitations and line losses for power flows between

nodes. The model also recognizes lille rights and includes
wheeling, sales-for-resale transactions, and line usage that is

1 INTRODUCTION reserved for long-term finn (LTF) transactions. Special
features for incorporathlg energy limited and renewable

1.1 Background and Motivation teclmologies have been incorporated hlto the model.
Adjusunents to line capacities in one or both directions are

Since the creation of the Public Utility Holding used to compensate h)r inadvertent power flows.
Company Act of 1935 (PUCHA), non-utility generators
(NUGs) were effectively prohibited from entering into die
electricity generation market. However, tile Public Utility 1.2 Spot Market Transactions Overview
Regulatory Policies Act of 1978 (PURPA) allowed
cogeneration and small power production teclmologies based Spot market traltsactio|ts between various regions
on hydro, wind and biomass to enter the electricity market or utility systems are short-term non-finn agreements that
without being burdened with PUCHA requirements, are generally made on an hourly basis. For some systems,

spot market transactioiLs comprise a siglfificant lx)rtion of
While PUCHA primarily focused on electricity the utility's cash flow mid siglfificantly uffluence the

generation, the Natiomd Energy Policy Act of 1992 (EPAct) operations of generating trails. In the case of EWGs, cash
further reduced restrictioi_s on electric power supply by flow may be entirely ilffluenced by transmission access and
creating a new class of wholesale electricity generators, trmxsfer capabilities.
namely, EWGs. Additionally, the EPAct mnended the

In general, a utility system will sell energy when
Thesubm,tted_.nu_r_pthas_en authored] the spot market price is lfigher dum the utility system's
by a contractor of the U.S. Government

under contract No. W-S_-109"ENG-3S./ incremental cost of production. Oil die other hand, a utility

Accord,nOSy.theU.S.Go_ernmeo,re,a_osa system will buy power when it is less expensive to purchase
nonexclusive, royalty-free license to publish

or reproduce the publishedformof this filan file cost of producing power from its own resources.
contribution, or allow others to do sO, for ALso, there must be sufficient transmission capabilities

. o.s. Gove,nmen,porposes. . between the buyer and file seller of power. Line losses for
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energy transmission must 'also be considered. These energy When tile mv,]e represents a utility system or several
exchanges may take place in file form of a wheeling integrated utility systems (e.g., a power pool or region), file
traltsaction, as a direct sale or purchase, or as a sales-fi)r- step fimction is usually constructed by an automated routhae
resale transaction. The SMN model supports all three that employs the Investigating Cost And Reliability h_
energy exchange options. Utility Systems (ICARUS) model 12l. The limits (i.e.,

starting _mdending steps) _mdthe shape of the marginal cost
step function are dependent on the trait-level characteristics

2 SMN MODEL METit()DOL()(;Y of the on-line generators that it represents. These
characteristics include maximtun operating capacity, a

The SMN model esthnates Sl_)t market activities minimtun operational level, forced outage rates, variable
through the use of a network of nodes _md lhaks. Nodes are O&M costs, fuel cost.,;, and heat rate curves. Units that are
used to represent generating resources, load centers, and on-line during a specific time peri_l can be obtained from
tr_msmission substation l_ints. Generating resources are results produced by tile Production And Capacity Expansion
comprised of piece-wise linear marginal cost curves _md (PACE) model !1] developed by ANL. This includes
load centers are represented by electricity coltsumption or existing, _umounced, mad new milts flint arc projected to be
energy "shales." Nodes are connected via links that represent built in order to reliably meet future loads and to replace
transmission limitations, line ownership, _mdlosses. Each retired traits. Ulfits flutt have been scheduled for
n_xle type and link lms a set of constrahats fliat are thsed to maintenmlce during a specified week are based _m thser
describe the physical aspects of _m hatercolmected energy inputs and a routine contained witlfin ICARUS.
system. The h_llowing subsections describe the general
characteristics of each ncxle type and file clmracteristics of ICARUS is a probabilistic model that implicitly
a link. Some key SMN model features include: includ,_s the effects of tutscheduled outages. Production cost

esthnates are made for 52 different load levels. A least-

. Physical tralmfer limits oll transmission squares curve fitting algorithm reduces the nmnber of l'x_ints
lines aJad witlfin network nodes, in the curve and iJxsures tlmt it is convex upward - a

• Line specific tr,-msmission loss factors, necessary condition for the LP fommlation. The maximum
• Multiple transmission routes between numl_er of lxfints ttsed to represent the curve is selected by

huerconnected systems, the user. Slopes between the lxfints represent short-rim
• Lhle rights and wheelhlg charges fear marginal costs or incremental production costs.

transmission lhle tt.,_age,
• Generating resources and tra_rsmission line

2.2 Fixed Supply/Demand Node Representationusage earmarked for long-term finn (LTF)

IX)wer commitments, SMN fixed supply/demzuad nodes are used to represent
• Sales-for-resale transactions, fixed electricity generating resources with fixed local
• Minimmn "profit" margins, demands. Fixed supply/demand nodes typically represent
• Minimtan system generation levels, _md energy "sinks" or areas of net energy coltstunption; flint is
• Unit outages, generation is either zero or exceeds local production. In

other situatioits, tlfis m_e may represent a shnple generating
re,source flint operates at a fixed energy output level

2.1 Variable Supply/Fixed Demand Node Representation specified by the user wifli or without local demand. For
example, this node is used to represent rim-of-river hydro

A SMN variable supply/fixed demand node represents utfits or a thermal solar trait where file hourly generation
electric generathlg resources with or without _ui associated pattern from the unit is detenuined elsewhere. Most often,
fixed local hourly demand. This node type, often called a this node may be simply referred to as a demand node
supply node, represents either a single tafit or a group of indicating a net kvcal demand. Since file SMN model is
iutercom_ected traits (e.g., a utility system) with minimtun typically rtm on _mhourly basis, fixed supply]demand nodes
,and maximcun generation constraints. Each node contailts usually require hourly demand data.
a marginal cost step fimction where the ftmction physically
repre,sents the additiolml cost of increasing production by

one additiolml unit (e.g., kWh) of output. The step ftulction 2.3 Substation Node Representation
can be input directly by the user, or it can be generated by

a routine contained within the SMN model. In general, A substation node is aaialogous to a substation wifllout
when the generation supply represents one or two units the generation capabilities or local demand. In _m aggregated
user enters the curve directly into the SMN model. For a network model, the substation node may represent an
single generating trait or units at the s_une location with very equivalent capability of several tmderlying substatkn_s. The
similar characteristics, marginal production costs are a total energy flow entering a substation node must equal die
function of filel costs, variable O&M costs, mid trait heat total energy flow exiting file node. The purpose of this

_ rate curves. Detailed data are required for each supply node node type is to route electricity flow from one or more node
that represents tafit-level resources, input link,; to one or more output links.



2.4 Transmission Representation Becatt,_e there, is a strong dependence between data
access mid mt_leling resolution, dm next two subsectiol_s

Trmt,;mission lines in file SMN model are represented illustrate ahernative trmlsmission modeling approaches
as links that connect two nodes. Simihtrly, a node can be awulable so hmg as necessary data are accessible. The
ccmnected to oflmr network nodes with links defining exmnples are presented to describe how the SMN model has
muhiple pathways to tim node. Individual lines (with _ui been applied to represent different network descriptions.
associated line capability) or coreD)site transfer capabilities
(CTCs), which consist of groul_S of power lines serving the
s_une _trea, c:m be tLsedwhen constructing the network. The 3.1 Utility Model Formulation
adjusted transmission line capacity is specified in the SMN
model as a maximtun net hottrly SlX_t market energy The first application of the SMN mcvdel was to sttpl_rt
trmlsaction (in terms of Megawatts) that can be made a study conducted _unong seventeen member utilities of tim
between two nodes. Transmission links can connect two We_stem Systems Coordinating Cotmcil (WSCC). Various
similar or two different node tyl_s. The model only limits scenarios restricted hydro operations, which had potential
net energy trmasactions. That is, mi energy traltsaction flnpacts oil file mnotmts of season,'ti energy and capacity
scheduled in one direction over a line can exceed the line available to !oad centers in tim Western lntercolmected

capacity if at the stone time there is an energy transaction region. The SMN model w_t,_ttsed to understand what
scheduled in the opposite direction (i.e., back scheduling) impacts might resuh for several utilities mid wholesale
that will lower the net l]ow of energy over tht; line below it,,; customers by examining the potential effects on network
capacity. Only real power flows are colt,;itlered in die SMN sales and wheeling opportunities under file conditions of die
model, various hydro scenarios.

Trmlsmission losses are represented in file SMN model In order to achieve the modeling goals described
by applyhlg a loss factor to net energy flows over each of above, detailed knowledge of individual utility load curves,
the links. The SMN model also recognizes line rights and load forecasting projectiolt,;, demand side nnulagenient
wheeling clmrges that are incurred when one utility system progrmns, generation capabilities, mid generation forecasting
uses another system's tr_msmission lines. An individual projectiolts was required. All load data were supplied on _m
trmlsmission line that has several utility systems with line hourly basis to support mi hourly spot market traltsaclion
rights is represented by tim SMN model as several links, analysis. By thsing a control area representation as fl_ebasis
The stun of flmse links equals file total traltsmission line of the mmsmission modeling approach, various utilities were
capacity. Capacities of each individual link are based on file logically grouped around control area centers in file node
portion of tim line that a utility system has rights to rise. If and link network model. The resulting network
a utility system wants to mmsmit more energy over a line representation portrayed major control areas interconnected
thml it has rights ,o thse then energy c_m be wheeled over by various non-simuhaneotts capacity mmsfer limits, which
anoflmr system's link. However, wheeling charges will be are determined by stability, thermal, or reliability limitations.
incurred. Along with tr_msmission capabilitic_s, specific generation

patterns were. also provided to further qualify particular
Lhnits cmi also be placed on the mnount of power tlmt transfer pattents and lira its.

can be transmitted from one set of links to a second set of
links. Tlmt is, the aggregate mnotmt of power tlmt flows Becattsc of file hn_)rtant roles ass(related with control
through a node cmi be constrained to represent hiternal area operatiozts, individual control areas provided a vast
utility transmission constraints, lmowledge of operational heuristic and operations data

needed for proper transnfission model development. As a
result, traJlsmission modeling at a very detailed level was

3 MODEIJNG GRANULARrI'Y accomplished by gaining access to control area &tta aJld
operational expertise. This particular study suplx_rted data

Although file SMN model was originally designed to access at a detailed level through variotLs proprietary
_malyze economy transactions between utility systems, the agreements in effect between ANL _md each ct×)perating
model also cm_ be used to perform a detailed mmlysis of a utility. Involved utilities also phtyed a significam role in
single utility system. In this mode, each unit or plant is validating SMN model results, thereby completing the model
represented by atsupply node, mid the SMN model provides develolmmnt design cycle.
tim capability of estimating refit-level generation for a set of
interconnt;cted units. On the other hand, the network
representation may have to be configured at a more 3.2 Regional Model Formulation
aggregated level _md modeling resolution will be liot _ts
granular. An aggregate representation is desirable when The second alternative network representation
only gross transfers between large regions (e.g., power pools considered modeling the entire power system of file United
or NERC regions) are under investigation, as is the case for States, Camtda, ,'rod Mexico at a regiolml level. Many
the results presented in rids paper, studies conducted at ANL are centered arotmd serving the



needs of various federal agencie,,; mid cotnmissions. In a diversity factor to seasolml peak load data contained in the
study perfommd for the U.S. Nuclear Regulatory NERC relxm. Supply costs were based on data contained
Commission (NRC) 131, a convenient subregional in the Monthly Cost and Qtutlity of Fuels fiw Electric Plants
repre, entation of wtrious U.S. utilities is used to aggregate database 161 and typical non-fuel variable O&M costs.
individual utilities imo a NRC subregional representation. Assumptions that apply to the use of information contained
This representation colt,;ists of twenty-seven areas, which in the alxwe data resources, apply to the use of tlm data in
partition tlae contiguous U.S. As a result, tim focus is often tlm SMN model.
on subregional tr_msactions rather titan utility-level
tra.t_sactiolts. Because of the hlteractiotts tl_at take place between

NERC regions it was necessary to simulate the entire
A close examination of publicly available data contiguous U.S. _mdintercommctions with Cmmda. A total

ilhmtrates necessary data at regimml mad pool levels. Even of 18 supply m_les were used to represent NERC regions
though some aspects of unit-level data are publicly and subregions. However, results for only the southeastenl
available, detailed load data are not typically public domain Ix)rtion of the U.S. are presented here, since the main focus
kalowledge. As a result, data limitations tend to restrict of this _umlysis is on tim traltsmission _md prcxluction cost
model representation at _maggregated level. The privileges implications of alternative generation siting scelmrios witlfin
of proprietary access to enlumced trait-level _md detailed the Southeastenl Electric Reliability Council (SERC).
load information by utility is not realistic in tiffs model SERC is one of the nhm NERC regions of the continental
development effort due to tim scope of the study. The s_une U.S.
is true of transmission related data.

The first scenario mudyzed is a base case situation in
Argonne is attempting to apply the simulation which no EWGs are prc,,_entin the network. The base case

fnunework at the NRC subregional level to avoid data in Figure 1 shows four nmnerical values surrounding a
overload and to minhnize data maintenance efforts, particular network supply node mune. These ntnnbc,rs
However, obtailfing an adequate NRC subregiomd represent supply node dem_mds (upper left), generation
transmission repre,sentation begins with mcxleling regiozml levels (upper right), SlX_tmarket prices (lower left), mad net
tr_msmission clmracteristics, sales (lower fight). Values representhag spot market

tr_msacfions or energy flows between supply n_xles are
Tile NERC 1993 Summer Assessment [41 is presently indicated near adjacent transmission links (in thousands of

implemented in the SMN model for tlais study. Obtaining MWh). Note tlm large energy flows out of tlle ECAR
tlais data was possible by direct request of NERC. Several

study year,_ were obtained to support general growth trends '., 7_. , ........ /_
aJld to gain a feel of mmsmission capability expansion aald ' (_'1 ' ., ; :_
growth, This representation directly supports region to "....... .',,.,,_>..... '

region mmsfers. One exception to this view is that SERC '"......................../:..7>,__.......................:,,:
is broken down into its four subregions (e.g., VACAR, '.......... _ ..........................'":_ ,
TVA, Soutlmm, and Florida). The s_une is true of tlle ..... . ".... ::
NPCC NPCC U.S and NPCC Cana&t are broken into ...... "'

".,.

subregions. ". "zb,. -....
.... .,/,. -,

In the interest of improving transmission mtv,leling to '!_s) .
'k "

acconalla(Klate tile subregional abslxaction, ANL has .,
investi gated tim procurement of various NERC lnterregional ",,

Reliability Studies (e.g., MAAC-ECAR-NPCC mid ,.,_(_).,, .... :",_,,,
VACAR-ECAR-MAAC study groups) to grasp lower-level : ....................

transmission characteristics. Eq'orts are presently trader way ...._o,%,:'_.: '""": .......... '"i
.............. "'4.1 .

at ANL to obtain these studies to achieve a more detailed ......

tr_msnaission represent:,ttion h_r A NL's subregional network.
'igure I Energy Flows 'for tile Base Case Scenario.'

4 SMN REGIONAL SIMUI,ATI()NS

region (labeled ECR) to surrounding supply nodes; tuunely
For tile purpose of illustrating the SMN model, the SERC TVA (labeled SRT), SERC VACAR (labeled SRV),

authors chose to use the present NERC regional network _md MAAC (not shown). This occurs because of the
description. Tile network description makes use of the First inexpensive costs associated with FCAR electricity
Contingency Incremental Transfer Capabilities (FCITCs) production, which is dominated (89%) by base load coal
presented in tim NERC 1993 Summer Assessment. Basic fired traits, relative to prtu.luction costs for neighl×_ring
generation mid load data were taken from tim NERC supply regioJts, which mttst rely on more expensive oil- and
Electricity Supply and Demand 1993-2002 151. Estimates of gas-fired units to serve peak loads. Also, note that some of
coincidental hourly loads were determined by applying a the spot market energy that is received by TVA is



trlmsl×_rted to VACAR; that is of tile 5,223 MWh of energy The third scenario simulated by the SMN is identical
that TVA receives from surrounding regions, apl_roxinlalely to tile secured scenario excep! that the EWGs art: located in
40% or 2,100 MWh is trlulsported to VACAR. It should be the westt, m portion of VACAR _md impact tile transmission
noted that 2,100 MWh is tile designated s[_l inarket trmlslEr line between TVA m_d VACAR. Note in Figure 3 lhat a
capability between these two supply regions, substali_m node labeled ESB wits _t4etl to connect tile EWGs

to dlis trmlsnlission line. Under this scenario, EWGs do not

Another major [low of energy occurs from the SERC generate electricity. This occurs t_.;ca.se rely energy
Southern subregion (labeled SRS) to the SERC Florida produced by EWGs would reduce the purchase of energy
subregion (labeled SRF). This tlow occurs t×;cause from TVA. Since tile costs for EWG energy production are
Southern has a marginal production cost al times of peak greater than spot markel energy purchases, EWG energy
load which is significmltly less (i.e., roughly 10 to 15 i_roduction would, therefore increase overall production
mills]kWh) than SERC Florida. Tile price difference is costs. Because the EWGs did not generate electricily,
expected, because the Florida subregion must rely on its production costs for this scenari_ are identical to lhe base
most eXl×;nsivc l_aking units to serve peak summer loads, case.
About 58% of Florida's subregiolml generating mix is

conlprised of expensive oil- mid gas-fired units. If tim ',.,, ' ..a_,.<,,.,, " .
trmlsmission network would alh,w greater trmisl'er _"
capabilities, significmltly more spot market transactions ...................,_ '_ _,. : . -; ..... ,_, ..*:,..z.
would occur between most supply nodes shown in Figure 1. '........P_'-,,'. " • '_": t•.... !s< ....................._-'_::_, _'t_':iI:ii_)

The second scenario tha! wits simulated by tilt: SMN
model located several hypothetical EWGs with a combined

_ generating capacity of 500 MW on tilt; eastern seab_ard " . ',.:p.

within tile VACAR transmission and distribution system. It .....
was aSSUllled that tilt'. EWG units burn nattlral gas arid are
fully dispatchable. Results of SMN simulations (st;e Figure '"
2) h_r tiffs scenario are identical to tile base case scenario

except that 500 MWh of generation from EWGs (labeled .(D_'_ ................. ,.,.

EWG on Figure 2) serves VACAR h,ads, mid production _ili:..:&,,i,_:_:.7,:I ........._;...,!::;..... .:_ >,::
from VACAR generating re.sources is reduced by tilt: Sallle, ' l ".............. '_'.'J.... '

alllOl.lllt. A slightly iowc.r productioll cost of EW(]s relative ',...j

to t,Xl_ensive VACAR pc,ak units a||d spot Inarkt:l lmrcllases gigurb 3 Energy Fiows'fl_r the Western EWG Scenario
reduced overall production costs in the simulated one hour
period in SERC by approximately $1,4(K}. This translates
into an incremental sltvings of 2.8 mills/kWh (i.e., in order to eslinlate the. effects of non-dispatchable
$1,400/500 MWh). Savings could be either higher or lower EWGs on overall l_r¢_luction costs, it was assumed that tile
based on the assumed production costs fi_r EWGs. EWGs h_catt;d in western VACAR c_perated at a 100%
Although additional generating capacity will lower capacity factor l¢_r the sinlulaled one hour peak peri¢_l. As
production costs, additional capital expe|lditures for shown on Figure 4, tile injection of 500 MWh of energy
constructing EWGs may significantly reduce any sltvings, into tile ESB substatioJJ node, reduced the amount of energy

purchased from TVA. Relative to file previous scenario,
purchases arc lower by 500 MWh from 2,100 MWh to

"\, '_) ......... .(i 1,6(X) MWh. Because of tile assumed 2,100 MWh spo!" market trailsaction limit between TVA mid VACAR rely
............... 'i'_, _ :: " ' _ ...... :..... :_".-.' ;' energy injected into substation node ESB will reduce tile

................ ,., : _p_ " by an identical aillOttllt. C¢_sls for tilt; scenario art; $3,611

:_. .........................................._ :!_.. q._._, spo! market transaction capability tx:tween these two regions

...................... ",, higher tllall the bast', cast's, bt:catlse marginal energy
...... _, production costs for EWGs are higher than marginal energy

""-%....,. " production costs for TVA. As at result, for every kWh that
_'_ EWGs generate, costs increase l,y 7.2 mills/kWh.

'', Under b<,th tilt: third and fourth scenarios, system

._ '_ reliability may not significantly increase above the base cast:
• ,::-:::.... :.7_:_'a;"I ............<._: ,, despit,: the addition of generating resources. This ix:curs

'"!''3_i ] ...........................i'_:_)_'(?v,D,' because tile trmlsfer cal, ability t,l" tht; intertie with TVA is
decreased. Detailed reliability assessments would need to be
performed lt_ confirm this preliminary tinding.

giguie 2 Energy Flows for tile Seaboard EWG Scenarm



_, ",,.7_ .re . ........... /;:_ _ lxx_ls to filmlize siting decisions. Tile operational expertise

..... \',,, "_) ....... ,,"i - and detailed load flow _md reliability models available to
........... _j Jh .,'....,. ,............ ., ._ established utilities are essential for a proper assessnlent ha

....s_i_... ,z...:!_:..._.._._..._.,U_?) •,!, _ul interconnected lX_wersystem._,_...,_.:f-., '":'f_,,,,J _,_.,,.

.......... _, ,'.,.._,, , _ Table ! Change in Production Costs Relative to The
""..... '_, Base Case Scenario

Scenario Cost Change ($)I I, •

, ,_J _- ,, , , ,,,., ,....

'", _; I El,stern Seal_:_ard E_/G ' -1,400

_.._: ,,_l: " ,, ,_.'. , ' '" ............ _ ",,,, Western EWG 0
.... z_ '4:' ......

"_.t,:':',_,t,,: J Non-Dispatchable EWG +3,611
i ii J

Figure 4 Energy Fl_;ws for the' Non-I_ispatchable "EWC
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