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SUMMARY DESCRIPTION OF THE AURORA MODEL
AND MODIFICATIONSSPECIFIC TO
PUGET SOUND ENERGY, INC.

AURORA relies upon key factors such as available power supply resources, regional
electric demand, natural gas prices and transmission capacity to develop model results,
factors that drive resource operations and prices in the electric power market. Since
AURORA computes the market clearing price for power based upon the marginal generator
in each hour of the dispatch simulation, and that marginal generator is often gas-fueled, the
forecast of natural gas pricesis an important input to the AURORA model. AURORA uses
hourly demand and individual resource operating characteristics in atransmission-
constrained, chronological dispatch algorithm for the entire Western Energy Coordinating
Council ("WECC") area. For modeling purposes, the WECC is divided into thirteen areas
and the economic dispatch for each areais determined based upon the loads and resourcesin
each area and its transmission interconnection capacity with other areas. AURORA
calculates an hourly market-clearing price for energy through balancing the economic
dispatch among al of the areas. A full description of the AURORA model isincluded in the

following pages of this Exhibit No. _ (JMR-10).

PSE and AURORA's vendor (EPIS) have made a number of extensions and database
updates to the model in order to adapt AURORA to produce projected net power costs for the

PSE system. These adaptations include:
. Development of generation data. These datawere developed for Pacific

Northwest hydroelectric projects for each of the 60 water years of record
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based on the Northwest Power Pool 2002-2003 Final Regulation.
Subsequently, specific generation data were updated for each of the five Mid
Columbia hydroel ectric projects from which PSE purchases power based on
the 2003-2004 Final Regulation. Generation data for the 60 water years of
record for PSE-owned hydroelectric projects were devel oped based on
historical daily streamflows and current plant operating capabilities and

operational constraints.

. Development of additional contract types. These contract types simulate
the cost characteristics of PSE's non-utility generation (NUG) power purchase

contracts.

. Other adaptations. Data and databases were developed to include PSE's
load and resources as a specific "Portfolio” within the Oregon/Washington/
Northern Idaho dispatch area. In order to obtain proper model results, itis
necessary to define a Portfolio within AURORA that: (1) identifiesthe
specific generating resources to be alocated to the Portfolio; (2) defines the
power purchase and sales contracts included in the Portfolio; and (3) provides
forecasts of the monthly loads as well as the hourly shape of the loads for the

Portfaolio.
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The Aurora Dispatch Model

PSE uses the Aurora model to estimate the cost of its resource portfolio used in serving
its core customer load. The model is described below: first in general terms to explain
how the model operates; followed by discussion of the inputs which are significant to the
fundamentals based program.

Aurora Overview : :

Aurora is a fundamentals based program meaning that it relies on factors such as supply,
demand and transportation which drive the electric energy market. Unlike many models
which use historic data to predict the future, Aurora uses forward looking information in
a dynamic process to simulate changes in the market. Aurora uses hourly demand and
individual resource-operaring characteristics in 2 wansmission-constrained, chronological

dispatch algorithm.

Aurora uses information to build an economic dispatch of generating resources for the
market, Units are dispatched according to variable cost, subject to non-cycling and minimum
nun constrains umil hourly demand is met in each area. Transmission constraints, losses,
wheeling costs and unit start-up costs are reflected in the disparch. The market-clearing
price is then determined by observing the cost of meeting an incremenral increase in demand
in each area. All operaring unirs in an area receive the hourly market-clearing price for the
power they generate.

Aurora also has the capability 1o simulate the addition of new-generation resources and the
economic retirement of existing unirs. New unirs are chosen from a set of available supply
ahernarives with technology and cost characteristics that can be specified through tme.
New resources are built only when the combination of hourly prices and frequency of
operation for a resource generate enough revenue wo make construction profiable; that i,
when investors can recover fixed and variable costs with an acceptable retum on mvestment.
Aurora uses an irerative technique in these long-term planning studies to solve the
interdependencies berween prices and changes in resource schedules.

Existing unirs thar cannot generate enough revenue to cover their variable and fxed
operating costs over time are idenrified and become candidates for economic regrement. 1o
reflect the timing of transition to competition across all areas, the rate ar which existing unirs
can be retired for economic reasons is constrained in these studies for a number of years.

Aurora Logic

Aurora models the competitive electric market using the following modeling logic and
approaches 1o simulate the markets: prices are determined from the cleaning price of the
mmarginal resources. Marginal resources are determined from "dispatching™ all of the

resources in the system to meet Joads in a least-cost manner subject transmission

constraints. This process occurs for each hour disparched. Resultng monthly or annual
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prices are derived from that hourly dispatch. The commirment and reserve decisions are
done prior w dispatch.

The unit commirment logic simulates operation of generating unirs that cannot cycle hourdy.
These units commit 1o operate based upon the value they create over an operating period.
Once commirtad, units will un at either maximum available capacity or at mmimmm capacity
depending on the value created in each hour of operation. To make the derermmation on |
unit commirment, Aurora will terate to a solution of consistent prices and resource
operation for a forecasted period. Using the pre-forecast prices AURORA examines the
zonomics of commirting the untt given the unit dispatch cost and the minirmum up and

Wn TIDes. ,

To provide system reliabiliry, 2 portion of resource capaciry can be reserved tw provide
stability in the integrated electrical supply system in the evert of unexpected outage
conditions. Aurora determines the reserve requirement for each area and then takes a set of
the higher cost units out of the dispatch stack for the hour. The portion of resources that

 are reserved for system reliability cannor be dispatched into the system based upon disparch
for economic profirabiliry. Hence this leads to higher prices during periods where
generation supplies are near full unlzation.

Aurora optimizes the use of hydro energies over 2 weekly period. It uses hydro constraints
such as instantaneous maximums and minimums and the number of hours of sustained
pealing maximums. Given the annual and monthly energy factors for each area, Aurora
shapes hydro to flatten load (net of hydro) as much as possible. It accounts for regional

hydro imports and exports, wo.

Long-term optimization studies are used to forecast capacity expansion resources and
retirements. In Aurora you can put future resource unirs in the database with pre-
determined start dates, or use the long-term logic that uses market economics to determine
the long-term resources and the start or retirement dates. This optimization process
simulares what happens in a competitive markerplace and produces a set of future resources
that have the most value in the marketplace. The model assumes that new generators will be
buik (and existing generators retired) based on economics. The economic measure useds
real levelized vahue (revemues less cost) on a § per MW basis, Investment cost is mchuded m
the cost portion of the formula. Also, the methodology assumes that potentially nor-
economic contracts will not influence the marketplace and thar someone will caprure the
opportuniry value of non-economic contracts. Therefore contracts are not modeled o the

pncng.

Aurora determines resource value from the difference between market price and resource
cost. This determination is performed for every hour for every resource in the region.
Thus, a very accurate value is developed which takes into account system value during on
peak and off-peak and other hours, and during daily, seasonal, and annual periods of
time. The modeler can specify the use of variable operation and maintenance expenses
along with fixed operation and maintenance expense in the computation.

2
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The net present value per MW of each resource is found for all periods of the study. This
net present value may be used in long term future analysis for determining whether a new
resource should be added to the system or whether an old resource should be dropped.

In summary, Aurora simulates the economi dispatch of resources to meet demand requiremerss.

Auror: -
e Solves the whole system dispatch sirmulraneously.
e Disparches hourly (with sampling capabilities, where appropriate).
o Derermines the market-clearing prices from marginal costs.
o Values all the resources m the system.
Assumptons

Numerous assumptions are made to establish the parameters that define the optumizarion
process. The first parameter is the geographic size of the market. In realiry the continental
US. is divided into three regions and electricity is not traded berween these regions. The
western most region, called the Western Systems Coordinating Council (WSCC) inchudes the
states of Washington, Oregon, California, Nevada, Arizona, Urah, Idaho, Wyoming,
Colorado, and most of New Mexico and Montana. The WSCC also includes Brnsh
Columbia and Alberta, Canada, and the northern part of Baja California, Mexico. Electric
energy is traded and transported to and from these foreign areas, but is not traded with
Texas for example. : ‘

For modeling purposes the WSCC is divided into twelve areas primarily by state, except for
California which has northern and southern regions, Oregon and Washington which are
combined, and Alberta and Brirish Columbia which are combined. These areas approximate
the actual economic areas in terms of market activiry. The dara bases are organized by these
areas and the economics of each area is determined uniquely.

1 oad forecasts are created for each area. The load forecast inchudes the base year load

forecast and an annual average growth rate. Since the demand for electriciry changes both
over the year and during the day monthly load shape factors and hourly load shape factors
are inchuded as well All of these inpurs vary by area: for example, the monthly load shape
would show southern California’s summer peak demand and the northwest’s winter peak.

All generating resources are accounted for. Information on each resource mchades its area,
capacity, fuel type, efficiency, and expected outages (both forced and unforced). Previously,
the generating resource landscape saw few changes; however there are currently numerous
plants under construction and many more in the planning stage. The mode] incorporates
resources that are under construction with expected on-hne dates, and is updared as
resources move from the planning stages o the construction and production stages.

The price of fuel is an important factor in determining the economics of electric power
production. The three most important fuels are natural gas, fuel oil and coal. The fuels need

3
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to be priced appropriately for each are2. For example, 2 plant in Washington may receive irs
gas from Canada at the Summas hub, whereas a plant in Southern California may recetve gas
from New Mexico or Texas at the SoCal Border hub, which are priced differently.

Water availability has grear influence on the price of electric power in the Northwest. Water
flow darz on the Columbia river bas been collected for over 100 years; however only sixry
years (1928-1988) are currently accepted by the regional boards and commissions as
accurately accounting for all loss factors and hence only these sixty years are used in the
analysis. There is also much hydro power produced in California and the Southwest (e.g.
Hoover Dam) bu it does not drive the prices in those areas as it does in the Northwest. In
tf:hosc areas the normal expected rainfall and hence the average power production is assumed
orthe model .

Electric power is transported between areas on high volage fines. When the price i one
arez is higher than another, electriciry will flow from the low priced market to the high :
priced market which will move the prices closer together. The model takes into accountt two
important factors that contribute toward the price: first, there is a cost 10 ransporn energy
from ons area to another which limirs how much energy is moved; and there are physical
constraints on how much energy can be shipped berween areas. The WSCC high volage

Jines were not designed Hke the imerstate highway system to move goods easily and

efficiently around the country. The limited availabiliry of high volrage transportation

between areas allows prices to differ greatly between adjacent areas.
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The operaion of resources withini the elecric market is modeled to determine which
resources are on the margin for the Western Systems Coordinaring Council (WSQQ) in any
given hour. Within WSCC there are ' o

For all AURORA darabases, long-term average demand and hourly demand shapes for these
areas are inpur. These demand areas are connected by transmission links with specified
transfer capabilities, losses, and wheeling costs.

Existing supplyside generating unirs are defimed and modeled individually with specification

' of a mumber of cost components and physical characteristics and operzung constraints.
Hydro generarion for each arez, with mstantaneous maximums, off-peak minirmums, and
sustained peaking constraints are also nput. Demand-side resources and price-imduced
curtailment funcrions are defined, allowmng the model to balance use of generation agamst . -
alrernarives o reducing customer demand.

Provides price and vahue forecasts for each time period being studied.

AURORA applies economic principles, disparch simutation and bidding strategies to model
the relarionships of supply, transportation, and demand for electric energy.

" AURORA forecasts market prices and operarion based on forecasts of key fundame:
drivers such as demand, fuel prices, and hydro conditions. -

AURORA is able to forecast poirt estimates in seconds and minuees, and produce Mome
Carlo stochastic analyses in minutes and a few hous. '

In addition to market 'prices, AURORA provides informarion on resource value, portfolio
value, net power cost, risk and uncertainty analysis, and resource planning. With appropriate
inpurs, AURORA can be used for near-term analysis (next day/week) 1o very long-term
analysis (20 phus years). ‘

Along with the software, EPIS delivers defaul databases. To install AURORA and its three
North American databases, users run the set-up program froma CD-ROM or via the
Internet. AURORA is ready to run. The underlying assumptions may be reviewed using the
damabase tools within AURORA. '

Furthermore, thc user can make changes 1o data (using spreadsheet-like grids) m the
darabase and run scenarios and what-# cases. Users are able 1o add their own proprietary
data to create their own databases.

A real srength of AURORA is that It is transparent o the user. Users can view all
assumprions and results. For example, using the STEP FUNCTION of AURORA, users
may step through the model, following the progress of resulrs on an hourly basis. Results
are presented in straightforward graphical and spreadsheet-like grids.

5
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Penodic modclanddam\xpdarzsamprovidedviathc Imemet. Model upgrades for user-
.spcciﬁednccdsarcpanofrhcannmlﬁccqscfecaslongumqu:smdchangsamofgenu-al |

interest and not proprietary in nature.

Moreover, along with its modeling power, AURORA is easy 1o use. AURORA runs on any
of the following PC based operanng systems: Windows XP/ME/2000/NT 4.0/98. The
software uses the latest in graphical user interfaces (GUI's). k integrates well with Microsoft
Office 97/2000 products; for example, MS Excel :

ATRORA documeniazion and help are conext sensitive, and avaiable directly from the
Internet.

Modeling Methodology _
AURORA is specifically designed to model wholesale electricity prices in a deregulated
generation market. - :

In a deregulated generarion market, at any given time, prices should be based on the
marginal cost of production. In a competitive electriciry market, prices will rise to the pomt
of the variable cost of the last generaring unit needed to meet demand.

One of the principal funcrions of AURORA is to estimate this bourly market-clearing price
ar various locarions in the national electric market. AURORA uses a fundamentals approach
in estimaring prices, reflecting the economics and physical characteristics of demand and

supply.

AURORA estimates prices by using hourly demands and individual resource-operating
characteristics in a wransmission-constrained, chronological dispatch algorithm.

The operation of resources within the electric rmarket is modeled to determine which
resources are on the margm for each area in any given hour. The databases inchude all the-
NERC relability areas in the North American national electric market. At this point, there .
are databases for the Eastern Interconnection (EAST and Central Darabase), for the Texas
mmarket area (ERQOT), and for the Western Systems Coordinating Council (WSCO).

For all AURORA darabases, long-term average demand and hourdy demand shapes for these
areas are input. These demand areas are connected by transmission links with specified
transfer capabilides, losses, and wheeling costs.

Existing supply-side generating unirs are defined and modeled individually with specification
of 2 murnber of cost componerts and physical characteristics and operating CODSTrints.

Hydro generation for each area, with mstantaneous roaxirmams, off-peak minimurms, and
sustzined peaking constraints are also mput. Dermand-side resources and price-induced
curtaitment functions are defined, allowing the model 1o balance use of generation agamst

ahernatives to reducing customer demand.
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AURORA uses this information to build an economic dispatch for the markers. Unirs are
dispatched according to variable cost, subject to non-cychng and minirmm run constraimts
until hourly demand is met in each area. Transmussion constraimts, losses, wheelng costs
and unit start-up costs are reflected in the disparch. The market-clearing price is then ,
determined by observing the cost of méeting an incremental ncrease in dernand in each area.
All operating unirs in an area receive the hourly market-clearing price for the power they

' AURORA also has the capability 1o simmulate the addition of new-generation resources and
the economic retirement of existing units. New units are chosen from a'set of available
supply akternatives with technology and cost characteristics that can be specified through
rirme. New resources are built only when the combinarion of hourly prices and frequency of
operation for a resource generate enough revenue to make construction profiable; that 1,
when imvestors can recover fixed and variable costs with an acceptable return on investment.
AURORA uses an iterative technique in these long-term planning studies to solve the
inerdependencies berween prices and changes in resource schedules.

Existing units that cannot generate enough revenus to COver their variable and fxed

" operating costs over time are identified and become candidates for economic retirement. To
reflect the timing of transirion to competition across all areas, the rate at which existing unis
can be rerired for econormic reasons is constrained in these studies fora number of years.

In summary, AURORA simulates the economic dispach of resources to meet demand
X . AURORA: - : ' :

e  Solves the whole system disparch simmubaneously.

e Disparches hourly (with sampling capabilities, where appropriate).

e Determines the market-clearing prices from marginal costs.

e  Vahues all the resources in the syswem.-

o Provides price and vahe forecasts for each tme period being studied.

Information from AURORA

AURORA forecast capabilities include forecasting for month-by-month and annual -
forecasts. With AURORA’s daily forecasting capabilities, the model can be used for next
day or next 30-120 day forecasts. The capaciy expansion or long-term optimizarion mode
may be used to develop a resource retrement and capacity expansion plan for medmum- to
long-range price projections.

AURORA provides the following information:

Electric price forecasts:

e Geographic areas and trading hubs

o  User-specified tme periods—houry, daily, morthly and anmual
¢ On-peak, off-peak or other defined sers of hours

Resource value forecasts:
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Future generating-unit alternatives
Demand-side resources -
Houdy, daily, monthly and annual time periods,

 Resource strategy forecasts:
s Uses NPV of resource market profiabiliry

¢  Oprimal resource strategies for Jong-term runs

Portfolio analysss:

e User-defined sets of contracts and resources

e Monthly and anmual time periods '

e  Hourly resulrs may be written using VB scripung capabilites within
AURORA

Uncertainty analysss:
e Price, value and defined portfolios
Input sampling of key fundamental drivers

e Transmission usage and congestion

Information from AURORA is readily and easily transferred 1o Excel or virtually any other
MS Windows program. In addition, AURORA provides the above mformation m MS
Access darabase files or MS Excel Spreadsheets. The option of writing output to Internet
HTML formars is also available.

Drivers and Inputs _
AURORA uses the fundamental economic drivers of the electric market 10 rmake s forecast.
That informarion inchdes:

e Electricity demand by geographic area; annually and monthly inchuding

hourly shapes. ‘

e Supply-side resources (all major generatng units) m the system. Resource
heat rates, fuel types, resource-commitment dara and other resource
informarion. Future resource akemnatives are used I long-term optimzation
Demand-side resources including an mterruptible price curve.

Fuel prices by fuel type and locanon.

Hydro information for AURORA'’s hydro-optimization logic.
Transmission costs and constramts.

For uncenainry analysis, Monte Carlo sampling from statistical distributions
for demand, fuel prices, hydro condirions and other drivers is used to
forecast price distiburions.

Users manage the cases and analyze the drivers to elecrricity-market forecasts by selecung -

the underlying assumptions of the analysis. The projections are creared using assumpuions
. .
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for the chosen inpurs, such as electriciry demand growth, fuel prices, and gas-fired
combined-cycls generation efficiency and cost. For example, the low electricity market
scenario could include low-demand growth, low fuel prices, and optimistic assumptions
abow combined-cycle combustion turbines. The combination of assumptions may consist
of ourcomes that the user believes are plausible. A user can model the conditions, cases and
options a decision-maker wants to evaluate. Withow any programming, you determine the
assumptions used in each forecast or study.

Modeling Logic ' .

AURORA models the competitive electric market using the following modeling logic and
approaches to sirmulate the markets:

AURORA market prices are determined from the clearing price of the marginal resources.
Marginal resources are determined from "dispatching” all of the resources in the system to
meet Joads in a least-cost manner subject to transmission constraints. This process occurs
for each hour dispatrched. Resulting monthly or annual prices are derived from that hourly

1 The commitment and reserve decisions are done prior to dispatch. Commirment
works as follows: ' ,

COMMITMENT LOGIC

S OIRORA d0es 4 1504 SCOROTIIC Wit COMmitnent. Unit COMIIIMEN: OCCUTS Prio; I0TT0
TSR T T B : o Te e L T T B Dot Hes

-’ . fo-«. ‘e ‘ .o,f. 'l.-:-'.‘..,j( ..t ‘~ et . ; - * v mi] . i-‘."Ir.).

— ’ingy.prf- Eosicacl Vg prfoaeei Ao = St S T R
e-forecast prices AURORA exammes the economcs of cormmnng the yni

Once commirted, the unir's minimum segment is removed from the dispatch and only the
upper segment is subject 1 dispatch. :
The Step by Step logic:

1. A pre-forecast of prices for the commitment period is made. For each dispatch period
and for each non-cyclhng resource.
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AURORA will do a pre-forecast of the prices. The first hour s run withow
commitmert logic to obtain 2 price for an hour. AURORA then tkes that price and
using the demand, net of Hydro, determines 2 rato. To determine the next 167 hours
AURORA uses this ratio to determine the prices.

2. Uni value for the commirment period is computed (including startup costs).

3. If unit is running, check current prices and commitment period. If the price is economic
then the unit contimues to run.

4, Ifcconomic,:ndthcmkhzsbeendownfora:l&stth:minﬁmzmdowndmc,thexmitis
commizzed for the period. -

Tf not economic, then i the unit is currently comminted, keep the commirment i the
me since commired is less than the commirment period (Min Up Time or one week).
If the unit is not currently commitred then do not commit. If the unit is not commred,
it may run if the market price is greater than (Variable) times the fuel cost of the unir.
The variable is defined on the logic tab.

5. Tf the unit is commired, run full our when the dispatch cost is less than the mrkctpﬁéc.

6. thnnhcdispamhcostisgmamrthan:hennrketpﬁcenmtbexmkatthcnﬁnimum
level :

The mput controls for the commitment and disparch of rcsoufces are found in the
Resources Table and the Fuel Table and for non-cycling units they consist of:

e  Minup Time and Min-down Time
e Non Cycling Percem
. Stan-upCosts
¢ MustRun . ) -
Unic Cost Forpmul: Variable Cost + Fixed Cost + Startup Cost = Total Cost
Define 2 minimum uptime in hours (maximmum 168) and a minimum downtime in hours.
K 2 commitment unit does Not Commit it remains in the disparch at a penalized dispatch
g)::.t Di;patchPcnakyPomzh:DispatchOost + Disparch Penalty = Dispatch Penalry
Other unt types are:
| o Cycling Unirs - Cycling units can be dispatched hour by bour.
e Hydro Unis ’
e Storage Unis
;Iokgcmoddh:g of these units will be discussed in the disparch logic, hydro logic and storage

10
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With commirment and reserve dcisions done prior to dispatch, the dispatch works as

follows:
1.

2.
Pricing 1

AURORA builds a disparch stack for each area.
Given native Joad the marginal unit is found in each area.
is determined from the marginal unit using incremental (linear) mterpolznon (or

if selected, a dacremental or second order interpolarion, or exact supply pricing by area)

The second order disparch switch computes the marginal

pricmng for load zbovc the

marginal resource by using a second order equation rather than the Inear imerpolanon

of the standard disparch. This option will
AURORA run tme 1o significartly 1
not be used.

- Given transmission capabilities and cost
are determined.

yl

of power flows are allowed 1o take place.

mcrease.

result in somewhat lower prices and will cause
Generally, we recommend that this switch

(losses and wheeling), economic power flows

Using "genetic algorithms” or "Darwinian” (combination of random and best) small sets

AURORA will consider the potential benefis associated with shifting or moving power.

6.

7.
flows.

Given net loads in each area, marginal units are - again found.
The process is repeated until no significant benefirs can be obtained by addirional power

These market prices are the foundation for the value, cost, and risk analysis performed with

AURORA.
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Dispatch Pricing Options

The last unir sets the market-clearing price even though it is fractionally dispatched. The
price of the fractional dispatch is set by Incremental (Linear) Interpolation (the default), or if
selected, Second Order Interpolation, Decremental (Linear) Interpolation, or the exact

supply pricing approach.
Incremental (Linear) Interpolation Second Order Dispatch
(Default Dispatch) T
price . price . '
--_-------------: s € Price ""'--."......’:;]:F Price
Cumuiative Capablility P
Cumulative Capabililty '
Decremental (Linear) Interpolation
(Not Recommmended)
pﬂc‘
SAGESENSENRERBERES - <4 Price
Cumuiative Capeblility
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Dispatch Resolution ‘ . ek

has the option to the comtrol of dispatch resolution on the Logic Tab. T 2
Tri;huns;;n is “Norg:Lo’ Normal represents what happens m the market because it does not
reach a disparch sohution with 100% of losses or wheeling,

e Dispatch Margin o .
Rﬁﬁm dap:pamh mmargin (in percemt) determines what margm 15 required for a resource
tonm.'lhis’mginisappﬁcdwaﬂresomccsmthc.mm. The user can specifyonthe
LogicTabthcdispamhmgiuThisnmginisnmhxpﬁed.byamomh}yshapcfactorzfoners
poimcdtobyavaluein:hcboxformomblyshapefordxspamhn;argm. The Monthly Shape
for Dispatch Margin Pomter 10 2 Monthly Shape Vector, located in the Monthly Shape
Factors Database Table, for shaping the disparch margm.

I‘i summary,. the’ disparch provides a system disparch that is compured using genenc
algorithm techniques, AURORA determines clearmg prices m all system geographic areas for
each di hour. Eachamwﬂlhavehsownmgmal}mn(tbcncxz.mmdspatchm
the area) for a particular hour. Those are displayed along with the area prices for an hour.

 Areas

EEsamm—

1. A price sorted resource stack is determined for each area.
lAElmlngpﬁceisfoundforachmagwcntb:nmch:mpd. \
3. Economic flows are derermined and sored by value (price difference}.
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4. A small set of the most economic flows & used.
5. The clearing price is found for each area given narive load and imports 2nd exports.
6.LkmgggmddDzrwinhnalgorhhmtxhdqus,mp53mmugh5mmpwcdmﬁmbﬂhyk

HYDRO SHAPING LOGIC
Y o e Y I O R PR Ty > ST T T SN T S N o ey
RO IR Ao DEmMrZestne 11! 4 r ,aw% m e
N e e ARy A, it o SRS 1Ty P F WEA g TETTHR = iv *7 ST DN

;;.a:,;.w-rnnmnna SIS IYSCETANCOUS . . SOStINA Pea KINe
Ny A ARroa X B Sl W m R R T TIhOTLYST S v o, e AR ol 2 ot )
AW ST \4’_‘“‘:{2 e e RTIROR A BRI FELY 3 RLPER = ;
Fea=dwinstitessPy Bia35153aNE7 12 11 R0 8, 8A A M LITIA - & NS 2719 w i), 0120 2100 :',lll.u CEdS S F . T
e e G ol c g a R pwifoagy 5 - v ...
Y g,__:“.». Lo 3 P S, A RN £ I e 78 F L 3 -
:.1-&'"‘33';:?‘."" .“?;. AT 5~\*~_ll. st 2RI Ly -2 6T J—?’,.lte kX SV IR _Qiil ':lb.rll_l_

A e
=189 4NN, 10,8

i TIERY ja&,ﬁé’-ﬁﬁ::?.r;afm&i ;
T ﬁﬁ‘;‘": e ey g S

1. The average demand for the month for the area is found.
2. 'The average hydro energy for the month for the area is found.
3. AURORA then shapes the hydro using the shaping factor and the following formmula:

Hourty Hydro Shape = (1 + shape factor * (hourly demand - average monthly
energy)/ average monthly hydro energy) * monthly energy factor * annual energy
factor.

4. AURORA checks the insmnmneous maximum and minimums. If there are anmy
violarions, the excess, or underage, is spread o;ak:n evenly from the other hours.

5. AURORA checks the sustained maximum. Any violation is once again spread evenly o
the other hours and AURORA loops back to the maximum and minimum checks.

6. If the consmaints camnot be sarsfied, AURORA will change the mpwt shapmg
constraints to 1, 0, and 1 and modify the formula to use average monthly energy in the
denominator. It will print a message informing the user thar this has occurred.

The user has a choice to shape hour by each market area or across market areas. With Use

all Areas for Hydro Shaping switch on, demand for all areas in the system is aggregated

and the total demand is used for shaping hydro rather than the demand in the area the hydro
is Iocated. In general, for the Eastern Markets hydro is modeled for the respective market
areas, and in the Western Markers all areas are used for hydro shaping.

EMISSION LOGIC

Emissions can be an important fundamental driver. AURORA allows an unlimited number

of emission types to be modeled via inpurt. Emission rates are mput for each resource and

emission prices and limits are input for each emission type.
: 4 '
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Emission cost is computed using the following formula:
Emission cost = (emission rate - imit) x hear rate x emission allowance price / 2,000,000

Trearment of emission cost is controlled under the AURORA Assumptions Tab. Emission
cost can be inchuded in the dispazch or in the value by using the appropriate check box.

Nots that emission data will vays be displayed so this only determines where AURORA
uses 1.

EMISSION TABLE RELATIONSHIPS ’ '

After selecting emissions i the Assumptions Tab, key tables and fields for emussions
' Unir-specific emission rates are applied  the “50O2 Emission
Rare”, “NOX Emission Rate” and “GHG Emission Rae”
fields, in Ib/ mmBru ‘ :
Each ermission type represents a record, with data for the
“Price” field ($/ton) and “Limit” field (Ib/ mmBuwy). These may
be text references linked to the “Annual Alpha Vectors” table.
The “Name” field entries are linked to the “Name” field of the
“Emission Type” table. Individual year field entries are linked
to “Monthly Shape Vector” table entmes. ‘
The “Use” field entries are Inked to the “Name” field of the
“Anmual Alpha Vectors® table. Individual month entries
represent emission limit values and allowance prices.

ENERGY STORAGE LOGIC

AURORA models energy storage resources, Le, pumped storage, barteries, etc. A resource is
treared as 2 storage project if it references a fuel type that begins with word “Storage”.

To define the storage project characteristics, the model uses the standard resource input
variables, as well as addirional inpurs for recharge capacty, storage limits, and project inmial
comemts. The charging / generation cycle efficiency is defined through the resource heat
rate.

Heat Rate - For storage resources, emer 2 value such that the ratio of 3412/Heat Rate gives
the storage efficiency for the unir (3412 bemg 100% efficient). ,

Fuel - Energy storage resources must reference a fuel name that begins with "Storage”.

Recharge Capacity - (Text) The maxirmum rate (MW) at which a storage resource can be
recharged. This value defines maximum ourput on the swrage side during charging. Energy
inpur required to achieve this recharge rate will be higher by the reciprocal of unit efficiency.
Recharge capaciry can be changed on an annual basis by using the name of an annual alpha

vector in this field.

15
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Maximum Storage - (Text) The maximum live storage conrent of the storage resource
MWh. This value can be changed on an annual basis by using the name of an annual alpha
vector in this field. : : . :

Initial Contents - (Single) Initial storage content of the storage resource at the begimning of
the study. This vahue is nput as a fraction and is nmlriplied by the Maximum Storage value
to get inmial contents. The vahe used here should reflect expected storage contents at
midnight on the first Sunday of the first month of the study.

Ar the beginning of each week during the run, AURORA determines a charging and
generation schedule for each storage project for the coming week. The inpurs mentioned
above are used, as well as a dynamically updared hourly area price forecast mformation for
the week Within each day across the week, the model idenifies the combimnation of hours m
which it is cost-effective to store and to generate without violation of the project storage
constraints. It assures that revere during the generation hours exceeds the cost of charging
energy adjusted for cycle efficiency, phus any variable O8M costs incurred. Once the houdy -
schedule for the week has been determined, it is Jocked in and used to modify area load for
the hours actually being disparched as the simmlation proceeds through the week. :

In any individual disparch hour, the actual hourly cost of recharge energy or the revemue |
from hourly generarion is based on the area price determined by the ful dispatch for that

hour.

The defaul configuration for AURORA is to optimize the recharge/generation schedule,
under the week-ahead price forecast, on a daily basis for each day of the week except
Sunday. The schedule for Sunday will be determined using an extended price forecast mo
the following week This option can be disabled on the Logic tab under Run Setup on
AURORA’s main form. -

Use Extended Period for Storage Scheduling, When the switch is on the storage scheduling.
decisions for Sunday are made by extending the forecast imo the following week, using a
scheduling horizon through Tuesday of the following week. .

With this swizch tumed off, scheduling decisions for Sunday will be made only on Sunday
forecast hours. '

There are two issues the user should be aware of when evaluaring the vale of energy storage
projects using AURORA. ‘

1. It’s important to note that the week ahead hourly price forecast AURORA uses for
determination of the hourly charging/generation schedule can and probably will differ
from the prices determined by the full dispatch for the week ahead. It is possible for
projects that have 2 marginally economic schedule based on forecast prices, o result m

" an uneconomic operation for a week if the full dispatch prices are substanially flanter
than the forecast prices. This was an infrequent occurrence under testng with the
standard AURORA databases.

2. k is important to run enough disparch hours to capture the full economics of the

charging/generation schedule. EPIS recommends using 2 minimum hourly sewp
configuranion of every hour for at least one week 2 month.
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Monthly Hydro Shaping:
The hydro shape for a month will reflect the dara input in the Hydro Shaping table

Long-term Optimization Logic.

In preparing for Long-term optimization smd.us users will xdcnnnycwResoun:es © be
cvahmcdmtbcsmdyanddctcrmmepammctersforthcsmdy ‘

NEW RESOURCES

In the New Resources Table m the dazabasciswh:mthemcrdcﬁnsanewresour&eandhs’
operating characteristics.  For example, the type of resource: Wind, Solar, Nuclear, Coal,
Gas, Etc.

The new resources table contains cohumns that allow the user o defme all the varizbles of a
new unit, including when the porential unit will be placed in service. These variables provide
controls for placing operating constraints on all the unzs in the system.

AURORA will calculate a value for each unzr. This value s a Real Levelized Net Present
Vahie (NPV) in $/MW. The capiral cost 15 pa:tochachvchzcdcosL AURORA uses the
Real Levelized cost to make decisions about new units. '

: . At :
: be.:pcx:fozmed .on 4l forward .Costs™
ERo T W, Of. rhc:r:somc_c.

-ty o e A X S e
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o The Sty R E AR
R I et T

A TEW TCSOUICE

1. The first keration begins with no changes in resources for the ume period of the
stdy. (AURORA uses resources m Resources Table)

Enumerates all new resources

g

Computes value for each existing resource

Computes vahue for each new enumerated resource

Sorts resource values

Selects a small set of the most negative value existing resources to retire

Selects 2 small set of the most positive value new resources to add.

Rerun AURORA 1o compuze electric prices and resource value |

. AURORA repeats the Genetic/Darwinian algorithm untl the system stabilizes

This is done on a gradual basis because large changes to the resources would change all of

the assumptions used to computre vahue

This optimization approach provides an excellent approximarion for how the competmve

ace will select resources in the long-term. Resources that create value on a gomg-
forward basis will be constructed while those thar have no value on a going forward basis
will be retired. ‘

A primary resukt of a future apalysis i 2 NEW RESOURCE MODIFIER wmble. A
resource modifier wble is created and becomes part of the AURORA mput database. This
table is the only ourput saved to the input darabase.

The output of this study may be used to mput assumptions for other long-term analyses
where the assumptions are applicable. The purpose of a resource modifier table is w0 add or
retire resources in the main resource table of the applicable darabase. _

W 00 N g U ok W

Bidding Logic
In addition to electricity price forecasts based on the fundamenral drivers, users may reflect
non-fundamental price behavior by modeling bidding in the market place. This may be
modeled using Bidding Logic.
The bidding logié 15 an optional fearure in AURORA. The Use Bidding Logic box is used
1o conrol whether AURORA uses bidding logic for resource operanon.
For the bidding logic to implemented, users provide input ™ the following tables:
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In the Resources Database Tables, bidding factors and bidding shapes may be mput. If they
are, then they are used only f this checkbox is set. '
To reflect whar suppliers may bid, Biddmg mpur put in the Resources Table and the Fuel
Table, where 2 Bid is equal to (1+bidding factor) x unit’s marginal cost X houdy shape
factor ’

Bidding Factors: Specify by generaring units or fuel types. ‘

Bﬁd}in.g Shapes: Specify hourly shape by unirs by pointing to Weekly Shaping Factor
Table.

The following are instructions on the Resources Tzble relating to bidding:

This table provides the input assumptions and parameters for all existing resources in the

region being modeled Generally, when 2 -1 appears in the Resource Table, the model

remieves the correct input parameter from general parameters for each fuel type.

Bidding Factor: A (Text) cohumn that allows a vahue, If this value is a pumeric value greater

than O then i is a factor, which will be added 10 one and muiriplied by the total resource
 variable cost to get the disparch cost for the resource. v

This simulates bidding at prices that are greater than the cost of a resource. This number will
override any general resource disparch margmn, which may be used. If this vahe is 2 non-
mmﬁcalphavaluctbcnicpoimswanannmlalphavectorwhemtbcvﬂuesare mnput
anmually, I this value is a negative one then the fuel default is used. If this value is less than
negative one then it is a pointer 1o a monthly shape vector where monthly values are mput.
Bidding Shape: A (Text) column that allows the mumber of the weekly shape vector (of
hours) to use for shaping the bidding factor hourly {they are multiplicative). An alpha swng
maybcmedinthisﬁeld.Ifi:is,thcnitpoimstoananmnla]phavcctor,whichmxstpoint
to a monthly shape factor. The monthly shape factor then contains the weekly shape vector
for each momth. By this means; you can vary the shape by month and year. If this is zero, -1
or not given, then no shape is used.

The following are instructions on the Fuel Table relating to biddmg:

Bidding Factor - (Texx) If this value is 2 numeric vahue greater than 0 then & is a factor,
w:hichwillbe added 10 one and multiplied by the toral resource variable cost to get the

disparch cost for the resource.
Thiis sirmulates bidding at prices that are greater than the cost of a resource. This number will
override any general resource disparch in, which may be used. If this value is 2 non-

numeric alpha vale then & pomts t an annual alpha vector where the values are input
annally, Tf this value is less than neganive one then 1 is a poimter to a monthly shape vector
where monthly values are mput. ‘
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SELECTING OPTIONAL LOGIC SETTINGS:

Io AURORA., the user is able to conmol many of the parameters thar relate-to the above logic by using the
swirches and setings on the Logic Tab.
Use Operating Reserves box is used w control whether AURORA reserves generation for
Operaring reserve purposes.
If this box is checked, then AURORA will reserve a percentage of resources at the
top of the stack for operaring reserves (the capabiliry of these resources will be set o
0 for the hour). The percentage of resources reserved is sex o 6.5 percent by default.
The Areas tble in the npur database can be used to change those defauhs. The
exact formula used in the reserve requirement calcularion is as follows:

ReserveRequirement = (ResourceCapabilryForArea + :
HydroResourceReservesForArea) * PercentReserveRequirememForArea/100 -
HydroResourceReservesForArea

Use all Areas for Hydro Shaping When the switch 1s on dernand for all areas in the system
i aggregated and the total demand is used for shaping hydro rather than the demand m the
area the hydro is located See the exphnation of the hydro shaping logic for more
mformaton.

Use Price Caps allows the use of price cap inputs in the area table.

Use Extended Period for Storage Scheduling When the swich is on the storage
scheduling decisions for Sunday are made by extending the forecast oo the following week,
using a scheduling horizon through Tuesday of the following week
With this switch turned off, scheduling decisions for Sunday will be made only on
Sunday forecast hours. - : '

Use Second Order Dispatch The second order dispatch switch compures the marpinal
 pricing for load above the marginal resource by using a second order equation rather than
the linear interpolarion of the standard disparch. ' L '
This option will result in somewhat lower prices and will cause AURORA run ume
to significantly increase. Generally, we recommend that this switch not be used.

Consul with EPIS.

Use Decremental Dispatch The decremennal disparch switch should not be set unless you
have consuked with EPIS. _ ,
Nommalize Demand and Hydro box is used to comol the normalization of hourly
demand and hydro factors. '
When the box is checked, then hourly demands and hydro factors, for 2 month, for
the hours that are dispatched are modified so that the monthly average is exactly one.

For demand, there is also a flag (defauk is true) for each demand number, which can
be set in the Escalation of Demand tmble. Both the global box on'this wab and each
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individual demand numbers flag mmust be set for the demand for thar mumber o be
normalized. However, if you are doing daily mode runs, then the normalzarion of
dermand will be for all hours in the month and hydro factors will not be normalized.

When the box s not checked, no modifications are made to the mpw hourdy -
dernands or the houry hydro factors computed by the hydro optimization routine.
Use Bidding Logic box is used to comrol whether AURORA uses bidding logic for
resource operaton.
* In the Resources Darabase Tables, bidding factors and bidding shapes may be mpur.
If they are, then they are used if this checkbox & ser and are not wsed if this
checkbox is not set.

Use Ramp Rate box is used o conrrol whether AURORA uses resource ramp rates m
determining resource capabiliries. Ramp rates affect the resource capaciry that is available to -
disparch in any given hour, making i 2 function of the resource ourpur in the previous
dispatch hour. ,
' Ramp rate logic will only be effective f AURORA is set to disparch for all hours
(8760 per year). Ramp rates are inpur as a percent for mdividual resource unis or by
fuel type. Generally, the ramp rate logic will affect market prices during shoulder

hours when load s mcreasing.

Dispatch Resolution drop-down allows the user to control the disparch resohmon. For
most purposes, this should be left at normal. The dispatch provides a system dispatch that is
computed in a radically new way. Using genetic algorthm techniques, AURORA determmes
clearing prices i all system geographic areas for each disparch hour. System resources are
not used lik they were in the old disparch (the master resource wable will be empry); each
area will have its own marginal unit {the next unit to dispatch in the area) for a parmicular
hour. Those are displiyed along with the area prices for an hour (see hour area in the view-
burton screen). Contact EPIS before changing the disparch resolution. .

Disparch resohumion affects what % of difference exists berween existing areas. Selecung a.
higher than normal resohurion will resukt in 2 smaller difference berween areas. The defaul is
NORMAL, which represents reality more accurately. : :
Use Congestion Pricing box is used to comol whether AURORA. will use congestion
pricing on the effective link wheeling rates. You may add the column "Link Congestion
Year" to the Link table and set the first year you want each link to use congestion pricing
(defaul, pricing will be used for the link). When congestion pricing is used, link-wheelng
rates are determined by the following formula: .
70 - Exponent for congestion pricing (by defaul).

The user can change this with the Congeston Exponent box.

Congestion Wheeling Rate = Inpur Wheeling Rate times Fracrion Link Loaded *

Exponent umes 1000

The effect i to multiply the Inpur Wheeling Rates by the values from the chart

below with the x-axis representing the congestion or the fraction the Iink is loaded.
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Notc-avahlcofoneoccursztabom.905wi'hancxpon:mof70.
Resource Dispatch Margin The resource disparch margin (m percent) determines what
nn:gh:ismquktdforamsomtcwmmmisapphc_dwaﬂmgam in the system.
'Ihcdisparchmarginismzhipﬁcdbyamomhlysthcfmorxf.oncispomcdtobyavahmin
the box for monthly shape for dispaich margm.
Monthly Shape for Dispatch Margin Pomter 10 2 Morthly Shape Vector, located m the
Monthly Shape Factors Database Table, for shaping the disparch margin.
Non-Commitment Penalty The Non Commirment Penahy allows the user to specify the
"penalty” or increment (in percert) in the dispaich cost to be used to disparch a commirment
type unn when It has not commurted for operanon.

By defaul, this is set to 2900 percent or 2 30 fimes penalty so commirment-Type units will
not run if not commirted.

Risk Analysis
Prices and values of resources and portfolios may be forecast and understood under
conditions of uncerminty. AURORA’s speed makes i possible wo get resulrs in 2 matter of
hours, not days. 'To see the effects of uncerainry, AURORA samples from stanistical
disributions of key drivers. AURORA can be run in Mome-Carlo or Latin Hypercube
mode,rcsuhsammbtﬂatcd,andafuﬂsctofmﬁsdmlmsuks can be analyzed. For mstance,
the effects of summer-peaking siuations may be understood or the effects of hydro
uncertaintes can be examined. Because the basic economics of the system are not lnear,
this kind of analysis can lead ©o insighrs that would not otherwise be available. On the Risk
Tab, the user can select risk analysis t be able 10 perform Uncertainty Analysis.

In the Risk Analysis demand, fuel, hydro and resources can be sampled from distriburions
including normal, log-normel, uniform and binomzal distriburions. Also, the user can sample
from a user-defined distribution. The sample draws may be done as Monte-Carlo or Lann-
Hyper-cube sampling. For each iteration sampled, AURORA provides detailed

sample/ iteration results, statistical results (mean and standard deviarion), and histogram
results :

Also, AURORA may be used as a “pricing” applicarion or engine wirhin another Monte
Carlo application or system of models.
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AURORA Data Elements

Datz Elements of AURORA Sofiware
Run Set-Up Controls
Set the Time frame—next hour 1o very long term (20+years)

Xerthe Pricé Forecasts Output

Egcmmdhdmgﬁxbsmzﬁm
Daly picss _
Monrb}y'pnccs

Al
Wl’orewtmg

fhuﬁymonthiyandmmleo&i;&'n}’:ﬁdv%c
Fundreds of;omandmomccsmm&ponfbﬁo

Innsmssxoncos:szndccnsmms

Demand-side cost and avaikbiliry
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DATA INPUTS
AURORA is very flexible and can be used for a variety of purposes through changing s
inpur data. Below is a discussion of the major inpur variables, their purposes, constructs,
and with some sources for updates.
Also it should be noted that the economic assumprions in AURORA can be overridden by
user mput.  For instance, modeling the new FERC price caps in the west requires non-
economic assumptions, but can be modeled in AURORA.

In the Appendix is a complete set of AURORA input tables with defiirion of variables.
Annual Alpha Vectors |

Purpose: resource parameters that vary by year

Prnciple Varmbles:

heat rates, allows technology improvements for furure resources

variable O&, differing rates in furure for new or existng resources

fixed and variable O&M of future resources, inchuding capizal costs -

rebuild costs, tests recovery of cyclical costs to rebuild generator (e.g., 20 year Iife
cycle of cenain equipment) Lo ’

Annual alpha vectors are used as a reference for variables that may be changed yearly. This
table is replacing the Annual Vectors table. This table has the word alpha in &t to indicate
that the table requires the use of alpha characters in the references to . The alpha characters
are used to indicate that a reference is implied rather than a value. Variables that may be
input via the Anmual Alpha Vectors table are documented with the variable definmion.

* © o @

Annual Vectors

Purpose: inpurs varying by year ,
o resource build and retirement limirs
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mnflation rare

fuel pointers to monthly shapes
hydro pointers to monthly shapes
annual load escalation

Principle Variables: /
e load escalation with differential annual escalation
"o inflation rates |
o can specify annual fuel costs with differential annual escalation

Data Sources/ Tools: inflarion rates from government agencies: e.g, BLS, OMB, EIA
e inflation rares from subscription companies: e.g., DRI, WEFA
e anmual load escalarion from NERC regions from Loads and Resources Assessment
order forms annual load escalarion from FERC 714 filings
hrrp:/ /s derc feduus/ electric/ £714/ F7 14dara.brm

Annual vectors are used as a reference for variables that may be changed yeary such as
inflation rates and annual growth in demand. Variables which reference anmual vectors
inchude: transmission wheeling (reference monthly shape of ransmission costs for each
year), new resources (annual maximum mumber of units), escalation of demand (annual
growth rate in demand specified for each area), and general information (wflation rate).
This table is being phased out and replaced by the annual alpha vectors mble.

Orher vector tables inchude "monthly shape factors” and "hourly shape factors™.

Areas

Purpose: specifying the areas for which prices are determined

Principle Variable: creating new/ different areas

define existing resources, future resources, loads, and transmission

existing resources: fuel costs, hydro paramiters, and load curmilment ‘resource’
furure resources: fixed O&M, variable O8M, fuel costs

loads: base year annual average load, monthly and houry shapes, annual growth rates
ua;;mission: paths with transfer limits, transmission charges and loss rates with each
other area : '

Listing of géogmphic load and resource areas identified in the model The selection is
generally based on significant areas where transmission interconnections with other areas are
well defined. '

Columns inchude: '
o Area Number - Area identfication number.
e Area Name - A name for the area.
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e Area Demand Number - A pointer to the cohumn in demand tables to use for the

area (the demand mbles are the "demand" (houry) and "demand case” (monthlyand -
~ annual wbles). E ,

o Average Marginal Cost (Optional cohummn type single) - If inpuz, this provides the
rolling average marginal cost (over 12 months) to use at the beginning of a run.

o Area Reserve Requirement (Optional column type single) - If this column exists,
then the values in the column (inchiding 0 or blank) override the default value of 6.5
% for area operating reserve requirements when the use operating reserves check
box s set. The values are mpur as a percentage.

o  Short Area Name (Opuional cohumn type text) - If this cohumn exists, then the values
will be used for a shortened form of the arez name (used with some ourpurs). If this
cohummn does not exist, then the short area name will be the left 5 characters of the

¢ Price Cap (Optional column type single) - If this column exists, then the non-zero
values will set a price cap for the area. The price cap will be arificial and will not
effect resource dispatch. It may affect connected hub prices. The Use Price Gaps -

- checkbox must also be set :

e Exact Supply Pricing (Optional cohumn type boolean) - If this cohumn exists, then
those areas with this column checked will have prices computed based on the exact
disparch cost of the marginal supply side resource. Because of this logic, imports will
not be used for the pricing. ' '

Hourly Demand

Purpose: hourly load shapes for each month. A set of hourly loads or percentages, which
define each momth’s hou.riyload shape for each area.

Principle Variable: historical multi-year averages can be used 1o specifya ‘normal’ year
e an actual year can be specified to model either a high or low year dara sources hourly
loads available through FERC 714 control area hourdy loads
hup//wwwiercfedus/electic/f714/F714databom

WWW, / ic/{714

“This js a data table of hourly load factors for an annual period (8760 + 8 days). Each colurnn
is mumbered and is referenced by an area or portfolio/ power cost entiry. In general, EPIS
has set up the table columns to match the areas. The load dara begins on a Monday and
continues for an additional 192 hours (8 days) at the end of the year. This allows for
indexing in on the table to the correct beginning day of the week for amy year specified
(inchuding leap years). AURORA can auromarically normalize the hourly dermand factors so
that the average of the demand factors for the hours bemg disparched in 2 month always
equals 1.0. This is conrrolled from the logic tab. Please note that the colurnms in the
Demand table must be in the following order. Addirional columns are not allowed in this

wable.
Columns inchade:
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Hour - The hour in the year beginning on a Monday at 12:00 - 1:00 2.m. '
Number - The identificarion number as used by the area or portfolio/ power cost entiry
using this table. These pumbers mmust be sequential. This colurm is repeated for each
demand number in the darabase.

Demand Moderate

Purpose: annual average load and monthly shapes
Principle Variables: area load forecasts
« monthly load shapes for each area
Dara Sources: .

e historical EIA uriliry loads from Annual Energy Report, useful for allocating a larger

area forecast to smaller AURORA areas
hrtp:/ /wrerw.eia.doe.gov/ cneat/ electricity/ est/ esr._tabs.rml [Table 17]

¢ NERC load forecasts (compilation of urlity forecasts)

- e EIA Annual Energy Outlook forecast (utilizing NEMS)
* hupy//www.eiadoe.gov/ oiaf/ aco/ electricity hrml

Fuel Moderate

Purpose: specify fuel cost and generic operating parameters by resource type
Principle Variables: fuel prices : _
e resource operating parameters: O8M, availability, commitment and must run
designanion
Dara Sources: .
o EIA Annual Energy Outlook forecast :
hupy/ / wew.eia.doe.gov/ oiaf/ aco/ supplement/ index hrml
¢ EIA historical dara, FERC 423, cost of fuel by plant
hrp://www.cia.doe.gov/ cneat/ electriciry/ epm/ epm._sum.homl
hrtpy/ /wwww ferc.fed.us/ electric/ £423/ form423 hrm o
o And, various proprietary gas-forecasting services. =
See EPIS Energy links on www.epis.com

Hydro Moderate

Purpose: specify hydro energy generation
Principle Variables: annual and monthly hydro energy specified in percentage of installed
hydro capaciry
Dam Sources: _
e EIA 759 monthly generation, hydro reported by resource
hrrpy//wrww.eia.doe.gov/ cneaf/ elecuricity/ page/ e’ 59.hrml
¢ NERC regions resource dara :

rag
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e - Power pool and planning informarion
Link |

Purpose: specify wransfer capabiliry across transmission paths
Principle Variables: inter-area transmission path wansfer capabiliry
Dara Sources: '
The primary source of data for this table is 2 wholesale wransmission map. The WSCC
transmission map showing transmission limirs is available from the Western System
Coordinating Council (www.wscc.com} or WSCOC Path Rating Caralog m FERC715 filing
(brxpe/ /wrwrw ferc fed us/ electric/F715/F715data brm). ‘The National mransmission map

showing transmission limirs is available from the North American Electric Reliabiliry
Council (www.nerc.com).

For transmission, the primary source of dara is wholesale electric transmission tariffs.
However, transmission data will be used as ncremental wheeling cost and losses
components of the marginal-clearing price of unit(s) on the margin. Therefore, the vahies
used here should reflect the cost of transmission and wheeling for the resource on the
margin. Counter-flow scheduling and resale of unused firm transmission rights (Le. nor-
firm) should be considered in judging the values input to transmission.

Review Darz: By activating the “Sys” burton on the AURORA toolbar prior to 2 run you are
able to view the transmission system geometry as defined by the Link rable. '

Monthly Shape Factors

Purpose: specify various inpurs that change by month
Principle Variables: seasonal generation capacity changes
o splitting generation between areas by season

o fuelshapes -

e hydro operanng parameters
Dara Sources: Existung Resources

New Resources

Purpose: specify various inpurs that change by month
Principle Variables: seasonal generation capaciry changes
e spliming generation between areas by season
o fuel shapes
e hydro operatng parameters
Dara Sources: |
e State siting agencies and Western Interstate Energy Board
e News reports (Internet searches)
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o McGraw-Hill Power Generation Markets Quarterly info:
hurp:/ /www.mohenergy.com/ products/ electric/ pgrmq hrml
o Multiple sources: See EPIS Energy links on www.epis.com

This table provides the inpur assumprions and parameters for new resources types to be
evahuared when the model runs a long-term study. It optimizes the expansion and retirement
of resources. This table is similar to the resource table. Values in this table, which are set 10
-1.0, indicate that the value from the fuel table should be used for the area (in the case of

bydro). |

Heat rate, fixed O%M and variable O8M fields may be nput as text strings. If the fields are
not numeric, then they are assumed to point to a record in the Annual Alpha Vectors tble. |
Thus values for heat rate, fixed O&M, and variable O8M can now vary by year. For the new
resources table, the vahes will be the values used for all years for the vintage of new _
resource being created for the capacity expansion. If you need tw use changing annual "real”
vahues for a vintage of new resources then the Annual Alpha Vectors table may contama
text string which should point to another record in the Annual Alpha Vectors table which
contains the appropriate anmual "real” vahues for that vinrage new resource. For the
resources table, the values in the Annual Alpha Vectors table will be the annual "real” values
used in the run. - .

The column order in the resources table is not important. Column names st match those
below exactly. When adding columns to an EPIS supplied database, you should check your
resuls carefully to ensure that the column names were correct and the data is actually being
read

e  Number - Identificarion number for the new resource type. New rescurces created
for evahuation from these types are mumbered sequentially starting at one and if they
are actually used in the dispatch, then they are numbered sequential, starting with the
next number after the last exisung resource. _

e Name - The reference name of the resource, used for reporting purposes. The letters
"demand" anywhere in a resource name indicate that the resource is 2 demand side
rather than a supply side resource. : :

" The names are subject to the following constramnts:
Can be up to 30 characters long.
Can include any combination of lewers, numbers, spaces, and special
characters except a period (), an exclamation point (), an accent grave 0O,
and brackets [ J.
o Can't begn with leading spaces.
e Can't include control characters (ASCII valhues O through 31).
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Information on the complete set of AURORA input tables with definition of variables are in.
the Appendix. This is from the AURORA on-line documentation. It is recommended that
users use the or-line information to ensure the use of the hest informarion. |

§ Sample Output of AURORA '

AURORA enables the user to view the results while the results are sdll in the virtue memory
of the computer, or to create an ourpur m AURORA, MS Access'or MS Excel This enables
users to view all assumptions and results. Results are presented in straightforward graphical
and spreadsheet-like grids.

By way of example, outpurs for Resource Stacks and Marginal Fuel information are shown
below. In the appendix a complete list of the outpurs is available.

See Figure 1 below for an cxémplc of 2 Resource Stack for Southem California for July 2002
based on Capacity (MW). ' ‘

¢ Resource Stacks are available in terms of Capacity (MW) or Capability (De-rated
Capacity m MW).

¢ You may choose one or multiple areas to display (by holding the “Cd” key down
while clicking).

+ By nght clicking on the graphical ourput, you can choose the copy command and
copy the graph and irs data to the clipboard for pastng into other applicadons.

¢ The wolbar gives buttons for printing or copying the data in the graph or for exiting
the graphics display.

Figure 1: Graphical Display of Resource Stacks
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AURORA - Resource Stacks

¢ Resource Stack Information Standard Output. In addition to the graphical
display, you can get the lists of resources in the area resource stacks with dispatch
costs and dispatch order.

¢ Byleft clicking in the upright comer of an ourput table, you can choose the copy
command and copy the dara to the clipboard for pasting into other applications, or
you can just push the “ToExcel” button and the data will be exported to an MS
Exce] Workbook.

¢ The toolbar has burtons for printing or fikering of data in the table display.

Figure 2: Standard Ourput of Resource Stack Information.
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Fuoel Output A fuel ourpur table is now available as a standard ourput ar the end of each
AURORA run. It has monthly and annual fuel cost, fuel usage and percent marginal for
achmSpcciﬁcal}y,forcachmothbecyearandannmLtthUELrepondisp}ays fuel
cost in $/mmBTU, fuel usage in mmBTU and the percent of time in the period the fuel was
being used by marginal generation for each area. See Figure 3 for an example.

Figure 3: Standard Output of Margmal Fuel Informanon
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Operating Platform '

Software. AURORA uses the kest software technologiss from Microsoft and other Jeading
software vendors. The model is wrirten in MS Visual Basic 6.0 (SP4) and MS C++ 6.0.

Ease of use and analysis of mulriple scenarios are facilitated by Visual Basic Seripting (VB
Scripting) capability m the AURORA software. VB Scriptng is used to place resulrs directly
nMS Excel ' '

AURORA can use MS Worksheets for input by linking the worksheets to database tables.
Requires MS DAC and VB Scripting engines (installations are inchided with AURORA
inswallarion)

AURORA input and output are stored in standard Jet databases—M5 Jet (Access 97)
databases (Excel worksheets are also supported). Input databases are about 3-8 MB each.

We are using the latest MS software and all DLL's etc. included with the mstallation are the
latest MS available. '

AURORA is year 2K compliant and as far as we can tell, the MS software i;xchﬂedisalso
year 2K compliant. ' :

Hardware and Operating System AURORA is optimized to run on Pentum ITI or IV
ProCessors. _

Minimum Requirements

The comprar pmst meet the following minimmm requirements. The processing will
be slow for long-term capacity expansion runs. And, the minimum configuration 1s not
recommended for performing risk analysis. A

Hardware:
¢ Fast Pentium PC (at least 400 MEE)

e 128 MB and should have at least 256 MB of memory for long-term capacity
expansion and for risk studies.

e 150 MB of free hard disk space for the install and enough free hard disk space for
the virtual memory setrings. Uses up to 20-80 MB of disk space for data and results
depending on what (database capabiliries) is currently installed on your compuuer.

Operaring System
e  Windows XP, ME, 2000, NT4.0 (SP5), or 98 :
o Imemet Explorer 5.5 or later is needed to use the HIML Felp system

Recommended Reguirements
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- This configuration will handle long term and risk amalysis ruos.
Hardware:
e Pexium ITI (at least 500 MEE)

. 256MBOfRAM(3841v£Bfor20yursmdmswnharlczst400MBofvm:ual
memory)

¢ 150 MB of free hard disk space forthcmstallandcnoughfrce hard dxskspacc for
the virmal memory settngs .

o Uses up w 40-120 MB of d:rskspace for data and results (long term results databases
are 3-6 MB unless you are writng resource opemnons or hourly informarion)

Operatng System:
¢ Wmndows XP, ME, 2000, NT4.0 (SP5), or 98
(Natz Windows 98 mmbesrableﬁrlmgamm) -
. IntcmctExplorch.Sor}z:crrsnecdcd:ousetheHMHclpsystcm
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APPENDIX o )
AURORA Inputs from AURORA On-line Documentation
Annual Alpha Vectors _

replacing the Anmual Vecrors mbh.mmkmmemmalphamﬁmm@mm
mblcmq@esthcmcofabhachmctersinnbcrcfemnccstoir.'Ihcalphachamm:ersam
uscdtoiudicatethatamfcrcnceisimpﬁcdmcbcrthanava}uc.

year), n;w resources (annual maxinmm number of units), escalation of demand {anmual
growth rate in demand specified for each a;m), and general informarion (nflation rare),

This table is being phased ouz and replaced by the anpua] alpha vectors table,
Orher vector tables nchide "monthly shape factors” and "bourly shape factors”.

Dar2 Documentarion js here,
Area To Arez Path
Note: This table is no longer used.
- Areas

Listng of geographic load and resource areas identified in the model The selection is
g:leemﬂy based on significan: areas where transmission Imterconnections with other areas are
well defined.

Columns inchide: v
Area Number- Area dentification number,
' AmNamc-Anamefortbeaxea.

Area Demand Number - A pomterto the column in demand tables 10 use for the ares (the
demand tables are the "demrmng” (hourly) and "dermand case” (monthly and annua] tables),

= Ex. No. __(JMR-9)
Eighth Exhibit to Prefiled Direct . oae 46 o719 |
Testimony of Julia M. Ryan



KUZMJ
Ex. No. ___(JMR-9)
Page 40 of 79


HUNTM
Eighth Exhibit to Prefiled Direct Testimony of Julia M. Ryan


 Average Marginal Cost (Optional colurmn type single) - If input, this provides the rolling
average margimal cost (over 12 months) to use at the beginning of a un.
Area Reserve Requirement (Optional cohurmn type singl) - If this column exists, then the
values in the column (inchuding 0 or blank) override the defaulr value of 6.5 % for area
operating reserve requirements when the use operating reserves check box is set. The values

are nput as a percentage.

Short Area Name (Optional columnn type text) - If this cohumn exists, then the values will be
‘used for a shortened form of the area name (used with some ourputs). If this cohurm does
not exist, then the short area name will be the left 5 characters of the area name.

Price Cap (Optional column type single) - If this column exists, then the non-zero vahes will -
set a price cap for the area. The price cap will be artificial and will not effect resource
disparch. It may affect connected hub prices. The Use Price Caps checkbox must also be set.

Exact Supply Pricing (Optional column type boolean) - If this cohumm exists, thenthose -
areas with this column checked will have prices computed based on the exact disparch cost |
of the margimal supply side resource. Because of this logic, imports will not be used for the

pricing, o |
Adding or changing Areas is a significant process. Refer to the appendix on changing areas
for more mformanon.

Conditions . :
A pointer to the weekly vector table where identification of specific hours is made. This is
used to define periods of time such as on- and off- peak periods. ’
This table gives the identification mumber used in the "weekly vectors” table where specific .
hours of a sample week are set.. A '
Number - Idenrificarion mumber for the condirion. This may be displayed in some output
reports. '

Name - Name of the conditon such as on-peak, bff-p&k or heavy load, etc.

Weekdy Vector - Identifies the vector 10 use from the "weekly vectors” table which specifies
the condirion for each hour (a one meaning set and a zero meaning not set).

: Daily Case

Daily input for the model. The user creates a table with the "Case” pame and chooses the
wable on the Run Setup / Study Period ab. ' .

On this form:

- The record type cohumn (cobumn type is text) has dropdowns with the choices for types of
dara records (fuel, demand, resources or hydro). Once the record type is chosen, the Name
cohumn (column type is text) will display valid fuel, area (only hydro pumbers that are a valid
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area mumber may be used for daily Inpuz) or resource names for the daabase currently bemg
used. Use the dropdown to choose the appropriate value. ,

-'%cdatccohnnn(co}umnrypcisdme)wmdisplzyamlcmhrifyoucﬁckonbwoninthc
ce .

- The change type (optional) column (colurmn type is text) allows you to choose whether the
input will be absohute value, percent change or absohute change. See the types below for
more information. Resources can only have have a vahue of absohxe value for this column.
The default is absohxe vale if this colunn is not m the mble. :

- The value for the dara is emered into the remaining columns (cohumn type is text). The dara
in the colurmn named 1 is for the date in the date column, the darz in column 2 is for the day
after the date in the date colurnn and so forth.

- For fuel, for absohute vahse, the dara is the fuel price (or basis) in $/mmBTU for the day.
For percent change, the value is the percent change to the fuel value from the active fuel
table. For absolute change, the value is the change in $/mmBTU for the fuel price or basis
for the day. Any fuel costs not defined in the daily data table will defaulr o the standard fuel
cost from the active fusl table. Thus, transportation basts and other ftems that do not change
on 2 daily basis can be input in the standard fuel table and only fuels with daly changing
prices need to be input in this table. ‘

- For demand, for absohute value, the dara is the average demand for the day. Hourly demand
factors from the demand hourly table for each day are applied 1o the average demand o
obrain hourly demand. Those factors are normalized for the day to equal an average of one
for the hours dispatched. For absohure change, the value is the change in average MW to the
average demand for the day. For percem: change, the value is the percent change in average
MW 1o the average demand for the day.

- For hydro, for percent change, the dara is the pcrccﬁt change to make 10 the hourly factor
(as computed by AURORA hydro shaping logic and including the monthly and annual hydro

factors).

- For link, for absolute value the dara is the link capability m MW for the day. For percent
change, the vahue is the percent change to the link capability for the link for the year and
with any mornthly shaping. For absolure change, the value is the change in Ink capabilry in
MW for the day. '

No escalarions are applied to the demand or fuel prices as fnput in these tables.
For resources, only absolute value is allowed and the dara is the maximum capabiliry (as a
fraction of inpur (momthly) capaciry) for the resource for the day.

Demand Houdy

This is a data table of hourly load factors for an annual period (8760 + 8 days). Each columm
s numbered and is referenced by an area or porfolio/ power cost entity. In general, EPIS
has set up the table columns 1o match the areas.
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The load data begins on 2 Monday and continues for an addional 192 hours (8 days) at the
cndofthcyar.'[hisaﬂowsforind.:xingﬁzontbcmbletotbecombeginnhgdayofrhc
week for any year specified (inchuding leap years). .

AURORA can amomarically normalize the hourly demand factors so that the average of the
demand factors for the hours being dispatched in a month always equals 1.0. This is
controlled from the logic tab.

Please note that the colurns in the Demand table rmust be i the following order. Additional
 columns are not allowed in this table.

Columns mclude:
Hour - The hour in the year beginning on a Mondayar 12:00 - 1:002.m.

Number - The idemificarion nurmber as used by the area or portfolio/ power cost enmty .
using this table. These numbers must be sequential. This cohumn is repeated for each
demand number in the darabase. v

Demand Monthly

This wble specifies the monthly demand shape and annual average energy for each vector
referenced by area or power cost entity specified in the model. The 13th row is the annual
average energy (for areas only, although you should have a value in the table for this line, the
vahee used as mput is in the power cost information table for power cost). The momthly
dermand shapes should average to 1.0 and when roultiplied by the annual average energy and
the hourly demand (demand hourly table) they determme the hourly energy demand for each

area.

"Case” in "demand case” allows the user 1o have a variety of demand cases m a particular
darabase and to choose the case to use on the Assumptions setup tab of Aurora. The user
mmay want to save several cases that can be selected from on the Inpur Assumptions tab such
as "demand moderate", "demnand high" and "demand low".

Columns inchude:

Year- Thebegimingy&rthatthcloadshapesgeciﬁedinthismbkwﬂlbeméd@mgcsin

shapes may be made in subsequent years by adding additional sets of 13 rows with the first
year to be used for the set put in this field.

Month - The month number for shape 10 be used. Note that month 13 represents the yearly
annual average energy

Nurmber (Colurmns) - monthly factors and average annual energy for the area or power cost |
emiry referencing this column. Average annual energy is input in average MW.
Electric Poces

"This table provides for input of forecast electric prices by area. This is useful if you wish to
run the portfolio analysis with forward electric prices rather than AURORA forecast elecmc
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pnccs The prices are input monthly and have hourly shapes. To use these prices, the use
inpmpziccboxmystbccheck:dontheRmeemp/logicmb. '

- The colummns are:
‘Number - The area number for the price input.

Shape - The number of the weekly shape vector (of hours) to use for this price mpur. A
alpha string may be used in this field. If it is, then it points to an anmual alpha vector which
must point to 2 monthly shape factor which should have the number of the weekly shape
vector in it. By this means, you can vary the shape by month and year.
Month - A dare field which has any date in the first monrh for which the electic price mput
should be used. _ ' '
1 - Last Month - The remaining fields contain the monthly price inputs (nominal $/MWh)
starting with the month from the month field.

Emission Types
The columns are: _
Type Nurmber - (Long) The reference number for the emission type. Must be equal to or Jess
than the number of rows in this table. ' ‘

Name - (Text) The name of the emission type.

Price - (Text) The price for the emission in $/ton. This value may be an alpha in which case
it refers 1o 2 row in the annual alpha vectors table where the annual value will refer o a
monthly shape factor.

Limir - (Text) The mit before costs are charged for the emission in Ib/ mmbrw. This value
may be an alpha in which case it refers to 2 row in the annual alpha vectors table where the
annual value will refer to a monthiy shape factor. :

Environmental Types
No Longer Used
Escalation of. Demand
This provides for the input of an anmual vector number to use for the annual escalation of
demand and for input of a flag for normalizing demand. /
Each column or field corresponds to the reference number for the demand.
Rows are used as follows: \

1) The annual vector number which points to 2 row in the Anmual Vectors table where the
anmal escalarion of demand (in percent) for each of the Demand vectors if found. One plus
the escalation (for 2 year) is mmuluplied dmes the average demand (for the same year as the
escalarion) to get the average demand for the following year.

a2
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2) (Optional) A flag which determines # normalizarion of demand will be used. Any vahse
other than one in these cells indicates that the flag will be set 1o true and normalization will
be used. If this row is pot found then the flags for each demand mumbers will be set to true.

Note: For normalization to be used, the Dén:a.nd and Hydro Normalization flag must be set
on the Logic wb. ' .

Fuoel Case | :
Case” in "fuel case” allows the user to have a variety of fuel cases in a particular darabase and
to choose the case o use on the Assumptions setup b of Aurora. The user may want to

save several cases that can be selected from on the Inpur Assumprions tab such as "fuel
moderate”, "fuel high” and "fuel low™. . ‘

The fuel table provides the informarion for fuel types and resource defaulrs for resources
which use the fuel type. This table is buik 1o provide 2 high degree of flexibiliry in specifymg
fuel prices and other variable and fixed resource cost. The mble also provides for input of
real fuel escalation and monthly shapmng factors. Other resource parameters such as variable
OBM, are used only when the "resource” table has 2-1.0 in its corresponding field, :
indicating to Aurora that it should be default to information in the fuel ble.

Hear rate, fixed O8M and variable O&M fields may be npur as text strings. If the fields are
not numeric, then they are assumed to point to a record m the Annual Alpha Vectors table.
Thus vahues for heat rare, fixed O8M and variable O%M can now vary by year. For the

- resources table, the vahues in the Annual Alpha Vectors wble will be the annual "real” values
used in the run. For the new resources table, the values will be the values used for all years
for the vintage of new resource being created for the capacity expansion. If you need t use
changing annual "real” values for a vintage of new resources then the Annual Alpha Vectors
table may contain a text string which should pomt 10 another record in the Anmual Alpha
Vectors table which contains the appropriate annual "real” values for thar vintage new
resource.

Columns mchude: _

Fuel Number - Fuel number identification. This identficanion number is referenced in the
" resource” table for each resource. This number is also used within the fuel table by other
fuel types that may be based on the price of the referenced fuel adjusted by a basis price
difference between the fuel and the referenced fuel

Fuel Name - Description of Fuel type. Resource that refer to the fuel name "Water” are
treated as hydro resources n AURORA.

Fuel Type - Fuel type identification (not currently used in Aurora)

Unizs - Description of units used for pricing; currently all fuel prices are in $/mmBau. Fuels
denominated with other units should be converted 1o $/mmbBru :

Price -Corresponding price of fuel or basis difference in price to reference fuel Fuel prices
are inpur in base year prices (the base year is defined on the project tab of Aurora). If the
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fusl does not reference another fuel, the price represents the total price of the fuel ifa
reference fuel is inpur, the price is the basis difference between the fuel and the reference
fuel input. If the price inpur is greater than 1000 then, this field is 2 pommter ©0 an anmual
vector which conmins the annual price for fuel : v

Escalarion - Anmual real escalation rate (percent) for the fuel If 2 number greater than 1000 ‘
is inpuz in this field, the model will look to the "anmual vector” tble fora rowwitha
number value equal to the value in this escalation field

Reference Fuel - When set, links this fuel to another fuel type. Each individual fue] line in
the reference chain is compured using its own monthly shape factors and real escalations.
The fuels in the chain are then added to obtain a total fuel cost for the current fuel type.
Referencing is used only for fuel price. All other resource defaulrs are taken from the fuel
Iine directly referenced m the resource table.

Monthly Shape Vector - A reference to a monthly shape vector for shaping the anmual price
by month. If no monthly shape vector is inpuz, then the anmual price 1s assumed flat for the
whole year. If the vahue is greater than 1000 then this pormts t an annual vector which -
contains the monthly shape vectors by year.

Fixed O8M - Fixed operation and maintenance expense (phus any investment carrying costs)
for resources of this fuel type, expressed in § per MW-week. This value is used for resources
where the corresponding field in the "resource” tble is set 10 -1.0. A typical input with 3 -
$/MWh fixed O&M for 2 unit in full operation would be 3x168 hours per week or $504.
Since fixed O8M is not dependent on plant operarion, the fixed cost is applied regardless of
plant operation. See the appendix article on Investment costs for information on how they
should be included in this mput.

Variable O8M - Variable operation and rmaimtenance expense is expressed $/MWh. This
value is used for resources where the corresponding field in the "resource” table is set to -
1.0.

Maint Begin - day/month/year thar maintenance begins. This value is used for resources
where the corresponding field in the "resource” tble s set 10 -1.0. The mamtenance will
repeat annually from this date forward. Note thar when no maimenance is desired, this date
st be set to a day in the year later than then Maint End date. See edmng summary for
mformarion on using the calendar. ‘

Maint End - day/month/year that maintenance ends. This value s used for resources where
 the corresponding field in the "resource” table is set 1o -1.0. This date specifies the period at
which annual maimtenance will end. When multiple years are run in the model, the
maintenance period will be repeated each year beginning and ending on the same day. Az this
time, varying anmual maimenance periods cannot be mput 1o Aurora. When maintenance
periods change yearly, the model can be run separately for each year or you can use the
raintenance rate as described below to vary the mainrenance by month and year. See ediring
summary for informarion on using the calendar. :
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Generally, if you do not want maimenance by date, you should puta 1/1/80 in the
maintenance end date and a 1/2/80 in the maintenance begin date in the fuel wable only. Pur
“the dates of 1/1/80 in both colunms in the resources, resource modifier and new resources
wables - a date of 1/1/80 defauls to whatever is in the fue] table. -

If you want to put non defaulting dates in other tables you should use something like 1/1/81
and 1/2/81 and not 1/1/80 and 1/2/80 because 1/1/80 will default to the fuel table and
1/2/80 will not.

Forced Outage - The percentage of tme the resource will be unavailable due to unscheduled

" outages. This field reduces the plant capability for each disparch multiplying the plamt
capacity from the Resource Table by the quantity 1- forced ourage percent/ 100. This vahe

' may be an alpha which would point 10 an anrual alpha vector. There is the capabiliry to pur
2 number greater than 1000 in the fuel or resource forced outage rate field in the darabase. If
this is done, then the logic will use the monthly vector pointed to by the value in the forced
outage field less 1000. If the resulting forced outage rate field is negative, then AURORA
will assume the absohxe value of the field is 2 pomter to 2 weekly vector where the hourdy
forced outage rates are mput. ' '

Maimtenance Rate- The average percentage of time the resource will be unavailable due to
scheduled outages. This field reduces the plant capability for each disparch multiplying the
plant capacity from the Resource Table by the quantiry 1- Maintenance Rate/ 100. This value
mmay be an alpha which would pomnt to an anmual alpha vector. There is the capabilry to put
a number greater than 1000 in the fuel or resource maintenance rate field in the darabase. If
this s done, then the logic will use the monthly vector pointed to by the value in the

' rmaintenance field less 1000. If the resulting maintenance rate field is negative, then
AURORA will assume the absolute value of the field is a pointer to a weekly vector where
the hourly maintenance rates are mput. _ ‘ »

Non Cycling - Nor-zero number indicates percent premium of market price over dispatch
cost required to commit the resource for operation. With the old commirment logic, the
commirment period is one week With the new commirment logic, the commirment period is
specified by the Min Up Time. Once on, the unit remains on at least at minimum capacity
urnil the next commirment period or for the Min Up Time. If you desire to change the value
on an annual basis, then put the name of an annual alpha vector (should have some non-
numeric characters in the name) in the this field. The annual vector can then contain the
vahues by year or a number greater than 1000 where the logic for monthly vectors described
above will be used. ’

Must Run- Flag which sets the unirs t 2 "must run” condition. Resources that have this flag
set assume a zero cost of disparch for the minirmum capacity and will be the first units
operate. This value is used for resources where the corresponding field in the "resource”
rable s set 1o -1.0. If you desire to change the value on an annual basis, then put the name of
an annual alpha vector (should have some non-numeric characters in the name) in the this
field. The anmual vector can then contain the values by year or a mumber greater than 1000
where the logic for monthly vectors described above will be used.

45

Eighth Exhibit to Prefiled Direct | : Ex. No. (JMR-9)
Testimony of Julia M. Ryan Page 47 of 79



KUZMJ
Ex. No. ___(JMR-9)
Page 47 of 79


HUNTM
Eighth Exhibit to Prefiled Direct Testimony of Julia M. Ryan


Minaon Capacty - For noroding and mist run rescesrces this specfiss the minimaem capacity the unit
can run at when the non-cycling logic is active. The unit for the input is a percenzage of
resource capacity. This value is used for resources where the corresponding field in the
"resource” table s set to -1.0. If you desire to change the vahuie on an anmual basis, then pur
the name of an annual alpha vector (should have some non-numeric characters m the name)
in the this field. The annual vector can then contain the values by year or a number greater
than 1000 where the logic for monthly vectors described above will be used. Note, if an
UBB Segment Size (see below) is specified, then this is a percent of the capaciry after the
UBB Segment Size is subtracted.

Can Drop Resource - Allows resource to be dropped during a capaciry expansion run. This |
vahue is used for resources where the corresponding field in the "resource” table is set to -
1.0. '

Start up - I this cost ($ per MW per startup) is included for non-cycling units and
commitment logic is turned on, then these units will run commirment for a period of 5 to 18
hours (depending on the economy of running for that period). Caution - do not use starmup
costs for units in general-Aurora requires unit marginal costs for marginal units t price the
system. With all marginal units on commirment, there can be no good computation of
prices. Use these startup costs for particular units where you want 1o see their precise
operation. For general use, add starup costs to the fuel cost. This vatue is used for resources

where the corresponding field in the "resource” table is set 10 -1.0.
Resource Group - Specifies the resource gxéup that the resource should be reported m.

Capacity Monthly Shape - (Long) If this vahue is greater than zero, then it must be a
reference number to 2 valid row in the morithly shape table where monthly factors for
resource shaping capacity are mput. |
Bidding Factor - (Texz) If this valve is a numeric value greater than O then it is a factor which
will be added o one and multiplied by the total resource variable cost to get the dispach
cost for the resource. This simulates bidding ar prices that are greater than the cost of 2
resource. This number will override any general resource dispatch margin which may be
used. If this value is a non-numeric alpha value then it points to an anmual alpha vector
where the values are input annually. If this value is less than negarive one then It is 2 pointer
to 2 monthly shape factor where monthly vahes are mpur.

Ramp Rare - (Texx) If this value is 2 numeric value greater than 0 then it is a percent which
will be divided by 100 and multiphied by the resource capacity 1o get the increase in capabiliry
available in the next hour for the resource. Ramp rates are effective only if the ramp rate
Jogic is set to on and you are making a run with 8760 hours being dispatched. If this value is

" 2 non-numeric alpha value then it points to an annual alpha vector where the values are
input annually. If this vahue is less than negarive one then it is a pointer © a monthly shape
factor where monthly vahues are mput. If not given or zero then AURORA defauks o 100
percent. Ramp rates do not apply to decreases in unit output. o

Min Up Time - (Long) The minimum number of hours the unit must stay up I commirted
to run with new commirment logic. Defaults to 24 if this coharnn is not in the darabase.
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" Vin Down Time - (Long) The minimmm mumber of hours the unit must stay down if is a
commirment type (non-cycling nop-2zero) and not commirted with new commurment logic.
Defaults to 12 if this column 15 not in the database.

UBB Hear Rate - (Text) The hear rate of an upper (third) block of a resource. The segment
size must also be specified (see below). If this value is 2 non-numeric alpha value then
points to an annual alpha vector where the values are input annually. If this value is less than
negarive one then it is a pointer 10 2 monthly shape factor where monthly values are inpur.

UBB Bidding Factor - (Text) The bidding factor (see above) to use for the upper (third)

block of a resource. The segment size must also be specified (see below). If this value is a

non-numeric alpha value then it points to an annual alpha vector where the vahes are mput

annually. If this vahue is less than negarive one then I 15 a poimter 1 a monthly shape factor
~ where monthly values are mpur. ' :

UBB Segment Size - (Text) The segment size in percent of the upper (third) block of 2
resource, If this value is a non-mumeric alpha value then it points o an annual alpha vector
where the values are mput annually. If this value is less than negative one then &t is a pointer
to a monthly shape factor where monthly values are inpur. _ : :

Second Fuel - (Long) Optional column. Specifies a secondary resource fuel type to use for
resources (New Resources do not use this second fuel during capaciry expansion runs) that
refer to the current fuel type. If this has a value greater than zero, then resources that use the
current fuel type will check and use the lower fuel price of the two fuels. If the secondary
fuel type is being used then a flag will be displayed in the period resource tables under the
view burton or the detailed resource report under the outpur button.

General Information ~
General information supplied to Aurora.
Colurmns include:

Company Name - Put the name ofyomcbmpanyhcn:. This name is used on a variety of
© reports. _

Discount Rate - The nominal discount rate (in percent) to be used in vahuation calculations.
(By default this assumes a 2.5 percent annual inflation rate). If you are varymg inflation by
~ year, you should use the optional inpur Real Discount Rate.

Inflation Vector - The yeardy change in general inflation to be applied to fixed and variable
costs. Costs with inflation include variable O8M, fixed O&M, fuel costs and the investment
cost of future resources. This points t an Annual Vector. The inflation vector is applied as
follows: First, a cumulative inflation variable by year is created. This curmulative inflation
variable is set to one for the first year (base year) and then multiplied by (1+inflaton
vector{first year)) 1o get the second year curmulative inflation. Each subsequent year is done
in a similar fashion. The yearly cumulative inflation variable is then mmulrplied by all costs w
be inflated to get the cost for the year.
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Real Discount Rate - (Oprional of type single) If inpur, then this takes precedence over the
discount rate as mput above. The annuzl nominal discount rate is then computed based on
the real discount rate and the annual inflation.

Trans Length Factor - No longer used.
Hubs

Mmbhpmudauzdmghubxdemﬁanonandbcanomfhbbcmomamdcscﬁbcdby
the areas on either side of the hub. The hub is, for transmission pricing purposes, assumed
10 be positioned midway between the adjacent areas. For hubs that hie withm an area, the
same area can be included for both fields. When a hub lies between two areas, the price for
achhourxsthclowarofemhcrofthcad}acemarmsph:sanyuansmssmntog:tdchvcxyto
the hub location. If the wansmission line is full m that hour, the price is the higher cost of
tﬁead;acemmxfthclasrﬁcldzschcckcdc]sc,nzstbclowcrcost.

Colurmns Inchude:
Number - Fub identification number,
Name - Hub name.

Area Reference Number 1 and 2 - Areasonw:hsxdc of the hub. Forhubswmhmanar&,
use the same area number for both.

Use High Cost - If checked then when transmission is totally congcstcd, the h]ghcr cost is

used, otherwise the lower area cost is used.

Use Avg Cost (Optional column type boolean) - Ifchcck:dtbenthchubwﬂlalwzys use the
average ofthethctwoaxaspnccs

=%verage Hub Price (Optional column type single) - ¥ inpux, this provides the rolling average |
hub price (over 12 months) to use at the beginning of anm. '

Hydro Monthly
This table specifies the monthly hydro shape and annual average capacity factor as :
referenced by areas or individual resources. At the end of the monthly shapes m the table is
the annual average capacity factor. The monthly hydro shapes generally average to 1.0 and
when multiplied by the plant capacity (resource table), the anmul average capacity factor, the
hourly hydro factor determined by Aurora and the forced outage rate determine the hourly
hydro capability for each area. Not: that the shapes are applied to get the hourly capability
(MW) for the unit. Thus we are actually inpurring capacity shapes and not energy shapes. To
end up with exactly the right energy for the year or month (if energy is your starting point),
the monthly shapes should be adyusred for the mumber of days in 2 month and will not :
average exactly 1.0 for the year. The adjustment would be "Avg Days In Month divided by
Days In Month".

Cohmns mclude:
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Year - The beginning year that the hydro shape specified in this table will be used. Changes
in shapes may be made In subsequent years by adding addrional sets of 13 rows with the
first year to be used for the set put m this field. .

Month - The month number for shape to be used. Note that monzh 13 represents the yeady
annual average energy factor

Number (Columns) - monthly factors and average annual hydro energy factor for the area or
resource referencing this column.

To add cohumns see the appendix adding hydro numbers.
HydrmoVectors Case : :
This wble provides for the input of hydro data for the hydro shaping logic of Aurora.

"Case" in "HydroVectors Case” allows the user to have a variety of hydrovectors cases in a

icular darabase and choose the case o use on the Hydro Tables setup under the
Assumptions tab of Aurora. The user may want to save several cases that he may select from
on the Inpur Assumptions tab such as "hydrovectors base”, "hydrovectors high” and '
"hydrovectors low".

Each hydro number (column) has an pointer to a vector in the Annual Vectors table which
references a row m the monthly shape vectors table. To add hydro numbers see the
appendix Adding Hydro Numbers. |

Area Number (called Hydro Number in older databases) - The area mumber where resource
which refer to this hydro number (column) are located.

Shape - A number which represents the annual vector number used for pointing to the
monthly shaping factors used in the hydro shaping logic. The shape factors control the
degree of shaping Aurora artempts to do on the hydro energy. Ar a factor of 1, the logic wiil
attempt to flatten the net Joad after hydro by shaping the hydro energies to that extent. Of
course the shaping s subject to the other constraints defined in this table. Shape factors can
be greater than one and less than 1000 and that may be appropriate if hydro should be
shaped to meet loads ourside the hydro area. If a shape factor is specified s greater than
1000 then 1000 is subtracted from the shape factor and the results 15 uSed 1o’ pomt w0 a
weekly vector. In this case, the weekly vector should contain an inpur shape for the hydro.
The input shape is used subject to the constraints below and subject to total energy for the
month as nput in the hydro monthly table. An example of the use of inpur shapes is the
case where you may wart to specific certain hours at maxirmum operation. Place 2 one in the
weeldy vector for those hours and a zero in other hours. AURORA will keep the maximum
at 1 (f the Maximum and Sustained Maximum input below are one and provided there is
enough energy 1o allow output at maximum for those hours) and increase the other hours to.
give the correct energy for the month. :

Maxioum - A mumber which represents the annual vector number used for pomting to the
monthly maximum factors used in the hydro shaping logic. The maximum factors control
the maximum outpw allowed from the hydro system and range from 0 (no ourpur) to 1

(name plate capaciry times the availability for hydro ourpur).
’ 49
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Minirmum - A mumber which represenrs the anmual vector mumber used for pointing to the
monthly minimum factors used m the hydro shapmg logic. The minirmum factors control the
mmxrmnnompmaﬂowedfromthchydm man range from 0 (no ourpur) 0 1 (name
plate capacity times the availabiliry for hyd:o outpur).

Sus Number - A number which represents the annual vector number used for pointing to

the monthly sustained number used i the hydro shaping logic. The monthly sustamed
number indicates the oumber of hours during the week over which the sustamcdmanmum
factor is applied. It can range from 1 to 168 and rypically is set for 20 1 50 hours.

Sus Maximmum - A number which represents the anmual vector mumber used for pointing w
the monthly sustained maximum used in the hydro shaping logic. The monthly sustamed
maximum indicates the maximum amount (as a fraction of hydro name plate capacity tmes
the availabilityj of energy that may be generated over the sustamed number of hours of the
week

Link '

This table provides the input of transmission fnks and corresponding capacity values.

Transmission "links” are defined as the transmission between areas adjacent to one another.

Links are used to establish transmission "paths” which are made up of one or more
transmission links. The- direction of flow is accounted for in the modcl. All flows, howcver, :
are now accounted for with posimive numbers. Addmionally, transmission line capacity s

typically not equal in both directions. This is due to network characteristics of the

transmssion system. It is importamt to include the cormrect directional capacines. ,

Columns inchude:
Area From - Number of the area from which energy is flowing,
An:aTo Number of the area to where energy is flowing

- Transmission capactty (MW) of the Ink These shoxﬂdbepmmformchdxrecuon'
of the Iink - ie. lnk 1 to 2 100MW and link 2 w0 1 50 MW. This value can be an alpha
whcrasthcvaluethcnponnstoanAnnualAlpbaVectorwhmhcommsanmnl

transmission mpacmes

Link Monthly Shape (Optional cohumn type long) - If this value is greater than zero, then
nmstbeavahdrcfctencetoahnemtheMomblyStheFactorsmblc where the monthly

shaping (factors) of transmission capacity is input.

Link Congestion Year (Optional column type long) - The first year to use congestion pricing
for this link If this column 1s not inchuded ormo value or zero is specified, then the first year
of the study is used.

Wheeling (Optional column type single - if included then overndes Transmussion table) -

The wheeling rate charge from the area being d:spa:chedtorhcarcabemg served. This field
may inchude 2 $/MWh cost or a reference to a vector in the "annual vector” table (done by

using 2 vale >1000) which further references the "monthly shaping table” which would
conmin monthly cost values.

Losses (Type single - must be included if wheeling colurnn is in this table) - The fraction of
losses in energy for ransmission from the area being dispatched to the area bemg served.
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Shape (Optional cohumn type text) - If inpur, the mumber of the weekly shape vector (of
hours) to use for this area? to areal transmission wheeling. This value is multiplicative on
the wheeling rate. A alpha string may be used in this field. If it is, then it pofnts to an anmual
alpha vector which must point 1o 2 momthly shape factor. The monthly shape factor then
comains the weekly shape vector for each month. By this means, you can vary the shape by
month and year. If not inpur, then no hourly shaping of wransmission is used.

Area From Descrip - Name description of the area from which energy is ﬂowing. Note - this
- field is not used in the model but is included for the convenience of the user.

Area To Descrip - Name description of the area w where energy is flowing. . Note - this
field is not referenced in the model but is inchuded for the convenience of the user.

Monthly Shape Factors ,
Table of monthly shaping factors that can be referenced from other tables requiring monthly
shaping. This table can inchude vahues that shape transmission prices and fuel costs.
Columns inchade: -
Number - Reference number of the shaping factor. This reference number can appear on
several other tables. These inchide transmission where references 1 an annual vector can be
made which refers to a monthly shaping vector. In the fuel table, fuel types have a field thar

references a monthly shaping value. And, the portfolio/ power cost contract table can have 2
column which references this able. See the tbles discussed for additional information.

Factors by month - 12 monthly shaping factors. Depending on their use in the model, these
can represent either factors that are used for shaping or values such as monthly transmission

prices.

New Resources :
This table provides the inpur assumptions and parameters for new resources types o be
evaluzted when the model runs a long-term study. It optimizes the expansion and retrement
of resources. This table is similar to the resource table. Vahues in this table which are set 1o -
1.0 in)dimr.e thar the vahie from the fuel mble should be used for the area (in the case of
Heat rate, fixed O&M and variable O&M fields may be input as text strings. If the fields are
not numeric, then they are assumed to point t a record in the Annual Alpha Vectors table.
Thus vahues for heat rate, fixed O8M and variable O&M can now vary by year. For the this
new resources table, the values will be the values used for all years for the vintage of new
 resource being created for the capacity expansion. If you need t use changing annual "real”
vahues for a vintage of new resources then the Annual Alpha Vectors table may contan a
text string which should point to another record in the Annual Alpha Vectors table which
contains the appropriate annual "real” values for that vimtage new resource. For the
resources table, the vahues in the Anmual Alpha Vectors table will be the annual "real” values

used m the run.

Starting with version 4.7.32, column order in the resources table 1s no longer important.

Colurmn mames must match those below exactly. When adding cohumns to an EPIS supplied
database, you should check your results carefully to ensure that the column names were

correct and the data is actually being read. R
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Number -éodemiﬁm:ion number for the new resource type. New ar‘:iorzfncm created for
evaluation from these types are oumbered sequentially starting at one and i they are actually
used in the disparch, then they are mumbered sequential, starting with the next mumber after

the last existung resource.

Name - The reference name of the resource, used for reporting purposes. The letters
"demand" amywhere in a resource name indicate thar the resource is a demand side rather
than a supply side resource.

‘The names are subject to the following constrainrs:

Can be up w 30 characters long, _ .

Can include anty combination of lewers, numbers, spaces, and special characters except a
peried (3), an exclamarion point (7), an accent grave (), and brackers (). -

Can't include control characters (ASCI values 0 through 31). '

Uniliry - Generally not used for new resources, but you can identify resources by uriliry.

Heat Rate - The heat rate assumption for the resource in BTU of fuel energy per kWh
delivered. This is a standard measure of energy efficiency for thermal resources. and should
be the higher heat rate value not the manufacturers lower heat rate. This field may be left
blank for units with zero fuel cost.

Capacity - The rated plant capacity m kilowats (not MW)

Fuel - The fue] identification reference number as identified in the "fuel case™ table. Each
resource must inchude a fuel reference number of a valid fuel in the fuel mble.

Area - The arca where the resource is locaied. The' resource must be in one of the areas
identified in the "area” table. :

Variable O8M - Variable operation and maintenance expense 15 expressed $/MWh

Fixed O82M - Fixed operation and maintenance expense (plus anty investment carrying costs)
for new resources of this type, expressed in $ per MW-week. A typical inpur with 3 $/MWh
fixed O&M for a unit in full operation would be 3x168 hours per week or $504. Since fixed
O&M is not dependent on plant operation, the fixed cost 15 applied regardless of plant
operation. See the appendix article on Investment costs for informarion on how they should
be mchided in this input.

Maint Begin - day/month/year that maintenance begins. The maintenance will repeat
annually from this date forward. See editing summary for informartion on using the calendar.
Maim End - day/ month/ year that maintenance ends. This date specifies the period ar which
anmual mamtenance will end. When mubiple years are run in the model, the maintenance
period will be repeated each year beginning and ending on the same day. Ar this time,
varying maimtenance periods cannot be nput to Aurora. When maimtenance periods
change yearly, the model can be run separately for each year. See editing summary for
information on using the calendar, o

52

Eighth Exhibit to Prefiled Direct ' - Ex. No. _ (JMR-9)
Testimony of Julia M. Ryan ) Page 54 of 79



KUZMJ
Ex. No. ___(JMR-9)
Page 54 of 79


HUNTM
Eighth Exhibit to Prefiled Direct Testimony of Julia M. Ryan


Generally, ¥ you do not want maimtenance by date, you should pur a 1/1/80 in the
mamntenance end date and 2 1/2/80 in the maimenance begin date in the fuel wable only. Pu
the dates of 1/1/80 in both columns i the resources, resource modifier and new resources
tables - a date of 1/1/80 defaults to whatever is in the fuel tabls, -

If you want to put non defaulting dates in other tables you should use something like 1/1/81
and 1/2/81 and not 1/1/80 and 1/2/80 because 1/1/80 will defauk to the fuel table and
1/2/80 will not.

Forced Ourage - The percentage of time the resource will be unavailable due to unscheduled

outages. 'Ihxsﬁeldredncesdhe plant capability for each disparch mulriplymg the plant
capacity from this Table by the quantiry 1- forcedoxmgepczccm/loo This value may be an

alpha which would point to an annual alpha vector. There is the capability to use amzmbcr
greater than 1000. If this 1s done, then the logic will use the monthly vector pointed to by the
value in the forced outage field less 1000. If the resulting forced outage rate field is neganive,
then AURORA will assume the absohxte value of the field is a pointer to a weekly vector
where the hourly forced outage rates are mput.

Mamtenance Rate- The percentage of tume the resource will be unavailable due to scheduled

outages. This field reduces the plant capability for each disparch multplying the plam
capacity from this Table by the quantity 1- Mamtenance Rate/100. This value may be an
alpha which would point to an annual alpha vector. There is the capability to use a number
grearer than 1000. If this is done, then the logic will use the monthly vector pointed to by the
value in the maintenance field less 1000. If the resuling maintenance rate field is neganive,
then AURORA will assume the absohute value of the field is a pointer w a weckly vector

* where the hourly maintenance rates are mput.
Non Cycling - Non-zero number indicates percent premium of market price over disparch
cost required to dispatch the resource during the commitment period (one week). Once on,

the unit remains on ar least ar minmmum capaciry untl the next commitment peri

Must Run - Flag(onsl,off:sz:m)whschsetsthcunnstoa must run” condmon. Units
that have this flag set assume a zero cost of dispatch and will be the first unirs to operate.

Hydro Number - For hydro resources, any of the hydro shapes in the "hourly hydro factors”
and "hydro monthly” tables may be reference for any hydro resource unit. The user may also

choose a new hydro shaping factor for any hydro resource by including a new shape m both
"houdy hydro factors” and "hydro monthly” tables and referring to that shape n the

"resource” table.
Minimum Capacity - For non-cycling resources, specifies rhe minimum capacity at winch the
unit can run when the non-cycling logic is active. The unit for the mput is pen:enge of
Tesource Capacty.
Begin Date - The beginning date when this resource savaﬂablctobemchdedmacapacmy
expansion. See editing summary for information on using the calendar.

End Date - The ending date when this resource is available to be included in a capacity
expansion. See editing summary for information on using the calendar.

Annual Max - A reference to the "annual vector” table indicanng the maximum number of
these units that are available in the year of capacxry cxpansxom
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Overall Max - Maximum oumber of the new resource Type resources that will be created.
The following fields or columns are optional. "

E:lsourcc Group - (Long) The resource group that new resources created from this type will
ong to. | .

Capacity Monthly Shape - (Long) If this value is greater than zero, then & must be 2
rnfcx;nccnuq:bcrtqava]xdmwmtbcmonzhlyshapctablcwhcm monthly factors for
shaping capaciry are inpur.

. Min Up Time - (Long) The minimum number of hours the unit mmust stay up i commirred
to run with new commiment logic. Defaults to fuel wable if this column is not in the
darabase. L

Min Down Time - (Long) The minimum number of hours the unit must stay down if it is a
~ commitment type (nom-cycling non-zero) and not commined with new commirment logic.
Defaulrs to fuel table if this column is not in the darabase.

(Emission Type Name) Emission Rate - (Single) This field or fields comains the resource

' emission rate i Ib/mmbru for the emission type given by the name. The field or column
name is the concatenarion of the emission type name and " Emission Rate". Monthly rates
should not be used for new resources.

Not Standard Table ' ' ‘
The table you are ediring cannor be recognized by AURORA. It is not a standard table name
and is not currently set o replace a standard table m the change wble dialog on the
Assumptions tab. No help is available. o

Portfolio/Power Cost Contracts ’

This table provides for inpur of contracts used in the power cost logic of Aurora. This

information can provide power cost analysis for any entity that the user may want to define
. or for portfolios of contract groups (or positions taken in the market). It evaluates costs and

value as well as nsk. ~ ,

A number of different types of conmacts (for both purchases and sales) may be entered m

this table. This allows the user to provide a combination of contracts that exactly replicate

nearly any circumstance. The result is a very versatile and powerful tool in which posirive

(energy inflow) and negarive (energy ouflow) energy values can be inchided in the wble ©

represent individual contracts or combinarions can be used to simulate contracts that are
- more complex. ‘

The first type of contract is a "Must Take Fixed Price” contract. This type of comtact

specifies the timing and amount of energy at a fixed price. The user can specify the exact

flow of energy for this kind of conrract using the shaping vectors provided.

The second type of contract that can be entered is a "Option Fixed Price” contract. This

type of comtract represents an option to take (or deliver) energy that is priced at 2 fixed price.

The third type of conmact that can be emtered is a "Must Take Market Price” contract. This
type of contract represents an amount of energy to be delivered ar the market price plus any

inpur energy cost. The amount of must take energy can be shaped with the Shaping Vector
' = —
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reference in this wble. For the market price, they may be based on the price m the area
where the portfolio is located, an nput area, an input hub, two input hubs or an mput fuel
type. The following is the precedent for inpur. If mnpur, fuel pricing mkes precedence over
the two hub pricing, which takes precedence over the single hub pricing which tkes
precedence over the pricing area which takes precedence over pricing in the area where the
portfolio enmity is located. See below for informarion on how to input the various market
pricing information. : .

The fourth type of conract thar can be entered is a "Option Market Price” contract. This
type of comtract represents an option to take (or deliver) energy that is delivered ar the
market price plus any input energy cost. This option is only exercised when the pricing is
based on an area, hub, hubs other than the one the portfolio entiry is locared in or it is based -
on a fusl Note: To model a heat rate hedge contract, simply use this contract type and
choose the fuel type being used for the heat rate conversion (the number of a fuel type i the
fuel table) in the Pricing Fue! cohumn, and use the hear rate divided by 1000 in the fuel factor
colurnn. See below for mformation on how t input the various market pricing information.

The fifth type of contract is a "Must Take Average Market Price Capped”. This type of .
contract represents an amourt of energy w be delivered at the rolling average (12 month)
market price phus. The amount of must take energy can be shaped with the shaping vector
reference in this table. You should run Aurora for a least 12 months before the first month
examined under this contract to have a valid rolling average market price or you may input

 the beginning rolling average marginal cost in the area wble or the rolling average hub price
in the hub table.

The sixth type of commact is a "Requirements Contract”. This type of contract will buy or
sell power at the indicated price for all demand remaining after the resources and prior
comtracts (important - prior contracts are all contracts listed and numbered prior to this
contract in the conmact file). The amount of energy can be shaped with the shaping vector
referenced so different contracts can be used for on-peak and off-peak periods.

The seventh type of contract is a "Requirements Market Purchase”. This type of conract
will buy at the marker price for all demand remaining after the resources and prior contracts
(important - prior comtracts are all contracts listed and numbered prior to this contract in the
contract file). The amount of energy can be shaped with the shaping vector referenced so
different contracts can be used for on-peak and off-peak periods. :

The eight type of contact is a "Requirements Market Sale”. This type of contract will sell at
the market price for all demand (negative) remaining after the resources and prior contracts
(important - prior contracts are all contracts listed and numbered prior to this contract in the
contract file). The amount of energy can be shaped with the shaping vector referenced so
different comtracts can be used for on-peak and off-peak periods. A

The ninth type is "Requirements Contract Load” similar o Requirements Contract but
which compures the cost based on the total load no marrer what other contracts exst. No
energy is taken from this commact. It should be used in conjunction with Requirements.

Contract. v .
* The tenth type is "Demand Charge” which does not account for energy, only capaciry
charges. ' '
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Conract EPIS ifyoﬁncedaconuactrype other than the listed above.
Cohurms inchude: ‘
Number - NmnbcruscdbyAmomto reference this contract.

Portfolio - The portfolio number (setup in Portfolio Information) for the pordolio of
comactstba:th:comctmtobcmchdcdwnh. ‘

" Name - The name of the contract.

Begin - 'I‘hcsm.r:da:cofrhcconu-ac:tWDD/YYYY) Secedmgsumnmyfo'
mformononmmgth:calcndar ’

End - The end date of the contract (MM/DD/YYYY) See ednmgsm:mmryformformnon
on using the calendar.

Type - 'Ih:typeofcomacc.'ﬂmm:stbconcoftbcfoﬂowmgsumgswnhthetypesas '
defined above:
If you are editing the dambase in AURORA, a dropdown will be provided with these choices
- when you edir the cell
Must Take Fixed Price
Must Take Market Price
Option Fixed Price
Option Market Price
Must Take Average Market Price Capped
Requirements Contract
~ Requirements Contract Load

There are some addirional specialized daily pricing contract types listed in the database
dropdowns. Contact EPIS for more information on these daily pricing contracts.

Shape - The number of the weekly shape vector (of homs) 0 use forshapm.grhc energy for
this contract. (The shape value will be multiplicarive with the energy). An alpha string may be
used in this field. If an alpha is used, then i points to an anmual alpha vector which mmst
point to a monthly shape factor. 'I‘hcmomblyshapefactorthencommsthewecklyshape
vector reference for each month. By this means, you can vary the shape by month and year.

' NOTE: Energy Max, Energy Min, Energy Cost and Capacity Cost cohmmns may be inpur as
textsmngslftbcﬁcldsarenotnumenc, nthcyaxeassumcdtopomtoamcordmthe
Annual Alpha Vectors wble.

Energy Max - The maximum amount of energy (i MW) that can be delivered for any
contract. For must take contracts, the maximum energy represents the amount of energy

delivered. If a shape vector is specified then each hour of the shape vector is multiplied by
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Energy Min - The minimum amount of energy (in MW) delivered for option deliveries. The
minimum amoun: i an amount of energy that is firm (and must be delivered) under the
contract regardless of the market price.

Energy Cost - This is the price of the contract for fixed price contacts. For market price
comcxs,thwszsnhcmrgmabovcthcmrkctpnceusedfor:hs contract. Input m $/MWh
If this is greater than 1000 then it points to an annual vector containing these costs.

Capacity Cost - A fixed monthly capaciry charge m thousands of dollars per MW. Ifthns is
greater than 1000 then it pomts to an annual vector containing these costs.

‘Monthly Shape - (Optional column type long) A pomrcr 0 a monthly shape vector whlch
will shape the Energy Max by month.

Energy Amount Max - (Optonal column type text) The annual maximum cnergyinMWh
that can be used under the contract

Pricing Area - (Optional colurmn type long) The area used for pricing contracts of type -

Market Price. If this pricing area is non-zero then this areas price is used rather than the area
the entity 1s located m for pricing of the margnal cost of the contract. I the contract is also
of type Non-Firm then the strike price is the input price plus the price in this area vs the
price in the area the entry is located m.

' Pricing Hub - (Optional column type long) If input and non-zero, operates the same as
pricing area only uses hub prices. In general, the formula for hub pricing is as follows:
(pricing hub * hub factor + pricing hub 2 * hub factor 2) / 2 + energy cost.

Hub Factor - (Optonal column type single) If this factor is inpur and non-zero, then it acts
asa nm}nphcra.gamsttbc price from the pricing bub

ricing Hub 2 - (Optional column type long) If this hub is inpur and non-zero, then irs price
(mxﬂnphed by hub factor 2) is averaged with the pricing hub (multiphed by hub factor).

Hub Factor 2 - (Optional column type single) If this factoris i input and non-zero, then it acts
as a2 multiplier against the price from pricing hub 2.

Pricing Fuel - (Optional colurmn type long) If this fuel mumber is input and nor-zero, then it
will be used for pricing contracts of type Market Price (except the rolling average type). The
electricity price used 15 the escalared fuel price for the month tmes the fuel factor (see
below). Thus the fuel factor should contain the appropriate adjustment from $/mmBru
$/MWh along with any other adjustment being made for pricing purposes. See the
explanation m contract type "Option Market Pnce for informanon on modeling a heat rate
hedge.

Fuel Factor - (Optional column type single but required if 2 pricing fuel is non-zero) A
factor which will be mulniplied by the price of the pncmg fuel and added to the energy cost
1o get the comract opton price m $/MWh.

Price Cap - (Opuonal column type single) Provides a price cap to use for price capped
contracts.

Cost Shape - (Oprtional column type text) The number of the weekly shape vector (of hours)
o use for shaping the Energy Cost hourly (they are mu.h:phauve ). A alpha string may be
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usedmthxsficld.Ifzrs,thennpomtstoanznmnlalp}nvcctorwhachmpoxmwa
monthly shape factor. The monthly shape factor then contains' the weekly shape vector for
each month. By this mcans,}oumnva:ythcshapebymomhandymr If this 15 zero or not

given, then no shape 1 used.
Capacity Cost Shape - (Optional column type text) The number of the weekly shape vector

(of hours) to use for shaping the Capacity Cost hourly (they are multiplicarive). A alpha
string may be used in this field. If it is, then It pomts to an anmual alpha vector which must

point t a monthly shape factor. The monthly shape factor then comtains the weekly shape
vector for each month. By this means, you can vary the shape by month and year. If this is
zero or not given, then no shape is used.

Portfolio 2 through Portfolio 10 (Optional cohumns type long) - These columns allow "
contracts to be defined for muliple portfolios. Enter the reference number of the portfolio
(see the pordfolio colurmn above).

Portfolio/Power Cost Information
This defines the portfolio/power cost entities that will be evahiuated. The enrities may be
urilities, customers, portfolios of contracts and positions or any user defined list of contracts
‘and resources. ,

Columns mchude:

Number - The identification number. This is used to rcfcrcnce the portfoho in the
portfolio/ power cost contracts and the portfolio/ power cost resources tables. '

Name - Thenamcoftheenury

Area- ’l‘heloanonwhcretbccm:rye:nsts 'Ih:smustbeoncofthedxspatchamasasdefmed
in the areas wble.

Demand - The average energy in MW for the cnutybemg evaluated. This shouldbe entered
as zero for portfolios that have no end user demand. -

" Demand Number - The reference number of the loads as used mthc demand hourly and
demand monthly tbles. The average energy in the demand monthly table is not uscd for
- portfolio/ power cost analysis.
Market Vahie Area - (Optional column type long) The area mumber of the pricing aratobc
used in computing the market sales or purchases revenues or costs.

‘Market Vale Hub - (Optional cohumn type long) 'Ihchubnumbcrofthcpncmghubwbe,
used in computing the market sales or purchases revenues or costs.

Shape - (Optional colurmn type long) The weekly vectors number to use for shapmg an
entire pordolio. If the shape value is one for the hour, then the portfolio is active for the

hour, otherwise, it is not active for the hour.

Net Market Transactions - (Optional column type boolean) If checked, then marker
purchases and sales are used. If not checked, then the checkbox on the run setup portfolio
tab determines whether market purchase and sales are used.
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Portfolio/Power Cost Resources
The resources available or owned by an entiry are defined in this table. The portfolio/ power
cost analysis uses these resources as part of the power cost compuration. The effect of
inchuding resources here is to provide an "option” value of the resource when power costs
are determined. The option value is the reduction in power costs that occurs as a resukr of
having the abilityto dispatch this resource below the market price in any hour.
Colummns mclude:
Number - The reference number of this resource for portfolio/ power cost modeling.

Portfolio - The reference mumber of the portfolio that has this resource. This must be one of
the portfolios defined m the Portfolio/Power Cost Informarion Table.

Resource Number - The reference mumber of the resource as input in the Resource Table.

Percent Owned - The percenrage of the resource that is owned or used by the portfolio
enuy. |
Begin (Optional column type date) - The start date for the resource in the portfolio.

End (Optional colurmm type dae) - The end date for the resource in the portfolio.

 Losses (Optional colunn type single) - The losses in percent for the resource to the
portfolio gnid. ' B
Energy Only (Optional column type boolean) - This resource will supply energy to the

portfolio but not any associated cost.

Portfolio 2 through Portfolio 10 (Optional columns type long) - These columns allow
resources to be defined for multiple portfolios. Enter the reference number of the portfolio
(see the portfolio column above).

Percert Ovwmned 2 through Percent Owned 10 (Optional columms type single) - These
cohamns allow resource percents to be defined for multiple portfolios. Enter the percentage
of the resource that is owned or used by the pordolio entity. Note, you should mchude
Percent Owned columns for each Portfolio column defined or you will get a percent for the
portfolio referenced by the column of zero. -

Resource Groups
This table contains informarion on resource groups. Resource groups may be used w group
outpur of resources for a variety of purposes. For istance, you may want a group of
resource to be defined for all gas fired units. o

In this wble, each group is defined with 2 name. A sample of the wble is shown below:
Number  Name ‘ ’

1 Peaking Gas
2 Regular Gas
3 . G

Resources are defined to be in a specific group by designation of the group number in the
Resources table or the Fuel table in a colurmn called Resource Group.
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Resource Modifier .
'Ihcrsourccmodiﬁcrmblcisgen_cml}ycmtcdbyalong-t:nnanalysisnmofmnoﬁ.m
table may be specified as null (no name) in which case it will not be used. The informarion
corrained in the table is the same as the Resource Table with the addmion of columns which
are used in determining whether a resource has been dropped, at what date it was dropped,
and whether this is a new resource thar bas been added and information about the new
resource. Refer to the Resource Table for columms in this mble that mirror the resource
table. Only the additional columns are defmed here. ‘

Starting with version 4732, column order in the resource modifier wble is no longer
hnpomm&hmnmsmtmchthosebebwmcdy%addingcohmnsman
EPIS supplied darabase, you should check your resulrs carefully to ensure that the cohum
names were correct and the data is actually being read.

Additional colummns inchude:

Begin Date - The first day for which the resource is operarional. This is the date the new
resource is placed n service. .
End Date - The last day of service for a resource being dropped. This is the date the existng
resource is retired. ' '

Dropped Resource - The mumber from the resource table of the resource being dropped (f
this Ime is for a dropped resource).

Input New Resource - The mumber from the New Resource table of the new resource type
used for this addirional resource. ,

NPV Value - The net present value in $000/MW for the resource calculared on the kst
steration of the long-term run used 1o generate this table. Output only, column must be
present, but is not read by AURORA.

From New Resource - The number of the AURORA generated new resouice that i the
basis for this line in the Resource Modifier Table.

Resource Fixed - (Boolean) True (1) or False (0) specifying whether the resource should be
considered fixed and not subject to retirement for long term optimizanon runs.

Resources :
This table provides the input assumptions and parameters for all existing. resources in the
region being modeled. o
Generally, when a -1 appears in the table, the model retrieves the correct input parameter
from the Fuel Case Table which provides general parameters for each fuel type. For dates, 2
1/1/80 indicates o use the parameters from the fuel table. For hydro, a -1 indicates o use
the hydro factors for the area of the resource. .

Capacity, Heat rate, Fixed O8M, Variable O8M and Bidding Factor fields may be inpur as
text strngs. If the fields are not numeric, then they are assumed to point to a record mn the
' Anmual Alpha Vectors table. Thus values for capaciry, heat rate, frxed O&M and varable
O&M can vary by year. The values in the Annual Alpha Vectors table will be the annual
"real" vahes used in the run. -
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Starting with version 47.32, column order in the resources tble is no longer importanr.
Column names must mach those below exactly. When adding colurans 1o an EPIS supphed .
database, you should check your results carefully to ensure that the columm names were

correct and the data is actually being read.
Columns mclude:
Number - A unique number for each resource. These should be sequential numbers for the

resources in the table (use the renumber 1st column menu ftem in the pop up memu when in
editing data in the darabase. :

Name - The name of the resource. - .
The letters "demand” anywhere in a resource name indicate that the resource is a demand .
side rather than a supply side resource. Demand side resources generally use the same logic
as supply side, but are reported differemtly on some reports.

The names are subject to the following constraimrs:

Can be up to 50 characters long. :
Can include any combination of letters, nurnbers, spaces, and special characters except 2
period (), an exchmarion point (7), an accent grave (), and brackers (. A
Can't begin with leading spaces. | '

Can' inchide conrrol characters (ASCII values O through 31).

Uility - The uzility which owns and operates the resource. This vahue is not used in Aurora
except for reportng. |

Hear Rate - The heat rate for the resource in BTU per kWh. This is a measure of the energy
efficiency for thermal resources. This field may be 0 for resources with zero fuel cost. For -
storage resources, enter a value such that the ratio of 3412/Heat Rate gives the storage

-~

efficency for the unit (3412 being 100% efficen).

Capacity - The rated planr capaciry in Ilowatrs. This value will be mubiplied by the forced
outage rate, and for hydro unss, the hydro factors, to give the capability of the unit.

Fual - The fuel reference mumber as found in the "fuel case” table. Each resource must have -

a valid fuel reference mumber. Hydro resources should reference a fuel with the name of
Water. Energy storage resources must reference a fuel name that begins with "Storage™. :

Area - The area in which the resource in located. This is one of the area reference numbers

as defined in the area mble.

Variable O&M - Variable operation and maintenance expense is expressed $/MWh.

Fixed O&M - Fixed operation and maintenance expense (phus any investment carrying costs)

for this resource, expressed in $ per MW-week. A typical inpur with 3 $/MWh frxed O8M

for 2 unit in full operation would be 3x168 hours per week or $504. Since fixed O82M is not
" dependent on plant operation, the fixed cost is applied regardless of plant operation. See the

“appendix article on Investment costs for information on how they should be included in this
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Maint Begin - day/momth/year that maintenance begins. The maimenance will repear
annually from this date forward. See ediring summary for inforrmation on using the calendar,

Maint End - day/month/year that maintenance ends. This date specifies the period at which
anmual maintenance will end. When multiple years are run in the model, the maintenance
- period will be repeated each year beginning and ending on the same day. Ar this time,

annualmmcmnccpcnodsannOtbempmtoAmom.thnmmnanccpcnods
change)adythemodelcanbcnmscpamc}yformhycaroryoucanmethcnnmr.enancc
rates as described below to vary maintenance monthly and by year. See editing summary for
mformaton on using the calendar. -

Generally, # you do not wanr muaimenance by date, you should put a 1/1/80 in the
maintenance end date and a 1/2/80 in the maintenance begin date in the fuel table only. Pur
the dates of 1/1/80 m both columns mn the resources, resource modifier and new resources
tables - a date of 1/1/80 defaults to whatever is in the fuel table.

If you want to put non defaultng dates in other tables you should use something like 1/1/81
and 1/2/81 and not 1/1/80 and 1/2/80 because 1/1/80 will default to the fuel table and
1/2/380 will not.

Forced Ourage - The percentage of time the resource will be unavailable due to unscheduled
ouragcs This field reduces the plant capability for each disparch multiplying the plant
from the Resource Table by the quantiry 1- forced outage percent/100. This value
maybe an alpha which would point to an annual alpha vector. There is the capability to put
a number greater than 1000 in the fuel or resource forced ourage rate field in the database. If
this is done, then the logic will use the monthly vector pointed to by the vahue in the forced
outage field less 1000. I the resulting forced ourage rate field is negative, then AURORA
will assume the absohwe value of the fieldis a poxntcrto a weekly vector where the hourly
forced outage rates are input. .

Mairremance Rate: The average percentage of time the resource will be unavaikble due o
scheduled ourages. This field reduces the plant capability for each disparch multiplying the
plant capaciry from the Resource Table by the quantity 1- Maintenance Rate/100. This value
may be an alpha which would point o an annual alpha vector. There is the capability to put
a number greater than 1000 in the fuel or resource maimtenance rate field in the database. If
this 1s done, then the logic will use the monthly vector pomted to by the value i the
mamtenance rate field less 1000, Iftbemsulnngmamtcnanccmtcﬁeld:sncgmve,thcn ,
AURORA will assume the absolute vahe of the field is 2 pomtcrto a weekly vector where
the hourly maimenance rates are mput.

If you desire to change the value on an annual basis, then pur the name of an annual alpha
vector (should have some non-numeric characters in the name) in the forced ourage rate
field. The annual vector can then contain the forced outage rates by year or a number greater
than 1000 where the logic for monthly vectors described above will be used.

Non Cycling - Non-zero number indicates percent premium of market price over disparch
cost required o commi the resource for operation. With the old commitmert logic, the
commitment period is one week With the new commitment logic, the commirment period is
spcc:ﬁedbytbeMnUpTxmc Once on, the unit remains on at least at minimum capacity
until the next commirment period or for the Min Up Time. If you desire to change the value
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on an annual basis, then pur the pame of an annual alpha vector (should have some non-
numeric characters n the name) in the this field. The annual vector can then conmin the
vahies by year or a numbcrgzea:crr.han 1000 where the logic formonthlyvccmrs described

above will be used.

Must Run- Flag (on s 1, off:szcm)wh;chsctsrbcunmtoa must un" condition.
Resources that have this flag set assume a zero cost of dispatch for the mmimum capaciry .
and will be the first units to operate. If you desire to change the value on an anmual basts,
then put the name of an annual alpha vector (should have some non-mumeric characters in
‘the name) in the this field The annual vector can then conmin the values by year or a
number greater than 1000 where the logic for monthly vectors described above will be used.

Hydro Number - For hydro resources, any of the hydro shapes in the "hydro monthly” wble
may be referenced for amy hydro resource unit. The user may also choose a new hydro
: shapmg factor for any hydro resource by including a new shape m both the hydrovecr.ors
case” and hydro monthly” tables and referring to that shape in the "resource” ble.
Entering minus one indicates that the value of the area should be used for this resource. If
th:m:snotanhydrounn(doesnothaveafulwmhtbcnm"Watcr) then this value is

not used.

Minimum Capacity - For non-cycling and must nun resources this specifies thc mmirmm
capacity the unit can run at when the non-cycling logic is active. The unit for the inpur is a
percentage of resource capacity. If you desire to change the value on an annual basis, then
put the name of an annual alpha vector (should have some non-numeric characters in the .
name) in the this field. The annual vector can then contain the values by year or a number
greater than 1000 where the logic for monthly vectors described abovewﬂlbcused. Note, if
an UBB Segment Size (see-below) is spccxﬁcd,thenr.h:s is 2 percent of the capacity after the
UBB Segment Size 1s subtracted.

The following fields or cohumns are optional

Second Fuel - (Long) Specﬁes a secondary resource fuel type to use for the curremt
resource. If this has a value greater than zero, then AURORA will check (on a monthly
basis) and use the lower fuel price of the two fuels. If the secondary fuel type 15 being used
then 2 flag will be displayed in the period resource tables under the view burton or the
detailed resource report under the outpur button.

Starr Up Costs - (Single) If this cost ($ perMWperstarcup) 1 mcluded for cycling unirs and
commirment logic is turned on, then these units will run commitment for a period of 5 o 18
hours (depending on the economy of running for thar period). Caution - do not use startup
costs for unirs in general. Aurora requires unir marginal costs for marginal unirs w price the
system. With all marginal units on commitment, there can be no good compuration of
prices. Use these startup costs for particular units where you want to see their precise
operation. For general use, add startup costs 1o the fuel cost. If this cost is included for non-
cycling units and the commmncntlogmsuxrnedon,thenthcsrzmxpcostswﬂlbemc}uded

‘in the commirment decision.

Can Drop - (Long) This flag is set to zero or greater depending on how you want to restict
the redrement of a unit. If the value is positve, the unit will not retre untl the year

represented by this flag. Iftheﬂagzszcm,rhe.nth:umtcannorbe reured.lftheﬂag:sset

Eighth Exhibit to Prefiled Direct : Ex. No. __(IMR-9)
Testimony of Julia M. Ryan ' o Page 65 of 79



KUZMJ
Ex. No. ___(JMR-9)
Page 65 of 79


HUNTM
Eighth Exhibit to Prefiled Direct Testimony of Julia M. Ryan


roon:thcnthcrcsourcccanberenr:daranymc Ifnhcﬂagxsscttozomdmntbc
resource can not be retired umtil the year 2010.

Resource Group - (Long) Specxﬁcs the resource group thar the resource should be reportad
m. _

Resource Begin Date - (Date) Specifies the beginning dare of a resource, Before this date,
the resource will not be used in calcularions in AURORA for disparch and vahue.

Resource End Date - (Date) Specifies the ending date of 2 resource, ie. its redrement dare.
 After this da:e, the resource will not be used in calculations in AURORA for dispatch and
value,

Resource Fixed - (Boolean) True (1 or -1) or False (0) specifying whether the resource

- should be considered fixed and not subject to retirement for long term optimizarion runs.

Capacity Monthly Shape - (Long) If this value is greater than zero, then & must be a
reference number to a valid row in the monthly shape table where monthly factors for
sthmgcapac:ryammpmA(l)wﬂldefauktothcﬁ:elmbic

Bidding Factor - (Text) If this value is a mumeric vahie greater than 0 then &t is a factor which
will be added to one and multiplied by the total resource variable cost w get the disparch
cost for the resource. This sirmulates bidding at prices thar are greater than the cost of a
resource, This number will override any general resource dispatch margm ‘which may be
used. If this value is 2 non-mumeric alpha vahe then it points 1o an anmual alpha vector
where the values are mpur annually. If this value is a negative one then the fuel defauk is
used. If this value is less than negarive one then it is a pointer 10 a monthly shape factor
where monthly values are input.

Bidding Shape - (Text) The number of the weekly shape vector (of hours) to use for shaping
- the bidding factor hourly (they are multiplicative). A alpha sting may be used in this field. If
i 5, then It pomts to-an anmual alpha vector which must pommt o 2 monrhly shape factor.
"The monthly shape factor then conmains the weekly shap: vector for each month. By this
means, you can vary the shape by month and year. If this is zero, -1 or not given, then no
shape is used.

Commirted Heat Rate - (Single) The hw rate 10 use for disparch decisions during periods

when the resource is commirted. If this is zero ornorngcn,tbcnthehcazme (tnpur above)
s used.

Ramp Rate - (Text) If this value is a mumeric value greater than O then it is a percent which
will be divided by 100 and multiplied by the resource capacity to get the ncrease in capabiliry
available in the next hour for the resource. Ramp rates are effective only # the ramp rare
logic 1s set to on and you are making a run with 8760 hours being dispatched. If this vahue is
2 non-numeric alpha value then & points to an annual alpha vector where the vahes are
mput annually. IftbxsvalueJslcsstbanncganveoncthcnnzsapomtcrtoamomblyshape
factor where monthly values are inpur.

Mm Up Time - (Long) The minimum number of hours the unit must stay up if commined
1o nun with new commitment logic. Defaults to fuel table if this column is not in the
database. ‘
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Mmn Down Time - (Long) The minimmum mumber of hours the unit must say down i & is a
commirment type (non-cycling non-zero) and not commined with new commirment logic.
Defaulrs to fuel table if this cohurmm is not in the darabase.

UBB Hear Rate - (Text) The heat rate of an upper (third) block of a resource. The segment
size must also be specified (see below). If this value i 2 non-mumeric alpha vahue then it

ints to an annual alpha vector where the values are npur anmually. If this value i 2
ncgaﬁveqmthcnthcﬁ:ddcfaukisusedﬁthisvahxiskssthanmgadveomthcntisa
pomter to a monthly shape factor where monthly values are inpur.

" UBB Bidding Factor - (Text) The bidding factor (see above) to use for the upper (third)
block of a resource. The segment size must also be specified (see below). If this vahue s a
non-numeric alpha value then it points to an annual aipha vector where the values are nput
anmxally.If:hisvalu:is‘anegau'vconethcnthcfucldefmhisuscd.lfthisvahzeislcssthan
negarive one then it is a pointer to a monthly shape factor where monthly values are input.
UBB Segment Size - (Text) The segmern: size in percent of the upper (third) block of a
r:sourcc.lfthisvahzcisanon—numcricalphavah:ctbenitpoimstoanannualalphavecwr

" where the values are inpur annually. If this value is 2 negatve one then the fuel defauk is
used. If this vahe is less than negarive one then it is a pointer to 2 monthly shape factor
where monthly values are mput.

UBB Bidding Shape - (Text) The number of the weekly shape vector (of hours) to use for
shaping the UBB Bidding factor hourdy (they are multiplicative). A alpha string may be used
‘m this ﬁ:ld.lfitis,thcnitpoimstoanannualalphavcctorwhichrmxstpoimtoamon:bly
shape factor. The monthly shape factor then contains the weekly shape vector for each -
morth. By this means, you can vary the shape by month and year. If this s zero, -1 or not
given, then no shape is used. ,

(Emission Type Name) Emission Rate - (Single) This field or fields conmins the resource
emission mte 4 Ib/mmbtu for the emission type given by the name. The field or columm -
pame is the concatenarion of the emission type name and " Emission Rare”. There is the
capability to pur a number greater than 1000 in the resource emmission rate field in the
darabase. If this is done, then the logic will use the monthly vector pointed 1o by the value in
the emission rate field less 1000. If the emission rate is greater than 1000 then it must be
input in the monthly vector. S .

Repordng - (Boolean) This field specifies if the resource will be reported in the Detailed
Resource Report and m the Resource Operations Report.

Additional variables for energy storage resources:

Beginning with version 5.5.0, any resource that references a fuel name beginning with
"Storage” 15 defined to be an energy storage resource. The Hear Rate is used to input the unit
efficency as described in Hear Rate above. There are currently three additional variables
which define the characteristics of storage resources: '

Recharge Capacity - (Text) The maximmm rate (MW) at which a storage resource can be
recharged. This value defines maximum outpu: on the storage side during charging. Energy
input required to achieve this recharge rate will be higher by the reciprocal of unx efficiency.

s .
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: R:chzxgcmpackycanbechmgcdonmmnlbasisbymingtbcmofanmmlalpha
vector m this field. ' ‘
Maximum Storage - (Text) The maximmm live storage coments of the storage resource m
MWh. This value can be changed on an annual basis by using the name of an annual alpha
vector in this field. :
Initial Comtents - (Single) Initial storage comtent of the storage resource ar the beginning of
the study. This value is input as a fraction and is mulnplied by the Maximum Storage vahe -
to get mital contemts. The value used here should reflect expected storage contents at
midnight on the first Sunday of the first month of the stdy. ,

Risk Input o _

"This mble sets up the selecrion of input variables t use when performing risk analysis. The
imput variables to be used and the definition of when they should be varied and by how
roch are in this table. Note that the table is built with the most general (in terms of location
andﬁmcpcriod)disuibudouofinpmvaxiablesﬁxsnAsmbqupcmvaﬁablcs added to the
table, the previous variables are superseded for the given locations and tme periods.

Columns include: , _ | _ v
Input Variable - One of five primary variables: Demand, Fuel, Hydro, Resources or
Portfolio Demand. A drop down box will allow you to choose one of these. '

Number or Area - Corresponds to a number such as the fuel number (or gcﬁcra]lytbe area
in the case of demand and hydro) which the user desires to vary. A -1 indicates thar all
numbers or areas are varied by the distribution. :

Distriburion Type - Currently, there are five distribution types: Normal - normal distribution
defined by both mean and standard deviation. Uniform - flar distmburion having equal
probabiliry over the range. Bmomial - an on/off distriburion where Parameter 1 defmes the
probability (n percent) of the distribution being on. This distriburion is included -for
modeling resource forced outages. Lognormal - A lognormal distriburion where Parameter 1
is defined to be the log of the mean and Parameter 2 is the log of the standard distriburion.
Finally, User Defined - A user defined distribution. :

User defined distriburion type - Parameter 1 comtains the percent change to the mean if the
user distriburion type is a normal distrburion. Parameter 2 comtains the percent standard
deviaton i the user distribution type is normal These factors affect other distriburions m
ways that depend on the distriburion. The User Defined Vector comtains a reference to.the
 weekly vectors table row where the distiburion is defined. The User Defined Number is the
pumber of Y vahues in the distribution up to 168 which is the number of data columns in the
weekly vector table. To use this user defined distrbution, the user builds the distribution as a
series of equally spaced Y values which are put imo the weekly vectors table row. See below
for addirional notes on user defined distriburions. When using a user defined distribution
type, AURORA cannot use the Latn Hypercube methodology. Therefore the Laun
Hypercube is automarically tumed off if you have chosen 2 user defined distibution type.
Because of this, you may need 1 run many more samples or fterations to have a smooth
output distribution (depending on the number of variables, a 1000 or more). Therefore do

Eighth Exhibit to Prefiled Direct

Testimony of Julia M. Ryan Ex. No. ___(JMR-9)

Page 68 of 79 .



KUZMJ
Ex. No. ___(JMR-9)
Page 68 of 79


HUNTM
Eighth Exhibit to Prefiled Direct Testimony of Julia M. Ryan


not use the user defined distributions for any distribution which is mnbcirxpxibascdonthc
other specific diswribution types.

The result of sampling from these distrburions is then divided by 100 and added o ome.

They are then multiplied by the input variable vahe (or 1 in the case of Resources) to give
the sample value for the inpur variable for the particular risk teration AURORA is currently
performing. ' ‘

Parameter 1 (Mean) - This parameter inputs the change in mean value for the dismibunion.
(Normal, see above for other distribution types) _

Parameter 2 (St Dev) - This parameter inputs the value for the standard deviation. (Normal,
~ see above for other distribution types) |

Dependent Number - This input correlates input variables. When 2 dependent number is
emered, the value vsed in the random selection establishing the distribunon of inpurs is the
same for this line as for the line referenced by the dependent mumber. References may be
any mumber of levels deep (that is a variable may be dependent on a second variable which is
in tun dependent on a third variable), however, they cannot be circular (2 vanable may not
be dependent on a second variable which is in directly or indirectly dependent on the first
variable). A negative one (-1) denotes that the variable should be elected independemtly of
the other variables. ‘ - B
Risk Percemt Correlated - (Optional column type single) If this column is included, then &t
provides a percentage correlation for variables with a dependent numbser. Defaults to 100%
if this column 15 not mchided.
Day - (Optional column type long) The day (oumber from the start of the daily smdy) in
which the input variable distriburion is used. A - 1 indicates that it applies to all days. Use a
particular day only when you are running 2 dally run with risk analysis. .
Morth - The month in which the input variable distribution is used. A -1 indicates that i
apphies to all months. _
Year - The year in which the input variable distribution is used. A -1 indicates that it apphes
1o all years. ' '
User Defined Vector - (Optional column type long) The weekly vector for a user defined
distribution. See above. _ _
User Defined Number - (Optional column type long) The mumber of values in the user
defined distribution (maximum of 168). See above. :
 System Diagram Info
“This table is created by AURORA when the user save the system diagram information while
viewing the system diagram. Users should not edit this table directly. -

Transmission _ :
Starting with Version 5.2, this table is no longer used. This dara is now input in the Link
table. B :
&7
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Weekly Vectors
This rable provides weekly shaping factors by hour, that can be referenced bythc condirion
table, the portfolio contract mble, the electmic pnce table and/or the resources table. Weeks

begin on a Monday.
Columns mchude:

Number - A reference mumber that is referred to in the condition wble or the power cost
contract mble.

Narne - The name of the vector. Not used by Aurora.

1-168 - The houry value of the vector for each hour of the sample week - the first hour is
hour 0 1o 1 of Monday.

AURORAresuIsmnbed:splayedmavan:ryofways The user can quickly view
mrermediate results in the middle of 2 model run by pressing the Pause button and then
pressing the View burton on the twolbar. Final results can also be viewed with the View
burton. When a run is complete, data may be writen to the ourpur database. Pressing the
Ourput button on the toolbar will write the database (or Excel workbook - please note that
the Excel workbook should not be open or AURORA muy fail to write the data and no
error message may appear) and open a grid for viewing the tables m the ourput darabase.

For formal reports, use the options under the Results tab to create specific reports that may
be viewed on the screen and printed as desired. Because of the extensive nature of the dara
produced, results are written to an output database that may be reponcdfromwnhany
standard damabase reporting tools including Excel

Information thar can be viewed during the models operation is accessed using the View .
burron on the wolbar. This miformaton i generated from dar stored within the model

dunng its operation. This information ¢an easily be extracted 10 other Windows programs
with simple copy and paste commands (night click on the mouse or use the standard
clipboard "ctl ¢" and "ctl v" keystrokes). Information accessible here ichudes hourdy
mformation for the current hour of dispatch and period mformanon for months and years
of ime (already nn by AURORA). -

The resubts can be reported in several ways. Since the information is stored in a standard
Access companble darabase, the user can use any database-reporting ool including Access
or Excel 1o report or graph information from AURORA. Or you can simply use the grid
printing function to produce quick reports.

Each line of ourpur to the database has a "DateTime" column or field This column will
display the datetime the run started by default or the Run ID if the user has entered it on the
" Assumprions tab. If the mulnple runs checkbox 1s chec.ked on the Results tab, muldple runs
will be output to the same tables in the database.
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B Data Output from AURORA On-line Documentation

"This form allows all of the tables in the outpur database to be viewed and reported from.

" Each row of each mble in the darabase has a field which displays the date and time of the
start of the AURORA run. This is useful when purting mult the - and
examining the results with an Excel Pivot Table.
Each row also has a field (in the last or furthest right position) which displays the Risk
Tteration mumber. This can be used when running AURORA risk analysis w display
complete nformarion for each of the risk samples. Set the flag for Auto damabase write on
the results b or only the last sample will be available when the outpur bunton s pressed.
Once again, an Excel Pivot wble is excellent for viewing and manipulating multiple sets of -
output. ' _ B
Ompxndmmmbespecﬁiedbymh:gthesmndxdortbgmndardmdd:mﬂcdmpordng
check boxes. If standard is not checked then no output will be sent to the database. ,

Annual Resource Output
This ourput table displays anmual summary result informaton on resources that are being
" used by the Aurora. ' ,

Name - Name of the resource from the Resource input table | o

Capacity (MW) - The resource capaciry from the Resources data mput table

Heat Raze (BTU/KWH) - The heat rate of resource from the Resource input table
' Area- Area where the resource is located from the Resource input table

Fuel Name - The fuel name from the Resource inpur table or the "Fuel Case” tble.

Msst Run - The must run setring (as inprr) for the resource. Tt is a 1 i the onit is mustnn.
Year - The year of the results »
Cost (§/MWh) - Average variable cost of the resource over the year. This inchudes both fuel V'
and varable O&M cost. ' : ' :

Value (thousands of §) - The value of the resource for the year. The value is defined 1o be
the difference between the market price of electricity in the area where the resource is
located and the cost of the resource (ncluding variable and fixed operation and maimenance

expense as ixzdiu;cd by the assumprions flags) - |
Revenue (thousands of $) - The revenues the unit will generate at the market price of
electriciry in the area where the resource is located and given the resources ourput. '

Capability (MW) - The average capability of the resource for the year. Net of hydro ﬂow.
rates, forced ourage rates and operaning reserves. ' )

Outpwt (MW) - The average outpur of the resource for the year (For energy storage
resources, this value will be the net of generation and charging energy,) ' ;

Total Output (MWh) - The energy generated over the period. (See above note for storage

resources.)

Eighth Exhibit to Prefiled Direct S Ex. No. __ (JMR-9)
Testimony of Julia M. Ryan Page 71 of 79 |



KUZMJ
Ex. No. ___(JMR-9)
Page 71 of 79


HUNTM
Eighth Exhibit to Prefiled Direct Testimony of Julia M. Ryan


. Percent Marginal - The percent of time in the period the unit is ar the margin.
NPV Values ($000/MW) - The NPV of value for the resource divided by the resource
Startups - If the unir is commitment type, the number of startups for the period.
'Resource Group - The resource group number of the resource.
Begin Date - The beginning date for the resource operation.
End Date - The ending date for resource operation (retirement date).
Ulizy - 'Ihcmﬂmyowmng or operating the resource.
Emissions - Emission amounts and costs are shown for the period for each emission type.
Group Number - The group number the resource is in.

Arez Price
This report provides the average prices and loads for monthly and yearly periods for each
area in the model. The year to be displayed is chosen when the report is emered.

Fields inchude: :

Area - The area number

Name - The area pame

Year - The year of operation being displayed

Month -The numeric month with 13 mdicating the annual average. All months and annual
amounts are displayed for each area.

~ Price ($/MWh) - The average " market price” forthe period
Demand (MW)- The average native dermand for the period
Net Load (MW) - The average net (of imports and exports) load for the period

. Supply Capabiliry (MW) — The average capabiliry (capacity de-rated for forced ourage rates,
maintenance and hydro energy factors) for all supply resources in the area (those resources

not beginning with the letters "demand side”) for the period.

Resource Output (MW’) — The average amount all supply side resources were run in the area
for the period. '

Demand Side(MW) - The average amount all demand side resources (also known as
curtailment or mterrupted load) was used for the period.

Peak Demand (MW) — The peak demand for the period for the area.

Supply Capacity (MW) ~The total capaciry of all supply resources in the area.

Peak Reserves (MW) — The difference between Peak Demand and Supply Capacity m the

arca
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Area Price Condition
Ihrsrtportdxspla)sthcsomcofthcsameresulrsasthcAmPnccmporc.Itmchdsonc

‘additional field, Condirion. The resubs are therefore displayed by condition (Le. On-Peak
and Off-Peak)

Condition - The condirion number as defined in the condirion data inpuz wable.

Dzz'fyA:cz Prce
Tms mable provides the following fields:

Area - The number of the area bemng reported.

Narme - The name of the area being reported.

Date - The date of the information being reported.

Weekday - The day of the week of the informarion being reported. -

Condition - The time condition of the informarion being reported.

Price - The average price ($/MWh) for the indicated condirion, date and pamed area

Daily Hub
This table provides the following fields:

Hub - The number of the hub being reported. -
- Name - The name of the hub being reported.
Date - The date of the dara being reported.
Week Day - The day of the week of the informarion being reported.
Condition - The time condition of the informarion being reported. _
Hub Price - The average price ($/ MWh) for the indicated condirion, day and hub.

Transmission Usage

This table provides the following transmission information:

Link From To - Transmission link from area number to area number.

Area From - The name of the area the transmission is from.

Area To - 'Ihenamcofthcamthcmnsmxssmngoesto

Date - The date of the informarion. '

Weekday - The day of the week of the information.

Condition - The time condition of the information.

Link Load - The average load on the transmission link in MW for the condirion and date.
Link Capaciry - The capacity on the transmission link in MW for the condition and date.
Percent Loaded - The kink load divided by the link capacity, reported in percent.
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Detailed Resource Output

This report is avaikble only if the diagnostc output switch is tumed on and only for
resources tagged with 2 true in the reporting colurnn of the resources wble. The repor is
similar 1o the anmual resource OUIpUL report except that anmual and monthly informaion is
in the report and the area name is displayed rather than the area mumber,

© Addirional or modified fields: .
Month - The month summarized on the row. Number 13 is used for an annual summary
Ax&-'Ihcmmeofthc;rawhcmthcresourceislomrcd v
Second Fuel - Displays a true is the secondary fuel for the resource is used for the month.

Fuel - )
‘For each month (1 to 12) of the year and annual (13) and for each year run, this report
displays nominal fuel cost in $/mmBTU, fuel usage m mmBTU and the percent of tme in
thcpcriodthcfuclwasbeingusedbynmginalgenemﬁonforachm

Fuel Condition '
For condition (on-peak, etc) and for each month (1 to 12) of the year and annual (13), this
report displays nominal fuel cost in $/mmBTU, fuel usage in mmBTU and the percent of
ﬁmcinthcpeﬁodtbcfuclwasbcingmedbym:gimlgcncnﬁonformhm

Group Output : ,
This table commins informarion about resources summarized by group. The groups are
dcﬁnedhnbegroupmblewithmfemnceswthcgoupmbleﬁomth:mom table or the
fuel table. _ . :
Results displayed for the group include the followmg:
Name - The name of the group. _
“Year - The year of operanion being displayed » :
Month -The numeric month with 13 indicating the anmual average. All months and anmual
amounts are displayed for each area. :
Capacity - The total capaciry for all of the resources in the group m MW.
O@ﬁamwdomforﬂofmresou:ccsinthegroupinMW.

" Percemt Marginal - The percent of the period the group is at the margin. Note, since the
percent margin is an area computation, if their are resources in 2 group in more than one
area, the total percent can be larger than 100.

Vahue - The total vahue for all of the resources in the group for the hour m $000.
Fuel Usage - The total fuel usage for all of the resources in the group in MmBuw

(Type) Emission Amount - The total amount of emissions for all of the resources in the

group for the emission type.
" (Type) Emission Cost - The total cost of emissions for all of the resources in the group for
the emission type. '
2
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- Hourly Datz
This report is available only if the Hourly 1o Darabase box is check:dbefomyoumkeanm.

The report displays hourdy prices by hub and area and displays hourly demand by area. Many
Imsarcwm:nformhdlspamhhom somemrewh:nwnmngﬂm report with lots of

disparch hours.
" Run Date Time - The daze and time the AURORA rum vwas made.

Date - The dare of the forecast output dara. '
- Hour- The hourin the day. - |

Condition columns - One column for each condirion (such as On-Peak) with a fhg
indicaring whether the hour is in the condition.

.AmNmnbcr-Nmnbcrofthcmbcmgrcponcdontbﬁ ourput row.
AmName—Namcofthcambeingrcpbnedontbeompmmm

Demand - For area rows, the hourly demand for the area.

Hub Nurmber - Nurmber of the hub being reported on the outpuz row.
I-i:bNamc-Nameofthcar&hubreponedontbeompmm. ,

Prices (§/MWh) - The area or hub price.

ORM (Percent) - For area rows, the operating reserve margin for the hour. Defined 1o be
theDcmndl:ssSO%of:mportsph:sSO%ofexports divided by the supply.
Marginal Resource - The resource at the margin for the area or hub.

Res Number - 'Ihcnumberofthcmgmalresomcc

Second Fuel - Hasavaheoftmerfasecondfmltype:sbcmgmcdforthemomh.
Risk Iteraton - 'Ihcnumbcrofthenskmcrauonnamknmxsbemgpcnorm:d.
Day Commit Price - Used internally only.

ORM Premium - Not currently used.

Hourdy Hydro Results -
Displays diagnostic information on the hydro shapmg logzc Comact EPIS for more
nformation.

Hourly Resource Resnlls
D:sp}ays hourly informarion for resources chosen in the dxalog after the houriy resource box
is checked on the results tab.

The informarion on the current hour is .the same as the hour}ydarareporr. Then there s a
column for each chosen resource which displays the value as chosen m the resource dxalog

form.

Hourly Transmission Results '
Displays hourly information for all ransmission links with non-zero mpabﬂtty when t.he
hourdy resource box is checked on the results tab.

3
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’Ihcmformonontheczm'cmhom'rsth:samcasthehomiydamrcpon.'lhcnthmm
cohzmnswhxchdzsplzysthcloadmgandtheapabﬂny

Hub Prce
This report displays the average of hourly hub prices over both monrhlyand anmual periods.
‘The year displayed is chosen when the report is entered.

" Hub - The hub number. A o
Name - The idemificarion name of the hub -
Ya.r The year of oper:monbemgdzsplzyed

Month Thcm:mcncmomhwmhﬁmdmnngthcanmnlmmgc Aﬂmombsanda.nmnl
amounts are displayed for each hub.

Hub Price ($/MWh) - The average price for the period

Hub Price Condition :
This report displays the same results as the Hub Price report. It includes one addimional field,
condition. The results are therefore displayed by condition (Le. On-Peak and Off-Peak)

Condition - The condition number as defined in the condition data mpur table.

LT Annual Resource Change
'Ibstablc:sczntcdwmhlongtcrmopunnzauonnms (sccﬁmntmb) Itcomzmssystcm

summary information on resource changes by year.

Year - Year of the study. .

Area Number - Area number of the additions or retirements.

Area Name - Amnam;ofthcaddmonsorreurcmcms. ;
Resource Addirions - MW of new resource additions ;férthc year.
Resource Retrements - MW of existing resource retirements for the year.

ORM Premium Output
Reporting for this feature is provided hourly. Houriydam s available only if the Houdyto
Darabase box is checked before AUROA is run.

This report displays hourly prices and ORM percent by area and displays hourly demand by
area. The reporting of ORM percent is 2 function of the ORM premium logic
requires the “ORM Inpur Premium” table to be accepted m the AURORA Pro)ect File.

Portfolio / Power Cost
This report provides a quick summary of resource operation and cost, contract purchases
and sales and market purchases and sales to determine the overall pordfolio value or power
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cost for a portfolio. There is no limitarion on the dcﬁnmonofapoxtfoho:hz:mnrcpnscm
anything from a large unility 1o a portfolio of conmracts.

Portfolio - Name of the entiry or portfolio. The userls allowed 1w amlyzc many portfolios -
simultaneously.

Type - The type of informarion contained in the row. It maybc either cost or energy
" Name - The name of the contract, resource or summary kine tem.

gghmh Uénmry through December) - Monthly energy (MWh) or cost (thousands of $) for

Iem.

Annual - Annualcncrgyorcomforeachlmc rem
Note : Valoe of 2 portfolio will be displayed as a negative (cost).

Resource Itzration Value
Written to the outpur database for each iteration of the long term study. Lists the NPV vahue

of each existing and new resource in SOOO/MW

Resource Operation Report
A report, displayed for each chosen resource (choscn when the check box is changed from
off to on or tagged with a wrue in the Reporting column of the resources table) and for each

year of monthly and anmual information. See the Anmual Resource Output report for more

- mformation about resources.
The report contains the following mformarion:
Capabiliry - Displayed in average MW. Essentially the plart availabiliry in MW.
Output - The forecasted plam generation i average MW.
Capacity Factor - The capacity factor (capacity / ourpu).
Fuel Unit Cost - Cost bf fuel for the plant in $/ mmBTU.
Fuel Usage - Fuel usage in mmBTU.

Revenue - Reverme ($000) fmmscﬂmgthcplamompmarnmkctpnccs in the area where
the plant is located.

Fuel Cost - The cost ($000) of fuel used by the plant.

Variable O8M - The cost ($000) of variable O&M for the plant.

Frxed O&M - The cost ($000) of fixed O8M for the plant.

Startup Cost - The cost ($000) of unit startups for the plant.

Emission Cost - The cost ($000) of emissions for all types for the plant.

Value - Then Revemues minus fuel cost minus variable O8M minus frxed O&Mmmu:

startup cost.
Note, the use of certain costs in the Vale compur:non is determined by check boxas on the
Assumptions tab. Reference that tab 1o determine how the Vahue is aca.xally computed.
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Resource Stack Report :
A resource stack report output table is created with dara in i for each area, for each month
and annual for each year. ‘

Thkmblcmnmimchcmﬁmmbcr,mknm,mmmh,yar,themckmpac&ym R
the stack capabiliry (MW) and the stack price fornchmith:thcmckltdisphys byarea.

Use the filter button to filter the table for the month, year and area you wish 1o display. Or
copy to Excel (use the buron) and use the awtofiher capability in Excel You can display this
information graphically at the end of a run with the graph button. :

Risk Demand Input ,
This report displays the input disibutions of demand for each iteration along with a
stanistical summary. Monthly inputs are showr. The demand number or area is chosen when
the report is entered. , _ - o
Iteration - The iteration number. The last two rows kbeled 10,001 and 10,002 contain the
"mean” and "standard deviation” results. o
Demand percent change - The remaining columns display the values for each period. These
are percemt changes from the base npur value. .
Risk Fuel Input
This report displays the input distriburions for fuel for each iteration along with a statistical
summary. Monthly inputs are shown. The fuel number is chosen when the report is entered.
Treration - The fteration mumber. The kst two rows hbeled 10,001 and 10,002 contain the
"mean” and "standard deviation” results. ,
Fuel Percent Change - The remaining columns display the values for each period. These are
pereent changes from the base inpur vahue. - ez
. Risk Hydrm Input |
This report displays the input distrburions for hydro for each iteration along with a
-statistical summary. Monthly inpurs are shown. The hydro number or area is chosen when .
the report is entered. ' :
Tteration - The iteration number. The kst two rows kbeled 10,001 and 10,002 conrain the
"mean” and "standard deviation” results. ,
Hydro Percent/Change - The remaining columns display the values for each period. These
* are percent changes from the base inpur vahe.
Risk Results _ ‘ -
This report displays the results of risk analysis showing the output results of each zeration
and along with a statistical summary. The repor is in matrix formar with the results across
the columns and the fteration (Momee Cardo sample) in rows, The kst two rows give the
mean and standard deviation informarion for the resubs.

Ireration - The iteration or sample number. The kst two rows labeled 10,001 and 10,002
contain the "mean" and "standard deviation” results. ‘
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Risk Output - 'Iﬁcrefmmmgcohmms display risk results for each iteration and the mean
andsm:Carddevzmon.Eachcohmxshbelcdwnhthcvambh and the time period which
the results represent.

Study Log
A log of changes made for each fteration to the resources. Uscd for dngnosuc purposes

~ only.

' Temporary Resource Modifier
'lhszstbcm:nmtablc of resource modxﬁmonsmadcforthc lzsmcranoncompl:tedma
long term study. The formar is exactly the same as the Resource Modifier wable. This table is
dclc:edwhcnalongtemnmcompl::esmccssﬁ:nyhmybemedmamnofan _
abonedlongtermnm.

Transmission Usage
This report displays the average loading for the wansmission Jinks for monthly and yearly
periods. The year displayed is chosen when the report is emtered. See hourly Ik for an

explanation of positive and negative numbers.

Link From To - Link area from and arez to numbers o
Area From - Name of the area that cnczgy:s coming from
Area To - Name of the area where energy is going 10

Year - The year of operation being displayed
Month -The numeric month with 13 indicating the anmual average. All months and anmual
amouns are displayed for each Iink. A
~ Avg Load (MW) - 'Ih:averageloadovcrthepenod.’Ih:avcngexsmathemucalsumof _
ﬂow:dﬁom "area from” 1o "area to" dmdedbythenumbcrofhomsd:spatchmthenme
~ Den '

Lkaapacny(MWO Thc lmkcnpacnyforthc pcnod.
Percent Loading - The average percent loading of the link for the period. Ncganve numbers
indicate that flows tak:place predominately in the reverse direction. Negative numbers
should be ignored.

Transmission Usage Condxtxon ' -
" 'This report displays the same resulrs as the Transmission Usage report. It includes one
addirional field, condirion. The results are therefore displayed by condinon (Le. On-Peak and

Off-Peak)

Condirion - The condition number as en:cmd i the Condirion tzblc.
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